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Abstract	

The	importance	of	conserving	species	of	bats	native	to	the	British	Isles	is	

widely	accepted,	but	for	some	churches	the	presence	of	large	numbers	of	bats	

has	resulted	in	the	deterioration	of	culturally	significant	items	such	as	historic	

monuments,	wall	paintings,	organs,	memorial	brasses,	pews,	lecterns,	rood	

screens	and	fonts.		Although	we	should	hope	to	ensure	a	sustainable	future	for	

both	our	cultural	and	natural	heritage,	it	seems	that	in	the	case	of	bats	and	

churches,	success	in	one	area	sometimes	comes	at	a	cost	to	the	other.		

This	research	focuses	on	problems	created	when	large	numbers	of	bats	make	

use	of	historic	churches,	and	presents	an	objective	view	of	past,	present	and	

future	initiatives	related	to	“bats	in	churches”.	The	research	is	presented	and	

discussed	in	relation	to	a	broad	range	of	factors,	and	with	reference	to	the	wide	

range	of	stakeholders	concerned.	Damage	mechanisms	involved	when	excreta	

from	insectivorous	bats	come	into	contact	with	a	range	of	materials	found	

within	historic	church	interiors	are	examined,	and	answers	provided	to	the	

most	fundamental	questions	relating	to	their	deterioration.	Deterioration	

mechanisms	and	pathways	are	identified,	and	supporting	evidence	from	

experimental	work	and	scientific	analysis	is	provided.	In	addition	to	a	greater	

understanding	of	deterioration	mechanisms,	work	relating	to	the	urine	

chemistry	of	UK	bats	provides	valuable	new	information	regarding	

composition,	pH	and	urine	concentration.	Currently	recommended	mitigation	

practices	are	discussed	and	found	to	be	inadequate	for	use	in	churches	with	

significant	numbers	of	bats,	while	proposed	future	initiatives	show	more	

promise.	
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experiment.	The	shellac	coating	on	the	pine	sample	remains	unaffected	whereas	the	coating	on	

the	oak	sample	is	detaching	from	the	surface	and	beginning	to	crack	and	blister.	............................	142	
Figure	36:		Marble	sample	showing	the	solvent	front	of	the	absorbed	solution	moving	through	the	

sample	(from	top	to	bottom),	the	solution	hasn't	been	able	to	penetrate	some	of	the	more	

crystalline	areas	of	the	marble	which	remain	lighter	in	colour.	Dots	of	(as	yet)	unabsorbed	

solution	can	also	be	seen	on	the	right.	Sample	shown	10cm	X	10	cm.	......................................................	143	
Figure	37:	Brass	sample	photographed	on	day	two	of	the	experiment.	Urea	solutions	remain	on	

the	surface	in	proportion	to	their	increasing	concentration.	Sample	shown	10cm	X	10	cm.	.........	143	
Figure	38:	Granite	sample	photographed	on	day	four	of	the	experiment,	showing	urea	crystals	on	

the	surface	after	the	evaporation	of	the	test	solutions	(solutions	have	been	removed	from	rows	2	
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Figure	39:	The	same	granite	sample	as	shown	in	figure	38	photographed	on	day	five	of	the	

experiment,	showing	urea	crystals	deliquescing	back	into	solution	due	to	the	high	ambient	RH.	
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Figure	40:	Brass	test	sample	showing	how	urea	solutions	can	spread	across	the	surface	of	a	non-
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Figure	42:	Table	showing	composition	of	lead/tin	alloy	test	samples	and	the	relationship	between	
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Figure	43:	Lead/tin	test	samples	at	the	end	of	the	experiment	(day	8).		Oxidation	caused	by	

contact	with	the	applied	solutions	(including	DI	H20)	can	only	be	seen	on	the	high	lead	content	

sample	(this	sample	also	shows	the	abrasive	effect	of	wiping	off	the	solutions	from	such	a	soft	
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Figure	45:	Diagram	summarising	deposition	profiles	and	their	relative	positions	on	the	test	
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	 11	

Figure	46:	Copper/zinc	test	samples	at	the	end	of	the	experiment	(day	8).		Row	2	has	been	

highlighted,	note	that	in	the	short	term	the	effect	of	water	on	the	surface	of	the	samples	was	

either	equivalent	to,	or	greater	than	the	effects	resulting	from	the	deposition	of	urea	solutions	

regardless	of	their	concentration.	Samples	shown	10cm	X	10	cm.	.............................................................	151	
Figure	47:	Copper/zinc	test	samples	at	the	end	of	the	experiment	(day	8).		Note	that	corrosion	

caused	by	contact	with	the	applied	solutions	(including	DI	H20)	is	evident	on	all	samples	to	a	

greater	or	lesser	extent.	Increased	corrosion	can	be	seen	in	areas	where	solutions	spent	more	time	

in	contact	with	the	sample	surface.	Samples	shown	10cm	X	10	cm.	..........................................................	153	
Figure	48:	Copper/zinc	test	sample	CW608N	at	the	end	of	the	experiment	(day	8).		Note	that	

there	is	no	distinct	or	clear	correlation	between	corrosion	caused	by	contact	with	solutions	at	ph5	

(on	the	right	side	of	the	sample)	and	pH	7	(on	the	left	side	of	the	sample).	Sample	shown	10cm	X	

10	cm.	.....................................................................................................................................................................................	154	
Figure	49:	Waxed	oak	test	sample	at	the	end	of	the	experiment	(day	8).		Note	that	there	is	no	

distinct	or	clear	correlation	between	the	white	bloom	or	dark	staining	caused	by	contact	with	

solutions	at	ph5	(on	the	right	side	of	the	sample)	and	pH	7	(on	the	left	side	of	the	sample).	Sample	

shown	10cm	X	10	cm.	......................................................................................................................................................	155	
Figure	50:		Table	showing	how	the	information	gathered	in	the	urea	deposition	experiment	
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Figure	51:	Table	showing	ESEM	chamber	parameters	and	corresponding	physical	state	of	urea	at	
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Figure	52:	Table	showing	ESEM	chamber	parameters	and	corresponding	physical	state	of	urea	at	
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Figure	53:	Table	highlighting	relative	humidity	ranges	at	which	urea	was	found	to	be	either	in	

crystalline	form,	in	a	transitional	phase,	or	in	aqueous	solution	at	various	temperatures	modelled	
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Figure	54:	ESEM	micrographs	showing	the	dissolution	of	urea	crystals	at	68.5	–	70%	RH	and	
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A	–	Urea	in	crystalline	form;	B	–	deliquescence	begins,	urea	solution	can	be	seen	forming	around	

the	crystal	as	it	loses	definition;	C	–	deliquescence	continues,	urea	solution	volume	increases	and	

crystal	structure	is	increasingly	less	well	defined;	D	–	dissolution	almost	entirely	complete.	.......	163	
Figure	55:	ESEM	micrographs	showing	the	crystallisation	of	urea	from	solution	at	70	–	68.5	%RH	

and	19oC.	E	–	Urea	in	solution;	F	–	crystal	nucleation	takes	place,	crystals	start	to	form;	G	-	crystal	

structure	is	increasingly	well	defined;	H	–	solution	almost	entirely	converted	to	crystalline	urea.
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Figure	56:	Table	showing	the	RH	ranges	(highlighted	in	pink)	one	would	expect	to	see	at	different	

temperatures,	purely	as	a	result	of	increased	margin	of	error	in	relation	to	temperature	decrease
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Figure	57:	Table	showing	the	RH	ranges	(highlighted	in	pink)	one	would	expect	to	see	at	different	

temperatures,	as	a	result	of	increased	margin	of	error	in	relation	to	temperature	decrease	........	167	
(assuming	a	mid	range	CRH	values	for	urea	that	are	temperature	specific).	.......................................	167	
Figure	58:	Table	listing	test	materials	used	in	sample	board	deployment	as	part	of	experimental	
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Figure	59:	Sample	board	prior	to	placement	of	protective	elements	to	partly	cover	the	test	
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Figure	64:	Phase	1:		Board	1	after	removal	from	Plecotus	auritus	roost	showing	deposition	of	

droppings	and	urine	across	the	entire	surface.	One	area	of	particular	concentration	has	caused	

the	surface	to	be	completely	obscured	(near	the	bottom	left	corner	of	the	board).	...........................	181	
Figure	65:	Phase	1:	Board	2	after	removal	from	Pipistrellus	pygmaeus	roost,	note	the	much	

heavier	dropping	deposition	and	the	localised	distribution	of	droppings	on	the	left	hand	side	of	

the	board	(the	remains	of	two	dead	bats	can	be	seen	on	the	right	hand	side	of	the	sample	board	

directly	above	and	below	the	data	logger).	...........................................................................................................	181	
Figure	66:	Phase	1:		Board	3	after	removal	from	Myotis	nattereri	roost,	the	level	of	dropping	

deposition	is	lighter	than	boards	1	and	2,	but	distribution	is	more	uniform.	Due	to	a	smaller	

number	of	droppings	accumulating	on	the	surface	the	effect	of	urine	deposition	can	be	seen	more	
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Figure	67:	Phase	1:		Board	4	after	removal	from	Plecotus	auritus	roost	the	level	of	dropping	

deposition	is	lighter	than	boards	1	and	2,	but	as	with	board	3	distribution	is	more	uniform.	Due	to	

a	smaller	number	of	droppings	accumulating	on	the	surface	the	effect	of	urine	deposition	can	be	
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Figure	68:	An	approximation	of	the	height	and	pitch	of	the	roof	spaces	used	for	the	deployment	of	
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Figure	69:	Image	showing	detailed	area	of	Phase	1	Sample	Board	2	after	initial	retrieval	from	its	
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Figure	71:	Phase	1:		Board	1	after	non-contact	dropping	removal	and	the	removal	of	protective	

elements.	Individual	droppings	can	be	seen	to	have	remained	well	adhered	to	the	surface	of	the	

test	samples,	as	well	caked	areas	formed	from	the	aggregation	of	multiple	droppings.	The	

protective	elements	of	the	sample	board	can	be	seen	to	have	effectively	shielded	areas	of	each	of	
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droppings	can	also	be	seen	having	remained	well	adhered	to	the	surface	of	the	test	samples.	The	

protective	elements	of	the	sample	board	can	be	seen	to	have	been	less	effective	at	shielding	areas	

of	the	test	materials	owing	to	the	large	accumulation	of	droppings	on	the	surface.	.........................	190	
Figure	74:	Phase	1:		Board	3	after	non-contact	dropping	removal	and	the	removal	of	protective	

elements.	Individual	droppings	can	be	seen	to	have	remained	well	adhered	to	the	surface	of	the	

test	samples.	The	protective	elements	of	the	sample	board	can	be	seen	to	have	effectively	shielded	
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Figure	75:	Comparison	of	the	left	section	of	Board	3	before	and	after	non-contact	dropping	

removal	and	the	removal	of	protective	elements.	Significant	numbers	of	droppings	remain	on	the	

surface	of	the	board	even	after	removal	has	been	attempted.	.....................................................................	192	
Figure	76:	Phase	1:		Board	4	after	non-contact	dropping	removal	and	the	removal	of	protective	

elements.	While	the	majority	of	droppings	have	been	removed,	some	individual	droppings	can	be	

seen	to	have	remained	well	adhered	to	the	surface	of	the	test	samples.	The	protective	elements	of	

the	sample	board	can	be	seen	to	have	effectively	shielded	areas	of	each	of	the	sample	materials.
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Figure	77:	Phase	1:		Board	1	after	dropping	removal	using	a	direct	contact	method.	Most	

droppings	have	been	successfully	removed,	but	residual	dropping	material	remains	on	many	of	
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Figure	78:	Detail	of	Phase	1:		Board	1	after	dropping	removal	using	a	direct	contact	method.	Most	

droppings	have	been	successfully	removed,	but	residual	dropping	material	remains	on	many	of	
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Figure	79:	Phase	1:		Board	2	after	dropping	removal	using	a	range	of	direct	contact	methods.	

Caked	deposits	of	droppings	have	been	removed	but	significant	amounts	of	residual	material	

remains.	The	protective	elements	of	the	sample	board	can	be	seen	to	have	been	less	effective	at	

shielding	areas	of	the	sample	materials	owing	to	the	large	accumulation	of	droppings	on	the	
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Figure	80:	Detail	of	Phase	1:		Board	2	after	dropping	removal	using	a	range	of	direct	contact	

methods.	Most	droppings	have	been	successfully	removed,	but	considerable	dropping	material	
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remains.	Area	where	caked	dropping	deposits	have	acted	as	a	barrier	preventing	corrosion	

forming	on	the	copper	alloy	test	samples	can	be	seen.	....................................................................................	198	
Figure	81:	Phase	1:		Board	3	after	dropping	removal	using	a	direct	contact	method.	Most	
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corrosion	(tarnish)	on	the	lead/tin	alloy	sample	with	the	lowest	tin	content	(S1:B1).	Residue	from	

bat	droppings	that	has	remained	well	adhered	to	the	surface	of	the	samples	can	also	be	seen.	..	204	
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Figure	86:	Sample	S1:B4	showing	the	relationship	between	tarnished	areas	of	the	sample	surface	

and	the	characteristic	shape	of	urine	droplet/splash	marks.	The	area	on	the	right	hand	side	of	the	

sample	has	been	protected	by	the	barrier	elements	included	in	sample	board	construction	and	

can	be	seen	to	be	relatively	clear	of	corrosion	resulting	from	direct	deposition,	however	it	has	

been	affected	by	urine	that	has	splashed	underneath	the	protective	barrier.	.......................................	205	
Figure	87:	Samples	S1:B1	(left)	S1:B3	(centre)	S1:B4	(right),	all	three	low	tin	content	alloys,	show	
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Figure	93:	Sample	S3:B2	(lead/tin	alloy),	the	section	of	the	sample	removed	for	preparation	as	a	

polished	cross	section	and	used	for	SEM	analysis	has	been	highlighted	(black	rectangle).	............	211	
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promoting	corrosion	on	non	covered/exposed	surfaces.	Sample	S6:B2	(bottom	left)	corrosion	is	
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Figure	117:	BSE	image	of	sample	S7:B1	at	magnification	x200.	Corrosion	can	clearly	be	seen	on	
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Figure	128:	Sample	S8:B2,	multiple	phases	of	urine	deposition	have	resulted	in	the	surface	of	the	
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Figure	139:	Sample	S12:B1,	detail	of	shellac	coated	area.	White	urine	precipitate	can	be	seen	on	
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corrosion	caused	by	the	deposition	of	bat	droppings	and	urine	on	copper/zinc	alloy.	Renaissance	
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Figure	163:	Sample	S4:B7	partially	cleaned	so	as	to	remove	applied	coatings	from	the	lower	half.	
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Figure	212:	Poster	displayed	in	North	porch,	Holy	Trinity	Collegiate	Church,	Tattershall.	The	
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Figure	225:	Table	listing	publicly	available	information	containing	references	to	damage	and/or	
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1 Introduction	

1.1 Genesis	and	impetus	for	this	research	project	

	

The	initial	impetus	for	my	research	came	from	Andrew	Argyrakis,	then	

Conservation	Officer	at	the	Church	Buildings	Council,	and	alumnus	of	the	

Institute	of	Archaeology.	In	2007	Andrew	approached	conservation	teaching	

staff	at	the	Institute	of	Archaeology,	UCL	and	suggested	that	further	research	

relating	to	bats	in	churches	and	the	subsequent	conservation	issues	would	be	

of	great	benefit	to	the	Church	Buildings	Council,	and	to	the	wider	church	

community.		

	

Some	work	directly	relating	to	conservation	issues	had	been	conducted	

previously	(Paine,	1991)	and	subsequently	a	guidance	document	Bats	in	

churches:	guidelines	for	the	identification,	assessment,	and	management	of	bat-

related	damage	to	church	contents	(furnishings,	fittings,	and	works	of	art)	had	

been	produced	(English	Heritage,	1998).	While	the	previous	work	had	

provided	a	good	foundation,	it	was	felt	by	Andrew	that	some	questions	

remained	unanswered,	and	that	further	research	was	required.	It	was	

envisaged	that	the	new	research	would	form	the	basis	of	a	funded	PhD	

studentship,	and	as	a	staff	member	I	began	(with	colleagues)	to	prepare	

proposals	for	the	research,	and	to	apply	for	funding.		

	

Over	the	following	year	(2008)	discussion	of	a	potential	research	project	with	

all	interested	parties	was	begun,	in	order	to	determine	what	direction	the	

research	might	take	and	what	outcomes	might	be	most	valuable	to	the	

stakeholders	involved.	Discussion	was	wide-ranging	and	involved	all	those	

individuals	and	organisations	who	had	been	involved	in	the	previous	

initiatives,	namely,	English	Heritage,	Natural	England,	the	Bat	Conservation	

Trust,	the	Church	Buildings	Council,	and	the	Courtauld	Institute	of	Art.	It	was	

during	this	process	that	I	became	fascinated	in	the	potential	research,	and	

what	was	initially	intended	as	a	student	project	quickly	became	my	own	

research	project.			
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In	March	2009	the	project	(with	the	support	of	Andrew	Argyrakis	and	the	

Church	Buildings	Council)	successfully	received	funding	from	the	Pilgrim	

Trust,	and	allowed	me	to	begin	work	in	earnest.	

	

1.2 Bats	in	Churches	–	the	problem	

	

There	are	currently	18	resident	species	of	bat	in	the	UK	although	sadly	bat	

populations	have	declined	rapidly	over	past	decades	(Harris,	1995,	Hutson,	

2001,	Stebbings,	1988,	Walsh	and	Harris,	1996).		

	

Multiple	factors	are	considered	to	be	responsible	for	the	decline	of	bat	

populations	in	the	UK	and	Europe.	Agricultural	intensification	and	the	use	of	

agrochemicals,	(Wickramasinghe	et	al.,	2003),	loss	of	woodland	and	riparian	

environments	(Walsh	and	Harris,	1996),	and	the	loss	of	suitable	roost	sites	

(Stebbings,	1988,	25-30),	are	all	considered	to	be	major	contributory	factors.		

	

In	an	attempt	to	prevent	further	decline	in	population	numbers,	many	

European	species	of	bat	have	had	special	conservation	status	conferred	upon	

them	(HMSO,	1980,	Bern	Convention,	1985,	The	Habitats	Directive,	1992).	

While	subject	to	European	legislation,	bats	in	the	UK	are	also	subject	to	

stringent	national	legislation,	designed	to	prevent	the	destruction	and	

disturbance	of	roost	sites,	and	to	prevent	any	activity	that	might	adversely	

affect	the	population	levels	of	the	18	resident	species	(HMSO,	1981,	HMSO,	

2010).	

	

While	the	conservation	of	bats	is	important	in	its	own	right,	bats	also	represent	

an	important	indicator	species	in	relation	to	international	biodiversity	and	the	

state	of	the	environment	in	general.		Because	bat	populations	are	so	sensitive	

to	changes	(such	as	agricultural	intensification,	development,	or	habitat	

fragmentation)	that	would	also	affect	many	other	species	of	wildlife,	they	are	

used	as	an	indicator	of	the	general	health	of	an	ecosystem.	Accordingly	a	
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number	of	species	of	bat	resident	in	the	UK	are	designated	“indicator”	species	

for	international	biodiversity	initiatives	of	which	the	UK	is	a	signatory	(JNCC,	

2012,	JNCC,	2013b).	

	

While	there	are	a	number	of	issues	that	have	affected	the	decline	of	bat	

populations	over	the	past	50	years,	the	loss	of	suitable	roost	sites	is	of	

particular	significance	to	this	thesis.	In	order	for	the	conservation	of	UK	bat	

species	to	be	successful,	existing	roost	sites	must	be	maintained	wherever	

possible	so	that	they	can	continue	to	provide	a	foothold	for	bats	within	the	

local	ecosystem.	As	the	goal	of	maintaining	existing	roost	sites	is	enshrined	in	

both	European	and	national	legislation,	unwanted	bat	roosts	can	be	

problematic	for	those	in	possession	of	a	building	that	has	a	bat	presence.	

Special	licences	must	be	obtained	and	conditions	met	prior	to	maintenance	or	

building	work	taking	place,	and	care	must	be	taken	not	to	disturb	the	bats	or	

destroy	or	obstruct	access	to	any	place	used	by	them	for	shelter.	

	

It	is	estimated	that	as	many	as	6400	churches	and	chapels	in	England	have	a	

bat	presence	(Sargent,	1995,	13).	These	buildings	are	predominantly	historic	

in	nature,	and	due	to	religious	history,	largely	Church	of	England	in	

denomination.	In	many	of	these	buildings,	the	presence	of	bats	may	go	entirely	

unnoticed	or	will	be	welcomed;	however,	there	are	occasions	when	occupancy	

by	bats	creates	issues	that	can	be	difficult	to	resolve.		

	

As	bats	fly	in	the	open	spaces	of	churches,	droppings	and	urine	can	be	

deposited	on	surfaces	within	the	building.	It	is	the	presence	of	bat	excreta	

within	churches	that	would	appear	to	create	the	biggest	issue	for	parishioners	

and	those	responsible	for	the	care	and	upkeep	of	the	building	and	its	contents.	

A	common	concern	voiced	by	church	users	and	cultural	heritage	professionals	

is	that	bat	urine	and	droppings	are	deposited	on	the	surfaces	of	items	of	

historical	and	cultural	value,	not	only	leaving	unsightly	deposits,	but	causing	

harm	such	as	staining	and	corrosion.	
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1.2.1 A	conservation	conflict	

	

The	use	of	historic	structures	(specifically	churches)	as	roost	sites	by	bats	has	

created	a	conservation	conflict.		It	is	a	rare	individual	that	does	not	appreciate	

the	importance	of	conserving	the	native	species	of	the	British	Isles,	but	for	

some	churches	the	presence	of	large	numbers	of	bats	has	resulted	in	the	

deterioration	of	culturally	significant	items	such	as	historic	monuments,	wall	

paintings,	organs,	memorial	brasses,	pews,	lecterns,	rood	screens	and	fonts.	

This	can	create	a	conservation	dilemma.	While	one	would	hope	to	ensure	a	

sustainable	future	for	both	our	cultural	heritage	and	the	natural	environment,	

it	seems	that	in	the	case	of	bats	and	churches,	success	in	one	area,	sometimes	

comes	at	a	cost	to	the	other.		

	

Historically,	progress	in	solving	problems	associated	with	bat	habitation	in	

churches	has	been	slow.	Discussion	of	an	already	complex	issue	has	been	made	

more	difficult	by	the	fact	that	multiple	stakeholders,	with	competing	goals	and	

agendas	are	involved.	Additionally,	the	problem	is	both	experienced	and	

discussed	at	two	very	different	levels.	At	a	national	level,	English	Heritage,	The	

Church	Buildings	Council,	Natural	England	and	the	Bat	Conservation	Trust	all	

have	institutional	responsibilities	and	advocacy	roles	that	necessarily	cause	

them	to	focus	on	the	commonalities	and	broader	issues	of	the	debate	(EH,	

2014,	CBC,	2012b,	NE,	2014,	BCT,	2014a)	while	at	a	local	and	parochial	level	

individuals	will	be	dealing	with	issues	related	to	the	specifics	of	a	particular	

building	and	local	context.			

	

The	need	to	work	within	multiple	legislative	frameworks	(related	to	listed	

buildings,	Canon	law	and	wildlife	and	habitat	legislation),	means	that		

discussion	of	the	issue	by	national	bodies	has	been	somewhat	circular.	While	

guidance	documents	designed	to	assist	individuals	experiencing	problems	

relating	to	bats	in	churches	and	historic	buildings	have	been	produced,	they	

have	been	broad	in	focus	and	offer	limited	guidance	in	relation	to	the	damage	

of	building	fabric	(BCT,	2012,	Howard,	2009,	Natural	England	Technical	

Information	Note	TIN043,	2011).	
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Ultimately,	the	lack	of	progress	to	date,	has	led	to	increasing	frustration	in	

many	quarters,	and	some	entrenchment	of	positions.		The	debate	has	become	

highly	emotive	for	some	individuals,	and	is	increasingly	reported	in	the	media	

as	a	situation	where	the	conservation	of	a	species	has	been	wrongly	prioritised	

over	the	conservation	of	cultural	heritage	and	the	spiritual	function	of	church	

buildings	(Soady,	2013,	BBC	News,	2004,	BBC	News,	2011a).		

	

1.3 The	focus	and	aims	of	this	research	

	

The	focus	of	my	research	has	been	to	study	the	interaction	between	bat	

droppings	and	urine,	and	the	surface	of	a	range	of	historically	significant	

materials	commonly	found	within	church	buildings.	The	aim	of	the	research	is	

to	fill	the	current	vacuum	in	knowledge	relating	to	the	specific	mechanisms	of	

deterioration	involved.	For	many	years	deterioration	of	the	historic	fabric	of	

churches	has	been	observed	and	understood	to	be	related	to	the	presence	of	

bats,	(Mitchell-Jones,	1987b,	EH,	1998,	BBC,	2006)	yet,	no	work	has	been	done	

to	explore	the	specific	deterioration	mechanisms	involved.		For	materials	other	

than	wall	paintings,	our	current	understanding	of	bat	related	damage	extends	

no	further	than	being	able	to	observe	that	corrosion,	pitting	or	staining	has	

occurred,	without	actually	understanding	why.	It	is	a	further	aim	of	the	

research,	that	mitigation	practices	and	cleaning	regimes	currently	

recommended	in	published	guidance,	are	reviewed	and	their	practicality	and	

efficacy	assessed.		

	

The	experimental	research	presented	in	this	thesis	is	necessarily	limited	to	

material	aspects	of	the	problem.	However,	bat	related	damage	is	often	

conflated	with	other	non-material	issues,	such	as	the	effect	bats	can	have	on	

churches’	viability	as	places	of	worship,	the	burden	that	it	places	on	volunteer	

cleaners,	and	the	difficulties	created	when	trying	to	undertake	maintenance	of	

historic	structures	used	as	roosts	by	bats	(Soady,	2013,	BBC,	2011c,	BBC,	

2011b).	For	this	reason,	and	in	order	to	highlight	the	impact	of	the	research	on	
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the	broader	context,	a	discussion	of	other	issues	arising	as	a	result	of	bat	

habitation	in	church	buildings	will	also	be	included.		

	

In	relation	to	research	questions	concerning	the	interaction	of	bat	droppings	

and	urine	with	heritage	materials,	I	have	adopted	a	standard	scientific	

approach	as	it	provides	the	best	mechanism	for	seeking	empirical	and	

measurable	evidence	of	damage	caused	as	a	result	of	bat	droppings	and	urine.	

Research	methods	employed	are	based	on	experimentation,	observation	and	

analysis,	with	care	taken	to	ensure	that	the	research	is	both	objective	and	

reproducible.	Wherever	possible	the	research	has	been	structured	so	that	

findings	can	be	easily	communicated	to	a	non-specialist	audience	via	the	use	of	

easily	comprehensible	images	and/or	figures.		

1.3.1 Relevance	of	thesis	

	

The	issue	of	bats	in	churches	is	a	significant	one,	not	least	because	of	the	

importance	of	ensuring	a	sustainable	future	for	both	our	church	buildings,	and	

our	native	bat	populations.		

	

Dr	Simon	Thurley,	former	Chief	Executive	of	English	Heritage	stated	that,	“The	

parish	churches	of	England	are	some	of	the	most	sparkling	jewels	in	the	

precious	crown	that	is	our	historic	environment”	(Building	Faith	in	our	Future,	

2004,	6).	While	any	damage	to	these	important	structures	and	their	historic	

contents	is	a	cause	for	concern,	it	is	equally	important	to	acknowledge	that	

these	historic	buildings	are	primarily	functioning	places	of	worship,	and	in	

many	cases	centres	of	community	activity.	Bats,	in	addition	to	being	a	

protected	species,	are	an	important	indicator	species	for	the	health	of	the	

wider	environment.	Clearly,	neither	the	needs	of	historic	churches,	nor	the	

needs	of	UK	bat	species,	can	simply	take	precedence.	

	

While	there	is	a	general	consensus	among	stakeholders	on	both	sides	of	the	

debate	that	some	damage	can	occur	within	church	buildings	as	a	result	of	bat	

activity,	ignorance	of	the	specifics	of	the	problem	has	led	to	an	information	
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vacuum	that	has	been	filled	by	a	combination	of	guesswork,	and	received	

wisdom.	Sadly	this	lack	of	understanding	of	the	topic	has	probably	exacerbated	

much	of	the	ill	feeling	currently	surrounding	the	issue	of	bats	in	churches.	

	

While	some	work	was	done	19	years	ago	(Paine,	1991)	on	the	effects	of	UK	

resident	bat	populations	on	wall	paintings,	this	has	not	been	effectively	

followed	up,	and	little	is	known	about	the	interaction	of	bat	excreta	with	other	

types	of	surface.		A	limited	amount	of	work	has	been	undertaken	in	relation	to	

archaeological	monuments	and	tombs	overseas	(Uchida	et	al.,	2000),	but	this	

has	focused	exclusively	on	much	larger	frugivorous	bats	from	the	sub	species	

Megachiroptera		and	as	such	has	very	limited	relevance	to	issues	faced	in	the	

UK	(which	only	has	insectivorous	bats	from	the	sub	species	Microchiroptera).	

My	research	is	therefore	entirely	original,	and	represents	the	first	significant	

piece	of	work	relating	to	deterioration	mechanisms	associated	with	the	excreta	

of	insectivorous	bats	on	historic	surfaces	other	than	wall	paintings.	

	

The	debate	relating	to	bats	in	churches	would	be	well	served	by	a	better	

understanding	of	the	exact	nature	of	the	problem	from	a	scientific	point	of	

view.	This	is	not	to	imply	that	the	emotional,	cultural	and	spiritual	dimensions	

of	the	debate	are	not	important.	It	is	simply	that	an	empirical	approach	to	the	

deposition	issues	provides	a	better	mechanism	for	observation,	measurement	

and	most	importantly,	management	of	the	situation.		

	

With	an	improved	understanding	of	the	chemical	interaction	taking	place	

between	bat	excreta	and	the	fabrics	commonly	found	within	a	church	building,	

it	follows	that	we	would	should	be	better	able	to	do	the	following:	

	

• Assess	the	susceptibility	of	different	materials	to	deterioration	

• Relate	the	frequency	of	deposition	to	the	severity	of	the	problem	

• Discover	if	the	damage	mechanism	is	a	rapid	onset	event	or	a	process	of	

gradual	attrition	

• Design	better	mitigation	strategies	

• Recommend	improved	cleaning	and	conservation	approaches.	
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2 An	introduction	to	bats		

	

Bats	are	mammals	belonging	to	the	second	largest	order	of	mammals	

(Chiroptera)	and	representing	approximately	20%	of	all	classified	mammal	

species.	They	are	the	only	mammal	with	true	flight	ability	(as	opposed	to	those	

that	glide),	and	it	is	the	ability	to	fly	that	has	enabled	them	to	become	one	of	

the	most	widely	distributed	groups	of	mammals	in	the	world,	with	over	1,100	

individual	species	currently	recorded	(Kunz	and	Fenton,	2003,	3).		

	

Bats	have	traditionally	been	divided	into	two	sub	orders	Megachiroptera,	and	

Microchiroptera	on	the	basis	of	the	way	they	hunt	and	navigate;	those	that	use	

true	echolocation	are	classified	as	Michrochiroptera,	and	those	that	rely	on	

their	sense	of	smell	and	sight,	are	classified	as	Megachiroptera.	In	recent	years	

genetic	research	has	cast	doubt	on	the	traditionally	accepted	view	of	how	bats	

have	evolved,	and	the	traditional	subdivision	of	bats	into	Megachiroptera	and	

Microchiroptera	is	no	longer	considered	to	be	appropriate.	Currently	there	are	

two	alternative	proposals	for	the	new	groupings	of	families	of	

bats:	Yinpterochiroptera	and	Yangochiroptera,	and	Vespertilioniformes	and	

Pteropodiformes.	Unfortunately	there	is	no	consensus	between	researchers	as	

to	which	set	of	names	is	correct,	and	therefore	both	sets	of	names	are	currently	

in	use.	

	

All	species	of	bat	currently	found	in	the	UK	are	of	the	suborder	traditionally	

referred	to	as	Microchiroptera	and	are	small	insectivorous	bats	ranging	in	size	

from	the	smallest	Pipistrellus	pygmaeus		at	35-45	mm	(head	and	body	length)	

to	the	largest	Nyctalus	noctula	at	37-48	mm.	A	summary	table	containing	basic	

information	relating	to	all	bats	currently	found	in	the	UK	is	given	on	the	

following	page.		Where	the	bats’	status	is	given,	this	refers	to	the	conservation	

status	of	the	species	as	it	relates	to	UK	and	European	law.	The	table	also	notes	

that	some	species	are	included	in	the	UK	Biodiversity	Action	Plan	(UK	BAP),	

which	is	part	of	an	international	framework	of	biodiversity	initiatives.	Species	
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noted	in	the	table	as	being	on	the	UK	BAP’s	priority	list	of	species	are	either	

rare,	in	decline,	or	both	(JNCC,	2012).	

	

Common	

name	

Scientific	

name	
Status	 Roost	size	

Barbastelle	
Barbastella	

barbastellus	

Rare;	threatened;	UK	BAP	Priority	

Species;	EU	Priority	Species	
1-50	

Bechstein’s	bat	
Myotis	

bechsteinii	

Rare;	threatened;	UK	BAP	vulnerable	

species	
1-100	

Brandt’s	bat	 Myotis	brandtii	 Uncommon;	not	threatened	 30-200	

Brown	long-

eared	bat	

Plecotus	

auritus	
Threatened;	UK	BAP	Priority	Species	 10-20	(can	be	up	to	100)	

Common	

pipistrelle	

Pipistrellus	

pipistrellus	
Frequent;	not	threatened	 50-200	

Daubenton’s	bat	
Myotis	

daubentonii	
Frequent;	not	threatened	 20-50	(can	be	up	to	200)	

Greater	

horseshoe	bat	

Rhinolphus	

ferrumequinum	

Rare;	threatened;	UK	BAP	Priority	

Species;	EU	Priority	Species	

50-200	(can	be	up	to	

600)	

Greater	mouse-

eared	bat	
Myotis	myotis	

Very	rare;	at	one	time	considered	

extinct	in	Britain	
	

Grey	long-eared	

bat	

Plecotus	

austriacus	
Very	rare	 10-20	(can	be	up	to	50)	

Leisler’s	bat	 Nyctalus	leisleri	
Occasionally	found	in	England	and	

Wales,	more	frequent	in	Ireland	
20-100	

Lesser	

horseshoe	bat	

Rhinolphus	

hipposideros	

Occasional	or	frequent;	threatened;	UK	

BAP	Priority	Species;	EU	Priority	

Species	

30-70	(can	be	up	to	400)	

Nathusius’	

pipistrelle	

Pipistrellus	

nathusii	
Rare	 1-100	

Natterers’s	bat	
Myotis	

nattereri	
Not	threatened	 20-100+	

Noctule	
Nyctalus	

noctula	
Threatened;	UK	BAP	Priority	Species	 15-50	(can	be	up	to	100)	

Serotine	
Eptesicus	

serotinus	
Rare	 15-30	

Soprano	

pipistrelle	

Pipistrellus	

pygmaeus	
Not	threatened	

50-1000	(2000	

exceptional)	

Whiskered	bat	
Myotis	

mystacinus	
Threatened;	UK	BAP	Priority	Species	 30-200	

Alcathoe	bat	 Myotis	alcathoe	 Limited	data,	only	confirmed	as	a	resident	UK	species	in	2010.		

	
• includes	mines,	bridges,	caves,	tunnels,	cellars	and	ice	houses	

Figure	1:	A	summary	of	all	UK	bats,	their	distribution,	basic	ecology	and	conservation	status.	

Adapted	from	Bats	in	Traditional	Buildings	(Howard,	2009,	12-13)		
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Common	

name	
Summer	roosts	 Winter	roosts	 Foraging	habitat	

Barbastelle	
Tree	cavities	and	occasionally	old	

buildings	such	as	barns	

Tree	cavities	&	

underground	sites*	

Ancient	woodland	&	

pasture,	parkland,	

hedgerows	

Bechstein’s	bat	
Tree	cavities	and	occasionally	old	

woodpecker	holes	

Tree	cavities	&	

underground	sites*	
Ancient	woodland	

Brandt’s	bat	 Mainly	roof	voids	in	buildings	 Underground	sites*	
Woodland	&	tree-lined	

water	bodies	

Brown	long-

eared	bat	

Roof	voids	in	older	buildings,	barns,	

churches,	tree	cavities,	bat	boxes	

Tree	cavities	&	

underground	sites*	

Woodland,	gardens	&	

orchards	

Common	

pipistrelle	

Outer	parts	of	buildings	(confined	

spaces	e.g.	soffits	and	under	tiles	

rather	than	in	roof	voids)	

Confined	spaces	in	

buildings	

Woodland,	gardens,	

parkland,	hedgerows;	

around	water	bodies	

Daubenton’s	bat	
Tree	cavities,	also	tunnels	and	

bridges	

Tree	cavities	&	

underground	sites*	
Over	water	

Greater	

horseshoe	bat	

Mainly	large	roof	voids	of	old	

buildings	
Underground	sites*	

Parkland	&	woodland,	

steep	sided	valleys	

Greater	mouse-

eared	bat	

Mainly	large	roof	voids	of	old	

buildings	
Underground	sites*	 Pasture	&	woodland	

Grey	long-eared	

bat	
Buildings	

Caves	&	tunnels;	also	

probably	uses	trees	&	

buildings	

Parkland	&	woodland	

Leisler’s	bat	 Buildings,	bat	boxes	 Buildings	 Woodland	&	parkland	

Lesser	

horseshoe	bat	

Mainly	large	roof	voids	of	old	

buildings	
Underground	sites*	 Woodland	&	parkland	

Nathusius’	

pipistrelle	
Buildings	 Buildings	

Woodland	especially	

near	water	bodies	

Natterers’s	bat	

Old	stone	buildings	and	large	

timbered	barns,	tree	holes,	bat	

boxes	

Tree	cavities,	bat	boxes	&	

underground	sites*	
Woodland	&	parkland	

Noctule	 Tree	cavities,	occasionally	buildings	 Tree	cavities	
Woodland,	pasture	&	

lakes	

Serotine	 Buildings	
Buildings,	underground	

sites*	(rarely)	

Woodland,	pasture	&	

lakes	

Soprano	

pipistrelle	
Buildings,	bat	boxes	and	trees	

Buildings,	bat	boxes		&	

tree	cavities	

Widespread,	especially	

near	water	bodies	

Whiskered	bat	 Mainly	roof	voids	of	older	houses	 Underground	sites*	

Woodland,	gardens,	

parkland,	hedgerows;	

around	water	bodies	

Alcathoe	bat	 Limited	data,	only	confirmed	as	a	resident	UK	species	in	2010.	
	

• includes	mines,	bridges,	caves,	tunnels,	cellars	and	ice	houses	

Figure	1:	A	summary	of	all	UK	bats,	their	distribution,	basic	ecology	and	conservation	status.	

Adapted	from	Bats	in	Traditional	Buildings	(Howard,	2009,	12-13)		
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2.1 Biology	

	

Bats	within	the	UK	display	a	wide	range	of	specialist	behaviours	and	physical	

attributes	which	reflect	the	type	of	insect	they	prey	upon,	and	the	environment	

in	which	they	live,	hunt,	and	breed	(Hill	and	Smith,	1984,	Kunz	and	Fenton,	

2003,	Mitchell-Jones	and	Ovenden,	1994,	Neuweiler,	2000,	Richardson,	2002).	

The	different	species	of	bat	currently	in	the	UK,	have	evolved	over	many	years	

to	fill	particular	niches,	and	their	biology	and	behaviour	are	often	unique	at	a	

species-specific	level.	There	are	however	a	number	of	general	features	

common	to	the	biology	of	all	UK	bats,	and	for	the	purposes	of	this	brief	

introduction,	discussion	will	focus	on	these	commonalities.	

	

Bats	in	the	UK	commonly	give	birth	to	only	a	single	pup	per	year,	which	they	

will	suckle	for	a	period	of	six	weeks.	Juveniles	will	begin	to	fly	after	three	

weeks	but	will	be	unable	to	hunt	and	feed	themselves	until	six	weeks	old.	This	

slow	rate	of	reproduction,	coupled	with	the	vulnerability	and	dependency	of	

the	young	pups	on	the	mother,	is	one	of	the	factors	that	make	bat	populations	

very	vulnerable	to	population	decline	(Racey	and	Entwistle,	2003,	691,	

Stebbings,	1988,	13).	Any	disturbance	to	nursery	sites	that	might	cause	

nursing	bats	to	abandon	a	roost	and	their	pups,	or	prevent	parents	from	

accessing	a	roost	to	feed	their	young	can	have	a	major	effect	on	local	

populations	and	the	future	viability	of	a	breeding	population.	

	

All	bats	currently	resident	in	the	UK	are	insectivorous.	The	range	of	insects	

consumed	is	broad	and	extends	from	midges,	mosquitoes,	and	small	crawling	

insects	to	larger	moths/flying	insects	and	beetles,	depending	on	the	species	of	

bat	(Jones	and	Rydell,	2003,	302).	Being	dependent	on	seasonal	insect	

populations	for	food	has	given	rise	to	the	evolution	of	behavioural	mechanisms	

and	physical	adaptations	that	allow	bats	to	survive	for	periods	of	the	year	

when	food	sources	are	scarce	or	unavailable.	Small	mammals	have	a	large	

surface	area	to	volume	ratio	and	therefore	lose	heat	quickly.	When	seasonal	

temperatures	drop	it	becomes	difficult	for	bats	to	raise	their	(already	high)	
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metabolic	rate;	hence	all	UK	bat	species	hibernate	during	the	winter	months.	

Strategies	to	reduce	energetic	costs	also	dictate	bat	behaviour	at	other	times	of	

the	year,	as	UK	bats	have	the	ability	to	enter	a	torpid	state	(a	short	term	

reduction	in	body	temperature,	metabolic	rate,	blood	flow	and	oxygen	

consumption)	if	food	is	scarce	or	temperatures	become	unseasonably	low	

(Neuweiler,	2000,	63-94).	

	

Related	to	the	careful	management	of	energetic	costs,	temperature	regulation	

is	a	major	factor	affecting	the	selection	of	suitable	roost	sites	at	different	times	

of	the	year	.	Bats	commonly	roost	in	groups,	as	this	behaviour	has	the	

advantage	of	allowing	temperature	regulation	and	energy	conservation	

through	clustering	together	(Neuweiler,	2000,	64).	When	roosting	individually	

or	in	small	groups,	it	is	common	for	bats	to	select	roost	sites	in	which	they	can	

ensconce	themselves	in	small	crevices	or	cracks	thus	providing	both	physical	

protection	and	temperature	regulation.	At	other	times	in	the	year,	roost	

selection	and	temperature	become	very	important	in	relation	to	particular	

aspects	of	the	bats’	annual	life	cycle,	with	cooler	roost	sites	with	stable	

temperature	and	higher	humidity	required	for	periods	of	hibernation,	and	

warm	roost	sites	required	for	summer	maternity	colonies	(Kunz	and	Lumsden,	

2003).	

	

The	annual	cycle	of	activity	for	bats	in	the	UK	is	unsurprisingly	governed	by	

the	seasons	and	the	associated	ambient	temperature	and	availability	of	food.	A	

table	showing	the	typical	bat	year	in	the	UK	is	given	below.	
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Month	 Bat	activity	

January	 Hibernation,	a	state	of	inactivity	characterised	by	lower	body	
temperature,	slower	breathing,	and	lower	metabolic	rate.	

February	 Bats	are	still	hibernating,	by	this	time	in	the	year	they	have	begun	to	
use	up	their	fat	reserves	and	have	little	fat	left	to	live	off.		Bats	may	
leave	the	roost	on	warmer	nights	to	find	food	and	water.	

March	 Depending	on	weather	conditions,	bats	will	begin	to	emerge	from	
hibernacula.	At	this	time	of	year	signs	of	limited	activity	can	be	seen	
with	small	numbers	of	bats	feeding	as	it	gets	warmer.	In	bad	weather,	
bats	may	enter	a	torpid	state	in	order	to	conserve	energy.	

April	 Bats	have	mostly	emerged	from	hibernation.	At	this	early	part	of	the	
year	bats	are	hungry	and	active,	feeding	on	most	nights.	No	longer	
utilising	hibernacula,	roosts	become	more	mobile	and	bats	may	
regularly	move	between	several	roost	sites.	In	bad	weather,	bats	may	
enter	a	torpid	state	in	order	to	conserve	energy.	

May	 Bats	are	fully	active	and	feeding.	Females	start	forming	maternity	
colonies	and	begin	looking	for	suitable	nursery	sites,	such	as	buildings	
or	trees.	Males	roost	on	their	own	or	in	small	groups.	

June	 Female	bats	give	birth	to	a	single	pup,	which	they	will	suckle	for	a	
period	of	approximately	six	weeks.	Young	bats	are	very	small	(25	mm)	
with	thin	fur.	Warm	roosts	are	essential	to	their	survival.	In	the	
summer	months	adult	bats	will	hunt	voraciously	catching	thousands	of	
insects	each	in	a	night.	

July	 Mothers	continue	to	suckle	their	young.	Some	bats	grow	fast	and	are	
almost	full-size;	others	are	still	very	small.	At	around	three	weeks	old,	
young	bats	learn	to	fly,	it	is	not	uncommon	to	see	grounded	juveniles	
that	have	fallen	from	the	roost	during	this	period.	

August	 By	August	most	juvenile	bats	will	have	begun	to	catch	insects	for	
themselves	and	no	longer	need	their	mothers’	milk.	Summer	maternity	
colonies	begin	to	disperse	and	bats	may	move	to	mating	roosts.	

September	 Mating	season	begins.	Males	of	most	species	use	specific	mating	calls	to	
attract	females.	Bats	will	be	hunting	regularly	in	order	to	build	up	fat	
stores	for	the	coming	months.	

October	 Mating	is	still	taking	place.	Building	up	fat	reserves	during	this	period	
is	crucial	to	surviving	the	winter	season.	Bats	begin	to	seek	suitable	
hibernation	sites.		In	bad/cold	weather,	bats	may	enter	a	torpid	state	in	
order	to	conserve	energy.	

November	 Periods	of	torpor	are	lasting	longer.	Some	bats	begin	hibernation.	

December	 Bats	are	hibernating.	Roosting	on	their	own	or	in	small	groups,	in	cool,	
quiet	places	like	disused	buildings,	old	trees	or	caves.	Waking	from	
hibernation	is	incredibly	energy	intensive,	therefore	it	is	important	
that	bats	are	not	disturbed	during	hibernation	if	they	are	to	survive	the	
winter	months.	

	
Figure	2:	Table	showing	typical	UK	bat	activity	throughout	the	year.	

Adapted	from	A	year	in	the	life	of	a	Bat,	Bat	Conservation	Trust	(BCT,	2014b)	
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2.2 Why	do	bats	use	churches?	

	

Bats	are	naturally	dependent	on	roost	sites	that	are	surrounded	by	habitat	that	

provides	good	opportunities	for	foraging	and	hunting,	and	also	have	some	

degree	of	connectivity	in	the	landscape	to	allow	them	to	navigate	from	one	

point	to	another	via	echolocation	(Frey-Ehrenbold	et	al.,	2013,	Limpens	et	al.,	

1989,	Verboom	and	Huitema,	1997).	Parkland,	gardens,	farms,	lakes	and	

woodlands	are	all	good	foraging	environments	for	bats,	and	historically	bats	

would	have	exploited	naturally	occurring	roost	sites	in	holes,	tree	crevices	and	

caves	within	these	habitats	(Boonman,	2000).		

	

Increasingly	bats	have	become	reliant	on	traditional	buildings	(of	timber,	stone	

or	brick)	as	naturally	occurring	roost	sites	become	less	available	or	are	

rendered	unviable	(Howard	and	Richardson,	2009,	15).	Bats	have	very	specific	

roost	requirements,	depending	on	species,	time	of	year,	and	the	purpose	of	the	

roost	(see	section	2.3).	Because	temperature	regulation	and	energy	

conservation	are	so	important	to	bats	in	a	temperate	climate,	many	UK	bat	

colonies	regularly	have	to	move	between	different	roost	sites	in	order	to	meet	

their	changing	roost	requirements.	In	the	past	200	years,	deforestation,	the	

growth	of	modern	agricultural	practices,	and	the	use	of	insecticides,	coupled	

with	huge	expansion	in	urban	growth,	has	meant	that	there	are	fewer	naturally	

occurring	roost	sites	available	to	bats	today	than	in	the	past	(Racey	and	

Entwistle,	2003,	694-696,	Wickramasinghe	et	al.,	2003).	Due	to	the	need	for	a	

combination	of	varied	roosts	types,	the	loss	of	just	one	roost	can	make	a	wide	

area	unviable	for	bats,	even	though	other	types	of	roost	site	may	remain	within	

the	area.	

	

Bats	have	adapted	to	being	active	at	night	and	as	such	generally	seek	out	

roosts	that	have	low	light	levels.		Bats	are	not	particularly	mobile	or	agile	on	

the	ground,	and	as	small	mammals	are	very	vulnerable	to	predation,	roost	sites	

need	to	provide	protection	from	predators	and	as	such	roosts	are	most	
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commonly	found	high	up	off	the	ground.	Not	only	does	this	provide	a	secure	

location	in	which	to	rest,	but	it	also	has	the	added	advantages	of	allowing	the	

bat	to	take	to	the	wing	easily,	and	to	remain	undisturbed	during	periods	of	

torpor	or	hibernation.	Many	bat	species	squeeze	into	small	gaps	to	roost,	

enabling	them	to	regulate	their	temperature	more	easily	and	preserve	energy;	

roost	sites	that	offer	multiple	crevices	and	cracks	to	roost	in	are	therefore	

attractive	to	bats.	

	

Traditional	buildings	such	as	agricultural	buildings	and	churches	are	ideally	

suited	to	use	by	bats.	Large	roof	voids	provide	safety,	low	light	conditions,	and	

allow	flight	access	to	and	from	the	roost	spaces.	Traditional	timber-	frame	roof	

construction	provides	cracks	and	crevices	not	found	in	modern	machine-cut	

roof	timbers,	while	historic	brick	and	stonework	(and	commonly	the	poor	state	

of	repair	of	historic	mortar)	provide	yet	more	cracks	and	crevices	for	bats	to	

utilise.	The	trend	for	traditional	buildings	(e.g.	barns	and	farm	outbuildings)	to	

be	converted	to	residential	or	modern	industrial	use	has	meant	that	in	some	

landscapes,	churches	remain	one	of	the	few	viable	roosting	options	for	bats.	

	

Bats	demonstrate	considerable	roost	fidelity,	which	is	to	say	that	they	

commonly	use	the	same	roost	site	year	after	year,	and	from	generation	to	

generation	(Kunz	and	Lumsden,	2003,	54,	Lewis,	1995).	This	is	no	doubt	a	

relevant	factor	relating	to	the	use	of	churches	as	roost	sites	by	bats.		Prominent	

buildings	within	a	landscape	are	much	more	likely	to	be	investigated	by	flying	

bats	and	used	as	reference	points	for	purposes	of	navigation	(Howard,	2009,	

18).	Should	those	buildings	additionally	provide	suitable	roosting	

opportunities,	a	long	and	historic	relationship	can	develop	between	a	building	

and	a	local	bat	population.	The	historic	nature	of	church	buildings	means	that	

they	not	only	represent	a	constant	reference	point	within	a	changing	

landscape,	but	that	architecturally	they	remain	unchanged	over	many	years,	

thus	retaining	their	viability	as	a	roost	for	long	periods.		Work	undertaken	as	

part	of	the	Bats	in	Churches	Project	showed	that	out	of	132	churches	recorded	

as	being	roost	sites	in	the	1960’s,	90%	of	the	buildings	still	showed	evidence	of	

bat	occupation	when	surveyed	30	years	later	(Sargent,	1995,	34).	
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By	virtue	of	their	age	and	status,	historic	church	buildings	often	occupy	“oasis”	

positions	in	rural	landscapes	that	further	enhance	their	potential	as	roosts.	

Modern	agricultural	farming	practices	have	favoured	large	field	systems,	and	

resulted	in	the	removal	of	hedgerows	and	tree	lines.	Bats	rely	on	linear	

features	within	the	landscape	to	enable	them	to	navigate	between	roost	sites	

and	foraging	locations	(Limpens	et	al.,	1989,	Verboom	and	Huitema,	1997),	

subsequently	any	loss	of	connectivity	within	a	landscape	can	have	a	

detrimental	effect	on	bat	populations	(Frey-Ehrenbold	et	al.,	2013).	Because	

rural	churches	are	remnants	of	a	historic	landscape,	they	remain	hubs	of	

connectivity,	with	road	systems	and	associated	tree	lines	and	hedgerows	

radiating	out	from	them	into	the	wider	landscape.		

	

In	the	early	1990’s	a	random	sample	of	538	churches	and	chapels	in	England	

showed	that	142	(26%)	showed	evidence	of	bat	occupation.	The	fact	that,	of	

those	buildings	occupied,	93%	were	historic	structures	belonging	to	the	

Church	of	England	(Sargent,	1995,	12)	is	noteworthy.	The	Church	of	England	

has	responsibility	for	the	largest	estate	of	historic	listed	buildings	in	the	UK.	In	

addition	to	its	42	cathedrals,	it	is	responsible	for	16,200	churches	of	which	

over	12,000	are	listed	(with	over	40%	of	that	number	being	listed	as	“Grade	1”,	

the	highest	category	of	special	architectural	or	historic	interest).	(English	

Heritage,	2002,	4).	Extrapolating	from	this	data	led	the	Bats	in	Churches	report	

to	suggest	that	a	realistic	figure	for	the	total	number	of	churches	and	chapels	in	

England	being	used	by	bats	as	roosts	at	the	time	of	the	report	might	be	6398	

(Sargent,	1995,	13).		

	

2.3 Species	distribution	within	the	British	Isles	

	

It	is	worth	noting	that	different	species	of	bat	in	the	UK	can	show	very	different	

magnitudes	of	population	and	a	wide	variance	in	geographical	distribution.	

Some	bats	such	as	the	Soprano	pipistrelle	(Pipistrellus	pygmaeus)	are	

considered	common	with	widespread	species	distribution,	while	others	such	
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as	the	Greater	horseshoe	bat	(Rhinolphus	ferrumequinum)	would	be	considered	

very	rare	and	might	only	be	found	in	a	restricted	geographical	area.	Species	

distribution	maps	for	these	two	bat	species	are	given	below.		

	

	
	
Figure	3:	Species	distribution	maps	of	the	UK	for		Soprano	pipistrelle	(shown	on	left)	and	Greater	

horseshoe	bat	(shown	on	right).	Maps	taken	from	3rd	Report	under	Article	17	on	implementation	

of	the	Habitats	Directive	in	the	UK	(JNCC,	2013a)	

	

When	considering	species	of	bat	commonly	found	roosting	in	churches	and	

historic	buildings	it	would	stand	to	reason	that	the	most	commonly	occurring	

and	widespread	species	are	likely	to	be	encountered	more	frequently	than	

those	that	are	very	rare	or	restricted	in	their	distribution.	Certainly	there	will	

also	be	evolutionary	and	behavioural	factors	that	mean	some	bat	species	will	

be	better	suited	to	exploiting	built	structures	as	roost	sites.		

	

The	Bats	in	Churches	Project,	(Sargent,	1995,12)	reports	that	the	relative	

abundance	of	bat	species	occurring	in	churches	and	chapels	as	determined	by	

the	National	Bats	in	Churches	Survey,	is	as	follows.	
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Bat	species	 No	of	buildings	

occupied	by	bats	in	
National	Bats	in	
Churches	Survey	

Churches*	 Chapels*	 Proportion	of	
church	and	chapel	
roosts	occupied	by	
species	(%)	

Pipistrelle	 79	 63	 16	 50.6	
Long-eared	 56	 44	 12	 35.9	
Serotine	 10	 7	 3	 6.4	
Natterer’s	 5	 4	 1	 3.2	
Lesser	
horseshoe	

3	 3	 0	 1.9	

Greater	
horseshoe	

1	 1	 0	 0.6	

Daubenton’s	 2	 2	 0	 1.3	
Unknown	
species	

36	 24	 12	 -	

	
Figure	4:	Table	showing	relative	abundance	of	different	bat	species	occurring	in	churches	and	

chapels	as	determined	by	the	National	Bats	in	Churches	Survey.	Source:	Bats	in	Churches	project	
(Sargent,	1995,12)	

	

The	data	gathered	in	the	National	Bats	in	Churches	Survey	must	be	used	with	

caution	(for	example	different	species	of	Pipistrellus	and	Plecotus	were	not	

distinguished	in	the	survey),	however	it	does	serve	to	illustrate	that	those	

species	found	using	church	buildings	most	commonly,	are	both	

abundant/widespread,	and	well	suited	to	the	exploitation	of	built	structures	as	

roosts.		While	some	species	(such	as	horseshoe	bats)	would	roost	in	church	

buildings,	their	rarity	and	limited	distribution	means	that	they	are	seldom	

found.	Species	such	as	Daubenton’s	and	Natterer’s	bat	though	widespread,	are	

not	predisposed	to	using	historic	buildings	as	roosts	and	accordingly	are	found	

much	less	regularly	in	churches.			

	

The	following	tables	show	the	bat	species	identified	by	the	National	Bats	in	

Churches	Survey	and	gives	a	summary	of	their	distribution,	basic	ecology	and	

conservation	status.	Full	and	up-to-date	population	and	distribution	data	for	

all		UK	bat	species	can	be	found	in	the	3rd	Report	under	Article	17	on	

implementation	of	the	Habitats	Directive	in	the	UK,	published	by	the	JNCC	

(JNCC,	2013a).	
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Common	
name	

Scientific	
name	

Status	 Distribution	

Brown	long-
eared	bat	

Plecotus	
auritus	

Threatened;	UK	BAP	
Priority	Species	

Throughout	UK	and	Republic	of	Ireland	(RoI)	

Common	
pipistrelle	

Pipistrellus	
pipistrellus	

Frequent;	not	
threatened	

Throughout	UK	and	RoI	

Daubenton’s	bat	
Myotis	
daubentonii	

Frequent;	not	
threatened	 Throughout	UK	and	RoI	

Greater	
horseshoe	bat	

Rhinolphus	
ferrumequinum	

Rare;	threatened;	UK	
BAP	Priority	Species;	
EU	Priority	Species	

South-west	England	&	south-west	Wales	

Grey	long-eared	
bat	

Plecotus	
austriacus	

Very	rare	 Southern	England	

Lesser	horseshoe	
bat	

Rhinolphus	
hipposideros	

Occasional	or	
frequent;	threatened;	
UK	BAP	Priority	
Species;	EU	Priority	
Species	

South-west	England,	Wales	and	RoI,	spreading	north	
and	east	

Natterers’s	bat	 Myotis	
nattereri	

Not	threatened	 Widespread	in	UK	and	RoI	

Serotine	
Eptesicus	
serotinus	

Rare	
Counties	south	of	Lincolnshire	and	Ceredigion,	may	be	
spreading	north	and	west	

Soprano	
pipistrelle	

Pipistrellus	
pygmaeus	

Not	threatened	 Throughout	UK	and	RoI	

	
Figure	5:	Bat	species	identified	by	the	National	Bats	in	Churches	Survey	as	
using	church	buildings,	and		

a	summary	of	their	distribution,	basic	ecology	and	conservation	status.	

Information	pertaining	to		
distribution	and	potential	building	use	for	the	species	most	commonly	
found	using	churches	
	has	been	highlighted	in	blue.	
	
Adapted	from	Bats	in	Traditional	Buildings	(Howard,	2009,	12-13)	
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Common	
name	

Roost	
size	

Summer	roosts	 Winter	roosts	 Foraging	habitat	

Brown	long-
eared	bat	

10-20	(can	
be	up	to	
100)	

Roof	voids	in	older	
buildings,	barns,	churches,	
tree	cavities,	bat	boxes	

Tree	cavities	&	
underground	sites*	

Woodland,	gardens	&	
orchards	

Common	
pipistrelle	

50-200	

Outer	parts	of	buildings	
(confined	spaces	e.g.	soffits	
and	under	tiles	rather	than	
in	roof	voids)	

Confined	spaces	in	
buildings	

Woodland,	gardens,	
parkland,	hedgerows;	
around	water	bodies	

Daubenton’s	
bat	

20-50	(can	
be	up	to	
200)	

Tree	cavities,	also	tunnels	
and	bridges	

Tree	cavities	&	
underground	sites*	 Over	water	

Greater	
horseshoe	bat	

50-200	
(can	be	up	
to	600)	

Mainly	large	roof	voids	of	
old	buildings	 Underground	sites*	

Parkland	&	woodland,	
steep	sided	valleys	

Grey	long-
eared	bat	

10-20	(can	
be	up	to	
50)	

Buildings	
Caves	&	tunnels;	also	
probably	uses	trees	&	
buildings	

Parkland	&	woodland	

Lesser	
horseshoe	bat	

30-70	(can	
be	up	to	
400)	

Mainly	large	roof	voids	of	
old	buildings	 Underground	sites*	 Woodland	&	parkland	

Natterers’s	bat	 20-100+	
Old	stone	buildings	and	
large	timbered	barns,	tree	
holes,	bat	boxes	

Tree	cavities,	bat	boxes	&	
underground	sites*	 Woodland	&	parkland	

Serotine	 15-30	 Buildings	 Buildings,	underground	
sites*	(rarely)	

Woodland,	pasture	&	
lakes	

Soprano	
pipistrelle	

50-1000	
(2000	
exceptiona
l)	

Buildings,	bat	boxes	and	
trees	

Buildings,	bat	boxes		&	
tree	cavities	

Widespread,	especially	
near	water	bodies	

	

Figure	5:	Bat	species	identified	by	the	National	Bats	in	Churches	Survey	as	using	church	

buildings,	and		

a	summary	of	their	distribution,	basic	ecology	and	conservation	status.	Information	

pertaining	to		

distribution	and	potential	building	use	for	the	species	most	commonly	found	using	churches	

	has	been	highlighted	in	blue.	

	
Adapted	from	Bats	in	Traditional	Buildings	(Howard,	2009,	12-13)	
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2.4 Legal	protection	

	

In	the	UK	all	bat	species	and	importantly	their	roosts	are	legally	

protected,	both	by	domestic	and	international	legislation.	The	legislation	

relating	to	bats	and	their	roosts	is	very	strict,	and	therefore	many	routine	

activities	such	as	maintenance	to	an	existing	building,	commercial	

development	of	an	area,	or	woodland	management,	all	have	the	potential	

to	constitute	illegal	acts	if	bats	might	be	disturbed	or	harmed	as	a	result.		

	

To	allow	activities	which	might	disturb	bats	to	take	place,	permission	is	

carefully	managed	via	the	granting	of	derogation	licences	(“European	

Protected	Species”	or	EPS	licences)	issued	under	the	The	Conservation	of	

Habitats	and	Species	Regulations	2010	(HMSO,	2010).	If	a	licence	is	

granted,	the	terms	of	the	licence	must	be	strictly	adhered	to,	as	it	is	a	

criminal	offence	not	to	comply	with	any	of	the	conditions	stipulated.		

	

2.5 National	legislation	

	

The	first	piece	of	protective	legislation	with	a	direct	bearing	on	bats	in	

the	UK	was	the	Conservation	of	Wild	Creatures	and	Wild	Plants	Act	of	

1975	(HMSO,	1975).	Prior	to	this	time	bats	were	afforded	no	special	

protection	under	the	law.	The	1975	legislation	did	not	provide	protection	

for	all	species	of	bat	in	the	UK,	nor	did	it	allow	for	the	protection	of	roost	

sites.	While	it	had	a	wide	relevance	to	a	number	of	species	in	the	natural	

environment,	as	regards	bats	its	focus	was	limited	to	the	protection	of	

only	two	endangered	species	(Myotis	myotis,	and	Rhinolphus	

ferrumequinum),	in	order	to	prevent	them	from	being	taken	or	removed	

from	the	wild.		

	

In	1981,	the	passing	of	the	Wildlife	and	Countryside	Act	was	something	of	

a	defining	moment	for	bat	conservation	within	the	UK.	Not	only	did	it	

afford	protection	for	all	bats,	but	it	also	provided	protection	for	their	
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roosts	(HMSO,	1981).	It	is	interesting	to	note	that	the	Act,	while	

undeniably	important	as	a	piece	of	legislation	in	its	own	right,	also	

generated	a	large	amount	of	media	coverage	and	associated	publicity,	

which	in	turn	led	to	an	increased	public	awareness	and	interest	in	UK	bat	

species.	Prior	to	1975	it	is	reported	that	there	were	as	few	as	25	

individuals	actively	working	in	the	field	of	bat	ecology	and	conservation	

in	Britain,	but	by	1983	over	40	local	“bat	groups”	had	been	established	

and	linked	to	a	national	coordinating	panel	(Stebbings,	1988,	39).	

	

Subsequent	to	the	Wildlife	and	Countryside	Act,	periodic	legislation	and	

legislative	amendments	(HMSO,	1994,	HMSO,	2007)	have	resulted	in	

subtle	changes	in	the	scope	and	definition	of	the	protection	afforded	to	

bats.	In	particular,	the	defences	provided	in	law	that	might	allow	the	

destruction,	damage	or	obstruction	of	a	roost,	or	the	possession	of	legally	

acquired,	dead	specimens	have	been	removed.	

	

The	most	recent	legislation	relating	to	bats	in	the	UK	is	the	Conservation	

of	Habitats	and	Species	Regulations	(HMSO,	2010),	which	alongside	the	

earlier	Wildlife	and	Countryside	Act,	forms	the	basis	for	legal	protection	of	

bats	and	bat	roosts	today.	

	

A	reasonable	summary	of	how	the	current	legislation	relates	to	bats	

within	the	UK	would	be	as	follows:	

	

All	species	of	bat,	their	breeding	sites	and	resting	places	(defined	as	

roosts)	are	afforded	protection	under	Regulation	41	of	The	Conservation	

of	Habitats	and	Species	Regulations	2010	and	Section	9	of	the	Wildlife	and	

Countryside	Act	19811.		

	

	 	

																																																								
1	Due	to	the	decentralized	governance	of	Scotland	and	Northern	Ireland,	local	acts	are	in	
force	in	these	regions,	however	the	spirit	if	the	legislation	remains	the	same	as	that	of	
the	UK.	
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It	is	a	criminal	offence	to:	

• intentionally	kill,	injure	or	handle	a	bat	

• disturb	a	roosting	bat	

• destroy	or	obstruct	access	to	any	place	used	by	bats	for	shelter	

(regardless	of	whether	they	are	present	or	not	at	the	time	of	the	

act)	

• possess	a	live	bat	

• possess	a	dead	bat	or	part	thereof		

• sell	or	offer	a	bat	for	sale	without	a	licence	

(Wildlife	and	Countryside	Act,	1981,	The	Conservation	of	Habitats	and	

Species	Regulations,	2010)		

	

For	reference,	Regulation	41	of	the	Conservation	of	Habitats	and	Species	

Regulation	2010	has	been	included	in	its	entirety	in	Appendix	1.	

3 What	are	the	resulting	problems?	

	

The	most	commonly	reported	issues	related	to	bat	habitation	in	churches	

are	that	bat	droppings	and	urine	create	a	pervasive	smell	within	the	

church,	cause	damage	to	fixtures	and	fittings,	or	prevent	the	space	being	

used	effectively	as	a	place	of	worship	(Sargent,	1995,	Table	4,	Soady,	

2013,	BBC,	2004,	BBC,	2006,	BBC,	2011a,	BBC,	2011b).	Additionally	

complaints	have	been	reported	relating	to	the	difficulties	of	carrying	out	

maintenance	work	when	bats	are	found	to	be	roosting	in	a	building	(BBC,	

2011c).	

3.1 Physical	conservation	issues	

	

There	is	certainly	much	anecdotal	evidence	that	resident	bat	populations	

have	caused	significant	amounts	of	damage	to	materials	within	some	

church	buildings,	(Soady,	2013,	BBC,	2010,	Howard,	2009,	56-58,	BBC,	

2006,	Richardson,	2003).	
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Literature	relating	to	evidence	of	dropping	and	urine	related	

deterioration	is	relatively	scarce	but	does	exist,	showing	that	the	effects	

of	bat	droppings	and	urine	on	historic	surfaces	have	been	widely	

observed	and	reported	(if	not	completely	understood).	Despite	a	lack	of	

detail	regarding	specific	damage	mechanisms,	documentary	evidence	

attests	to	the	fact	that	since	at	least	1990	there	has	been	tacit	

acknowledgement	by	bat	workers	and	heritage	specialists	that	bat	urine	

and	droppings	do	cause	changes	to	historic	surfaces	that	could	be	

described	as	damage	(Paine,	1991,	1).	

	

Bats	do	not	gnaw	at	wood	or	wiring,	enlarge	entry	holes,	or	make	nests	

(Howard,	2009,	55-56);	deterioration	is	considered	to	be	related	solely	to	

the	deposition	of	bat	droppings	and	urine.	Both	the	National	Trust	and	

English	Heritage	have	internal	guidance/information	notes	relating	to	

damage	caused	by	bat	droppings	and	urine	(Paine,	1998,	Richardson,	

2003)	and	there	are	a	number	of	references	related	to	bat	survey	work	

that	recommend	looking	for	signs	of	staining	or	corrosion	on	surfaces	as	

evidence	of	bat	activity	(Howard,	2009,	Hundt,	2012,	56,	Mitchell-Jones,	

1987a,	Mitchell-Jones,	2004,	31).	As	an	example,	guidelines	issued	to	

participants	in	the	1994	Bats	in	Churches	Survey	recommended	that	

surveyors	look	out	for	“	urine	stains	–	(small,	pale	discoloured	patches	on	

varnished	surfaces)”,	and	further	suggested	that	they,	“check	the	church	

furniture;	altar,	pulpit,	font,	etc.	for	droppings	or	urine	stains.	Brass	

objects	may	be	pitted	with	green	corrosion	due	to	urine”	(Sargent,	1995,	

appendix	VII).	

	

Throughout	the	1990’s	as	discussion	of	the	issue	progressed,	the	

association	between	bats	and	damage	became	more	formally	

acknowledged	in	published	literature.	The	2009	publication	Bats	in	

Traditional	Buildings	reported	that	droppings	“	…may	cause	small	

amounts	of	pitting,	long-term	staining,	and	etching	to	porous	materials	

such	as	sensitive	painted	wall	surfaces,	stone,	and	wooden	monuments	
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and	sculptures”	(Howard	and	Richardson,	2009,	56),	the	authors	went	on	

to	state	that	“Urine	causes	spotting	and	etching	of	wooden,	metal,	and	

painted	surfaces”	(ibid).		Currently	all	publicly	available	information	and	

guidance	on	the	subject	of	bats	in	UK	churches	states	that	bat	droppings	

and	urine	can	cause	damage	to	some	materials	and,	that	if	significant	

numbers	of	bats	are	present,	this	may	become	problematic	(BCT,	2012,	

EH,	1998,	NE,	2011).		

			 	 	
	
Figure	6:	Left,	this	marble	funerary	monument	was	situated	under	a	bat	roost,	the	staining	

has	been	caused	by	bat	droppings	and	urine	in	combination.	Right,	this	lectern	shows	the	

characteristic	white	spotting	found	on	wooden	surfaces	as	a	result	of	bat	urine,	the	

associated	reading	light	is	badly	corroded.	

	

												
Figure	7:	The	memorial	brass	above	shows	the	characteristic	streaking	and	corrosion	

resulting	from	bat	urine.	
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Damage	and	disfigurement	of	historic	monuments,	wall	paintings,	organs,	

memorial	brasses,	pews,	lecterns,	rood	screens	and	fonts	is	clearly	

undesirable.	Historic	churches	are	a	rich	part	of	our	cultural	heritage	and	

contain	fixtures	and	fittings	that	are	of	both	great	historic	and	artistic	

value,	damage	to	such	items	must	clearly	be	avoided	if	possible.	Even	if	

one	were	to	assume	that	all	disfiguring	deposits	and	staining	could	be	

removed,	in	many	cases	this	would	require	the	intervention	of	a	

professional	conservator,	a	cost	that	many	churches	simply	cannot	afford.		

As	most	churches	are	reliant	on	grant	giving	bodies	to	raise	funds	for	

conservation	work,	damage	that	is	ongoing	or	cannot	be	mitigated	is	

particularly	problematic.	Grant	applications	are	highly	competitive,	and	

low	priority	is	rightly	given	to	applications	requesting	funds	to	put	right	

damage	or	deterioration	that	is	likely	to	reoccur	(and	therefore	

necessitate	re-treatment)	within	a	short	space	of	time.		

3.1.1 Potential	damage	from	cleaning	

	

Bat	habitation	in	a	church	inevitably	means	that	the	cleaning	of	floors,	

seating,	funerary	monuments	and	liturgical	furniture	becomes	both	a	

more	regular	and	more	difficult	task.	The	effect	of	this	additional	

workload	on	church	cleaners	is	significant,	with	many	volunteers	feeling	

that	it	is	a	burden	they	are	not	able	or	willing	to	take	on.	Aside	from	this	

aspect	of	the	problem	increased	cleaning	also	poses	risks	to	the	fabric	of	

the	building.	

	

Rural	churches	contain	many	surfaces	that	can	be	damaged	by	over	

enthusiastic	or	injudicious	cleaning.	Patinated	memorial	brasses,	

polychrome	surfaces	and	funerary	monuments	all	require	careful	and	

considered	cleaning	in	order	to	avoid	damage.		Damage	mechanisms	

could	relate	to	abrasion	of	sensitive	or	friable	surfaces,	the	use	of	

inappropriate	chemical	cleaners,	solvents	or	detergents,	and	from	the	

knocks,	bumps	and	scrapes	that	are	common	side	effects	of	cleaning	with	
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the	type	of	“follow-on”	vacuum	cleaner	commonly	used	by	church	

cleaners.	

	

While	guidance	on	appropriate	cleaning	practices	is	available	(CBC,	

2012a),	it	is	very	limited	and	urges	caution	to	the	extent	that	no	viable	

options	for	cleaning	beyond	the	most	superficial	are	given.	Advice	

commonly	suggests	that	cleaning	should	not	involve	anything	beyond	

light	dusting	with	a	soft,	lint-free	cloth	or	soft	bristle	brush,	and	that	

further	intervention	should	only	be	undertaken	after	seeking	the	

specialist	advice	of	a	conservator	(ibid).	

	

While	the	rationale	behind	such	recommendations	is	understandable,	the	

lack	of	access	to	free	on-the-spot	conservation	advice	gives	rise	to	two	

potential	scenarios:	either	superficial	(and	therefore	largely	ineffective)	

cleaning	is	undertaken;	or	more	robust	cleaning	methods	are	employed,	

but	without	obtaining	specialist	advice	or	guidance.	The	issue	is	

exacerbated	by	the	fact	that	bat	droppings	and	urine	would	be	seen	by	

many	to	be	incompatible	with	the	spiritual	and	practical	functions	of	the	

building	(see	sections	3.2	and	3.4	below)	and	can	therefore	not	simply	be	

left	uncleaned.		

3.1.2 Potential	damage	from	mitigation	practices	

	

The	deployment	of	sheets	and	coverings	to	protect	surfaces	from	bat	

droppings	and	urine	is	common	practice,	however	covering	items	in	this	

way	is	not	without	risk.	There	is	potential	for	abrasion	and	damage	to	

occur	to	surfaces	as	the	covers	are	regularly	removed	and	replaced,	and	

in	the	case	of	floor-mounted	brasses,	grit	and	dirt	may	be	trapped	

between	the	covering	and	the	brass	and	ground	against	the	surface.	The	

use	of	unsuitable	covering	materials	that	create	moisture	barriers	can	

lead	to	the	creation	of	undesirable	microclimates,	and	in	the	case	of	

brasses	may	promote	corrosion.	
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3.2 Effect	on	community	use	of	space	

	

Rural	churches	can	be	major	contributors	to	social	capital	and	nuclei	for	

the	formation	of	extended	communities.	A	rural	church	can	be	a	building	

that	provides	a	focus	for	community	activities	in	areas	where	no	other	

community	space	exists.	Such	activities	perpetuate	and	encourage	the	

use	of	a	historic	building	but	also	present	valuable	opportunities	to	raise	

funds	for	maintenance	or	simply	encourage	community	members	to	

forge	a	relationship	with	the	space	as	well	as	each	other.			

	

New	initiatives	however	depend	on	a	church	being	in	good	repair	and	

suitable	for	use.	A	significant	bat	presence	within	a	church	building	can	

often	make	it	difficult	or	impractical	to	run	events	where	food	is	served,	

or	where	small	children	and	infants	may	be	roaming	freely.	The	extra	

cleaning	required	in	order	to	remove	bat	droppings	and	urine	from	the	

church	interior	prior	to	such	events	taking	place	can	make	them	non-

viable.	Even	if	sufficient	labour	is	available	to	undertake	regular	cleaning	

of	a	church,	the	fact	remains	that	a	space	smelling	strongly	of	bat	

droppings	is	not	an	inviting	location	for	a	coffee	morning	or	Mothers	and	

Toddlers	group.	
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Figure	8:	Signage	displayed	in	St	Margaret's	Church,	Cley	next	the	Sea.	“With	this	gazebo,	we	

are	trying	to	protect	our	Children’s	Corner	from	the	droppings	and	urine	of	the	bats	who	live	

in	our	church”.	
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3.3 Logistics	of	building	maintenance	

	

The	care	and	maintenance	of	a	historic	church	is	a	huge	task,	4,200	

Church	of	England	buildings	are	Grade	I	listed,	this	represents	45%	of	the	

entirety	of	Grade	I	listed	buildings	in	the	UK	(Cooper,	2004,	16).	

Predominantly	it	is	elderly	volunteers	that	manage	the	care	of	these	

structures	and	it	has	been	calculated	that	if	the	current	number	of	

churchwardens	in	England	spent	just	an	hour	per	week	caring	for	

churches,	it	would	amount	to	1.5	million	volunteer	hours	per	year	(CHF,	

2004,	10).	

	

Maintaining	a	historic	structure	can	be	bureaucratic	and	time	consuming.	

Specialist	trades	are	required	to	undertake	much	of	the	maintenance	

work	and	considerable	sums	of	money	must	be	raised	either	from	

fundraising	initiatives	or	from	applications	to	grant	giving	bodies.	

Seeking	consent	for	work	to	be	undertaken	will	commonly	involve	

applying	for	a	Faculty	Jurisdiction	approval	from	the	local	diocese	and	

may	also	require	Listed	Building	Consent	from	the	local	authority.		

3.3.1 Major	works	

	

On	an	administrative	level	a	large	measure	of	frustration	felt	by	the	

incumbents	and	parishioners	of	churches	with	bat	roosts,	is	the	

bureaucracy	associated	with	gaining	permission	to	undertake	works	

within	the	building.		

	

Basic	maintenance	and	upkeep	tasks	must	be	carefully	planned	to	avoid	

any	potential	disturbance	of	roosting	bats,	while	more	significant	works	

would	require	a	derogation	licence	(“European	Protected	Species”	or	EPS	

licence)	to	be	issued	under	the	The	Conservation	of	Habitats	and	Species	

Regulations	2010	(HMSO,	2010).	Without	very	careful	planning	major	

works	can	be	delayed	due	to	the	absence	of	an	EPS	licence,	or	as	a	result	

of	conditions	of	the	licence	granted	(such	as	work	not	being	able	to	take	
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place	in	the	summer	months).	This	can	lead	to	the	loss	of	deadline	

dependent	funding	and	can	cause	damage	to	the	fabric	of	a	building	if	

works	cannot	be	undertaken	in	a	timely	fashion	and	in	appropriately	

seasonal	weather	(BBC	News,	2011c).	

	

It	is	not	the	legislative	framework	surrounding	bats	habitation	that	is	the	

issue,	so	much	as	the	extra	administrative	burden	placed	on	an	already	

overstretched	workforce	often	ill	prepared	to	deal	with	it.	By	contrast	

many	commercial	property	developers,	building	managers,	architects	

and	environmental	consultants	navigate	the	legal	framework	related	to	

bat	habitation	with	ease	and	efficiency.	Sound	business	practice	has	

dictated	that	they	become	conversant	not	only	with	the	legislation,	but	

with	the	process	of	applying	for	the	correct	permissions	within	an	

appropriate	time	frame.		

	

The	Church	of	England	has	made	significant	efforts	to	provide	

information	online	and	via	Diocesan	Advisory	Committees	to	assist	

churches	with	bats	in	planning	works	and	maintenance,	yet	the	fact	

remains	that	it	is	reliant	on	a	volunteer	workforce	with	a	varied	skill	

base.		Some	churches	will	be	lucky	enough	to	have	access	to	volunteers	or	

community	members	that	have	previous	experience,	transferable	skills	

or	even	direct	knowledge	that	allows	them	to	engage	with	the	licensing	

process	efficiently	and	easily,	others	may	not.	

	

3.4 Spiritual	issues	

	

Material	damage	to	surfaces	and	objects	within	historic	churches	is	

certainly	undesirable	and	for	many	parishioners	it	is	their	major	concern,	

however	the	impact	that	deterioration	or	damage	may	have	beyond	the	

physical,	chemical	or	visual	must	also	be	considered.		
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As	perception	of	the	value	of	heritage	and	its	conservation	has	developed,	

it	has	moved	from	a	simple	materials	based	focus,	to	a	position	that	also	

considers	human-related/non-material	aspects	of	materials	and	artifacts	

(Stovel	et	al.,	2005).	Conservation	practice	today	is	seen	less	as	a	

technical	process	and	more	as	a	social	one,	impacted	by,	and	having	to	

engage	with,	complex	economic,	political,	religious,	social	and	cultural	

variables	(Clavir,	2002,	Peters,	2008,	Sully,	2013,	Viñas,	2005).	As	

heritage	professionals	consider	the	influence	that	damage,	and	even	the	

resulting	conservation	process	can	have	on	intangible	aspects	of	cultural	

heritage.	The	sites	and	structures	designated	as	“Living	Religious	

Heritage”	are	now	being	highlighted	as	having	characteristics	that	

distinguish	them	from	other	forms	of	heritage,	and	therefore	necessitate	

a	unique	approach	to	their	conservation	and	management2	(Alexopoulos,	

2013,	Stovel	et	al.,	2005,	Wild	and	McLeod,	2008).	

	

The	relationship	that	individuals	may	have	with	a	particular	church	

building	is	a	complex	one.	For	those	who	would	emphasise	that	the	

Church	is	constituted	by	people	rather	than	buildings	the	values	inherent	

in	a	church	may	extend	no	further	than	its	ability	to	be	a	functional	space	

for	worship	and	pastoral	care.	Others	may	feel	that	by	virtue	of	its	

consecration	and	long	history	as	a	place	of	worship,	it	is	a	“holy”	place.	

	

																																																								
2		A	number	of	research	studies	and	analyses	of	religious	heritage	and	sacred	sites	have	
been	carried	out	by	the	Advisory	Bodies	-	ICCROM,	ICOMOS	and	IUCN.		For	more	
information	the	reader	is	referred	to	the	ICCROM	2003	Forum	on	the	conservation	of	
Living	Religious	Heritage,	the	2005	ICOMOS	General	Assembly	Resolution	calling	for	the	
"establishment	of	an	International	Thematic	Programme	for	Religious	Heritage",	and	
2011	ICOMOS	General		Assembly	Resolution	on	Protection	and	enhancement	of	sacred	
heritage	sites,	buildings	and	landscapes,	in	addition	to		
the	UNESCO	MAB/IUCN	Guidelines	for	the	Conservation	and	Management	of	Sacred	
Natural	Sites.	
	
ICCROM	-	International	Centre	for	the	Study	of	the	Preservation	and	Restoration	of	
Cultural	Property;	ICOMOS	–	International	Council	on	Monuments	and	Sites;	IUCN	–	
International	Union	for	Conservation	of	Nature;	UNESCO-MAB	–	United	Nations	
Educational,	Scientific	and	Cultural	Organization-	Man	and	the	Biosphere	Programme.	
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A	good	discussion	of	the	current	theological	thinking	of	the	Church	of	

England	(CofE)	relating	to	the	relationship	between	God,	people	and	

place	can	be	found	in	Butt	(Butt,	2015,	paragraphs	57-118),	however	it	

should	be	noted	that	regardless	of	the	theological	position	of	a	religious	

institution,	an	individual’s	relationship	with	a	place	or	item	they	regard	

as	having	spiritual	significance	will	be	unique	to	them.		

	

For	some	parishioners	and	church	users	for	whom	the	church	is	itself	a	

spiritual	or	holy	place	it	is	deeply	distressing	to	see	surfaces	covered	in	

bat	droppings	and	urine,	or	to	be	forced	to	cover	items	of	religious	

significance	in	order	to	protect	them.		Damage	to	funerary	monuments	

and	brasses	serving	as	memorials	to	the	deceased	can	also	cause	

considerable	distress.		

	

For	parishioners	who	view	a	church	more	pragmatically	as	being	a	

functional	space	in	which	to	undertake	religious	activities,	damage	to	the	

building	fixtures	and	fittings	might	be	less	emotionally	distressing	but	no	

less	frustrating.	Fundamentally	in	order	to	fulfil	its	function	as	a	religious	

building	it	must	be	a	suitable	environment	in	which	to	undertake	the	

ministry	of	the	Church.	In	practical	terms	a	church	must	serve	as	a	place	

for	quiet	contemplation,	a	place	of	peace	and	reflection,	a	place	of	

celebration	and	a	place	of	mourning.	The	role	that	a	church	building	

might	play	in	the	most	emotional	and	significant	parts	of	people’s	lives	

confers	upon	it	special	status	and	by	implication,	the	need	for	high	

standards	of	care	and	hygiene.	While	a	building	may	remain	structurally	

viable,	if	a	significant	bat	presence	starts	to	impair	a	church’s	ability	to	

fulfil	its	role	because	people	no	longer	choose	to	worship,	marry	or	

mourn	there,	it	can	be	argued	that	its	spiritual	function	has	been	

diminished.	

3.5 Other	Stakeholders	
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Aside	from	Church	incumbents	and	parishioners	other	stakeholders	who	

may	have	a	view	on	the	use,	viability	and	condition	of	a	church	building	

might	include	sections	of	the	general	public	or	heritage	community.	

	

Forming	part	of	an	important	historical	record	dating	back	to	the	7th	

century	CE,	the	parish	churches	of	England	are	clearly	of	interest	to	

heritage	enthusiasts.	As	historic	buildings	they	have	relevance	to	local	

historians,	archaeologists,	architects	and	the	general	public.	Additionally	

many	contain	unique	historic	fixtures	and	fittings,	carved	elements	and	

funerary	monuments	of	exquisite	workmanship.	Decorative	schemes	

dating	from	the	10th	century	CE	provide	valuable	insights	into	political,	

artistic	and	social	history,	in	addition	to	being	works	of	art.	Churches	can	

be	regarded	as	a	part	of	a	wider	“heritage	landscape”,	as	time	capsules	

containing	valuable	information	about	the	past,	or	as	works	of	art	to	be	

enjoyed	or	studied.	Stakeholders	with	a	heritage	interest	would	therefore	

clearly	be	affected	by	damage	or	deterioration	to	these	buildings	and	

their	contents.	

	

For	the	general	public,	a	church	building	might	be	visited	for	reasons	

ranging	from	attending	a	wedding,	baptism	or	funeral;	going	to	a	

theatrical	performance,	concert,	or	community	event;	or	in	order	to	find	a	

quiet	place	for	reflection.	An	opinion	poll	carried	out	for	the	Church	of	

England	and	English	Heritage	in	October	2003,	found	that	of	1004	

people:	

	

“Nearly	nine	out	of	ten	adults	(86	per	cent)	in	Great	Britain	had	been	into	

a	church	or	place	of	worship	in	the	previous	year	–	including	89	per	cent	

of	Christians,	75	per	cent	of	those	of	other	faiths	and	80	per	cent	of	those	

with	no	religion”	(ORB,	2003).	

	

To	date,	there	is	no	evidence	that	bat	habitation	of	churches	is	seriously	

affecting	the	ability	of	these	casual	users	to	enjoy	church	buildings,	

however	consideration	might	be	given	to	stakeholders	that	would	suffer	
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should	church	buildings	become	non	viable,	or	cease	to	be	routinely	

maintained,	and	open	to	the	public	as	they	are	currently.	

	

3.6 Broader	Impacts	

	

In	order	for	traditional	belief	systems	to	maintain	their	place	in	society	

they	must	primarily	play	a	role	in	peoples	lives	and	continue	to	be	

relevant	to	the	population.	As	the	Church	of	England	(CofE)	strives	to	

achieve	this	goal,	its	historic	buildings	can	be	both	help	and	hindrance.		

	

Maintenance	of	so	many	historic	buildings	is	becoming	an	increasing	

burden	on	clergy	and	churchwardens	and	can	result	in	energy	and	

resources	that	would	otherwise	be	spent	on	core	activities	of	the	church	

(such	as	ministry,	outreach	and	community	work)	being	diverted	to	the	

challenge	of	caring	for	the	fabric	of	the	building	(CHF,	2004,	8).	Yet,	a	

functional	building	placed	at	the	centre	of	a	community	is	a	key	

component	of	effective	ministry,	outreach	and	community	work.		

	

The	mere	presence	of	functioning	and	well-maintained	religious	

buildings	in	a	landscape	helps	signify	their	relevance,	both	historic	and	

current.	For	some	they	may	continue	to	serve	their	primary	function	as	

places	of	worship,	for	others	they	may	simply	be	a	piece	of	architecture,	a	

historical	monument,	or	a	landmark	to	navigate	by.	Importantly	they	

remain	relevant,	their	condition	and	usefulness	apparent	for	all	to	see.	

Anthropologist	David	Harvey	writes	that		‘it	is	correct	to	argue	that	the	

social	preservation	of	religion	as	a	major	institution	within	secular	

societies	has	been	in	part	won	through	the	successful	creation,	protection	

and	nurturing	of	symbolic	places’	(Harvey,	1993,	23).			

	

If	a	well-maintained	religious	building	can	project	a	sense	of	continuity	

and	relevance,	arguably	a	poorly	maintained	building	(implying	a	lack	of	

care)	can	project	a	sense	of	obsolescence.	Whyte	describes	the	empty	or	
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abandoned	church	as	“such	a	powerful	image	that	it	may	actively	

contribute	to	negative	ideas	about	the	church”	(Whyte,	2015).	

	

The	wide	distribution	of	historic	churches	throughout	the	countryside	

means	that	rural	areas	with	sparse	populations	often	have	high	numbers	

of	parish	churches	to	support	and	care	for.	Recent	attendance	statistics	

for	Church	of	England	rural	churches	show	that	currently	75%	of	rural	

churches	have	an	attendance	of	fewer	than	37	people,	half	fewer	than	19,	

and	a	quarter	(amounting	to	some	2000	churches)	fewer	than	10	(Butt,	

2015,	7).	

	

The	long	term	decrease	in	church	attendance	and	increasing	age	profile	

of	church	congregations	poses	an	urgent	challenge	to	the	Church	of	

England	as	very	small,	often	ageing	congregations	find	themselves	

responsible	for	bearing	the	heavy	burden	of	building	maintenance.	This	

issue	was	highlighted	in	2015	Church	Buildings	Review,	as	follows:	

	

“	This	raises	questions	about	sustainability.	Will	sufficient	people	be	

willing	to	act	as	church	wardens	and	PCC3	secretaries	and	treasurers	to	

enable	sparsely	attended	churches	to	continue?	And	will	the	already	very	

heavy	burden	on	stipendiary	clergy	in	rural	areas	be	sustainable?	Is	the	

opportunity	cost	-	human	and	financial	-	of	sustaining	so	many	buildings	

too	high	for	the	Church’s	wider	missional	effectiveness?	“	(Butt,	2015,	

16).	

	

While	the	high	opportunity	cost	of	maintaining	so	many	historic	church	

buildings	might	ultimately	be	damaging	to	the	Church’s	effective	

ministry,	a	landscape	of	disused	or	converted	churches	could	easily	send	

the	message	that	these	buildings	are	relics	of	a	bygone	age	and	of	a	

religion	in	decline.		

	

																																																								
3	PCC	-	Parochial	Church	Council	
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How	might	bat	habitation	in	churches	be	relevant	to	these	broader	

issues?	Certainly	the	challenges	that	the	Church	will	face	in	the	coming	

years	are	considerably	greater	than	those	caused	as	a	result	of	bat	

habitation,	yet	it	is	impossible	to	ignore	the	fact	that	the	current	

difficulties	faced	by	the	Church	of	England	with	regard	to	its	rural	

parishes	create	an	environment	in	which	many	churches	are	teetering	on	

the	edge	of	viability,	struggling	to	have	a	sustainable	future	or	an	

important	functional	role	in	their	communities.	For	churches	in	this	

category	the	presence	of	bats	can	be	a	significant	contributory	factor	

towards	unsustainability.		
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4 Historical	background	to	the	research	

	

4.1 Bats	in	Churches	prior	to	the	1981	Wildlife	and	Countryside	Act	

	

Historic	attitudes	towards	bats	in	churches	are	rarely	discussed	in	

relation	to	current	issues.	Arguably	this	is	because	the	situation	we	face	

with	bats	in	churches	today	is	very	different	to	that	of	the	past,	both	

ecologically	and	with	regard	to	the	legislation	now	enacted.	If	we	hope	to	

find	solutions	to	our	current	situation	we	must	examine	the	problem	

afresh,	rather	than	hope	to	learn	from	historic	precedent.	

	

Where	an	examination	of	historic	attitudes	to	bats	in	churches	is	relevant	

however	is	with	regard	to	the	following	questions:	

	

• Have	bats	in	churches	always	been	an	issue?		

• If	not,	why	are	they	an	issue	now?		

• If	yes,	how	was	this	issue	dealt	with	historically?	

4.1.1 Church	Times	1863	–	1981	

	

In	order	to	determine	historic	attitudes	to	bats	in	churches	a	search	of	

the	Church	Times	archive	was	conducted.	Church	Times,	founded	in	1863,	

is	an	Anglican	weekly	newspaper.	Independent	of	the	Church	of	England	

hierarchy,	the	archive	represents	a	valuable	resource	from	which	to	

gauge	the	attitudes	and	opinions	of	UK	Clergy	and	Parishioners	over	the	

past	150	years,	and	has	the	potential	to	offer	useful	insights	into	church	

care	and	historic	management	practices.	

	

A	full	search	of	the	archive	dating	back	to	the	first	published	edition	was	

undertaken,	searches	were	undertaken	for	the	word	“Bats”	and	also	the	

phrase	“Bats	in	Churches”.	The	search	yielded	a	total	of	843	results,	with	

each	result	representing	a	single	page	of	the	Church	Times	on	which	the	



	 73	

target	word	or	phrase	appeared.	All	843	pages	were	then	scrutinized	in	

order	to	reject	erroneous	results	such	as	references	to	“cricket	bats”,	

“brick	bats”,	or	references	to	non	UK	bat	species	described	in	reports	

from	overseas.	Some	articles/letters	relating	to	bats	spanned	multiple	

pages,	where	this	occurred	this	was	noted.		

	

The	archive	research	determined	that	there	were	171	articles,	published	

queries,	published	letters	and	advertisements	relating	to	bats	and	their	

use	of	church	buildings	in	the	period	between	1863	and	2015.	A	full	list	

of	these	including,	publication	date,	page	number,	description	of	contents	

and	relevant	sections	of	text	can	be	found	in	Appendix	2.	

	

Focusing	on	the	period	from	1863	to	1981	i.e.	prior	to	the	Wildlife	and	

Countryside	Act,	references	to	UK	bats	in	the	Church	Times	can	be	

categorised	as	follows.	

	

• Articles	containing	positive	references	to	bats	e.g.	relating	to	

ecology,	their	importance	in	the	landscape,	or	their	conservation	

status.	

• Articles	containing	negative	references	to	bats	e.g.	relating	bat	

presence	to	damage/dirt/droppings.	

• Published	letters	in	support	of	bats.	

• Published	letters	stating	that	bats	are	a	problem	and	asking	how	

to	remove	them	from	a	church.	

• Responses	to	published	and	unpublished4	requests	for	

information	on	how	to	remove	bats	from	a	church.	

• Advertisements	offering	bat	removal	(via	fumigation).	

	

	 	

																																																								
4	Many	early	editions	of	the	Church	Times	followed	the	convention	of	replying	to	
correspondence	they	had	received	by	noting	the	initials	of	the	original	correspondent	
and	then	providing	a	short	answer	or	response	to	the	question	or	query	asked	(the	
original	text	of	the	question	or	query	is	rarely	included).	
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	The	table	below	gives	the	number	of	references	found	in	each	category.	

	

	 Articles:	
positive	
ref	to	
bats		

Articles:	
negative	
ref	to	
bats	
	

Letter	In	
support	
of	bats	
	

Question:	
How	to	
get	rid	of	
bats?	
	

Recommendation:	
How	to	remove	
bats	
	

Research	
project	

Advertisement	
(fumigation)	

Total	 3	 7	 1	 20	 75	 1	 7	

	

Figure	9:	Table	showing	references	made	to	“bats”	or	the	phrase	“bats	in	churches”	in	the	

Church	Times	between	1863	and	1981	detailing	both	frequency	and	category	of	reference.	

	

Representing	this	data	visually,	illustrates	clearly	that	over	the	118	year	

period	reviewed,	bats	are	seen	by	many	church	congregations	and	

incumbents	to	be	both	problematic	and	undesirable.	By	far	the	largest	

volume	of	correspondence	referring	to	bats	appears	in	the	form	of	

questions	relating	to	how	to	get	rid	of	bats,	and	responses	to	

correspondents	suggesting	methods	for	removing,	destroying	or	

preventing	bats	from	accessing	the	interior	of	the	church	building	(see	

figure	10	and	also	Appendix	2).	

	

	
	
Figure	10:	Pie	chart	showing	references	made	to	“bats”	or	the	phrase	“bats	in	churches”	in	

the	Church	Times	between	1863	and	1981.	Presented	according	to	category	of	reference	

(negative	references	to	bats,	or	related	to	bat	removal,	destruction	are	shown	in	shades	of	

pink).	

	 	

Articles:	positive	ref	to	bats		

Letter	In	support	of	bats	

Articles:	negative	ref	to	bats	

Question:	How	to	get	rid	of	
bats?	

Recommendation:	How	to	
remove	bats	

Research	project	

Advertisement	(fumigation)	
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An	article	appearing	in	the	Church	Times	titled	“Bats	in	Churches”	from	

17th	July	1896,	suggested	one	method	of	capturing	(and	ultimately	

destroying)	bats.	This	advice	with	occasional	variations	or	additions	

became	the	most	commonly	recommended	course	of	action	to	

correspondents	asking	“How	to	get	rid	of	bats?”	for	the	next	50	years.	The	

original	article	is	reproduced	below.	

	

“Although	I	do	not	pretend	(a	correspondent	writes)	to	answer	
the	questions	so	frequently	asked	in	your	columns	as	to	the	best	
means	of	destroying	bats	in	churches,	I	think	perhaps	a	
description	of	the	plan	I	adopted	in	the	church	here	may	be	of	use	
to	some	of	your	readers.	
	
When,	in	the	beginning	of	the	spring	of	last	year	I	came	to	this	
parish,	to	say	that	the	church	was	infested	with	bats	will	give	but	
little	idea	of	the	real	state	of	the	case.	Hundreds	were	lodged	
between	the	lead	roof	and	on	the	beams	and	rafters	inside	the	
building.	On	entering	the	church	at	night	the	effect	of	the	
fluttering	of	their	wings	and	the	squeaking	noise	was	most	
strange,	while	of	the	disagreeable	smell	in	the	hot	weather,	the	
less	said	the	better.	To	keep	anything	uncovered	was	out	of	the	
question.	Knowing	that	their	habit	was	to	come	out	to	feed	at	
twilight,	I	carefully	constructed	with	some	wire	netting,	a	bell	
shaped	cage,	I	covered	it	with	white	muslin	which	dropped	at	the	
smaller	end	into	a	deep	bag.	This,	with	the	help	of	a	ladder	I	fixed	
in	the	day	time	over	the	hole.	In	less	than	a	week	I	had	caught	
nearly	three	hundred,	and	during	the	summer	none	were	to	be	
seen	in	the	church.	This	year	however	they	returned,	although	in	
not	nearly	so	great	a	number.	One	night	last	week	I	again	caught	
one	hundred	and	fifty	eight,	and	the	church	once	more	seems	
clear.	Some	perhaps	may	take	objection	to	such	wholesale	
slaughter	of	these	otherwise	useful	little	animals,	but	all	other	
means	having	failed	of	getting	rid	of	such	pests	in	a	place	of	
worship,	my	method	of	procedure	is,	I	venture	to	think,	
justifiable”	(Church	Times,	17th	July,	1896,	76).	

	

A	complete	list	of	all	the	methods	suggested	in	the	Church	Times	for	

removing	bats	from	churches	is	given	in	Figure	11	(for	details	of	

publication	date	and	matters	of	note	please	see	Appendix	2).	One	can	see	

from	the	archive	copies	of	the	Church	Times	that	the	subject	of	bats	in	
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churches	and	how	one	might	remove	them	was	a	regular	topic	of	

discussion	and	also	a	source	of	frustration.	There	are	many	occasions	

where	the	question	of	“how	to	get	rid	of	bats	from	churches”	is	both	

common	and	frequent,	and	bats	are	regularly	referred	to	as	pests	and	

vermin	(see	Appendix	2).		

	

Suggested	methods	of	bat	removal	as	published	in	the	Church	Times,	1863	–	1981.	

	

Incense	

Live	owl	

Turpentine	forced	into	all	holes	and	crevices	in	roof	timbers	

Leave	all	the	windows	open	an	hour	before	dark	shutting	them	once	the	bats	have	left	to	

forage	

Fumigation	with	sulphur	

Bird-lime	

Wire	netting	funnel	covered	with	muslin	leading	to	a	capture	bag	placed	over	bats’	point	

of	egress	from	the	church.	Bats	killed	once	captured	

Net	and	lantern	

Poison	

Fumigation	with	concentrated	nicotine	

Wire	windows	and	access	points	to	prevent	entry	

Find	roost	site	and	remove	bats	

Contact	Local	Authority	pest	controller	

Stuffed	owl	

One-way	trap	of	wire-	netting	which	allows	egress	but	not	ingress	

Smoke	bomb	

Use	light	to	encourage	bats	out	of	open	porch	door	at	night	(shut	door	to	prevent	their	

return).	

Loud	squeaking	of	moped	horn	(rubber	compression	bulb	operated	type).	

Fumigation	commercial,	The	British	Fumigants	Company,	Ltd.	

Loud	noise	-	Lawn	mower	at	dusk	for	one	hour	

	
Figure	11:	Table	showing	methods	of	bat	removal	as	recommend	by	the	Church	Times	in	the	

period	between	1863	and	1981.	
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There	is	therefore	much	evidence	to	suggest	that	bats	have	used	church	

buildings	historically,	but	were	not	tolerated	in	high	numbers.	Widely	

regarded	as	a	nuisance	and	pest	within	churches	they	were	commonly	

destroyed	or	prevented	from	returning	to	roosts	(actions	that	would	be	

illegal	today).	

	

When	looking	chronologically	at	the	language	used	and	the	methods	

proposed	for	the	removal	of	bats	from	churches	in	the	later	years	of	the	

period	reviewed,	a	sense	of	changing	attitudes	towards	animals	and	

ecology	is	evident.	The	following	excerpt	from	a	booklet	produced	for	the	

Council	for	Places	of	Worship	of	the	General	Synod	of	the	Church	of	

England5	gives	a	good	indication	that	by	the	early	1970’s	there	was	

increasing	understanding	that	bats	required	protection,	but	also	

acknowledgement	that	their	presence	in	churches	could	be	problematic.	

	

“Apart	from	the	habitat	afforded	to	lichens	and	mosses	by	the	
church	walls,	the	building	may	be	used	as	a	nesting	site	for	birds,	
including	owls,	and	as	roosts	for	bats.	Bats	can	create	a	number	of	
problems.	Generally	bat	roosts	are	situated	along	beams	between	
the	side	aisles	and	the	nave	–	and	not	in	belfries!	The	usual	
species	found	here	is	the	pipistrelle,	but	less	commonly	Serotine,	
Natterer’s,	and	Long-eared	bats	colonise	churches.	The	slaughter	
of	bats	and	the	destruction	of	roosts	is	giving	rise	to	considerable	
concern	among	naturalists	and	wherever	possible	the	roosts	
should	be	protected.	Bats	are	probably	the	only	group	of	British	
mammals	in	need	of	strong	protective	measures.	All	the	same,	the	
damage	caused	by	their	urine	to	brass	and	marble	monuments	of	
historical	interest	must	be	taken	into	account	here.	This	damage	
can	be	quite	serious	over	a	long	period	of	time	and	droppings,	
whilst	not	damaging,	are	an	incidental	nuisance,	and	give	
worshippers	a	great	deal	of	annoyance	or	distress”	(Barker,	
1972).	

	

																																																								
5	The	Council	for	Places	of	Worship	of	the	General	Synod	of	the	Church	of	England	
would	later	become	the	Council	for	the	Care	of	Churches	and	ultimately	the	Church	
Buildings	Council	(CBC).	
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The	fact	that	the	majority	of	methods	recommended	in	the	Church	Times	

prior	to	the	1981	Wildlife	and	Countryside	Act	for	trapping	and	destroying	

bats	would	be	considered	inhumane	by	modern	standards,	and	illegal	

post	1981,	is	important	to	note.	It	shows	us	not	only	how	modern	

attitudes	towards	nature,	animal	welfare	and	the	environment	have	

changed	significantly	over	the	past	30	years,	but	also	shows	why	legal	

protection	for	bats	was	ultimately	considered	to	be	necessary.		

	

Much	of	the	frustration	expressed	in	the	Church	Times	concerning	bats	in	

churches	relates	to	the	fact	that	it	would	appear	to	be	an	unsolvable	

problem,	with	bats	commonly	“returning”	to	a	church	in	subsequent	

years	or	months	after	removal.	As	many	of	the	suggested	methods	of	

removing	bats	from	churches	ultimately	resulted	in	their	destruction,	

bats	“returning”	to	a	church	must	be	the	result	of	a	new	occupation.		In	

some	churches	multiple	phases	of	bat	occupation	and	extermination	

were	clearly	taking	place	on	an	annual	basis,	reducing	local	bat	

populations	and	contributing	to	the	decline	of	UK	bat	species.	

	

4.2 Identifying	a	Conservation	Conflict,	1981	–	1993.	

	

As	discussed	in	section	2.5,	prior	to	the	Conservation	of	Wild	Creatures	

and	Wild	Plants	Act	1975	(HMSO,	1975),	and	the	subsequent	1981	

Wildlife	and	Countryside	Act	(HMSO,	1981),	there	was	relatively	little	

interest	in	bat	ecology	and	conservation	within	the	UK.	By	1983	however,	

considerable	public	awareness	and	a	number	of	regional	bat	groups	

existed	(Stebbings,	1988,	39).	Capable	of	organizing	coordinated	

volunteer	survey	work,	many	regional	bat	groups	began	recording	the	

presence	of	bats	in	churches	(as	well	as	other	structures)	on	a	regional	

basis	(Sargent,	1995,	appendix	XIII)	and	early	publications	relating	

specifically	to	the	apparent	importance	of	churches	as	roost	sites	for	bats	

began	to	appear	(Brown,	1981).	
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During	the	1980’s	as	more	and	more	information	was	gathered	on	the	

use	of	church	buildings	by	bats	and	the	potentially	important	role	church	

buildings	might	play	in	bat	ecology,	bat	related	damage	also	began	to	

become	a	concern.	As	archive	research	has	shown	(section	4.1.1)	prior	to	

the	Wildlife	and	Countryside	Act	(HMSO,	1981)	bats	were	regularly	

disturbed,	trapped,	poisoned	or	fumigated	in	order	to	remove	them	from	

the	interior	of	church	buildings.	With	the	advent	of	legislation	to	protect	

UK	bat	species	the	decade	of	the	1980’s	was	the	first	time	that	clergy	and	

parishioners	were	required	by	law	to	tolerate	the	presence	of	bats.	In	the	

years	that	followed	the	introduction	of	the	Wildlife	and	Countryside	Act,	

concerns	started	to	be	raised	that	bat	habitation	was	resulting	in	damage	

to	historic	fabrics	within	churches.	Most	normally	reported	by	

conservators	or	materials	specialists,	Quinquennial	reports,	and	

condition	surveys	can	be	found	that	highlight	concerns	relating	to	bat	

droppings	and	urine	damaging	wall	paintings	and	sculptures	within	

churches	(Paine,	1991,	4-5).	

	

By	1990	sufficient	concern	relating	to	bat	habitation	within	churches	had	

arisen	to	prompt	the	organization	of	a	conference	by	the	Wall	Paintings	

Section	of	the	United	Kingdom	Institute	for	the	Care	of	Historic	and	

Artistic	Works,	titled	“The	Conservation	of	Wallpaintings	and	Bats:	Need	

Their	Interests	Clash?”	Held	in	London	in	May	1990,	the	conference	

concluded	that	“research	was	needed	into	the	nature	of	bat	excrement	in	

relation	to	the	possible	damage	it	may	cause	in	the	short	or	long	term	to	

wallpainting”	(Gem,	1990).			

	

This	conference	precipitated	a	dissertation	research	project	undertaken	

the	following	year	by	Stephen	Paine	in	partial	fulfillment	of	a	

Postgraduate	Diploma	of	the	Conservation	of	Wall	Painting	at	the	

Courtauld	Institute	of	Art	(Paine,	1991).	Titled	“The	Effects	of	Bat	Excreta	

on	Wall	Paintings”	Stephen	Paine’s	work	concluded	that	bat	droppings	

and	urine	had	the	potential	to	cause	damage	to	wall	paintings	both	

directly,	and	indirectly	via	the	promotion	of	microbiological	growth.	
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Paine	published	his	findings	in	The	Conservator	in	1993	(Paine,	1993)		

	

In	1991,	perhaps	precipitated	by	Paine’s	work,	or	purely	due	to	a	desire	

to	better	understand	the	ecological	importance	of	church	buildings	to	

bats,	the	Bat	Conservation	Trust	embarked	on	a	three	year	project,	with	

the	aim	of		“assessing	the	use	that	bats	make	of	churches	in	England	and	

to	improve	the	conservation	and	management	of	bats	in	churches”	

(Sargent,	1995,	1).	The	project	was	jointly	funded	by	the	Department	of	

the	Environment,	and	the	People’s	Trust	for	Endangered	Species	and	

culminated	in	the	publication	of	The	Bats	in	Churches	Project	in	1995	

(Sargent,	1995).	

	

The	project	had	a	number	of	objectives	primarily	related	to	the	extent	to	

which	churches	and	chapels	in	England	were	used	by	bats.	Further	

consideration	was	given	to	understanding	how	the	roost	requirements	of	

different	species	of	bat	might	be	met	by	church	buildings.	

	

In	addition	to	the	objectives	mentioned	above	it	is	important	to	note	that	

a	significant	proportion	of	the	project	was	devoted	to	determining	the	

scale	of	“problems	associated	with	bats	in	churches”,	as	the	report	states	

“	it	was	known	that	in	some	churches	the	excreta	of	bats	caused	problems	

and	there	was	a	need	to	assess	the	scale	of	this	problem	as	well	as	

current	and	potential	methods	of	managing	it	and	to	provide	advice	and	

assistance	where	possible”	(Sargent,	1995,	1).	The	project	provides	

evidence	that	the	following	two	key	pieces	of	information	were	not	only	

widely	known	at	the	time,	but	were	considered	to	be	of	sufficient	import	

that	they	warranted	a	major	investigative	initiative:	

	

1. That	churches	were	regularly	being	used	as	roost	sites	by	bats	

2. That	bat	excreta	within	churches	can	create	“problems”.	
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At	an	early	stage	of	the	Bats	in	Churches	Project	a	leaflet	officially	titled	

“Bats	in	Churches	and	how	you	can	help	them”	was	sent	out	to	

approximately	8000	members	of	the	clergy	(the	leaflet	can	be	found	in	

Appendix	3).	The	leaflet	was	compiled	“in	collaboration	with	English	

Nature,	bat	experts	and	the	clergy	and	was	approved	by	Council	for	the	

Care	of	Churches”	(Sargent,	1995,	6).	Sent	in	part	to	fulfill	the	“Raising	

Awareness”	remit	of	the	project,	the	leaflet	was	also	associated	with	a	

postcard	questionnaire	for	clergy	to	complete	and	a	poster	that	could	be	

displayed	on	church	noticeboards	(see	section	4.3.2	for	further	details	of	

the	postcard	questionnaire,	the	poster	can	be	seen	in	Appendix	4).	

Designed	to	raise	awareness	of	the	importance	of	church	buildings	to	

bats,	and	to	educate	clergy	and	church	users	regarding	the	need	to	be	

sensitive	to	their	conservation	needs,	the	information	leaflet	and	poster	

were	seen	by	some	as	giving	an	idealised	and	misleading	view	of	the	

severity	of	bat	related	problems	encountered	in	some	churches.	

Regarded	as	giving	“…a	false	picture,	by	misleading	statements	and	

omissions,	of	what	really	happens	inside	a	Church	when	bats	are	roosting	

above	the	worship	area”	the	leaflet	prompted	Catherine	Ward	to	form	

MABIC,	the	Movement	Against	Bats	In	Churches,	in	1992	(Fay,	1992,	

Ward,	2000,	61).		

	

The	stated	aims	of	MABIC	were	as	follows:	

	

1. To	get	the	current	law	modified	or	clarified	as	it	relates	to	Churches	

with	bats,	and	the	highly	restrictive	regulations	relaxed	so	as	to	

allow	responsible	freedom	in	the	matter.	

	

2. To	say	we	wish	bats	no	harm,	but	because	of	the	multiple	and	

growing	problems	they	create,	they	are	no	longer	welcome	in	our	

Churches,	and	their	presence	will	be	opposed.	

	

3. To	seek	the	best	methods,	within	the	law,	of	deterring	bats	from	

roosting	in	Churches.	
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4. To	provide	mutual	support,	shared	information	and	co-ordination	of	

aims/action	for	Churches	with	bat	problems.	

	

5. To	make	sure	we	hand	down	our	heritage	of	Churches	untarnished,	

for	future	generations.	

	

(Ward,	2000,	78)	

	

The	period	between	1990	and	1993	is	very	important.	During	this	short	

period	of	time	the	conservation	conflict	was	formally	identified	and	

significant	research	projects	instigated	in	order	to	inform	the	discussion	

and	help	provide	solutions	in	problem	areas.	This	three-year	period	also	

saw	a	rapid	shift	in	the	way	that	the	issue	was	discussed	and	the	manner	

in	which	it	was	presented	in	the	popular	press.	

	

Prior	to	1992	the	conservation	conflict	was	primarily	regarded	as	being	

between	the	conservation	needs	of	bats	and	the	conservation	of	historic	

church	interiors.	The	discussion	was	predicated	on	an	understanding	that	

in	order	to	comply	with	the	1981	Wildlife	and	Countryside	Act	(HMSO,	

1981)	a	fundamental	change	in	the	way	that	churches	deal	with	issues	of	

bat	habitation	must	occur.	While	a	conservation	conflict	was	

acknowledged,	and	there	was	clearly	concern	about	damage	caused	by	

bats	at	this	time,	the	tone	of	the	discussion	was	largely	conciliatory,	with	

a	focus	on	seeking	solutions.		

	

With	the	formation	of	MABIC	in	1992,	the	focus	of	the	problem	and	the	

tone	of	the	discussion	shifted.	While	damage	to	the	historic	fabric	of	

churches	was	cited	as	an	issue	by	MABIC,	it	was	only	one	of	a	number	of	

reasons	why	(in	the	view	of	MABIC)	bats	were	not	welcome	in	churches	

(see	section	4.3.3).			
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Fundamentally	opposed	to	the	presence	of	bats	within	churches,	MABIC	

questioned	the	validity	of	the	1981	Wildlife	and	Countryside	Act	itself,	

arguing	that	it	should	not	apply	to	churches.	Frustrated	by	the	

conciliatory	approach	being	taken	to	a	situation	that	it	deemed	

unacceptable,	MABIC	adopted	a	deliberately	confrontational	position	

promoting	the	view	that	“While	a	compromise	may	appeal	to	people	on	

both	sides	of	the	issue,	it	is	not	really	satisfactory,	as	it	does	not	reach	the	

root	of	the	matter	”	(Ward,	2000,	40).		

	

As	the	founder	of	MABIC	puts	it	“The	formation	and	concerns	of	MABIC	

immediately	received	media	attention	and	created	a	conflict	situation	

with	the	bat	lobby,	in	particular	the	Bat	Conservation	Trust	(BCT)”	

(Ward,	2000,	63).		

	

4.3 1993	–	2000	Bats	in	Churches,	early	research	

	

As	a	response	to	representations	made	to	the	Archbishops’	Rural	Officer	

by	BCT	and	MABIC,	a	meeting	was	proposed	at	which	representatives	

from	relevant	bodies	might	explore	ways	in	which	to	move	forward.	

Position	statements	given	by	the	stakeholders	attending	the	meeting	at	

Church	House	on	the	4th	January	1993,	were	minuted	and	have	been	

reproduced	below.		

	

	 “Bats	in	Churches”	meeting.	4th	January	1993.	

Church	House,	Deans	Yard,	Westminster,	London,	SW1P	3NZ	

	

Participant	organisations	and	position	statements:	

	

Department	of	the	Environment	(now	Department	for	Environment,	

Food	&	Rural	Affairs,	DEFRA)	

“The	current	legislation	under	the	Wildlife	&	Countryside	Act	is	considered	

satisfactory;	it	allows	flexibility	and	a	commitment	to	the	voluntary	
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approach	at	grass	roots	level	where	parties	are	invited	to	work	out	the	best	

practicable	solution	tailored	to	their	situations”	

	

English	Nature	(now	Natural	England,	NE)	

“Advice	given	and	a	balanced	approach	to	the	implementation	of	the	Act	

tailored	as	far	as	possible	to	local	situations,	seeking	to	alleviate	or	solve	

problems	but	recognizing	the	limitations	of	physical	possibilities	of	

exclusion”	

	

English	Heritage	

“Principal	concern	for	conserving	the	fabric	of	historic	churches	i.e.	

furnishings,	stonework	and	wall	paintings.	Concerned	about	the	apparent	

conflict	for	Government	funding	both	for	English	Heritage	and	“Bats	in	

Churches”	Advisor	(Gillian	Sargent,	Bats	in	Churches	Project	Officer);	also	

concerned	that	people	can	continue	to	use	(church)	buildings	and	not	be	

put	off	by	the	bats	and	their	mess”	

	

Council	for	the	Care	of	Churches	(now	the	Church	Buildings	Council,	

CBC)	

“The	debate	about	bats	reflects	to	some	degree	the	growing	interest	in	

“things	ecological”	in	Churches	and	Churchyards.	The	CCC	has	been	

intimately	involved	in	the	development.	It	would	urge	those	in	a	position	to	

do	so	to	provide	well-defined	and	precise	solutions	to	the	problem	with	the	

benefits	of	well	conducted	research	to	establish	facts.	Variation	in	attitude	

to	bats	and	management	of	the	parish	church	needed	to	be	recognised”		

	

Bat	Conservation	Trust	

“Main	objective	to	conserve	bats	and	could	not	agree	with	the	second	stated	

aim	of	MABIC	i.e.	presence	of	bats	in	churches	to	be	opposed.	Concerned	to	

solve	problems	and	keen	to	find	answers;	appointment	of	“Bats	in	Churches	

Project	Officer”	with	DoE	funding	reflects	these	concerns.”	
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Movement	Against	Bats	in	Churches	

“Had	been	in	existence	for	about	four	months	and	had	approximately	50	

churches	registering	in	support	of	its	objectives.	It	was	important	to	

remember	the	primary	purpose	of	churches	was	for	worship,	and	we	had	a	

responsibility	to	protect	fabric	and	furniture	and	the	congregation	from	the	

adverse	effects	of	bats	–	a	problem	which	was	getting	worse,	but	MABIC	

was	still	gathering	facts.	It	was	critical	of	the	advice	being	given	from	the	

Bat	Advisors,	who	did	not	always	seem	to	appreciate	the	sensitivity	specific	

to	churches	e.g.	lack	of	funds	for	remedial	work	and	cleaning	expenses,	cost	

implications	of	delaying	building	works.”		

	

(Ward,	2000,	64)	

	

The	position	statements	provide	a	useful	overview	of	the	opinions	

surrounding	the	issue	of	bats	in	churches	at	this	time,	and	also	of	the	

stakeholder	organisations	involved.	Over	the	next	7	years	emphasis	

would	be	placed	on	finding	solutions	to	the	problem,	and	on	conducting	

research	to	understand	better	the	facts	of	the	situation.	Specific	

initiatives,	the	parties	involved	and	their	outputs	are	detailed	and	

discussed	in	the	following	sections,	4.3.1	-	4.3.3.	During	this	period	

MABIC	also	continued	to	collect	information,	lobby	on	behalf	of	churches	

with	unwanted	bats,	and	put	the	case	for	a	change	in	legislation	to	allow	

the	removal	of	bats	from	the	interior	of	church	buildings.	

	

While	many	of	the	projects	related	to	bats	in	churches	were	collaborative	

(with	input	from	the	multiple	stakeholders	listed	above),	the	strong	

views	of	MABIC,	and	the	confrontational	position	and	language	it	adopted	

served	increasingly	to	polarize	discussion	of	the	issue	of	bats	in	churches.	

MABIC	worked	hard	to	highlight	the	problems	caused	by	bats	in	churches	

and	in	the	popular	press	it	became	the	“issue”	of	bats	in	churches	and	the	

apparently	intractable	nature	of	the	related	problems	that	was	reported	

most	regularly.	Right	of	reply	was	often	given	to	the	BCT	or	nature	

conservation	agencies,	and	rather	than	presenting	an	ultimately	balanced	
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view	of	the	situation,	this	constant	presentation	of	“for	or	against”	

arguments	may	have	given	instead	the	impression	that	a	middle	ground	

position	was	not	tenable.	Ultimately	most	articles	left	the	reader	with	the	

impression	that	this	was	a	matter	of	two	irreconcilable	positions.	

	

The	following	sections	summarise	particular	projects	or	initiatives	

undertaken	during,	and	as	a	result	of,	the	first	phase	of	discussion	

relating	to	bat	habitation	within	church	buildings.		

4.3.1 1991	The	Effects	of	Bat	Excreta	on	Wall	Paintings	-	Stephen	

Paine	

	

Aim	of	project:	To	assess	the	nature	of	bat	related	damage	to	a	variety	of	

types	of	wall	painting.		

Undertaken	by:	Stephen	Paine	

Funded	by:	Non	funded	dissertation	research	project	undertaken	in	

partial	fulfillment	of	a	Postgraduate	Diploma	of	the	Conservation	of	Wall	

Painting	at	the	Courtauld	Institute	of	Art	

Resulting	publications:	The	effects	of	bat	excreta	on	wall	paintings	

(Paine,	1993);	Bats	in	churches:	guidelines	for	the	identification,	

assessment,	and	management	of	bat-related	damage	to	church	contents	

(furnishings,	fittings,	and	works	of	art).	(Paine,	1998).	

	

The	dissertation	research	project	conducted	by	Stephen	Paine	sought	to	

provide	evidence	of	damage	to	wall	painting	as	a	result	of	the	deposition	

of	bat	droppings	and	urine.	Information	was	gathered	from	both	

surrogate	materials	(mortar	samples	painted	with	a	range	of	pigments	

and	media)	and	from	sampling	wall	paintings	in	situ.		Mortar	samples	

were	exposed	to	bat	droppings	and	urine	from	captive	bats,	while	

samples	taken	in	situ	were	from	churches	in	which	bats	were	present	and	

actively	flying	in	the	main	body	of	the	church.	Samples	and	surrogate	

materials	were	inspected	using	visual	observation,	light	microscopy	and	

scanning	electron	microscopy,	in	addition	to	undergoing	chemical	spot	
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test	analysis	to	identify	the	presence	of	proteins	and	soluble	salts.	Some	

chemical	analysis	of	bat	urine	was	also	undertaken	as	a	part	of	the	study.	

	

As	a	result	of	his	study,	Stephen	Paine	concluded	that	bat	droppings	and	

urine	had	the	potential	to	cause	damage	to	wall	paintings	both	directly,	

and	indirectly	via	the	mechanisms	of	salt	deposition,	staining,	mechanical	

damage	and	biodeterioration	(via	the	promotion	of	microbiological	

growth).	(Paine,	1991,	32-43).	Paine’s	work	is	further	discussed	in	

section	7.1.1.	

	

Paine	later	worked	in	collaboration	with	English	Heritage	and	English	

Nature	(now	Natural	England)	to	produce	a	guidance	document	for	the	

Ancient	Monuments	Laboratory	titled	‘Bats	in	churches:	guidelines	for	

the	identification,	assessment,	and	management	of	bat-related	damage	to	

church	contents	(furnishings,	fittings,	and	works	of	art)’(Paine,	1998).		

	

Based	primarily	on	Paine’s	original	dissertation	research	the	document	

included	an	explanation	of	proposed	damage	mechanism	related	to	bat	

droppings	and	urine	and	also	offered	advice	on	the	management	and	

assessment	of	bat	related	problems	within	churches.	A	number	of	

protective	measures	and	possible	solutions	to	bat	related	problems	were	

suggested	in	the	document,	additionally	discussion	of	potential	

interventions	and	mitigation	strategies	in	relation	to	both	their	impact	on	

bats	and	their	effectiveness	at	protecting	historically	important	surfaces	

was	given.	(Paine,	1998,	6)	
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4.3.2 1991	The	Bats	in	Churches	Project	-	BCT	

	

Aim	of	project:	To	assess	the	use	that	bats	make	of	churches	in	England	

and	to	improve	the	conservation	and	management	of	bats	in	churches.	

Undertaken	by:	Bat	Conservation	Trust	

Funded	by:	Department	of	the	Environment,	and	the	People’s	Trust	for	

Endangered	Species	

Resulting	publications:	The	Bats	in	Churches	Project	(Sargent,	1995).	

	

The	Bats	in	Churches	Project,	was	a	three	year	project	and	the	first	

national	standardized	survey	of	bat	roosts	in	England.		The	project	was	

instigated	by	the	BCT,	as	it	was	believed	that	a	large	proportion	of	

churches	were	providing	roosting	opportunities	for	bats.	It	was	also	

known	that	in	some	churches	bat	presence	was	causing	problems,	

particularly	with	regard	to	droppings	and	urine.			

	

The	project	set	out	to	establish	what	characteristics	and	building	

materials	might	make	church	buildings	attractive	as	roost	sites	for	bats,	

and	also	sought	to	establish	which	particular	aspects	of	building	

construction	might	be	of	relevance	to	bat	species	with	restricted	

distributions	or	very	specific	roost	requirements.	To	this	end	a	random	

sample	of	538	churches	and	chapels	was	surveyed	by	volunteer	bat	

workers	in	order	to	both	ascertain	if	bats	were	present	in	the	building,	

and	also	to	record	details	pertaining	to	the	construction	of	the	church	

and	its	position	in	the	surrounding	landscape.	

	

Age	of	building	was	found	to	be	the	most	likely	indicator	that	a	church	

would	be	utilised	by	bats,	with	older	churches	having	greater	potential	

for	bat	use.	After	age,	the	four	factors	identified	as	having	a	significant	

effect	on	the	presence	of	bats	in	churches	and	chapels	were	found	to	be	

roof	type,	wall	material,	region	of	the	country	in	which	the	building	was	

located	and	the	level	of	building	development	around	the	church.	

(Sargent,	1995,	33)	
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In	a	further	“Follow-up	Survey”	information	collected	by	Professor	Paul	

Racey6	from	160	clergy	in	the	1960’s	(relating	to	bats	roosting	in	

churches)	was	disseminated	to	local	county	bat	groups.	132	churches	

previously	known	to	contain	bat	roosts	in	the	1960’s	were	then	surveyed	

in	order	to	establish	if	bats	were	still	present	in	those	locations.	90%	of	

the	churches	surveyed	were	found	to	still	contain	a	bat	roost.	The	aim	of	

the	survey	was	to	try	and	establish	if	maintenance	and	church	

management	practices,	such	as	timber	treatments	and	floodlighting,	had	

resulted	in	the	loss	of	bats	from	a	church.	Lack	of	data	relating	to	

management	practices	used	within	the	churches	ultimately	meant	this	

survey	could	offer	no	conclusions	as	to	why	bats	were	not	present	in	

some	of	the	churches	surveyed.	(Sargent,	1995,	35)	

	

In	order	to	establish	the	attitudes	of	clergy	towards	bats	in	churches,	and	

the	scale	of	any	associated	problems,	as	a	feature	of	the	Bats	in	Churches	

Project	a	postcard	questionnaire	was	sent	to	8000	members	of	clergy	

collectively	responsible	for	approximately	16,500	churches	and	chapels	

in	England.	

	

In	the	questionnaire	respondents	were	asked	the	following	questions	(in	

addition	to	name	and	address	and	the	names	of	the	church	or	churches	in	

their	care)	

	

																																																								
6	Professor	Paul	Racey	has	been	a	significant	and	consistent	contributor	to	bat	related	
research	both	in	the	UK	and	globally.	Early	in	his	career	(1966-1971)	he	was	employed	
as	a	Research	Assistant,	at	the	Wellcome	Institute	of	Comparative	Physiology,	Zoological	
Society	of	London.		On	the	30th	December	1966	the	Church	times	included	the	following	
advertisement	"The	Wellcome	Institute	of	Comparative	Physiology	has	recently	
undertaken	a	programme	of	research	into	the	behaviour	and	reproductive	physiology	of	
British	bats,	and	are	offering	a	good	home	and	the	run	of	their	teeth	to	as	many	bats	as	
care	to	apply.	A	member	of	the	Zoo	staff	will	visit	any	churches	within	reasonable	distance	
from	London	to	clear	out	unwanted...If	bats	are	your	problem,	telephone	or	write	to	Mr.	
Paul	Racey,	Wellcome	Institute,	Regents	Park,	N.W.I.	(Tel.	;	Primrose	3333.)"	as	a	result	of	
his	involvement	in	this	research	Prof.	Racey	had	gathered	records	relating	to	churches	
containing	bat	roosts.		
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Do	bats	roost	in	your	church?			 Yes/No	

Are	Bats	welcome	in	your	church	 Yes/No	

If	not,	please	state	reasons.	

	

The	results	of	the	survey	are	summarized	below	(the	data	is	based	on	

2600	responses	i.e.	a	return	rate	of	33%):	

	

37%	of	respondents	(962	individuals)	said	that	bats	roosted	in	

churches	in	their	care.	

	

Of	those	respondents:	

74.4%	(716	individuals)	said	that	bats	were	welcome	in	their	

churches	

	

11.9%	(114	individuals)	said	they	were	not	welcome.	*	

	

*	According	to	the	Bats	in	Churches	Project	report,	the	remaining	13.7%	gave	qualified	
answers	or	left	the	space	on	the	questionnaire	blank.	(Sargent,	1995,	37)	
	

Where	given,	reasons	why	bats	were	not	welcome	were	also	included	in	

the	report.	They	are	summarized	in	the	table	below.	

	

Reasons	why	bats	are	not	welcome	 %	of	reasons	given	

Droppings	 39	

Mess	 37	

Urine	 12	

Smell	 5	

Fear	or	phobia	 4	

Damage	to	organ	 2	

Complicates	timber	treatment	process	 1	

	
Figure	12:	Table	showing	reasons	given	by	respondents	in	the	Bats	in	Churches	

Questionnaire	Survey	of	English	Clergy	relating	to	why	bats	are	not	welcome	in	their	church.	

(data	from,	Sargent,	1995,	Table	4	)	

	



	 91	

In	order	to	address	these	issues,	details	of	churches	where	bats	were	not	

welcome	were	later	sent	to	local/regional	bat	groups	who	were	

encouraged	to	visit	and	offer	advice	and	assistance.	Some	work	was	also	

carried	out	in	conjunction	with	S	C	Johnsons	Ltd.	to	find	a	substance	that	

could	protect	church	artefacts	from	bat	droppings	and	urine,	however	the	

suggested	product,	Carefree	Undercoat,7	was	found	to	be	unsuitable	for	

use	after	failing	an	accelerated	corrosion	test	conducted	at	the	British	

Museum	(meaning	that	the	material	would	promote	corrosion	on	historic	

metal	surfaces).	

		

One	of	the	objectives	of	the	Bats	in	Churches	project	was	to	raise	

awareness	of	the	endangered	status	of	British	bats	and	ensure	that	those	

caring	for	churches	were	aware	of	both	the	importance	of	churches	as	

roost	sites	for	bats	and	also	the	ramifications	of	the	Wildlife	and	

Countryside	Act	1981.	This	was	achieved	via	the	distribution	of	posters	

and	leaflets,	dissemination	of	survey	results,	a	Young	People’s	Survey	as	

part	of	National	Bat	Week,	and	via	publicity	at	a	local,	national	and	

international	level.			

	

To	improve	consultation	between	English	Nature	(now	Natural	England)	

and	churches	experiencing	problems	related	to	bats,	the	Bats	in	Churches	

																																																								
7	S	C	Johnsons	Ltd.	(est.	1886),	are	a	global	company	that	have	for	many	years	
developed	and	marketed	household	cleaning	products,	polishes	and	waxes.	There	is	

very	little	information	in	the	Bats	in	Churches	Project	report	regarding	the	collaboration	

with	S	C	Johnsons	Ltd.	The	information	that	does	exist	indicates	that	a	new	product	was	

not	specifically	developed,	but	rather	a	pre-existing	material	from	the	S	C	Johnsons	

product	range	was	identified	as	being	potentially	fit	for	purpose.	The	efficacy	of	the	

coating	as	a	barrier	against	droppings	and	urine	was	tested	by	coating	samples	of	“brass	

and	brick”	in	Carefree	Undercoat	and	placing	them	in	a	cage	containing	a	single	captive	

bat	for	a	period	of	four	months.	Carefree	Undercoat	is	a	water	based	floor	sealant	

designed	for	use	on	porous	floor	surfaces	e.g.	stone	and	tile	prior	to	the	subsequent	

application	of	a	polish.	While	no	information	is	provided	on	the	chemical	nature	of	the	

Carefree	Undercoat	used	at	the	time,	it	is	probable	that	it	was	a	polyvinyl	acetate	

emulsion,	hence	its	failure	to	pass	an	accelerated	corrosion	or	“Oddy	Test”.		
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Project	suggested	that	revisions	be	made	to	church	legislation	in	order	to	

highlight	the	importance	of	abiding	by	the	Wildlife	and	Countryside	Act	

1981.	Subsequently	in	1993	a	new	rule	was	inserted	into	the	Faculty	

Jurisdiction	Rules	after	being	approved	by	General	Synod	of	the	CofE	and	

Parliament.	The	change	was	designed	to	highlight	the	fact	that	serious	

consideration	of	bats	should	be	given	when	planning	building	or	

maintenance	work	within	a	church.		
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The	question	added	to	the	Faculty	Rules	was	as	follows:	

	
Question	12.	

1)	Do	bats	use	any	part	of	the	Church?		 	 	 	

	 Yes/No	

	

2)	If	yes,	do	you	or	your	architect	think	that	the	works	or	purposes	might	

	harm	or	disturb	the	bats	or	their	roost?		 	 	 	

	 Yes/No	

	

3)	If	the	answer	to	2)	is	yes,	have	you	obtained	advice	from	English	Nature	?

	 Yes/No	

	

4.3.3 1992	Movement	Against	Bats	in	Churches	MABIC	

	

Aim	of	project:	Lobby	and	support	group	to	oppose	the	presence	of	bats	

in	churches.	

Undertaken	by:	Catherine	Ward	

Funded	by:	Self	funded/Donations	

Resulting	publications:	Our	Beleaguered	Heritage	(Ward,	2000)	

	

Founded	by	Catherine	Ward	in	1992	MABIC	(Movement	Against	Bats	in	

Churches)	was	originally	founded	to	provide	a	voice	for	churches	badly	

affected	by	bats	and	to	act	as	a	support	group.	MABIC	was	from	its	

inception	designed	as	a	vehicle	to	express	the	opinions	of	those	who	felt	

that	bats	could	not	and	should	not	be	tolerated	within	church	buildings.	

Underpinning	the	arguments	of	MABIC	was	a	fundamental	belief	that	the	

Church	was	unfairly	“paying	the	price”	of	bat	conservation	in	the	form	of	

“damage	to	contents	and	distress	to	worshippers”	(Ward,	2000,	79).	

Catherine	Ward	further	argued	that	church	buildings	were	sui	generis	

and	should	be	exempt	from	the	stipulations	of	the	Wildlife	and	

Countryside	Act	1991.			

	



	 94	

After	almost	a	decade	of	vocal	lobbying	Catherine	Ward	self	published	

the	volume	“Our	Beleaguered	Heritage”	(Ward,	2000).	Beginning	with	the	

background	and	history	of	MABIC	the	work	goes	on	to	highlight	the	

issues	faced	by	churches	with	large	numbers	of	bats,	and	describes	in	

detail	the	perceived	inadequacies	of	the	mechanisms	available	to	

churches	seeking	to	manage	bat	related	problems.		

The	work	includes	testimony	from	48	individuals	describing	their	

frustrations	and	issues	related	to	bats	within	churches	they	care	for,	case	

study	examples	of	failed/or	inadequate	initiatives	to	alleviate	bat	related	

problems	are	also	included,	as	are	theological	arguments	relating	to	why	

churches	are	not	suitable	locations	for	bat	habitation.	

	

4.4 2000	–	2010	Hiatus	

	

By	the	year	2000	there	had	been	a	seven	year	period	of	broad	and	

regular	discussion	on	the	issue	of	bats	in	churches,	both	between	

stakeholder	organisations	and	within	the	public	domain	(by	virtue	of	

coverage	in	the	local	and	national	press).	The	period	had	generated	

targeted	research	activity	to	understand	better	both	the	conservation	

needs	and	importance	of	church	buildings	to	bats,	but	also	to	gather	

information	related	to	associated	problems	and	potential	damage	

mechanisms.	Joint	publications	suggesting	mitigation	and	management	

strategies	had	been	published	and	made	available	(Paine,	1998)	and	

would	be	put	into	practice	during	this	period.	While	problems	relating	to	

bats	in	churches	could	not	be	said	to	have	been	solved,	a	body	of	

literature	and	information	now	existed	that	organisations	could	refer	to	

when	giving	advice.		

	

Over	this	10	year	period	the	advice	available	would	be	found	by	some	to	

be	inadequate	or	unhelpful,	especially	with	regard	to	large	bat	

populations	and	maternity	roosts.	Based	primarily	on	assessing	either	

the	extent	of	bat	activity	or	the	scale	of	the	problem,	the	guideline	
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documents	offered	few	sustainable	solutions	other	than	regular	cleaning,	

moving	objects	out	of	harm’s	way,	or	covering	objects	of	value	with	

appropriate	sheet	material	(Paine,	1998).		

	

The	guidance	available	allowed	that	churches	would	be	assisted	

wherever	possible	with	advice	and	information	to	mitigate	problems	

associated	with	bat	habitation,	but	that	they	would	ultimately	be	

encouraged	to	live	with	their	bats	and	exercise	due	diligence	with	regard	

to	building	repairs	and	alterations	that	might	disturb	or	adversely	affect	

them.	Cost	implications	relating	to	any	recommended	ecological	survey	

work	required	in	order	to	determine	the	nature	of	a	bat	presence	within	

a	church,	would	need	to	be	borne	by	the	church	in	question.	

	

For	some	churches	this	was	not	an	acceptable	long-term	solution,	the	

guidance	given	focused	on	the	practicalities	of	either	collecting	and	

cleaning	droppings,	or	on	protecting	surfaces,	but	had	seemingly	not	

considered	how	these	activities	would	affect	the	congregation’s	use	of	the	

church	or	its	spiritual	function.	Church	interiors	covered	in	sheeting	

quickly	became	a	totemic	image	to	use	when	discussing	bats	in	churches	

in	the	popular	press,	inferring	both	the	inadequacy	of	the	suggested	

measures	at	dealing	with	the	heart	of	the	problem	and	a	lack	of	

sensitivity	towards	the	spiritual	function	of	a	church.	

	

The	perceived	lack	of	concern	for	the	negative	implications	bat	habitation	

could	have	towards	the	spiritual	function	of	a	church	(as	opposed	to	just	

its	fabric),	led	to	a	belief	in	some	quarters	that	an	overemphasis	was	

being	placed	on	bat	conservation	at	the	cost	of	churches	and	church	

communities.	As	the	new	millennium	proceeded,	feeling	unable	or	

unwilling	to	coexist	with	their	bats	some	churches	began	to	lobby	English	

Nature	(now	Natural	England)	for	licences	to	exclude	bats	from	their	

churches	(BBC,	2004,	BBC,	2006)	and	question	were	raised	in	parliament	

regarding	the	issue	(Hansard,	2004,	19th	Oct	c865).		
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“Sadly,	there	is	a	seemingly	irreconcilable	conflict	between	the	
conservation	of	one	species	of	wildlife	and	the	conservation	of	our	
built	heritage,	not	to	mention	the	interests	of	churchgoers.	While	I	
agree	that	every	effort	should	be	made	to	enable	the	two	to	live	
side	by	side	whenever	possible,	I	would	urge	the	Minister	to	accept	
that	there	may	be	circumstances	where	the	differences	are,	sadly,	
irreconcilable.	At	present,	the	law	appears	to	come	down	on	the	
side	of	the	bats.	I	believe	that	it	is	time	the	balance	was	redressed	
just	a	little	towards	the	interests	of	parishioners	and	the	fabric	of	
their	church.”	John	Greenway,	Conservative	MP	for	Rydale.	(Hansard,	2004,	
19th	Oct	c865).	
	

Where	churches	were	lobbying	for	the	removal	of	bats	from	the	

building,	damage	and	deterioration	of	materials	(other	than	wall	

paintings)	was	regularly	cited	as	a	reason	for	exclusion	but	with	little	

direct	or	scientific	evidence	to	support	the	assertion.	This	raised	an	issue	

requiring	further	investigation	and	ultimately	led	to	the	initiation	of	this	

research	project	in	2007.	As	the	decade	continued,	increasing	political	

pressure,	and	negative	publicity	surrounding	the	issue	of	bats	in	

churches	made	it	clear	that	a	review	of	the	situation	was	required.	While	

recommended	mitigation	practices	might	be	effective	for	churches	with	

relatively	small	numbers	of	bats,	clearly	more	innovative	solutions	were	

required	for	those	churches	with	large	bat	populations.		

	

If	exclusion	of	bats	was	to	be	avoided	then	better	mechanisms	of	

alleviating	the	disruption	and	burden	caused	by	bats	to	church	users	

needed	to	be	explored,	if	none	could	be	found	then	better	information	

relating	to	the	impact	of	roost	exclusion	on	local	bat	populations	would	

be	needed	before	it	could	be	sanctioned.	2010	marked	the	beginning	of	a	

more	collaborative	phase	of	research	aimed	specifically	at	issues	of	

mitigation,	bat	management	and	the	effects	of	exclusion	on	local	bat	

populations.	A	number	of	well-funded	projects	were	devised	with	input	

and	steering	committees	comprising	all	stakeholders,	a	marked	

departure	from	the	first	phase	research	discussed	above	in	sections	4.3.1	

–	4.3.3.	
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4.5 2010	–	Present	day:	Recent	and	current	research.	

	

Currently	ongoing	or	recently	completed	projects	relating	to	bats	in	

churches	are	described	below.	The	potential	impact	of	their	outcomes	on	

future	strategy	will	be	discussed	later	alongside	the	results	of	this	

research.	

	

4.5.1 Bats,	churches	and	the	landscape:	sustainable	conservation	of	

bats	in	the	East	of	England	

	

Aim	of	project:	To	understand	why	soprano	pipistrelle	bats	select	

certain	churches,	how	they	use	them	and	why	they	choose	certain	

locations	within	churches	to	roost.	

Undertaken	by:	BCT	and	University	of	Bristol.	Funded	PhD	research	

project	conducted	by	Madelaine	Ryan,	supervised	by	Professor	Gareth	

Jones	

Funded	by:	SITA8	Trust	and	Natural	England	

Completion	date:	2016	

	

Funded	by	the	SITA	Trust	(SITA,	2009)	and	Natural	England	and	in	

collaboration	with	the	Bat	Conservation	Trust,	this	PhD	research	project	

was	undertaken	by	Madeleine	Ryan,	at	the	School	of	Biological	Sciences,	

University	of	Bristol	(Ryan,	2011).	The	project	began	in	2011	and	was	

completed	in	2016.	

	

The	project	focused	on	the	ecology,	conservation	and	management	

soprano	pipistrelle	bats	(Pipistrellus	pygmaeus)	roosting	in	churches	in	

the	East	of	England.	Soprano	pipistrelle	bats	are	commonly	found	using	
																																																								
8	The	SITA	Trust	is	an	ethical	funding	organisation	dedicated	to	making	lasting	
improvements	to	the	natural	environment	and	community	life.	A	not-for-profit	

company,	the	Trust	is	a	registered	and	accredited	environmental	body	that	operates	

under	the	Landfill	Communities	Fund,	distributing	money	donated	by	SITA	UK.	
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church	structures	and,	due	to	the	large	size	of	the	maternity	roosts	of	this	

species,	often	cause	a	significant	impact	on	the	interior	spaces	of	the	

church.	The	geographical	focus	of	the	work	was	related	to	the	fact	that	

counties	in	the	East	of	England	have	been	identified	as	experiencing	

significant	problems	related	to	bat	habitation	within	churches	(Sargent,	

1995,	37-39).		

	

The	work	aimed	to	determine	not	only	which	local	factors	influenced	the	

selection	of	churches	as	roosts,	but	also	to	investigate	the	foraging	and	

roosting	requirements	of	soprano	pipistrelle	bats	in	the	East	of	England.		

An	important	aspect	of	the	research	was	to	study	the	effects	of	methods	

employed	to	reduce	the	impact	of	large	maternity	colonies.		

	

In	order	to	ascertain	what	effect	the	removal	of	a	roost	site	may	have	on	

the	local	population	of	Soprano	pipistrelles	and	their	conservation	status,	

radio	tracking	of	bats	using	churches	in	the	area	was	undertaken	once	

exclusion	had	taken	place.	The	goal	of	this	part	of	the	research	was	to	

establish	if	the	removal	of	a	roost	site	caused	major	displacement	in	a	

local	population,	or	if	it	caused	the	bats	to	use	an	alternative	(but	sub	

optimal)	roost.	While	not	a	directly	stated	aim	of	the	research,	it	is	clear	

that	this	aspect	of	the	project	was	designed	to	explore	the	implications	of,	

and	gather	data	related	to,	the	effect	of	exclusion	on	a	resident	bat	colony	

and	its	wider	impact	on	the	local	bat	population.		

	

The	work	is	currently	unpublished	(but	believed	to	be	forthcoming).	Data	

gathered	will	have	very	important	implications	for	the	way	in	which	

problems	relating	to	bat	occupation	are	approached	and	managed	in	the	

future.	If	it	is	found	that	the	conservation	and	breeding	status	of	soprano	

pipistrelle	populations	are	not	unduly	affected	by	their	exclusion	from	

established	roost	sites,	then	it	is	likely	that	licence	applications	to	exclude	

resident	bat	populations	from	church	buildings	would	be	looked	at	more	

favourably	in	the	future.		
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4.5.2 Improving	mitigation	success	where	bats	occupy	houses	and	

historic	buildings,	particularly	churches.	Defra	Research	

Project	WM0322.	

	

Aim	of	project:	To	understand	better	the	roosting	requirements	of	

Natterer’s	bats	and	evaluate	and	investigate	a	range	of	new	management	

options	to	help	reduce	conflict	between	humans	and	bats.	

Undertaken	by:	University	of	Bristol	

Funded	by:	Defra	

Completion	date:	2014	

Resulting	publications:		

Defra	Research	project	WM0322,	Final	Report	(Zeale	et	al.,	2014).	

Mitigating	the	Impact	of	Bats	in	Historic	Churches:	The	Response	of	

Natterer's	Bats	(Myotis	nattereri)	to	Artificial	Roosts	and	Deterrence	

(Zeale	et	al.,	2016).	

	

Running	concurrently	with	the	project	described	above	(section	4.5.1)	

this	innovative	Defra	funded	project	aimed	to	look	specifically	at	the	

effects	of	exclusion	on	soprano	pipistrelle	bats	and	sought	to	explore	

ways	of	altering	the	roost	choices	and	behaviour	of	Natterer’s	bats	within	

a	church.	The	goals	were	to	examine	the	ecological	impact	of	exclusion	on	

house-dwelling	soprano	pipistrelle	bats,	and	also	to	develop	mitigation	

options	that	would	allow	Natterer’s	bats	to	continue	using	churches	

while	reducing	the	deposition	of	bat	droppings	and	urine	within	the	

building.	

	

The	research	was	a	collaborative	venture	with	a	steering	committee	

consisting	of	stakeholders	representing	bat	conservation	and	ecology,	

legislation	and	licensing	bodies,	heritage	organisations	and	the	church.	

The	research	has	a	direct	bearing	on	the	issues	of	bats	in	churches	and	

will	no	doubt	form	the	bedrock	of	new	guidance	and	management	

practices.		
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Exclusion	of	soprano	pipistrelle	colonies	roosting	in	five	private	dwelling	

houses	was	undertaken	(under	licence)	and	the	bats	radio	tracked	both	

prior	to,	and	immediately	after	exclusion.	All	radio-tagged	bats	were	

found	to	relocate	quickly	to	alternative	roost	sites,	and	no	difference	was	

seen	in	foraging	behaviour	or	habitat	selection.		Both	frequency	of	roost	

switching	and	the	perceived	quality	of	roosts	used	by	bats	remained	

unchanged.	The	study	has	promising	implications	as	it	indicates	that	

where	there	is	no	other	alternative,	exclusion	of	soprano	pipistrelle	bats	

can	be	undertaken	without	negatively	impacting	local	populations	as	long	

as	other	viable	roosting	opportunities	are	available	within	the	local	

environment	(Zeale,	2014,	19).	Further	work	is	recommended	in	order	to	

assess	the	long-term	effects	of	such	exclusions	on	population	growth.	

	

Experimental	work	relating	to	Natterer’s	bats	involved	radio	tracking	and	

the	use	of	deterrence.	The	project	found	that	the	behaviour	of	bats	inside	

churches	could	be	manipulated.	Lighting	and	high	intensity	ultrasound	were	

found	to	deter	bats	from	roosting	in	sensitive	areas	within	churches	and	

could	be	used	to	create	no	fly	zones	within	the	internal	space	(thus	limiting	

the	spread	of	droppings	and	urine).	With	judicious	use	deterrents	were	

found	not	to	have	a	detrimental	impact	on	bat	behaviour	or	welfare,	

however	there	is	great	potential	for	irresponsible	use	to	cause	serious	harm	

to	bats	especially	with	regard	to	light	deterrents	and	as	such	it	was	proposed	

that	their	use	would	require	careful	regulation.	

	

The	project	also	ascertained	that	in	Norfolk,	Natterer’s	bats	appeared	to	be	

heavily	dependent	on	churches	for	roosting.	While	problems	relating	to	bats	

roosting	in	churches	could	be	mitigated	it	was	predicted	that	exclusion	of	

Natterer’s	bats	from	churches	would	impact	negatively	on	their	Favourable	

Conservation	Status.	
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5 Methodology	for	this	research		

5.1 The	focus	and	aims	of	this	research	

	

The	focus	of	my	research	was	to	study	the	interaction	between	bat	

droppings,	urine,	and	the	surface	of	a	range	of	historically	significant	

materials	commonly	found	within	church	buildings.		

	

For	many	years,	deterioration	of	the	historic	fabric	of	churches	has	been	

observed	and	understood	to	be	related	to	the	presence	of	bats,	yet,	for	

materials	other	than	wall	paintings	for	which	some	research	has	been	

undertaken	(Paine,	1991),	our	current	understanding	of	bat	related	

damage	extends	no	further	than	being	able	to	observe	that	corrosion,	

pitting	or	staining	have	occurred,	without	actually	understanding	why.	

My	aim	was	to	better	understand	the	specific	deterioration	mechanisms	

involved.	It	was	a	further	aim	of	the	research,	that	with	the	knowledge	

gained,	mitigation	practices	and	cleaning	regimes	currently	

recommended	in	published	guidance	would	be	reviewed	and	their	

practicality	and	efficacy	assessed.		

	

The	experimental	research	was	necessarily	limited	to	material	aspects	of	

the	problem.	However,	bat	related	damage	within	church	buildings	is	

often	conflated	with	other	non-material	issues,	such	as	the	effect	bats	can	

have	on	the	church’s	viability	as	a	place	of	worship,	the	burden	that	bats	

and	their	habits	place	on	volunteer	cleaners,	and	the	difficulties	created	

when	trying	to	undertake	maintenance	of	a	historic	structure	when	it	is	

used	as	a	roost	by	bats	(Soady,	2013,	BBC,	2011c,	BBC,	2011b).	For	this	

reason,	and	in	order	to	highlight	the	impact	of	the	research,	a	discussion	

of	other	issues	arising	as	a	result	of	bat	habitation	in	church	buildings	has	

also	been	included.		
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5.1.1 Specific	research	questions	

	

Specific	research	questions	are	defined	as	follows:	

	

• Is	there	any	interaction	between	bat	droppings	and	urine	and	

those	materials	commonly	found	within	a	church	building	(such	as	

polished	metals,	stone	surfaces,	wooden	furniture)	that	would	

result	in	chemical,	physical	or	visual	change	to	those	materials?	

• If	so,	what	is	the	nature	of	the	interaction	and	what	are	the	

mechanisms	involved?		

• If	physical,	chemical	or	visual	change	does	occur,	is	the	effect	

impermanent	and/or	superficial,	or	of	a	significant	and	permanent	

nature?	

• Are	the	observable	interactions	(if	any)	between	bat	droppings,	

urine,	and	church	materials	different	for	different	species	of	bat?	

	

Research	questions	relating	specifically	to	cleaning	practices	and	

mitigation	strategies	(such	as	surface	coatings,	physical	coverings	and	

cleaning	regimes):	

	

• How	effective	are	currently	recommended	and	adopted	mitigation	

practices	in	preventing	any	observable	interaction	between	bat	

urine	and	droppings	and	church	materials?	

• How	practical	and	viable	are	these	mitigation	practices	in	real	

terms?	

• How	effective	are	currently	recommended	and	adopted	cleaning	

practices	in	removing	bat	droppings	and	urine	from	the	surface	of	

church	materials?	

	

(In	the	list	above	the	general	term	“church	materials”	has	been	used	as	

shorthand	to	refer	to	“materials	commonly	used	in	the	manufacture	of	

items	of	historic	or	cultural	value	found	within	church	buildings	in	the	

UK”)	
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5.2 Approach	taken	

	

I	have	adopted	a	standard	scientific	approach	to	the	research	described	

because	it	best	serves	the	specific	research	questions	outlined	previously,	

and	provides	the	best	mechanism	for	seeking	empirical	and	measurable	

evidence	of	damage	caused	as	a	result	of	bat	droppings	and	urine.	The	

research	methods	employed	are	based	on	experimentation,	observation	

and	analysis,	with	care	taken	to	ensure	that	the	research	is	both	objective	

and	reproducible.		

	

Field	work,	in	the	form	of	case	studies	relating	to	particular	churches,	

was	used	to	provide	context	for	the	experimental	work	undertaken,	both	

in	general	terms,	and	with	respect	to	the	experimental	data	obtained.	The	

case-study	churches	also	provided	opportunities	to	assess	the	

practicality	and	efficacy	of	any	mitigation	and	cleaning	practices	being	

employed,	while	providing	in	situ	evidence	of	bat	related	damage.	

	

5.2.1 Other	approaches	to	consider	

	

Although	there	is	certainly	much	anecdotal	evidence	that	resident	bat	

populations	have	caused	significant	amounts	of	damage	to	materials	

within	some	church	buildings,	(Soady,	2013,	BBC,	2010,	Howard,	2009,	

56-58,	BBC,	2006,	Richardson,	2003)	it	is	often	difficult	to	utilise	this	

evidence	in	a	meaningful	way.	While	a	documentary	evidence-based	

research	methodology	could	be	used	to	examine	the	problem,	it	would	

have	limited	value	as	an	approach	for	the	reasons	outlined	below.	

	

A	review	of	historic	and	current	evidence	related	to	bat	related	damage	

in	churches	shows	that	historically,	it	has	been	recorded	in	very	general	

terms	and	rarely	has	the	extent,	location,	or	severity	of	the	damage	been	

described	in	any	detail.	Research	in	the	archives	of	the	Church	Buildings	
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Council	(formerly	the	Council	for	the	Care	of	Churches)	at	Church	House,	

shows	that	some	historic	photographic	evidence	of	bat	related	damage	

exists,	but	that	it	has	mostly	been	recorded	incidentally.	Although	

damage,	for	example,	is	shown	in	a	photograph,	focus	on	the	damage	has	

not	been	the	original	purpose	of	the	photograph.	As	the	small	amount	of	

historic	photographic	information	available	has	not	been	gathered	or	

recorded	in	a	systematic	way,	its	utility	in	trying	to	establish	rates	of	

change	(or	damage),	or	in	trying	to	compare	one	site	to	another,	is	very	

limited.	

	

The	highly	political	and	emotionally	charged	context	in	which	much	of	

the	debate	has	taken	place	to	date	means	that	where	well	documented	

evidence	of	bat	related	damage	has	been	observed,	reported	and	

recorded,	this	has	generally	been	undertaken	in	support	of	a	specific	

agenda.		Most	commonly,	where	detailed	data	exist,	they	have	been	

gathered	to	support	the	argument	that	damage	by	bats	is	significant	and	

widespread.	This	means	that	potential	for	bias	in	much	of	the	available	

historic	data	must	be	taken	into	account.	Even	where	seemingly	reliable	

evidence	does	exist,	the	source	of	the	data	can	sometimes	be	deemed	to	

be	sufficiently	partisan	by	some	that	its	usefulness	as	a	basis	for	dialogue	

and	discussion	is	rendered	void,	or	at	least	problematic.	

	

While	the	adoption	of	a	research	method	based	on	historical	records	and	

data	is	clearly	impractical,	the	use	of	qualitative	research	methodologies	

in	which	people’s	personal	experiences	of	the	problem	could	be	

examined	is	similarly	flawed,	as	the	nature	of	the	problem	is	

fundamentally	associated	with	the	rather	nebulous	notion	of	“damage”.	

	

Cultural	heritage	professionals	are	becoming	acutely	aware	that	

“damage”	is	a	poorly	defined	term	within	the	heritage	sector	(Strlič	et	al.,	

2013,	Ashley-Smith,	1999,	99-119).	With	its	inherent	negative	

connotations,	different	people’s	perceptions	of	what	constitutes	damage	

can	vary	widely.	When	damage	is	reported,	very	rarely	do	individuals	
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base	their	assessment	on	any	empirical	understanding	relating	to	

physical,	visual	or	chemical	change	within	a	material.	Even	within	

experienced	and	highly	trained	groups	of	heritage	professionals,	

difference	in	training	background,	working	context	and	level	of	

professional	specialism,	give	rise	to	a	surprisingly	wide	divergence	of	

opinion	on	the	nature	of	damage	even	when	the	same	object	or	group	of	

objects	is	being	assessed	(Taylor,	2005,	Taylor,	2009).	

	

Defining	an	object	or	material	as	damaged	is	the	conclusion	of	a	very	

individual	and	complicated	multivariate	analysis.	Factors	taken	into	

account	by	an	individual	(often	subconsciously)	when	assessing	

“damage”	could	be	listed	as	follows:	

	

• The	status	and	values	conferred	on	the	material	or	object	in	

question	

• The	perceived	extent	of	physical,	visual,	chemical	change	that	has	

occurred	

• The	degree	to	which	the	change	has	impaired	the	ability	of	the	

material	or	object	to	perform	its	practical	function		

• The	degree	to	which	the	change	has	impaired	the	material	or	

object	aesthetically	

• The	degree	to	which	the	change	has	impaired	the	

cultural/spiritual	significance	of	the	object	or	material,	or	has	

undermined	the	object’s	ability	to	demonstrate	its	significance.	

The	above	list	is	not	exhaustive,	but	serves	to	give	an	indication	of	why	

two	different	individuals	could	agree	entirely	on	the	nature	of	physical,	

chemical	or	visual	change	that	had	occurred	in	a	given	instance,	but	

might	disagree	greatly	regarding	the	degree	to	which	that	has	constituted	

damage.			

	

Similarly	the	reaction	of	parishioners	and	incumbents	to	the	presence	of	

bats	within	a	church	building	is	also	very	subjective,	with	different	
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individuals	responding	to,	and	experiencing	the	same	bat	presence	in	

very	different	ways.	With	regard	to	smell,	perceived	damage,	the	degree	

of	extra	cleaning	required,	or	simply	the	visible	presence	of	bats	within	a	

church,	what	is	acceptable	to	one	person	can	be	very	different	to	that	

which	is	acceptable	to	another.	

	

While	an	understanding	of	the	complicated	relationship	individuals	have	

with	bats	and	bat	related	problems	in	churches	is	essential	to	finding	

solutions,	a	qualitative	research	methodology	based	on	participant’s	

views	of	bats	in	churches	and	the	damage	attributed	to	them,	would	not	

be	a	sound	basis	on	which	to	increase	an	empirical	understanding	of	the	

problem.		

	

5.3 Summary	of	experimental	methods	

	

In	order	to	achieve	these	research	aims	experimental	methods	were	

designed	that	would	take	into	account	the	complicated	nature	of	the	

problem	and	the	wide	range	of	potential	variables	involved,	while	

remaining	well	defined	and	achievable	within	a	reasonable	time	frame.		

	

My	experimental	work	does	not	attempt	to	be	an	exhaustive	study	of	all	

materials	of	historical	value	within	a	church	building;	nor	does	it	attempt	

to	be	the	definitive	work	on	this	complicated	subject.	The	experimental	

work	has	been	designed	to	provide	a	data	set	capable	of	answering	the	

most	fundamental	questions	relating	to	the	mechanisms	and	issues	

involved,	and	therefore	focuses	on	materials	that	present	the	greatest	

likelihood	of	producing	clear	experimental	data,	and	that	have	the	

greatest	relevance	to	the	issues	being	investigated.		

	

Research	design	focussed	on	being	able	to	credibly	reproduce/replicate	

the	types	of	change	(‘damage’)	that	have	been	attributed	to	bats	to	date,	

namely:	



	 107	

	

• Corrosion	of	metal	surfaces	

• Pitting,	etching,	long	term	staining	of	porous	surfaces	

• Etching	of	polished	surfaces	

• Promotion	of	mould/fungal	growth	on	organic	materials	

	

(Paine,	1998,	Richardson,	2003,	Howard,	2009,	56-57)	

	

If	it	could	not	be	demonstrated	that	the	deterioration	shown	on	test	

samples	was	comparable	to	that	observed	in	situ	in	churches	the	research	

would	be	of	limited	value.	For	this	reason	it	was	decided	that	

experimental	work	should	utilise	fresh	bat	droppings	and	urine	from	live	

bats,	living	in	a	natural	environment	and	eating	a	natural	diet	wherever	

possible.	

	

In	order	to	generate	data	that	would	be	relevant	to	answering	the	specific	

research	questions	detailed	in	section	5.1.1	multiple	experiments	were	

designed.	Experimental	work	related	to	this	project	can	be	subdivided	

into	the	following	areas:	

	

• Urine	collection	from	live	bats	in	order	to	determine,	pH	(negative	

logarithm	of	the	activity	of	solvated	hydronium	ions),	urea	

concentration,	and	sodium,	potassium	and	chloride	ion	

concentration.	

• Experiments	to	determine	effect	of	deposition	rate,	pH	and	urea	

concentration	of	aqueous	solutions	replicating	urine	on	sample	

materials	

• Experiments	or	tests	to	establish	the	role	of	urea	crystals	in	the	

deterioration	of	porous	materials	

• Exposure	of	test	materials	to	bat	droppings	and	urine,	and	

subsequent	analysis		
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• Exposure	of	test	materials	with	protective	coatings	to	bat	

droppings	and	urine	to	determine	viability	of	protective	coatings	

as	a	mitigation	strategy.	

• Assessment	of	current	mitigation	strategies	in	light	of	research	

findings	

	

(A	description	of	experimental	method	relating	to	each	of	the	above	can	

be	found	in	Section	6).	

5.4 Bat	species	used	in	this	research		

	

It	was	decided	that	experimental	work	with	bat	droppings	and	urine	

would	focus	only	on	those	species	of	bat	most	commonly	found	in	church	

buildings	throughout	the	UK	and	should	not	seek	to	provide	data	relating	

to	species	that	rarely	use	church	buildings,	or	are	considered	to	have	a	

very	limited	distribution	range.	

	

The	Bats	in	Churches	Project,	(Sargent,	1995,12)	reported	that	the	

relative	abundance	of	bat	species	occurring	in	churches	and	chapels	as	

determined	by	the	National	Bats	in	Churches	Survey,	was	as	follows:	
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Bat	species	 No	of	buildings	

occupied	by	bats	in	
National	Bats	in	
Churches	Survey	

Churches9	 Chapels10	 Proportion	of	
church	and	
chapel	roosts	
occupied	by	
species	(%)	

Pipistrelle	 79	 63	 16	 50.6	
Long-eared	 56	 44	 12	 35.9	
Serotine	 10	 7	 3	 6.4	
Natterer’s	 5	 4	 1	 3.2	
Lesser	
horseshoe	

3	 3	 0	 1.9	

Greater	
horseshoe	

1	 1	 0	 0.6	

Daubenton’s	 2	 2	 0	 1.3	
Unknown	
species	

36	 24	 12	 -	

	

Figure	13:	Table	showing	relative	abundance	of	different	bat	species	occurring	in	churches	

and	chapels	as	determined	by	the	National	Bats	in	Churches	Survey.	
Source:	Bats	in	Churches	project	(Sargent,	1995,12)	

	

Three	of	the	four	species	of	bat	commonly	found	roosting	in	churches	

were	chosen	for	this	aspect	of	the	research,	namely:		

	

• Soprano	pipistrelle	(Pipistrellus	pygmaeus)	

• Brown	long-eared	bat	(Plecotus	auritus)	

• Natterer’s	bat	(Myotis	nattereri)	

	

The	species	chosen	were	those	considered	to	be	widespread	within	the	

UK	and,	as	such,	most	likely	to	produce	data	of	a	broad	relevance	to	

churches	throughout	the	region.	Pipistrellus	pygmaeus	and	Myotis	

nattereri	are	species	known	to	be	particularly	problematic	when	roosting	

in	churches	and	have	been	the	subject	of	recent	research	projects	relating	

to	the	effects	of	exclusion	and	mitigation	(see	section	4.5).	
																																																								
9	The	distinction	between	a	church	and	chapel	within	the	Bats	in	Churches	Project	is	not	
of	particular	relevance	to	the	outcomes	of	the	project	nor	was	it	a	significant	

consideration	of	the	project	to	divide	the	building	types.	The	distinction	(as	recorded	in	

the	survey	results	above)	seems	to	have	come	about	purely	as	a	result	of	the	

methodology	of	selecting	sites	via	a	random	sampling	approach	based	on	older,	small	

scale,	Ordinance	Survey	maps	which	differentiate	between	churches	and	chapels.	
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Pipistrellus	pygmaeus	and	Plecotus	auritus	are	both	described	as	

“common	and	widespread”	by	the	National	Bat	Monitoring	Programme,	

Annual	Report,	2006,	(BCT,	2006,	41&	45)	and,	while	not	considered		

“common”,	Myotis	nattereri	is	similarly	described	in	the	report	as	having	

a	widespread	species	distribution	throughout	the	UK	(BCT,	2006,	38).	A	

Serotine	(Eptesicus	serotinus)	roost	was	not	included	in	this	part	of	the	

research	due	to	the	species’	uncommon	occurrence	within	the	UK	and	its	

limited	distribution	range,	predominantly	in	the	southern	part	of	Britain	

(BCT,	2006,	43).	

5.5 Choice	of	test	materials	

5.5.1 Old	versus	new	

	

When	designing	test	procedures	for	this	research,	I	was	faced	with	the	

dilemma	of	whether	to	source	original	historic	materials	for	the	purposes	

of	my	experimental	work,	or	to	use	modern	equivalents.	Arguably	

modern	materials	can	be	procured	more	easily	and	with	a	degree	of	

material	consistency	that	makes	them	better	suited	for	use	in	a	robust	

and	repeatable	scientific	experiment.		A	potential	criticism	of	using	

modern	materials	to	model	deterioration	phenomena	seen	on	historic	

surfaces	however	is	that	sometimes	the	effects	observed	on	a	modern	

test	samples	are	not	the	same	as	those	observed	on	equivalent	historic	

material.	

	

In	order	to	asses	the	effects	of	dropping	and	urine	deposition	on	surfaces	

all	test	surfaces	used	in	the	experimental	work	would	need	to	have	a	

consistent	surface	composition	and	topography	in	order	to	facilitate	

cross	comparison	between	experimental	results.	In	order	to	achieve	this	

if	historical	materials	could	be	procured	they	would	have	to	be	prepared	

in	order	to	provide	a	consistent	surface	for	the	purposes	of	the	

experiment,	thus	negating	the	claim,	that	an	“original	historic	surface”	

was	being	used.	
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It	was	decided	that	for	most	material	types,	modern	materials	offered	the	

best	opportunity	to	answer	the	specific	research	questions	related	to	this	

project.	They	allow	for	a	more	robust	experimental	approach	because	

they	offer	the	degree	of	consistency	required	for	comparison	of	data	

between	different	materials	and	different	aspects	of	the	experimental	

work.	Additionally	modern	materials	offered	greater	opportunity	to	

accurately	and	consistently	represent	a	range	of	compositions	within	a	

single	material	type	e.g.	the	different	alloy	compositions	one	might	find	in	

monumental	brasses.		

	

If	deemed	appropriate	further	work	could	be	carried	out	in	the	future	

using	historic	materials.	The	“replicate	first”	approach	taken	by	my	own	

experimental	work	with	modern	materials	should	inform	this	later	work	

and	hopefully	the	complexity	introduced	as	a	result	of	using	historic	

materials	would	then	be	mitigated	by	a	better	understanding	of	the	basic	

mechanisms	involved.		

	

5.5.2 Choice	of	representative	test	materials	

	

Given	the	wide	range	of	historic	fixtures	and	fittings	present	in	church	

buildings	throughout	the	UK,	choosing	representative	test	materials	is	

challenging.	The	broad	variation	in	age,	method	of	manufacture,	and	

surface	condition	of	historic	objects	(even	within	a	single	material	type),	

means	that	no	one	test	material	could	be	considered	truly	representative	

of	the	whole	range,	or	even	of	a	particular	material	type.	

	

Consideration	of	the	materials	traditionally	used	in	the	manufacture	of	

historically	significant	objects,	furniture	or	decorative	features	results	in	

the	following	list	of	broad	material	categories:	
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• Metals	and	metal	alloys	

• Wood	

• Stone	

• Textiles	

• Wall	plaster	

• Polychrome	surfaces	

• Glass	

	

Exhaustive	study	of	all	materials	that	could	be	considered	of	historical	

importance	within	a	church	was	considered	to	be	both	an	unfeasible	and	

unrealistic	aim	for	this	project.	A	selection	process	was	therefore	

undertaken	in	order	to	limit	the	number	of	materials	studied.	

	

Priority	was	placed	on	those	materials	that	were	most	commonly	

exposed	to	bat	dropping	and	urine	deposition	within	churches,	and	could	

most	comprehensively	be	studied	within	the	scope	of	the	project.	The	

following	criteria	were	used	to	determine	which	materials	would	be	

studied.	

	

• Can	the	material	in	question	be	accurately	represented	in	

experimental	work	using	a	manageable	number	of	modern	sample	

materials?	

• Is	the	material	commonly	found	in	a	horizontal	plane	when	in	situ	

and	as	such	be	likely	to	suffer	a	high	rate	of	deposition	of	bat	

droppings	and	urine?	

• Is	the	material	commonly	used	in	a	way	that	would	prevent	it	

being	easily	moved	from	its	position	or	location	within	a	church	

building?	

• Has	the	material	benefitted	previously	from	investigation	in	

relation	to	the	effects	of	bat	droppings	and	urine?	

	

The	list	of	test	materials	ultimately	selected	for	experimental	work	is	

given	in	Figure	14.	
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Test	material	 Representative	of	
Lead/tin	alloy		
94/4	(remainder	trace	elements)	

Organ	pipes		

Lead/tin	alloy		
42/51	(remainder	trace	elements)	

Organ	pipes	

Lead/tin	alloy	
29/66	(remainder	trace	elements)	

Organ	pipes	

Copper/zinc	alloy		
90/10	alpha	(Gilding	metal	CW501L)	

Memorial	brasses,	church	plate,	
lecterns,	architectural	fittings	

Copper/zinc	alloy		
70/30	alpha	(cartridge	brass	CW505L)	

Memorial	brasses,	church	plate,	
lecterns,	architectural	fittings	

Copper/zinc	alloy		
63/37	alpha	(common	brass	CW508L)	

Memorial	brasses,	church	plate,	
lecterns,	architectural	fittings	

Copper/zinc	alloy		
59/39/2pb	alpha/beta		
(engraving	brass	–	modern	CW608N)	

Memorial	brasses,	church	plate,	
lecterns,	architectural	fittings	

Alabaster	 Funerary	monuments	
Marble	 Funerary	monuments,	architectural	

elements	
Granite	 Memorial	slabs,	funerary	monuments,	

flooring,	architectural	elements	
Oak		-	Quercus	robur	
(untreated,	waxed,	or	coated	with	shellac)	

Pews,	rood	screens,	fonts,	choir	stalls,	
pulpits,	lecterns,	architectural	
elements	

Pine	–	Pinus	rigida	
(untreated,	waxed,	or	coated	with	shellac)	

Pews,	pulpits,	lecterns	

(CW	numbers	for	copper	alloys	refer	to	British	Standard	numbers	for	the	specified	

alloy)	

Figure	14:	Table	showing	final	selection	of	test	materials	chosen	for	experimental	work.	

	

Marble,	alabaster	and	granite	were	chosen	as	representative	stone	

materials	due	to	their	widespread	use	in	the	construction	of	historic	

funerary	monuments	and	memorial	slabs.	Additionally	the	three	different	

stone	types	allowed	for	a	comparison	of	the	effects	of	bat	droppings	and	

urine	on	different	varieties	of	stone.10		

																																																								
10	Marble	-	metamorphic	rock	composed	of	recrystallised	carbonate	minerals,	most	
commonly	calcite	(polymorph	of	calcium	carbonate	CaCO3)	or	dolomite	(calcium	

magnesium	carbonate	CaMg(CO3)2.	

Alabaster	-	sedimentary	rock	composed	of	gypsum	(calcium	sulphate	dehydrate	

CaSO4·2H2O)	

Granite	-	igneous	rock	composed	(mainly)	of	feldspar,	quartz,	mica,	and	amphibole	

minerals,	
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A	range	of	alloy	types	was	used	to	represent	metal	surfaces	found	within	

churches.	Historic	brass	found	within	churches	was	represented	by	a	

range	of	alloys	with	increasing	zinc	content.	These	alloys	were	

predominantly	alpha	brasses	(single	phase)	so	as	to	be	representative	of	

historic	“calamine”	brass	manufactured	using	a	cementation	process,	as	

would	have	been	the	case	prior	to	the	early	nineteenth	century	

(Craddock,	1995).	Alpha	brasses	contain	less	than	37%	zinc	and	are	

named	for	their	homogenous	(alpha)	crystal	structure.	The	alpha	crystal	

structure	occurs	as	zinc	dissolves	into	copper	forming	a	solid	solution	of	

uniform	composition.	Such	brasses	are	softer	and	more	ductile	than	

brasses	with	a	higher	zinc	content	and	are	therefore	more	easily	cold	

worked,	welded,	rolled,	drawn,	bent	or	brazed.	Organ	pipes	were	

represented	by	a	range	of	lead/tin	alloys	with	increasing	tin	content.	

Historic	organ	pipes	were	made	using	lead	with	increasing	amounts	of	tin	

added	to	both	increase	rigidity	and	to	impart	a	brighter	tone	(Bicknell,	

1996).	With	advice	from	Mander	Organs	(manufacturer	and	restorer	of	

traditional	organs),	alloy	compositions	were	selected	that	spanned	the	

range	one	would	expect	to	find	in	pipes	forming	the	choir	of	a	historic	

church	organ.	Mander	Organs	were	kind	enough	to	then	produce	the	

selected	alloys	in	the	traditional	manner	(using	a	casting	table).	

5.5.3 Bulk	and	surface	preparation	of	test	sample	materials	

	

To	reduce	variability	and	allow	a	better	comparison	of	the	effects	of	

experimental	work,	care	was	taken	to	standardize	the	surface	finish	of	

each	material	type	used	in	this	research.		

	

Oak	and	pine	were	bulk	processed	from	historic	church	pews	obtained	

from	a	specialist	reclamation	company	prior	to	sanding,	surface	finishing	

and	the	application	of	surface	coatings	(beeswax	and	shellac).	Details	of	
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the	preparation	of	these	samples	and	manufacturers’	information	

relating	to	the	applied	coatings	can	be	found	in	Appendix	5.	

	

Although	the	majority	of	the	metal	alloy,	alabaster,	marble	and	granite	

samples	were	all	supplied	with	smooth,	flat	pre-polished	surfaces,	

additional	surface	preparation	was	deemed	necessary	in	order	to	

standardise	the	finish	of	all	test	surfaces	prior	to	experimental	work.	

Micro-Mesh	MM	abrasive	cloths	were	used	to	first	abrade	all	sample	

surfaces	in	order	to	achieve	a	consistent	start	point	before	polishing	the	

samples	back	to	a	standard	uniform	finish.	Care	was	taken	to	ensure	that	

a	standard	protocol	and	approach	was	used	for	each	sample	(see	

Appendix	6	for	details).	

	

Lead/tin	alloy	samples	with	significant	proportions	of	tin	(Pb/Sn	42/51	

and	29/66)	were	used	as	supplied.	It	was	felt	that	the	distinctive	surface	

finish	of	these	so	called	“spotted	metal”	alloys	should	be	maintained.	The	

unique	surface	finish	is	a	direct	result	of	traditional	organ	pipe	

manufacturing	processes	incorporating	casting	tables	and	as	such	can	be	

found	in	situ	on	many	historic	organs.	The	surface	finish	of	spotted	metal	

is	the	result	of	large	nucleated	crystals	of	the	different	alloy	components	

forming	as	the	metals	solidify	at	different	rates	when	cooled	rapidly.	

	

	
Figure	15:	Showing	the	distinctive	surface	texture	of	lead/tin	alloy	samples	with	significant	

proportions	of	tin	(on	the	left	of	the	image)	and	the	smooth	surface	of	a	low	tin	content	

alloy	(shown	on	the	right).	
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5.5.4 A	note	on	materials	not	included	in	this	research	

	

Textiles,	wall	plaster,	polychrome	surfaces	and	glass	have	not	been	

included	in	this	research	project,	despite	their	prevalence	in	historic	

churches	and	their	historical	value.	

	

Work	carried	out	by	Stephen	Paine	(see	section	4.3.1)	in	the	1990’s	has	

already	investigated	the	effect	of	bat	droppings	and	urine	on	the	surfaces	

of	wall	paintings	to	some	extent.	While	not	exhaustive	some	primary	

research	has	at	least	been	done	in	this	area	and	therefore	the	decision	

was	made	to	focus	on	other	materials	for	the	current	study.		In	order	to	

take	wall	paintings	related	research	further,	a	large	full	scale	study	would	

be	required	in	order	to	examine	the	effects	of	bat	droppings	and	urine	on	

a	wide	range	of	pigments,	binders	and	grounds	in	order	to	cover	the	

gamut	of	colours	and	application	techniques	found	in	wall	paintings	

within	UK	churches.		

	

Similarly	stained	glass	was	considered	to	be	too	broad	a	category	of	

material	both	in	terms	of	material	composition	and	method	of	

manufacture	to	usefully	be	included	in	this	initial	stage	of	research.	The	

effect	of	bat	droppings	and	urine	on	stained	glass	within	churches	is	

definitely	an	area	that	would	benefit	from	investigation,	but	would	

require	a	study	in	its	own	right	in	order	to	produce	data	that	could	be	

considered	representative	of	the	many	different	glass	compositions,	

conditions	and	decorative	effects	used	in	stained	glass	manufacture	over	

the	years.	This	is	an	area	for	future	work,	should	the	research	carried	out	

within	this	project	provide	a	suitable	methodology	for	studying	such	a	

varied	material.		

	

It	was	felt	that	this	project	should	prioritise	those	fixtures	and	fittings	

within	the	church	space	that	could	not	easily	be	moved	in	order	to	avoid	

bat	droppings	and	urine,	as	these	would	be	most	susceptible	to	any	

resulting	damage	and	would	provide	the	biggest	challenges	for	mitigation	
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strategies.	Of	the	smaller	portable	items	commonly	found	within	a	church	

space,	textiles	and	precious	metals	have	not	been	included	here.	Where	

need	arises	many	of	the	standard	liturgical	textiles	such	as	altar	cloths,	

pulpit	falls	and	indeed	vestments,	can	be	removed	from	the	main	body	of	

a	church	when	not	required	and	therefore	can	be	more	easily	protected	

from	dropping	and	urine	deposition	(whether	the	temporary	removal	of	

these	materials	from	a	church	is	desirable	or	acceptable	is	a	question	that	

is	discussed	in	section	7.4.2).	High	value	portable	items	such	as	church	

plate	are	not	commonly	left	out	over	night	and	therefore	were	considered	

to	be	of	lower	priority	for	this	research	as	they	would	not	normally	be	

affected	by	the	nocturnal	activities	of	bats	flying	within	the	church	

interior.		

	

5.6 Data	generated	and	its	relevance	to	the	research	aims	of	this	

thesis	

	

Figure	16	on	the	following	page	summarises	the	connection	between	the	

research	goals	of	the	project,	the	experimental	methods	used	to	achieve	

these	goals,	and	the	basic	data	sets	gathered.
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Figure	16:	Table	showing	the	relationship	between	the	experimental	work	undertaken	for	

this	project,	the	data	it	will	generate,	and	the	specific	research	questions	that	will	be	

answered	using	that	data.

Experimental	
work	undertaken	

Data	set	
generated	

Research	questions	answered	

Urine	collection	from	
live	bats	in	order	to	
determine,	pH,	urea	
concentration	etc.	

Species	specific	
pH	data,	urea	
concentration	
and	K,	Na	and	Cl	
ion	
concentration	

Species	specific	understanding	of	what	bat	
urine	is	chemically,	including	urea	
concentration	and	pH.	Informed	
understanding	of	mechanisms	of	
deterioration.	

Experimental	work	
to	determine	effect	
of	deposition	rate,	
pH	and	urea	
concentration	of	
aqueous	solutions	on	
sample	materials	

Observations	
from	
experimental	
work		

Is	there	any	interaction	between	bat	
droppings	and	urine	and	those	materials	
commonly	found	within	a	church	building	
that	would	result	in	chemical,	physical	or	
visual	change?	
	
If	so,	what	is	the	nature	of	the	interaction	
and	what	are	the	mechanisms	involved?		
	
If	physical,	chemical	or	visual	change	does	
occur,	is	the	effect	impermanent	or	
superficial,	or	of	a	significant	and	
permanent	nature?	
	
Are	the	observable	interactions	(if	any)	
between	bat	droppings	and	urine,	and	
those	materials	commonly	found	within	a	
church	building	different	for	different	
species	of	bat?	
	

Experimental	work	
to	establish	the	role	
of	urea	crystals	in	
the	deterioration	of	
porous	materials	

ESEM	and	SEM	
micrograph	data	
showing	effect	of	
urea	
crystalisation	on	
porous	materials	

Exposure	of	test	
materials	to	bat	
droppings	and	urine	
for	subsequent	later	
analysis		

Exemplar	data	
set	showing	
quantifiable,	
physical	
chemical	and	
visual	change	on	
a	range	of	
materials		

Exposure	of	test	
materials	with	
protective	coatings	
to	bat	droppings	and	
urine	for	subsequent	
later	analysis	

Exemplar	data	
set	to	show	
efficacy	of	
surface	coatings	
and	proof	of	
reproducibility	of	
method	(when	
compared	with	
data	from	earlier	
sample	boards)	

Better	understanding	of	the	potential	for	
mitigation	strategies	involving	coatings	
(currently	coatings	are	not	used)	

Assessment	of	
current	mitigation	
strategies	in	light	of	
research	findings	

Critical	
assessment	of	
current	practice	
in	light	of	my	
research	
findings.	

How	effective	are	currently	recommended	
and	adopted	mitigation	practices	in	
preventing	any	observable	interaction	
between	bat	urine	and	droppings	and	those	
materials	commonly	found	within	a	church	
building?	
	
How	practical	and	viable	are	these	
mitigation	practices	in	real	terms?	
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6 Description	of	experimental	methods	used	to	obtain	data	

and	presentation	of	results.	

	

Experimental	work	undertaken	for	this	research	project	was	structured	to	

allow	fundamental	questions	(such	as	those	relating	to	the	composition	of	bat	

urine)	to	be	answered	prior	to	undertaking	further	work	that	would	need	to	

build	on	a	foundation	of	basic	knowledge.	In	the	following	section	all	

experimental	methods	are	presented	and	described,	then	immediately	

followed	by	the	presentation	of	results	and	observations	pertaining	to	them.	I	

have	chosen	to	use	this	format	in	the	hope	that	it	conveys	the	fact	that	much	of	

the	experimental	work	undertaken	grew	from,	or	was	directly	informed	by	

that	which	preceded	it,	and	that	information	is	presented	to	the	reader	in	the	

most	logical	way.	

6.1 Bat	urine	collection	and	analysis	

	

Damage	mechanisms	related	to	urine	deposition	are	likely	to	be	governed	by	

pH,	ion	concentration	and	urea	concentration,	as	well	as	by	any	material	left	

after	the	liquid	fraction	of	urine	has	evaporated.	Knowledge	of	the	chemistry	of	

bat	urine	is	therefore	of	key	importance,	yet	there	is	little	reliable	information	

on	this	subject	relating	to	UK	bats.		

	

In	guidance	literature	related	to	issues	concerning	bats	in	churches,	bat	urine	

is	universally	described	as	“70	per	cent	urea,	decaying	to	form	dilute	ammonia	

and	other	compounds	and	is	therefore	alkaline”	(Paine,	1998,	2,	Howard	and	

Richardson,	2009,	56,	Natural	England,	2011,	4).	

	

The	original	source	of	this	information	is	Stephen	Paine’s	unpublished	Diploma	

Thesis	completed	in	1991	(Paine,	1991).		A	review	of	the	work	in	question	

reveals	that	the	data	supporting	this	statement	is	based	on	a	urine	sample	from	

a	single	bat	and	that	calculations	made	using	the	data	obtained	are	problematic	
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(see	section	7.1.1).	No	supporting	evidence	for	the	statement	that	“urea	decays	

to	form	dilute	ammonia”	is	given	in	Paine’s	work,	nor	is	there	any	data	

supporting	the	assertion	that	bat	urine	has	an	alkaline	pH.	

	

While	mammalian	urine	can	contain	a	wide	range	of	compounds,	the	major	

urinary	solutes	are	urea,	sodium,	potassium	and	monovalent	ions	e.g.	chloride,	

Cl-	(Sands	and	Layton,	2009).	To	gather	more	reliable	data	on	which	to	base	

this	research,	quantities	of	bat	urine	from	multiple	bats	of	different	species	

were	obtained	and	analysed.	Analysis	of	the	bat	urine	focused	on:	

	

• Urea	concentration	

• Sodium	ion	concentration,		

• Potassium	ion	concentration		

• Chloride	ion	concentration	

• pH	

Apart	from	the	measurement	of	pH,	all	the	analyses	were	carried	out	by	Geoff	

Grant,	biochemist	at	the	Diagnostic	Laboratories,	Clinical	Services	Division	of	

the	Royal	Veterinary	College,	using	an	IL	ILab	600	clinical	chemistry	analyser.	

Na,	K	and	Cl	ion	concentrations	were	measured	by	ion	selective	electrodes	

(ISE),	and	urea	concentration	was	measured	spectrophotometrically	at	340nm.	

Urea	analysis	was	based	on	end-point	analysis	and	an	enzyme-coupled	

urease/GLDH	methodology.11	

		

Urine	analysis	required	a	minimum	of	150μl	of	urine	for	one	attempt	at	all	four	

tests.	In	order	to	allow	for	waste	during	pipetting	into	the	analyser,	200	μl	was	

ideally	required.	UK	bats	do	not	produce	this	volume	of	urine	individually,	

																																																								
11	In	this	method	urea	in	the	sample	is	hydrolysed	to	ammonia	and	carbon	dioxide	in	the	
presence	of	urease.	The	ammonia	produced	during	this	reaction	is	then	combined	with	alpha-

ketoglutarate	&	NADH	(nicotinamide	adenine	dinucleotide)	in	the	presence	of	glutamate	

dehydrogenase	producing	glutamate	&	NAD.	The	dissociation	of	NADH	is	calculated	by	

measuring	the	inverse	rate	reaction	at	340nm	which	is	proportional	to	urea	present	in	the	

sample.	
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commonly	producing	in	the	region	of	only	20	μl	per	micturition	(Shackelford	

and	Caire,	1993).	Therefore	a	method	of	urine	collection	based	on	pipetting	

multiple	fresh	urine	samples	from	the	surface	of	a	non-absorbent	material	

placed	in	the	enclosures	of	captive	bats12	was	devised.	The	approach	had	the	

advantage	that	it	could	be	carried	out	by	licenced	bat	workers	on	my	behalf,	

allowed	urine	to	be	collected	from	multiple	bats,	and	would	allow	a	sufficient	

volume	of	urine	for	analysis	to	be	collected.	In	addition	to	the	logistical	

advantages	stated	the	method	of	collection	meant	that	the	samples	analysed	

were	in	effect	a	“species	average”	composition,	and	therefore	the	risk	of	

collecting	urine	from	an	atypical	animal	or	an	animal	in	poor	health	was	

mitigated.	

	

		Bat	workers	caring	for	multiple	bats	were	contacted	and	asked	to	follow	the	

urine	collection	protocol	detailed	in	Appendix	7.	Using	this	method	urine	was	

successfully	collected	from	the	following	species	of	bat	in	sufficient	quantities	

to	enable	quantitative	analysis	to	be	undertaken.	I	am	grateful	to	Karen	Larkin	

and	Amanda	Millar	for	their	assistance	in	this	aspect	of	the	research.	

	

• Myotis	Nattereri	

• Nyctalus	noctula	

• Pipistrellus	Spp	

• Plecotus	auritus	

At	the	end	of	each	day	the	urine	samples	collected	were	frozen	in	order	to	

prevent	deterioration	of	the	sample.	Urine	associated	with	bat	droppings	was	

collected	separately	from	uncontaminated	urine	and	only	uncontaminated	

urine	was	used	for	compositional	analysis.		

	

In	addition	to	urine	collection,	the	bat	workers,	on	my	behalf,	conducted	pH	

measurements.	Measurements	were	taken	from	fresh	urine	collected	directly	

from	bats	in	the	hand,	or	from	the	surfaces	of	a	non-absorbent	material	placed	

																																																								
12	Previously	injured	or	displaced	bats	in	the	care	of	bat	workers.	
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in	the	enclosures	of	captive	bats.	Dosatest® two	zone narrow	range	indicator	

papers	were	used	allowing	pH	measurement	to	be	taken	to	an	accuracy	of	±	

0.15.	

6.1.1 Results	

	

Urine	was	successfully	collected	in	sufficient	quantities	to	enable	quantitative	

analysis	and	pH	readings	to	be	undertaken.	The	results	are	given	below	in	

addition	to	observations	made	regarding	discolouration	of	the	urine	as	a	result	

of	contamination	with	bat	droppings.	

6.1.1.1 Discolouration	of	urine	associated	with	droppings.	

	

The	image	below	shows	collected	urine	in	vials	prior	to	analysis.	Urine	was	

collected	according	to	the	protocol	described	in	Appendix	7	with	urine	

associated	with	bat	droppings	collected	separately	from	uncontaminated	

urine,	the	original	intention	being	to	prevent	any	contamination	of	the	urine	

that	would	affect	subsequent	chemical	analysis.	An	unexpected	result	of	taking	

this	approach	was	that	the	discolouration	of	bat	urine	associated	with	bat	

droppings	was	clearly	seen.	This	was	a	significant	finding	as	it	had	implications	

for	damage	mechanisms	that	could	result	from	droppings	and	urine	in	

combination	e.g.	staining	of	porous	materials.	
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Figure	17:	Image	showing	bat	urine	once	collected	and	prior	to	analysis,	note	the	discoloured	

sample	on	the	right	that	has	been	contaminated	by	association	with	droppings.	Both	samples	

above	were	collected	from	Brown	Long	Eared	bats	(Plecotus	auritus).	
	

As	can	be	seen	from	figure	17	close	association	with	bat	droppings	had	led	to	

the	solubilisation	of	bile	pigments	from	the	faeces	causing	a	distinct	

discoloration	of	the	urine.	The	discoloration	is	most	likely	to	be	due	to	the	

presence	of	stercobilin.			

	

Stercobilin	is	an	end-product	of	heme	catabolism	(Boron	and	Boulpaep,	2016.	

944	-	974),	it	is	a	tetrapyrrolic	bile	pigment	and	is	responsible	for	the	brown	

colour	in	human	and	animal	faeces.	Heme	(an	Fe2+	ion	contained	in	the	centre	

of	a	large	heterocyclic	organic	ring	known	as	a	porphyrin)	is	most	commonly	

found	in	biologically	important	hemoproteins	such	as	hemoglobin,	myoglobin	

and	cytochrome.		
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The	figure	below	shows	the	molecular	structure	of	stercobilin.	

	

	
Figure	18:	Molecular	structure	of	stercobilin	showing	presence	of	both	carbonyl	and	carboxyl	

groups.	

	

As	can	be	seen	above,	the	presence	of	the	carbonyl	group	(carbon-oxygen	

double	bond)	and	carboxyl	groups	(hydroxylated	carbonyl	group)	on	the	

stercobilin	molecule	allow	for	solubility	in	urine	as	a	result	of	dispersion	

forces,	dipole-dipole	attractions	and	hydrogen	bonding	with	water	molecules.	

The	resulting	highly	discoloured	urine	has	great	potential	to	cause	staining	and	

will	be	discussed	further	in	later	sections.	
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6.1.1.2 Quantitative	analysis.	

	

Results	of	the	quantitative	analysis	undertaken	on	the	four	different	

urine	samples	can	be	found	in	the	following	table.	Original	quantitative	

analysis	reports	as	received	from	The	Royal	Veterinary	College,	in	

Hertfordshire,	can	be	found	in	Appendix	8.	

	

	

Species	 Urinary	
Sodium	
mmol/l	

Urinary	
Potassium	
mmol/l	

Urinary	
Chloride	
mmol/l	

Urinary	Urea	
mmol/l	

Myotis	
Nattereri	
	

283	 143.4	 65	 1841	

Nyctalus	
noctula	 274	 113.9	 86	 1777	

Pipistrellus	
Spp	
	

431	 243	 214	 3120	

Plecotus	
auritus	
	

464	 228	 181	 2419	

	
Figure	19:	Table	showing	quantitative	analysis	of	urine	from	four	different	species	of	bat.	

Results	are	given	in	mmol/l	for	urinary	sodium,	potassium,	chloride	and	urea.	

	

Figure	19	shows	that	there	is	a	greater	quantity	of	solute	in	the	urine	of	

Pipistrellus	spp	and	Plecotus	auritus	as	compared	to	the	other	species	

examined.	However,	by	expressing	the	concentration	of	the	solute	in	each	

sample	as	molar	percentages	(i.e.	expressing	the	different	analytes	as	

quantities	relative	to	each	other)	it	can	be	seen	that	the	components	of	

the	bat	urine	analysed	show	a	good	degree	of	consistency	across	the	four	

species,	with	little	to	no	variance	beyond	the	calculated	standard	

deviation.	What	this	means,	is	that	urine	composition	is	broadly	

consistent	across	all	four	species,	yet	the	concentration	of	the	urine	is	

not.		
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Figure	20:	Graph	showing	quantitative	analysis	of	urine	from	four	different	species	of	bat	

converted	to	relative	molar	percentages	for	each	species.	

	

	

What	is	most	striking	about	the	data	is	that	the	concentration	of	the	urine	

is	inversely	proportional	to	the	size	of	the	bat,	with	larger	bats	producing	

more	dilute	urine.	Figure	21	below	shows	the	relationship	between	bat	

size	(represented	by	wingspan)	and	urea	concentration	-	the	relationship	

between	the	two	parameters	can	clearly	be	seen.	If	the	solutes	detected	

were	to	be	found	to	play	a	significant	role	in	deterioration	mechanisms,	

then	clearly	their	relative	abundance	in	the	urine	of	different	species	of	

bat	will	be	a	factor	affecting	the	levels	of	deterioration	that	might	be	

expected	from	roosts	of	different	species.	
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Figure	21:	Graph	showing	the	inversely	proportional	relationship	between	bat	size	

(represented	by	wingspan	in	mm)	and	urea	concentration	in	mmol/l.	to	further	highlight	the	

relationship,	polynomial	trend	lines	are	shown	for	both	wingspan	and	urinary	urea.	

6.1.1.3 Bat	urine	pH	

	

Successful	pH	readings	were	obtained	in	sufficient	numbers	to	allow	

urine	pH	ranges	and	median	values	to	be	determined	for	five	species	of	

bat.	In	total	73	individual	pH	readings	were	recorded	from	six	bat	

species.	Numbers	of	readings	taken	per	species	are	shown	in	the	table	

below.	A	complete	data	set	of	all	73	individual	readings	can	be	found	in	

Appendix	9.		

Species	 Total	number	of	pH	readings	
taken	

Plecotus	auritus	 24	
Myotis	nattereri	 10	
Nyctalus	noctula	 12	
Pipistrellus	Spp	 22	
Eptesicus	serotinus	 3	
Myotis	mystacinus	 1	
	
Figure	22:	Table	showing	total	number	of	pH	readings	taken	per	species	of	bat	
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Figure	23:	Median	Dq	plot	showing	urine	pH	ranges	obtained	for	five	UK	bat	species.	

 
Median Dq plot explained: The graph is a “box and whisker” plot. The “whiskers” show the 
minimum and maximum pH values recorded for each species, the interquartile range (Q3-Q1) 
shows the distribution of the middle 50% of the data points and is represented by the “box”, 
the median value shown by the horizontal line appearing inside. Associated raw statistical 
data can be found in Appendix 9.  

pH	of	bat	urine	
Graph	showing	Min,	Max,	Median,	outlier	values	and	IQR	(interquartile	range),	for	urine	pH	as	calculated	for	

five	bat	species.	
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As	can	be	seen	pH	ranges	for	all	species	tested	are	broadly	similar	with	a	total	

range	for	all	readings	between	pH	5.3	-	6.8.	All	these	values	fall	within	a	pH	

range	that	would	be	described	as	acidic,	however	to	provide	some	context,	

bottled	drinking	water	sold	in	the	U.K.	has	a	pH	that	ranges	from	4.2	–	8.7	

depending	on	source	(Buckscc,	2005)	and	de-ionised	water	used	in	

conservation	laboratories	commonly	has	a	pH	of	5.5.	Therefore,	while	the	pH	

of	bat	urine	is	acidic,	it	is	only	mildly	so.		

	

6.2 Observation	of	the	effect	of	deposition	rate,	pH	and	urea	

concentration	of	aqueous	solutions	on	sample	materials	

	

An	experiment	was	designed	in	order	to	observe	the	effects	of	urine	deposition	

rate,	pH	and	urea	concentration.	The	aim	of	the	work	was	to	discover	what	

effect	if	any,	increase	in	the	deposition	rate,	pH	and	urea	concentration	of	

solutions	might	have	when	applied	to	the	surface	of	test	materials.	The	

experiment	also	gave	an	opportunity	to	observe	at	close	quarters	the	

behaviour	of	urea	solutions	on	a	range	of	materials	both	immediately	after	

deposition,	and	after	being	present	on	the	surface	for	a	period	of	time.		

Experimental	design	incorporated	protocols	that	enabled	the	effect	of	

successive	periods	of	deposition	to	be	evaluated,	how	quickly	test	materials	

might	respond	to	the	urea	solutions	applied,	and	also	if	the	removal	of	solution	

from	the	surface	between	applications	(representative	of	regular	cleaning	in	a	

church)	affected	the	results.		This	experiment	was	intended	to	give	only	

qualitative	data	but	would	never	the	less	greatly	contribute	to	a	better	

understanding	of	potential	damage	mechanisms	associated	with	bat	urine.	

	

Previous	experimental	work	(see	section	6.1	above)	had	provided	information	

regarding	the	pH	range	of	urine	from	UK	bat	species	(pH	5.3	–	6.8)	and	also	

data	regarding	urinary	urea	concentration	(1.78mol	–	3.12mol).	Test	materials	

were	those	identified	previously	in	section	5.5.2	and	shown	in	Figure	14.	
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6.2.1 Urea	concentration,	volume	and	pH	of	solutions	used	

	

For	the	experiment	urea	solutions	were	made	at	the	following	concentrations	

in	order	to	represent	the	urinary	urea	concentration	found	in	UK	bats:	0.4mol,	

0.8mol,	1.6mol,	and	3.2	mol.	These	concentrations	were	chosen	as	they	not	

only	covered	the	required	range	but	also	allowed	for	a	simple	serial	dilution	to	

be	carried	out	in	order	to	facilitate	experimental	work	and	reduce	the	risk	of	

human	error	when	making	up	and	measuring	the	solutions.	

	

Both	pure	deionised	water	(pH	5)	and	deionised	water	buffered	with	a	few	

drops	of	ammonia	(pH	7)	were	used	to	make	the	solutions,	thereby	replicating	

the	extreme	ends	of	the	pH	range	of	bat	urine	previously	ascertained.	All	

solutions	were	made	fresh	each	day	prior	to	application	on	the	test	materials.		

	

The	list	below	summarises	the	solutions	used	in	this	experiment.	

	

Control		-	DI	H20	at	pH	7	

0.4	mol	urea	solution	at	pH	7	

0.8	mol	urea	solution	at	pH	7	

1.6	mol	urea	solution	at	pH	7	

3.2	mol	urea	solution	at	pH	7	

	

Control		-	DI	H20	at	pH	5	

0.4	mol	urea	solution	at	pH	5	

0.8	mol	urea	solution	at	pH	5	

1.6	mol	urea	solution	at	pH	5	

3.2	mol	urea	solution	at	pH	5	

	

	

The	solutions	were	applied	to	the	samples	using	an	aspirated	pipette	

calibrated	to	deliver	20	μl	of	solution	onto	the	sample.	20	μl	of	urea	solution	

was	used	as	personal	observation	and	published	research	had	shown	this	to	be	

the	typical	volume	of	urine	held	in	the	bladder	of	small	insectivorous	bats	

(Caire	et	al.,	1982).	Pipette	tips	were	changed	for	the	application	of	each	

solution.	Details	of	the	supplier,	batch	number	and	reagent	grade	of	the	urea	

used	for	the	experiment	can	be	found	in	Appendix	10.	
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6.2.2 Schedule	of	application	and	removal	of	solutions	from	the	test	

samples	

	

The	experiment	was	conducted	over	an	8	day	period.	Some	application	sites	

were	wiped	clean	at	specific	intervals	after	the	application	of	urea	solution,	

whereas	some	were	left	with	residual	urea	solution	from	previous	applications	

on	the	surface.	Two	versions	of	the	experiment	were	run,	samples	from	one	

experiment	being	wiped	(when	required)	with	a	microfibre	cloth	moistened	

with	deionised	water,	and	samples	from	the	other	being	wiped	with	a	dry	

microfibre	cloth.	

	

Day	1	

Urea	solutions	applied	to	two	duplicate	groups	of	test	substrates	(Group	

A	and	B).		On	each	substrate	10	columns	of	drops	were	applied,	each	

column	representing	one	of	the	solution	types.	In	each	column	there	

were	7	drops,	thus	a	total	of	70	drops	was	applied	to	each	substrate.	

The	figure	below	illustrates	the	relative	position	and	solution	chemistry	

of	each	droplet	of	solution	applied	to	the	test	substrates.	
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Figure	24:	Diagram	showing	the	relative	position	and	solution	chemistry	of	urea	test	solutions	

applied	to	sample	materials	in	order	to	assess	the	effect	of	deposition	rate,	pH	and	urea	

concentration.	
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Figure	25:	Image	showing	the	two	groups	of	sample	materials	after	application	of	solutions	on	day	

1	of	the	experiment.	Group	A	is	on	the	left,	and	Group	B	is	on	the	right.	

	

Day	2	

Group	A		

Rows	2	and	7	were	wiped	with	a	dry	microfibre	cloth	in	order	to	

remove	previously	applied	solution.	Solutions	were	then	reapplied	to	

rows	6	and	7	as	per	day	1	of	the	experiment.	

	

Group	B		

Rows	2	and	7	were	wiped	with	a	wet	microfibre	cloth	in	order	to	

remove	previously	applied	solution.	Solutions	were	then	reapplied	to	

rows	6	and	7	as	per	day	1	of	the	experiment.	

Day	3	

Group	A		

Rows	3	and	7	were	wiped	with	a	dry	microfibre	cloth	in	order	to	

remove	previously	applied	solution.	Solutions	were	then	reapplied	to	

rows	6	and	7	as	per	day	1	of	the	experiment.	

	

Group	B		

Rows	3	and	7	were	wiped	with	a	wet	microfibre	cloth	in	order	to	

remove	previously	applied	solution.	Solutions	were	then	reapplied	to	

rows	6	and	7	as	per	day	1	of	the	experiment.	
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Day	4	

Group	A		

Rows	4	and	7	were	wiped	with	a	dry	microfibre	cloth	in	order	to	

remove	previously	applied	solution.	Solutions	were	then	reapplied	to	

rows	6	and	7	as	per	day	1	of	the	experiment.	

	

Group	B		

Rows	4	and	7	were	wiped	with	a	wet	microfibre	cloth	in	order	to	

remove	previously	applied	solution.	Solutions	were	then	reapplied	to	

rows	6	and	7	as	per	day	1	of	the	experiment.	

	

Day	5	

Group	A		

Only	row	7	was	wiped	with	a	dry	microfibre	cloth	in	order	to	remove	

previously	applied	solution.	Solutions	were	then	reapplied	to	rows	6	

and	7	as	per	day	1	of	the	experiment.	

	

Group	B		

Only	row	7	was	wiped	with	a	wet	microfibre	cloth	in	order	to	remove	

previously	applied	solution.	Solutions	were	then	reapplied	to	rows	6	

and	7	as	per	day	1	of	the	experiment.	

	

Day	7	

Group	A		

Only	row	7	was	wiped	with	a	dry	microfibre	cloth	in	order	to	remove	

previously	applied	solution.	Solutions	were	then	reapplied	to	rows	6	

and	7	as	per	day	1	of	the	experiment.	

	

Group	B		

Only	row	7	was	wiped	with	a	wet	microfibre	cloth	in	order	to	remove	

previously	applied	solution.	Solutions	were	then	reapplied	to	rows	6	

and	7	as	per	day	1	of	the	experiment.	
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Day	8	

Group	A		

Rows	5	and	7	were	wiped	with	a	dry	microfibre	cloth	in	order	to	

remove	previously	applied	solution.		

	

Group	B		

Rows	5	and	7	were	wiped	with	a	wet	microfibre	cloth	in	order	to	

remove	previously	applied	solution.		

	

A	summary	of	deposition	profiles	and	their	relative	positions	on	the	test	

materials	at	the	conclusion	of	the	experiment	is	given	below.	
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Figure	26:	Diagram	summarising	deposition	profiles	and	their	relative	positions	on	the	test	

materials	at	the	conclusion	of	the	experiment	to	assess	the	effect	of	deposition	rate,	pH	and	urea	

concentration.	
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The	following	table	highlights	how	the	information	gathered	in	this	experiment	

relates	to	different	deposition	profiles	and	cleaning	scenarios	(both	wet	

cleaning	and	dry	cleaning).	

	
Row	1	

Solution	applied	and	left	on	

surface	for	168hrs	

Represents	a	deposition	profile	in	which	urine	is	deposited	on	a	surface	only	

once	but	then	remains	in	situ	for	a	period	of	7	days	

Row	2	

Wiped	after	24hrs	

Represents	a	deposition	profile	in	which	urine	is	deposited	on	a	surface	only	

once	but	removal	is	attempted	(either	through	dry	or	wet	wiping)	after	1	day	
Row	3	

Wiped	after	48hrs	

Represents	a	deposition	profile	in	which	urine	is	deposited	on	a	surface	only	

once	but	removal	is	attempted	(either	through	dry	or	wet	wiping)	after	2	days	
Row	4	

Wiped	after	72hrs	

Represents	a	deposition	profile	in	which	urine	is	deposited	on	a	surface	only	

once	but	removal	is	attempted	(either	through	dry	or	wet	wiping)	after	3	days	
Row	5	

Wiped	after	168hrs	

Represents	a	deposition	profile	in	which	urine	is	deposited	on	a	surface	only	

once	but	removal	is	attempted	(either	through	dry	or	wet	wiping)	after	7	days	
Row	6	

Solution	applied	daily	

Cumulative	applications	(not	

wiped)	

Represents	a	deposition	profile	in	which	urine	is	deposited	on	a	surface	multiple	

times	and	remains	in	situ	for	a	period	of	7	days	

Row	7	

Solution	applied	daily	but	wiped	

prior	to	re	application	

Represents	a	deposition	profile	in	which	urine	is	deposited	on	a	surface	multiple	

times	but	removal	is	attempted	(either	through	dry	or	wet	wiping)	on	a	daily		

basis	

	

Figure	27:		Table	showing	how	the	information	gathered	in	the	urea	deposition	experiment	relates	

to	different	deposition	profiles	and	cleaning	scenarios.		

	

6.2.3 Results	

	

6.2.3.1 General	observations	of	solution/sample	interaction	

	

Urea	solution	applied	to	the	surface	of	the	test	materials	was	seen	to	result	in	a	

range	of	different	effects	and	much	useful	information	regarding	the	behaviour	

of	urea	solutions	on	various	surfaces	was	gained.		The	experiment	was	

conducted	successfully	and	written	observations	were	recorded	in	addition	to	

photographs	being	taken	of	the	solution/sample	interactions	observed.	

Changes	in	surface	chemistry	resulting	from	the	application	of	urea	solutions	

to	test	samples	were	not	assessed.	
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Porosity	of	test	materials	

	

Unsurprisingly	the	aqueous	solutions	applied	were	found	to	remain	on	the	

surface	of	non-porous	test	substrates,	but	to	become	absorbed	by	the	more	

porous	materials	used	in	the	experiment.		Absorption	happened	at	different	

rates	depending	on	substrate,	and	also	(in	the	case	of	the	wooden	samples)	if	

any	coatings	had	been	applied.	

	

Materials	found	to	be	porous	(ranked	from	most	porous	to	least)	were:	

	

• Oak	-	untreated	

• Pine	-	untreated	

• Marble	

• Oak		-	waxed	

• Pine	-	waxed	
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The	table	below	shows	which	materials	absorbed	the	solutions	applied	on	Day	

1	of	the	experiment	and	how	quickly	they	did	so.	

	

Test	material	 Absorbance	of	aqueous	test	solutions	
after	initial	application	

Lead/tin	alloy		
94/4	(remainder	trace	elements)	

Solutions	not	absorbed.	DI	H20	starts	to	evaporate	
from	surface	after	4	hours	but	urea	solutions	of	all	
concentrations	remain.	

Lead/tin	alloy		
42/51	(remainder	trace	elements)	

As	above	

Lead/tin	alloy	
29/66	(remainder	trace	elements)	

As	above	

Copper/zinc	alloy		
90/10	alpha	(Gilding	metal	CW501L)	

As	above	

Copper/zinc	alloy		
70/30	alpha	(cartridge	brass	CW505L)	

As	above	

Copper/zinc	alloy		
63/37	alpha	(common	brass	CW508L)	

As	above	

Copper/zinc	alloy		
59/39/2pb	alpha/beta		
(engraving	brass	–	modern	CW608N)	

As	above	

Alabaster	 As	above	
Marble	 Solution	absorbed	into	body	of	material	rapidly	(<	5	

mins),	then	more	gradually.	All	solution	absorbed	
after	1.5	hours.	Individual	dots	of	solution	have	
permeated	surface	and	coalesced	to	form	a	single	
sub	surface	liquid	phase.	

Granite	 Solutions	not	absorbed.	DI	H20	starts	to	evaporate	
from	surface	after	4	hours	but	urea	solutions	of	all	
concentrations	remain.	

Oak		-	untreated	
	

Solution	readily	absorbed	into	body	of	material	in	
less	than	5	mins	

Oak		-	waxed	
	

Solution	absorbed	into	body	of	material	but	after	a	
20	minute	delay	due	to	surface	coating	

Oak		-	coated	with	shellac	
	

Solutions	not	absorbed.	DI	H20	starts	to	evaporate	
from	surface	after	4	hours	but	urea	solutions	of	all	
concentrations	remain.	

Pitch	Pine		-	untreated	 Solution	readily	absorbed	into	body	of	material	in	
less	than	5	mins	

Pitch	Pine		-	waxed	 Solution	absorbed	into	body	of	material	but	after	a	
3-4	hour	period	of	delay	due	to	surface	coating		

Pitch	Pine		-	coated	with	shellac	 Solutions	not	absorbed.	DI	H20	starts	to	evaporate	
from	surface	after	4	hours	but	urea	solutions	of	all	
concentrations	remain.	

	

(CW	numbers	for	copper	alloys	refer	to	British	Standard	numbers	for	the	specified	alloy)	

	
Figure	28:	Table	describing	rate	of	absorption	of	urea	solution	by	different	test	materials	
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Effect	of	wood	microstructure	(Angiosperm	vs.	Gymnosperm)	

	

It	was	interesting	to	observe	how	the	different	materials	were	affected	by	the	

solutions	and	coatings.	Untreated	wood	samples	both	quickly	absorbed	the	

solutions,	but	a	difference	in	absorption	rate	and	transport	of	the	solutions	into	

the	wood	surface	could	be	seen.	Oak	(an	Angiosperm	[hardwood]	with	an	open	

grain	structure	and	the	presence	of	large	longitudinal	vessels)	absorbed	the	

solutions	most	quickly,	with	pine	(a	Gymnosperm	[softwood]	with	regular	

grain	structure	and	longitudinal	tracheids)	taking	longer.	The	more	open	grain	

structure	of	the	oak	samples	also	limited	the	applied	wax	coatings	ability	to	

perform	effectively	as	a	barrier,	with	solutions	permeating	the	wax	surface	

after	only	a	20	minute	delay	as	compared	with	3-4	hours	on	the	wax	coated	

pine	sample.	Once	absorbed	solutions	remained	local	to	the	original	site	of	

deposition	on	the	pine	samples	whereas	on	the	oak	samples	solutions	had	a	

tendency	to	be	transported	along	the	grain	structure	and	coalesce.	The	images	

below	show	the	pitch	pine	and	oak	sample	materials	photographed	at	the	end	

of	the	process	of	applying	test	solutions	on	Day	1	of	the	experiment.	Applying	a	

single	solution	to	all	test	substrates	took	approximately	16	minutes	therefore	

in	the	images	that	follow	the	solutions	on	the	left	have	been	on	the	surface	for	

the	longest	time.	The	following	table	gives	an	(approximate)	indication	of	how	

long	the	solutions	on	the	samples	shown	in	the	images	have	been	on	the	

surface.	

	
	 Ph7	

0		
mol	
urea	

Ph7	
0.4	
mol	
urea	

Ph7	
0.8	
mol	
urea	

Ph7	
1.6	
mol	
urea	

Ph7	
3.2	
mol	
urea	

Ph5	
0		
mol	
urea	

Ph5	
0.4	
mol	
urea	

Ph5	
0.8	
mol	
urea	

Ph5	
1.6	
mol	
urea	

Ph5	
3.2	
mol	
urea	

	
Approximate	amount	of	
time	(in	minutes)	that	
solution	has	been	in	
contact	with	the	surface	
of	the	test	samples	
shown	below		

146	 130	 114	 98	 82	 66	 50	 34	 18	 2	

	

Figure	29:	Table	showing	approximate	amount	of	time	(in	minutes)	that	solution	has	been	in	

contact	with	the	surface	of	the	test	samples	shown	in	figures	30,	31	and	32.	
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Figure	30:		Untreated	pitch	pine	(left)	and	oak	(right)	photographed	after	the	application	of	test	

solutions.	Solutions	can	be	seen	to	be	absorbed	into	both	surfaces	over	short	periods	of	time.	Oak	

also	shows	the	transport	of	solutions	along	the	grain	structure	of	the	wood.	Some	solutions	

absorbed	into	the	surface	of	the	wood	on	both	samples	can	be	seen	to	have	evaporated.	Samples	

shown	are	10cm	x	10cm.	

	

	
	
Figure	31:		Wax	coated	pitch	pine	(left)	and	oak	(right)	photographed	after	the	application	of	test	

solutions.	Note	that	the	wax	coating	is	providing	a	less	effective	barrier	on	the	oak	sample.	

	



	 140	

	
	
Figure	32:		Shellac	coated	pitch	pine	(left)	and	oak	(right)	photographed	after	the	application	of	test	

solutions.	The	shellac	is	performing	effectively	as	a	barrier	in	both	examples.	

	

As	the	experiment	progressed	the	effect	of	solutions	in	contact	with	the	surface	

coatings	for	an	extended	period	became	more	apparent.		Coatings	applied	to	

the	close	grained,	more	uniform	surface	of	the	pitch	pine	samples	all	continued	

to	perform	well	throughout	the	experiment.	Shellac	showed	no	response	to	the	

solutions	applied,	and	while	the	wax	coating	showed	signs	of	the	classic	white	

bloom	or	“water	mark”	related	to	contact	with	aqueous	solutions	(Rivers	and	

Umney,	2003,	338)	it	remained	an	effective	barrier	for	the	duration	of	the	

tests.	Untreated	pitch	pine	samples	also	showed	very	limited	response	to	the	

solutions	applied.	

	

The	more	open	grain	structure	of	the	oak	samples	(described	above)	was	

found	not	only	to	affect	the	ability	of	the	surface	coatings	initially,	but	also	

resulted	in	certain	associated	deterioration	processes	as	the	experiment	

progressed.	The	ability	of	the	solutions	to	permeate	the	surface	coatings	on	the	

oak	samples	created	a	loss	of	adhesion	between	the	coatings	and	the	wood	

resulting	in	both	white	water	marks	and	black	water	marks.	White	water	

marks	are	caused	initially	by	moisture	trapped	within	the	coating	itself	and	

latterly	by	a	subsequent	loss	of	adhesion	between	the	coating	and	the	wooden	

substrate,	black	water	marks	result	from	water	staining	of	the	wood	substrate	

beneath	the	surface	coating	(Rivers	and	Umney,	2003,	338).	Once	urea	
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solutions	had	penetrated	beneath	the	surface	coatings	cycles	of	crystal	growth	

(described	in	section	6.2.3.2	below)	further	disrupted	the	surface	coatings	

resulting	in	lifting	and	blistering.	Images	taken	at	the	end	of	the	experiment	of	

both	pitch	pine	and	oak	samples	are	shown	below.	

	

	
	
Figure	33:		Untreated	pitch	pine	(left)	and	oak	(right)	photographed	at	the	end	of	the	8	day	

experiment.	Pitch	pine	has	been	largely	unaffected	by	the	application	of	solutions,	some	lightening	

of	the	surface	has	occurred	on	both	sample,	but	can	be	more	clearly	seen	on	the	oak	sample.	

Samples	shown	are	10cm	x	10cm.	

	

	

	
	
Figure	34:		Wax	coated	pitch	pine	(left)	and	oak	(right)	photographed	at	the	end	of	the	8	day	

experiment.	Water	staining	can	be	seen	on	both	samples	but	the	wax	coating	is	providing	a	less	

effective	barrier	on	the	oak	sample	resulting	in	both	white	and	black	water	staining.	
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Figure	35:		Shellac	coated	pitch	pine	(left)	and	oak	(right)	photographed	at	the	end	of	the	8	day	

experiment.	The	shellac	coating	on	the	pine	sample	remains	unaffected	whereas	the	coating	on	the	

oak	sample	is	detaching	from	the	surface	and	beginning	to	crack	and	blister.	

	

Porosity	of	Marble	

	

The	marble	test	sample	was	also	found	to	be	porous	with	the	applied	solutions	

being	partly	absorbed	into	body	of	the	material	very	rapidly	at	first,	and	then	

more	gradually	until	fully	absorbed.	Once	solutions	had	permeated	the	surface	

of	the	test	sample	they	coalesced	to	form	a	single	sub	surface	liquid	phase	that	

spread	within	the	material.	
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Figure	36:		Marble	sample	showing	the	solvent	front	of	the	absorbed	solution	moving	through	the	

sample	(from	top	to	bottom),	the	solution	hasn't	been	able	to	penetrate	some	of	the	more	

crystalline	areas	of	the	marble	which	remain	lighter	in	colour.	Dots	of	(as	yet)	unabsorbed	solution	

can	also	be	seen	on	the	right.	Sample	shown	10cm	X	10	cm.	

6.2.3.2 Behaviour	of	urea	solutions	in	relation	to	increasing	concentration	

	

After	running	the	experiment	for	24	hours	it	became	apparent	that	urea	

concentration	played	a	key	role	in	the	behaviour	of	test	solutions.	While	

deionised	water	had	evaporated	from	the	surface	of	all	samples,	solutions	

containing	a	higher	concentration	of	urea	remained	on	the	surface	in	volumes	

proportional	to	their	concentration	i.e.	the	solutions	with	the	highest	

concentration	of	urea	showed	the	slowest	rate	of	evaporation.		

	

The	image	below	shows	a	brass	sample	photographed	on	day	two	of	the	

experiment,	the	volume	of	the	liquid	droplets	on	the	surface	can	clearly	be	

seen	to	increase	in	relation	to	the	concentration	of	urea	solution	applied	in	that	

area.		

	

	
Figure	37:	Brass	sample	photographed	on	day	two	of	the	experiment.	Urea	solutions	remain	on	the	

surface	in	proportion	to	their	increasing	concentration.	Sample	shown	10cm	X	10	cm.	

	

Within	water/urea	solvent	mixtures	extensive	hydrogen	bonding	between	

urea	molecules	and	water	molecules	results	in	an	increase	in	surface	tension	
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and	a	corresponding	decrease	in	vapour	pressure	(Birkhold	et	al.,	2006,	

Kleinjung	and	Fraternali,	2012).	This	results	in	a	decrease	in	evaporation	rate	

for	urea/water	mixtures	and	explains	why	the	solutions	exhibited	the	

observed	behaviour	i.e.	solutions	containing	a	greater	proportion	of	urea	

remaining	on	the	surface	of	nonporous	test	substrates	for	a	longer	period	of	

time.	

	

Crystalisation	and	recrystallisation	of	deposited	solutions	in	response	

to	environmental	change	

	

As	the	experiment	progressed	and	the	liquid	fraction	evaporated	from	the	

applied	urea	solutions,	urea	crystals	were	precipitated	on	the	surfaces	of	the	

test	materials.	This	could	most	readily	be	seen	on	the	non-porous	test	samples.	

The	image	below	shows	a	sample	of	granite	on	which	urea	crystals	can	be	seen	

on	the	surface	(the	photograph	was	taken	on	day	four	of	the	experiment	hence	

rows	2	and	3	have	been	wiped	to	remove	the	solutions).	

	

																																											 	
	
Figure	38:	Granite	sample	photographed	on	day	four	of	the	experiment,	showing	urea	crystals	on	

the	surface	after	the	evaporation	of	the	test	solutions	(solutions	have	been	removed	from	rows	2	

and	3).	Sample	shown	10cm	X	10	cm.	

	

Observation	of	test	samples	on	the	following	day	of	the	experiment	showed	

that	as	a	result	of	high	ambient	relative	humidity,	urea	crystals	deposited	on	
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the	surface	of	the	samples	the	previous	day	had	begun	to	absorb	moisture	from	

the	atmosphere	resulting	in	deliquescence	and	the	re-formation	of	aqueous	

solutions.		

	

This	could	most	easily	be	observed	on	nonporous	samples,	however	the	

phenomenon	was	also	apparent	on	porous	materials,	being	observed	as	a	

general	wetting	of	the	previously	dry	surfaces.	The	image	below	shows	the	

same	granite	sample	as	shown	in	figure	38	photographed	on	day	five	of	the	

experiment	(the	following	day)	urea	crystals	can	be	seen	deliquescing	back	

into	solution.		

	

																																										 	
	
Figure	39:	The	same	granite	sample	as	shown	in	figure	38	photographed	on	day	five	of	the	

experiment,	showing	urea	crystals	deliquescing	back	into	solution	due	to	the	high	ambient	RH.	

Sample	shown	10cm	X	10	cm.	

	

The	end	volume	of	solution	resulting	on	the	surface	of	the	samples	was	in	

direct	relation	to	the	amount	of	urea	precipitated	in	that	area	previously	and	

therefore	directly	proportional	to	the	concentration	of	the	original	urea	

solution	applied.	

	

As	the	experiment	progressed	repeated	cycles	of	deliquescence	and	

recrystallisation	on	the	surface	of	nonporous	materials	resulted	in	the	spread	

of	solutions	across	the	surface.	While	the	initial	process	of	deliquescence	
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resulted	in	the	formation	of	solutions	local	to	the	area	of	crystal	placement,	

when	solutions	again	began	to	evaporate	recrystallisation	of	urea	sometimes	

resulted	in	crystal	formation	that	extended	beyond	the	initial	contact	area.	The	

image	below	shows	a	brass	test	sample	one	month	after	the	conclusion	of	the	

experiment,	it	gives	a	good	example	of	how	urea	solutions	can	spread	across	a	

surface	as	a	result	of	repeated	cycles	of	crystallisation	and	hydration.	

	

	
Figure	40:	Brass	test	sample	showing	how	urea	solutions	can	spread	across	the	surface	of	a	non-

porous	material	as	a	result	of	repeated	cycles	of	crystallisation	and	hydration.	

	

Cycles	of	deliquescence	and	recrystalisation	were	not	seen	to	the	same	extent	

on	porous	test	samples,	this	may	have	been	partly	due	to	the	fact	that	the	urea	

solutions	originally	applied	to	the	surface	had	soaked	in	and	diffused	

throughout	the	substrate	material.	This	would	have	had	the	effect	of	

distributing	a	low	concentration	of	urea	precipitate	throughout	the	substrate,	

if	crystal	growth	did	then	occur	the	result	would	be	the	formation	of	much	

smaller	crystals	which	would	be	less	easily	observed	due	to	small	size	and	

location	within	the	sample.	Location	within	the	test	substrates	(as	opposed	to	

on	the	surface)	would	also	likely	protect	deposited	urea	from	changes	in	

ambient	relative	humidity.	

	

Where	the	effect	of	crystalisation	and	recrystallisation	on	the	porous	materials	

could	most	readily	be	seen	was	in	areas	where	the	applied	urea	solutions	had	
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penetrated	and	coalesced	in	surface	imperfections	in	the	alabaster	samples.	

The	image	below	shows	how	crystal	formation	within	a	more	porous	area	of	an	

alabaster	sample	has	caused	deterioration	of	the	substrate	material	as	a	result	

of	cyclic	volume	change.	The	“red”	powdery	crystal	growth	shown	in	the	

enlarged	area	of	the	image	below	is	a	result	of	powdered	alabaster	becoming	

associated	with	fine	urea	crystals,	evidence	that	in	this	example	deterioration	

of	the	substrate	material	has	occurred	as	a	result	of	cyclic	urea	crystal	growth.		

	

	
Figure	41:	Urea	crystal	formation	within	a	more	porous	area/structural	weakness	in	alabaster	

sample.	Note	the	needle	like	urea	crystals	on	the	surface	and	the	red	coloured	crystal	growth	on	

the	enlarged	area	of	the	image.		

6.2.3.3 Corrosion/tarnish	of	metal	samples	

	

Lead/Tin	alloys	

	

Of	the	lead/tin	alloy	test	samples	only	those	with	a	significantly	high	

proportion	of	lead	showed	any	correlation	between	oxidation	of	the	surface	

and	the	solution	application	sites.	The	table	below	gives	the	composition	of	

each	lead/tin	test	sample	(elemental	weight	%)	and	a	summary	of	the	

corrosion	observed.	
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Weight	%	

Sample	 Pb	 Sn	 Degree	of	corrosion	

Lead	1	
	 94	 4	 Showed	correlation	between	oxidation	of	the	

surface	and	the	solution	application	sites	
Lead	2	

	 42	 51	 Unaffected	by	applied	solutions		

Lead	3	
	 29	 66	 Unaffected	by	applied	solutions	

	
Figure	42:	Table	showing	composition	of	lead/tin	alloy	test	samples	and	the	relationship	between	

increasing	lead	content	and	response	to	the	aqueous	test	solutions	applied.	

	

	
	
Figure	43:	Lead/tin	test	samples	at	the	end	of	the	experiment	(day	8).		Oxidation	caused	by	contact	

with	the	applied	solutions	(including	DI	H20)	can	only	be	seen	on	the	high	lead	content	sample	(this	

sample	also	shows	the	abrasive	effect	of	wiping	off	the	solutions	from	such	a	soft	material).	

Samples	shown	10cm	X	10	cm.	
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Brass	

	

All	brass	samples	showed	some	degree	of	oxidation/corrosion	correlating	to	

the	solution	application	sites.	Test	samples	with	a	higher	proportion	of	zinc	in	

the	alloy	were	found	to	be	most	susceptible	to	corrosion.	The	table	below	gives	

the	composition	of	each	brass	test	sample	(elemental	weight	%)	and	a	

summary	of	the	corrosion	observed.	The	table	is	organized	so	that	the	most	

affected	alloy	compositions	appear	at	the	top	and	the	least	affected	appear	at	

the	bottom.	

	

Weight	%	

Sample	 Cu	 Zn	 Pb	 Degree	of	corrosion	

Common	brass	
CW508L	 63	 37	 -	 This,	and	sample	CW608N,	showed	the	

greatest	amount	of	oxidation/corrosion	of	
the	surface	in	correlation	to	the	solution	
application	sites	

Engraving	
brass	–	modern	

CW608N	
59	 39	 2	

Cartridge	brass	
CW505L	 70	 30	 -	

Showed	correlation	between		
oxidation/corrosion	of	the	surface	and	the	
solution	application	sites	but	to	a	lesser	
extent	than	samples	CW508L	and	CW608N	

Gilding	metal	
CW501L	 90	 10	 -	 Least	amount	of		oxidation/corrosion	of	the	

surface,	solutions	had	very	limited	effect	

	
Figure	44:	Table	showing	composition	of	brass	test	samples	and	the	relationship	between	

increasing	zinc	content	and	response	to	the	aqueous	test	solutions	applied.	

	

All	solutions	(including	deionised	water)	were	found	to	cause	

corrosion/oxidation	of	the	surface	of	the	brass	test	samples	to	some	degree.	

Examination	of	the	samples	showed	that	the	effect	of	water	on	the	surface	was	

either	equivalent	to,	or	greater	than	the	effects	resulting	from	the	deposition	of	

urea	solutions	in	the	short	term.	As	the	experiment	progressed	increasing	urea	

concentration	was	found	to	have	a	significant	impact	on	corrosion	due	to	its	

relationship	with	evaporation	rate	and	cycles	of	crystallisation	and	

recrystallisation	(discussed	further	below).	
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Row	2	on	the	samples	represents	a	deposition	profile	in	which	all	the	solutions	

remained	on	the	surface	for	the	shortest	amount	of	time.		As	applied	solutions	

were	removed	from	this	area	while	still	liquid,	effects	related	to	increased	

surface	tension,	lack	of	evaporation	from	the	surface	and	cycles	of	

crystallisation	and	recrystallisation	did	not	affect	corrosion.	Examination	of	

this	area	therefore	offers	the	best	opportunity	for	establishing	the	primary	

effects	of	the	solution	chemistry	on	corrosion	without	having	to	account	for	

secondary	variables	such	as	prolonged	or	increased	surface	contact.	

	

The	image	below	shows	brass	samples	at	the	end	of	the	experiment	(day	8),	

with	row	2	highlighted.	For	ease	of	reference	the	images	are	preceded	by	a	

summary	table	indicating	the	relative	positions	of	the	various	solutions.	

	

	
	 Ph7	

0		
mol	
urea	

Ph7	
0.4	
mol	
ure
a	

Ph7	
0.8	
mol	
ure
a	

Ph7	
1.6	
mol	
ure
a	

Ph7	
3.2	
mol	
ure
a	

Ph5	
0		
mol	
ure
a	

Ph5	
0.4	
mol	
ure
a	

Ph5	
0.8	
mol	
ure
a	

Ph5	
1.6	
mol	
ure
a	

Ph5	
3.2	
mol	
ure
a	

Row	1	
Solution	applied	and	left	on	

surface	for	168hrs	
¢	 ¢	 ¢	 ¢	 ¢	 ¢	 ¢	 ¢	 ¢	 ¢	

Row	2	

Wiped	after	24hrs	
¢	 ¢	 ¢	 ¢	 ¢	 ¢	 ¢	 ¢	 ¢	 ¢	

Row	3	

Wiped	after	48hrs	
¢	 ¢	 ¢	 ¢	 ¢	 ¢	 ¢	 ¢	 ¢	 ¢	

Row	4	

Wiped	after	72hrs	
¢	 ¢	 ¢	 ¢	 ¢	 ¢	 ¢	 ¢	 ¢	 ¢	

Row	5	

Wiped	after	168hrs	
¢	 ¢	 ¢	 ¢	 ¢	 ¢	 ¢	 ¢	 ¢	 ¢	

Row	6	

Solution	applied	daily	

Cumulative	applications	(not	

wiped)	

¢	 ¢	 ¢	 ¢	 ¢	 ¢	 ¢	 ¢	 ¢	 ¢	

Row	7	

Solution	applied	daily	but	

wiped	prior	to	re	application	

¢	 ¢	 ¢	 ¢	 ¢	 ¢	 ¢	 ¢	 ¢	 ¢	

	
Figure	45:	Diagram	summarising	deposition	profiles	and	their	relative	positions	on	the	test	

materials	at	the	conclusion	of	the	experiment	to	assess	the	effect	of	deposition	rate,	pH	and	urea	

concentration.	
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Figure	46:	Copper/zinc	test	samples	at	the	end	of	the	experiment	(day	8).		Row	2	has	been	

highlighted,	note	that	in	the	short	term	the	effect	of	water	on	the	surface	of	the	samples	was	either	

equivalent	to,	or	greater	than	the	effects	resulting	from	the	deposition	of	urea	solutions	regardless	

of	their	concentration.	Samples	shown	10cm	X	10	cm.	

	

Rows	3	to	7	on	the	test	samples	give	the	opportunity	to	understand	how	

corrosion	of	the	brass	samples	relates	to	increased	time	in	contact	with	the	test	

solutions.	As	described	in	section	6.2.3.2,	increased	urea	concentration	was	

seen	to	affect	the	surface	tension	of	the	solutions	and	therefore	their	initial	

evaporation	rate,	meaning	that	solutions	with	a	higher	urea	concentration	

remained	on	the	surface	of	the	samples	for	longer	resulting	in	increased	

corrosion.		
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When	solutions	had	eventually	evaporated	the	remaining	urea	crystals	(if	not	

removed	from	the	surface)	were	able	to	absorb	moisture	from	the	surrounding	

atmosphere	and	deliquesce	back	into	solution	creating	repeat	cycles	of	

corrosion.	Larger	volumes	of	crystals	remaining	on	the	surface	from	higher	

concentration	solutions	resulted	in	greater	volumes	of	solution	being	formed	

when	the	hygroscopic	urea	crystals	reacted	with	water	vapour	in	high	

humidity	conditions.	This	promoted	corrosion	over	a	wider	area	than	the	

original	site	of	deposition	and	resulted	in	solutions	spreading	across	the	

surface	of	the	samples.	

	

The	images	below	show	brass	samples	at	the	end	of	the	experiment	(day	8)	

with	all	rows	clearly	visible.	Test	solutions	containing	urea	have	generally	

resulted	in	more	corrosion	than	deionised	water	in	rows	1	and	3-7	(i.e.	those	

areas	where	contact	was	prolonged,	or	solutions	became	difficult	to	remove	

from	the	surface	due	to	crystalisation).	
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Figure	47:	Copper/zinc	test	samples	at	the	end	of	the	experiment	(day	8).		Note	that	corrosion	

caused	by	contact	with	the	applied	solutions	(including	DI	H20)	is	evident	on	all	samples	to	a	greater	

or	lesser	extent.	Increased	corrosion	can	be	seen	in	areas	where	solutions	spent	more	time	in	

contact	with	the	sample	surface.	Samples	shown	10cm	X	10	cm.	
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6.2.3.4 Effect	of	pH	

	

No	observable	difference	was	seen	on	test	materials	that	were	treated	with	

solutions	at	pH	5	as	opposed	to	pH	7.		Of	the	test	materials	that	showed	a	

response	to	the	applied	solutions,	marble	(and	to	some	extent	oak	and	

alabaster)	could	not	be	assessed	to	measure	the	effect	of	pH	due	to	solutions	

travelling	within	the	structure	of	the	test	material	and	coalescing	to	form	a	

homogenous	solution.	Lead,	granite	and	shellac	coated	wood	samples	did	not	

exhibit	a	strong	visual	response	to	any	of	the	test	solutions	used	and	therefore	

could	not	be	easily	assessed	for	effects	of	pH.	

	

Copper/Zinc	alloy	samples	offered	the	best	opportunity	to	assess	the	effect	of	

pH	due	to	the	discrete	and	localised	corrosion	spots	that	developed	on	the	

surface	as	a	result	of	contact	with	the	test	solutions.	This	offered	the	

opportunity	of	assessing	the	samples	visually	to	see	if	a	correlation	existed	

between	the	pH	of	the	solutions	applied	and	the	extent	of	resulting	corrosion.	

Examination	of	all	copper/zinc	alloy	test	samples	showed	no	significant	

difference	between	the	effects	of	the	pH	5	solutions	as	opposed	to	those	at	pH	

7,	an	example	is	shown	below.	

	

	
Figure	48:	Copper/zinc	test	sample	CW608N	at	the	end	of	the	experiment	(day	8).		Note	that	there	

is	no	distinct	or	clear	correlation	between	corrosion	caused	by	contact	with	solutions	at	ph5	(on	the	

right	side	of	the	sample)	and	pH	7	(on	the	left	side	of	the	sample).	Sample	shown	10cm	X	10	cm.	
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Due	to	their	similarly	localised	response,	the	waxed	wood	samples	were	also	

examined	to	determine	any	effect	pH	might	have.	Examination	of	both	oak	and	

pitch	pine	samples	showed	no	significant	difference	between	the	effects	of	the	

pH	5	solutions	as	opposed	to	those	at	pH	7,	an	example	is	shown	below.	

	

	
Figure	49:	Waxed	oak	test	sample	at	the	end	of	the	experiment	(day	8).		Note	that	there	is	no	

distinct	or	clear	correlation	between	the	white	bloom	or	dark	staining	caused	by	contact	with	

solutions	at	ph5	(on	the	right	side	of	the	sample)	and	pH	7	(on	the	left	side	of	the	sample).	Sample	

shown	10cm	X	10	cm.	

	

6.2.3.5 Effect	of	deposition	rate	

	

The	experiment	was	designed	so	that	the	effects	of	multiple	cycles	of	solution	

deposition	could	be	observed.	By	looking	at	the	deposition	profiles	in	rows	six	

and	seven	on	the	test	materials	it	was	observed	that	the	primary	outcome	of	

multiple	applications	of	solution	to	the	surfaces	was	increased	urea	deposition	

over	the	course	of	the	experiment.		In	those	areas	where	a	greater	amount	of	

urea	had	been	deposited	on	the	surface	this	in	turn	affected	the	volume	of	

solutions	created	during	later	cycles	of	crystal	rehydration,	and	the	length	of	

time	those	same	solutions	then	took	to	evaporate.	The	net	result	was	therefore	

increased	volume	of	liquid	phases	in	contact	with	the	surface	of	the	test	

materials	and	increased	contact	time.	The	effects	of	this	could	be	seen	in	
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relation	to	staining	on	wood,	effects	on	surface	coatings	and	the	degree	of	

corrosion	on	brass	samples	as	described	in	the	previous	sections.	
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6.2.3.6 Effect	of	wet	or	dry	cleaning		

	

A	simulation	of	the	effect	of	wet	or	dry	cleaning	was	modelled	by	wiping	

samples	with	either	a	dry	or	damp	microfibre	cloth	at	increasing	

intervals	after	initial	solution	deposition.	The	Table	below	summarises	

the	approach	taken	in	this	aspect	of	the	experiment.		

	

	
Figure	50:		Table	showing	how	the	information	gathered	in	the	urea	deposition	experiment	

relates	to	different	deposition	profiles	and	cleaning	scenarios.		

	

Clear	experimental	results	were	hampered	by	the	unexpected	finding	

that	urea	deposited	on	the	surface	of	the	samples	would	undergo	periods	

of	being	crystalline	prior	to	returning	to	a	liquid	phase	as	a	result	of	

ambient	relative	humidity.	While	removal	of	liquid	solutions	from	the	

surface	of	test	samples	was	comparatively	easy,	successful	removal	of	

urea	crystals	from	the	surface	of	test	samples	could	be	achieved	only	by	

wetting	the	crystals	in	order	to	dissolve	them.	Urea	crystal	were	found	to	

be	adherent	to	the	surfaces	of	all	samples	and	dry	wiping	therefore	

Row	1	
Solution	applied	and	left	on	surface	

for	168hrs	

Represents	a	deposition	profile	in	which	urine	is	deposited	on	a	surface	only	
once	but	then	remains	in	situ	for	a	period	of	7	days	

Row	2	

Wiped	after	24hrs	

Represents	a	deposition	profile	in	which	urine	is	deposited	on	a	surface	only	
once	but	removal	is	attempted	(either	through	dry	or	wet	wiping)	after	1	day	

Row	3	

Wiped	after	48hrs	

Represents	a	deposition	profile	in	which	urine	is	deposited	on	a	surface	only	
once	but	removal	is	attempted	(either	through	dry	or	wet	wiping)	after	2	days	

Row	4	

Wiped	after	72hrs	

Represents	a	deposition	profile	in	which	urine	is	deposited	on	a	surface	only	
once	but	removal	is	attempted	(either	through	dry	or	wet	wiping)	after	3	days	

Row	5	

Wiped	after	168hrs	

Represents	a	deposition	profile	in	which	urine	is	deposited	on	a	surface	only	
once	but	removal	is	attempted	(either	through	dry	or	wet	wiping)	after	7	days	

Row	6	

Solution	applied	daily	

Cumulative	applications	(not	wiped)	

Represents	a	deposition	profile	in	which	urine	is	deposited	on	a	surface	
multiple	times	and	remains	in	situ	for	a	period	of	7	days	

Row	7	

Solution	applied	daily	but	wiped	

prior	to	re	application	

Represents	a	deposition	profile	in	which	urine	is	deposited	on	a	surface	multiple	
times	but	removal	is	attempted	(either	through	dry	or	wet	wiping)	on	a	daily		
basis	
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proved	unsuccessful	at	removing	crystalline	urea,	wiping	with	a	damp	

microfiber	cloth	proved	to	be	more	effective	but	only	where	small	

quantities	of	crystals	had	formed	relatively	recently	on	the	surface.		

	

Test	samples	generally	did	not	show	any	adverse	effects	as	a	result	of	

wiping	with	the	microfibre	cloths,	the	high	lead	content	sample	(94%	

lead)	was	a	notable	exception	and	suffered	surface	abrasion	as	a	result	of	

both	wet	and	dry	wiping	(please	refer	to	figure	43).	
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6.3 Establishing	RH	stability	zones	for	urea	

	

When	undertaking	the	experimental	work	described	above	it	became	

apparent	that	the	ability	of	urea	solutions	to	evaporate	and	deposit	

crystalline	urea	on	the	surface	of	materials	needed	to	be	investigated	

further.	It	was	discovered	that	due	to	its	hygroscopic	nature	deposited	

urea	would	respond	to	changes	in	ambient	relative	humidity	resulting	in	

the	deliquescence	of	crystals	and	the	formation	of	fresh	urea	solutions	so	

it	became	fundamental	that	the	relative	humidity	(RH)	value	at	which	the	

dissolution/crystallization	of	urea	took	should	place	be	established.	

	

Using	a	partial	pressure	chamber	and	a	cryo-stage	in	a	Philips	XL	30	

ESEM	(Environmental	Scanning	Electron	Microscope),	urea	crystals	were	

exposed	to	a	cycling	range	of	different	RH	values	so	that	the	

dissolution/crystallization	boundary	could	be	observed.	High	purity	urea	

crystals	were	placed	on	the	ESEM	microscope	stage	and	monitored	in	

real	time	while	the	conditions	inside	the	sample	chamber	were	adjusted.		

	

RH	was	controlled	using	a	Peltier	stage	to	control	temperature	while	

water	vapour	partial	pressure	was	adjusted	via	the	ESEM.	A	summary	

chart	showing	the	relationship	between	temperature	(oC),	vapour	

pressure	(Torr)	and	RH	within	the	ESEM	chamber	can	be	seen	in	

Appendix	11.	Manufacturer	supplied	information	for	the	ESEM	provided	

data	only	for	temperature	and	vapour	pressure	that		

corresponded	to	RH	measurement	in	increments	of	5%.	Calibration	

curves	were	therefore	constructed	to	allow	greater	precision	when	

calculating	RH	within	the	chamber	of	the	ESEM	(see	Appendix	11).	This	

allowed	RH	to	be	calculated	to	a	precision	of:	

		 	 0.5%		 ±0.025	at	19oC		

1.5%		 ±0.025	at	10oC		

2%		 ±1	at	5oC	.	
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Conditions	in	the	ESEM	were	first	cycled	from	5	-	95%	RH	in	increments	

of	5	%	to	broadly	establish	the	conditions	in	which	crystalisation	and	

deliquescence	of	urea	took	place,	once	this	had	been	established	RH	was	

adjusted	at	finer	increments	to	gain	a	more	accurate	RH	value.	The	

experiment	was	repeated	at	temperatures	of	5,	10	and	19	oC	to	ensure	

consistency	of	crystal	response	at	different	temperature	ranges.	

	

The	work	was	undertaken	at	the	Wolfson	Archaeological	Science	

Laboratories	at	UCL,	Institute	of	Archaeology.	Details	of	the	supplier,	

batch	number	and	reagent	grade	of	the	urea	used	for	the	experiment	can	

be	found	in	Appendix	10.	

6.3.1 Results	

	

Undertaking	this	process	yielded	the	results	shown	in	the	tables	in	

figures	51	and	52	below.	Summary	data	relating	to	the	relative	humidity	

at	which	fundamental	changes	in	the	physical	form	of	urea	took	place	is	

shown,	alongside	information	relating	to	chamber	conditions.	Tables	

have	been	colour-coded	to	enable	ease	of	reference,	with	fundamental	

phase	types	(liquid	and	solid)	being	highlighted	in	blue	(liquid	phases)	

and	purple	(solid/crystal	phases).	

	

A	full	transcription	of	observations	made	in	real	time	throughout	the	

experiment	is	given	in	Appendix	12.	Observations	made	at	30	seconds	

intervals	allowed	for	data	related	to	crystal	growth	and	deliquescence	to	

be	recorded	alongside	a	timeline.		
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ESEM	chamber	conditions	 	
Pressure		
Torr	

Temp	
°C	 %	RH	 Physical	state	of	Urea	

11.7	 19	 71	 Urea	entirely	in	aqueous	solution	
11.3	 19	 69	 Crystals	forming	-	some	liquid	remains	
11.2	 19	 68	 Solid	-	crystals	fully	formed	

11.3	 19	 69	
Dissolution	start	point	-	lacunae	start	to	appear	on	
crystal	structures	and	areas	with	high	surface	area	to	
volume	ratio	begin	to	become	less	distinct.	

11.4	 19	 69.5	
Dissolution	mid	point	-	crystal	structures	become	less	
distinct	and	reduce	in	size.	Solution	starts	to	form	
around	them	but	equilibrium	appears	to	be	established.	

11.5	 19	 70	
Dissolution	is	increased	with	lacunae	forming	rapidly	
within	crystal	structures,	resulting	in	the	conversion	of	
crystals	to	an	increasingly	liquid	phase.	

11.5	 19	 70	
Dissolution	is	increased	with	lacunae	forming	rapidly	
and	the	eventual	conversion	of	urea	from	a	crystal/liquid	
phase	to	an	entirely	liquid	phase.	

11.5	 19	 70	 Urea	entirely	in	aqueous	solution	
11.4	 19	 69.5	 Crystals	forming	-	some	liquid	remains	
11.3	 19	 69	 Crystals	forming	-	some	liquid	remains	
11.2	 19	 68	 Solid	-	crystals	fully	formed	
11.3	 19	 69	 Solid	-	crystals	fully	formed	

11.4	 19	 69.5	
Dissolution	start	point	-	lacunae	start	to	appear	on	
crystal	structures	and	areas	with	high	surface	area	to	
volume	ratio	begin	to	become	less	distinct.	

11.5	 19	 70	
Dissolution	is	increased	with	lacunae	forming	rapidly	
within	crystal	structures,	resulting	in	the	conversion	of	
crystals	to	an	increasingly	liquid	phase.	

11.6	 19	 70.5	
Dissolution	is	increased	with	lacunae	forming	rapidly	
and	the	eventual	conversion	of	urea	from	a	crystal/liquid	
phase	to	an	entirely	liquid	phase.	

11.6	 19	 70.5	 Urea	entirely	in	aqueous	solution	
6.1	 10	 67	 Solid	-	crystals	fully	formed	

6.2	 10	 68	
Dissolution	start	point	-	lacunae	start	to	appear	on	
crystal	structures	and	areas	with	high	surface	area	to	
volume	ratio	begin	to	become	less	distinct.	

6.3	 10	 69	
Dissolution	is	increased	with	lacunae	forming	rapidly	
within	crystal	structures,	resulting	in	the	conversion	of	
crystals	to	an	increasingly	liquid	phase.	

6.3	 10	 69	
Dissolution	is	increased	with	lacunae	forming	rapidly	
within	crystal	structures,	resulting	in	the	conversion	of	
crystals	to	an	increasingly	liquid	phase.	

6.4	 10	 70	
Dissolution	is	increased	with	lacunae	forming	rapidly	
within	crystal	structures,	resulting	in	the	conversion	of	
crystals	to	an	increasingly	liquid	phase.	

6.5	 10	 71	
Dissolution	is	increased	with	lacunae	forming	rapidly	
within	crystal	structures,	resulting	in	the	conversion	of	
crystals	to	an	increasingly	liquid	phase.	

6.6	 10	 72.5	
Dissolution	is	increased	with	lacunae	forming	rapidly	
and	the	eventual	conversion	of	urea	from	a	crystal/liquid	
phase	to	an	entirely	liquid	phase.	

Figure	51:	Table	showing	ESEM	chamber	parameters	and	corresponding	physical	state	of	

urea	at	temperatures	of	19
o
C	and	10

o
C.	
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ESEM	chamber	conditions	 	
Pressure		
Torr	

Temp	
°C	 %	RH	 Physical	state	of	Urea	

4.4	 5	 67	 Solid	-	crystals	fully	formed	

4.5	 5	 68.5	
Dissolution	start	point	-	lacunae	start	to	appear	on	
crystal	structures	and	areas	with	high	surface	area	
to	volume	ratio	begin	to	become	less	distinct.	

4.6	 5	 70	

Dissolution	is	increased	with	lacunae	forming	
rapidly	within	crystal	structures,	resulting	in	the	
conversion	of	crystals	to	an	increasingly	liquid	
phase.	

4.7	 5	 71	

Dissolution	is	increased	with	lacunae	forming	
rapidly	within	crystal	structures,	resulting	in	the	
conversion	of	crystals	to	an	increasingly	liquid	
phase.	

4.8	 5	 73	
Dissolution	is	increased	with	lacunae	forming	
rapidly	and	the	eventual	conversion	of	urea	from	a	
crystal/liquid	phase	to	an	entirely	liquid	phase.	

	
Figure	52:	Table	showing	ESEM	chamber	parameters	and	corresponding	physical	state	of	

urea	at	a	temperature	of	5
o
C.	

	

The	following	table	further	summarises	the	data	in	Appendix	12,		in	order	

to	highlight	the	relative	humidity	ranges	at	which	urea	is	in	either	a	

crystalline	form	or	an	aqueous	solution	at	the	various	temperatures	

modelled	in	the	experiment.	Relative	humidity	values	at	which	both	urea	

crystals	and	urea	solution	were	observed	have	been	highlighted	

separately	(in	light	orange)	from	those	at	which	urea	was	found	only	ever	

to	be	in	one	physical	state	or	the	other	(see	key	below).	

	

Temp	oC	 %	RH	
19	 66.5	 67	 67.5	 68	 68.5	 69	 69.5	 70	 70.5	 71	 71.5	 72	 72.5	 73	 73.5	
10	 66.5	 67	 67.5	 68	 68.5	 69	 69.5	 70	 70.5	 71	 71.5	 72	 72.5	 73	 73.5	
5	 66.5	 67	 67.5	 68	 68.5	 69	 69.5	 70	 70.5	 71	 71.5	 72	 72.5	 73	 73.5	
	

		

	

Urea	only	observed	in	crystalline	form	

	 	 	 	 	 			

	

Crystal	formation/deliquescence	zone	

	 	 	 	 	 			

	

Urea	only	observed	in	aqueous	solution	
	
Figure	53:	Table	highlighting	relative	humidity	ranges	at	which	urea	was	found	to	be	either	

in	crystalline	form,	in	a	transitional	phase,	or	in	aqueous	solution	at	various	temperatures	

modelled	in	the	ESEM	experiment.	
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ESEM	micrographs	of	urea	crystallisation	and	deliquescence	in	

response	to	changing	relative	humidity	

	 	

The	following	ESEM	micrographs	show	the	process	of	urea	crystal	

deliquescence	and	dissolution	at	a	relative	humidity	range	of	68.5	–	70%	

and	at	a	temperature	of	19oC.	

	

	
	
Figure	54:	ESEM	micrographs	showing	the	dissolution	of	urea	crystals	at	68.5	–	70%	RH	and	

19
o
C.		

A	–	Urea	in	crystalline	form;	B	–	deliquescence	begins,	urea	solution	can	be	seen	forming	

around	the	crystal	as	it	loses	definition;	C	–	deliquescence	continues,	urea	solution	volume	

increases	and	crystal	structure	is	increasingly	less	well	defined;	D	–	dissolution	almost	

entirely	complete.	
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The	following	ESEM	micrographs	show	the	process	of	urea	crystallisation	

from	solution	as	relative	humidity	descends	from	70	–	68.5%	at	a	

temperature	of	19oC.	

	

	
	
Figure	55:	ESEM	micrographs	showing	the	crystallisation	of	urea	from	solution	at	70	–	68.5	

%RH	and	19
o
C.	E	–	Urea	in	solution;	F	–	crystal	nucleation	takes	place,	crystals	start	to	form;	

G	-	crystal	structure	is	increasingly	well	defined;	H	–	solution	almost	entirely	converted	to	

crystalline	urea.	
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Establishing	a	Critical	Relative	Humidity	value	(CRH)	for	urea	

based	on	experimental	results	

	

As	the	figures	show	the	range	of	relative	humidity	values	representing	

the	urea	transition	phase	seemingly	extends	as	temperature	decreases,	

yet	remains	fixed	around	a	mid	point	of	69.25%	RH.	To	some	degree	this	

can	be	accounted	for	when	precision	and	accuracy	parameters	are	taken	

into	account.		

	

At	19oC,	relative	humidity	within	the	ESEM	chamber	could	be	calculated	

to	a	precision	of	0.5%	±0.025,	meaning	that	chamber	settings	(of	

pressure	and	temperature)	could	be	more	accurately	and	precisely	

converted	to	a	corresponding	relative	humidity	value	than	at	lower	

temperatures.		

	

Taking	the	mid	point	of	69.25%	RH,	at	19oC,	when	allowing	a	precision	of	

0.5%	and	margin	of	error	of	±0.025	the	single	value	of	69.25%	should	

more	correctly	be	thought	of	as	a	range	of	values	from	68.75	–	70.25%	

RH.	At	5oC	the	reduced	precision	and	increased	margin	of	error	of	2%	±1	

would	yield	a	range	of	values	from	67.25	–	71.25%	RH	when	distributed	

about	the	same	mid	point	value	of	69.25%.	

	

The	effects	of	decreasing	precision	and	increasing	margin	of	error	on	

calculating	relative	humidity	values	within	the	ESEM	chamber	are	

highlighted	in	the	following	table.	The	expected	correlation	can	clearly	be	

seen,	and	indicates	that	a	value	of	69.25%	RH	for	the	phase	change	of	

urea	crystalisation	with	respect	to	ambient	relative	humidity,	is	not	

inconsistent	with	the	findings	of	the	experimental	work	carried	out	at	all	

three	temperatures.	
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Figure	56:	Table	showing	the	RH	ranges	(highlighted	in	pink)	one	would	expect	to	see	at	

different	temperatures,	purely	as	a	result	of	increased	margin	of	error	in	relation	to	

temperature	decrease		

(assuming	a	CRH	value	of	69.25%	RH	for	urea	phase	change).	

	

While	the	effects	of	precision	and	accuracy	described	above	show	good	

correlation	with	the	observations	and	data	gathered	during	experimental	

work,	it	can	be	seen	from	figure	56,	that	at	lower	temperatures	there	is	

an	extension	of	the	relative	humidity	range	relating	to	urea	phase	change,	

that	is	not	simply	explained	by	experimental	variables/margins	of	error.	

	

As	temperature	drops	the	kinetics	and	colligative	properties	of	the	urea	

water	system	are	reduced	resulting	in	a	decrease	in	the	enthalpy	of	the	

system.		When	this	is	combined	with	the	low	actual	humidity	(AH)	at	

reduced	temperatures	(there	being	physically	fewer	water	molecules	

available	to	make	contact	with	the	surface	of	the	urea	crystals),	phase	

change	from	solid	urea	to	liquid	becomes	less	favorable	both	

thermodynamically	and	kinetically	resulting	in	an	increased	critical	

relative	humidity	value	as	temperature	falls.	

	

By	adjusting	for	the	effects	of	decreasing	precision	and	increasing	margin	

of	error,	and	selecting	a	temperature	specific	mid	point	for	the	ranges	

observed	(as	opposed	to	using	the	mid	point	from	only	the	19oC	range	for	

all),	the	experimental	data	correlates	well	with	the	expected	increase	of	

critical	relative	humidity	value	at	lower	temperatures.		
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The	figure	below	shows	calculated	margin	of	error	adjusted	around	a	

mid-range	point	for	each	temperature,	as	can	be	seen	the	estimated	

critical	relative	humidity	value	has	increased	at	lower	temperatures.	

		

	
	
Figure	57:	Table	showing	the	RH	ranges	(highlighted	in	pink)	one	would	expect	to	see	at	

different	temperatures,	as	a	result	of	increased	margin	of	error	in	relation	to	temperature	

decrease		

(assuming	a	mid	range	CRH	values	for	urea	that	are	temperature	specific).	

	

Defining	a	critical	relative	humidity	value	for	urea	based	on	these	

observations	must	take	into	account	the	nature	of	experimental	work	

undertaken,	its	precision,	and	potential	margins	of	error	(further	

discussed	in	Appendix	12).	While	mid-range	values	have	been	postulated	

for	some	temperatures	(see	above),	these	were	not	observed	or	verified	

experimentally,	they	are	purely	the	median	value	in	an	RH	range	in	which	

urea	was	not	consistently	either	in	a	liquid	or	solid	phase.		

	

The	notion	of	a	single	critical	relative	humidity	at	which	urea	makes	the	

phase	change	from	solid	to	liquid	must	also	be	questioned.	While	such	a	

value	can	be	calculated	theoretically,	implying	that	phase	change	will	

occur	rapidly	and	consistently	at	a	specific	relative	humidity	value	is	not	

the	case	in	practice.	

As	inspection	of	the	full	dataset	in	Appendix	12	shows	there	are	a	

number	of	relative	humidity	values	at	which	urea	was	in	crystalline	form	

on	one	occasion,	but	at	a	different	time	was	found	to	be	in	aqueous	

solution.	There	are	also	values	at	which	urea	appeared	to	be	in	a	

transitional	phase	with	both	crystals	and	liquid	solution	visible.		
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Crystallisation	of	any	solid	from	solution	is	a	complex	process	with	

formation	and	growth	kinetics	affected	by	parameters	including	but	not	

limited	to:	purity	of	compound;	temperature;	degree	of	solution	

saturation/supersaturation;	the	process	of	nucleation	(either	

homogenous	or	heterogeneous);	and	the	presence	or	absence	of	seed	

crystals	(Beckmann,	2013,	Mullin,	2001).	Rather	than	defining	a	single	

critical	relative	humidity	value	it	is	perhaps	more	pragmatic	to	define	RH	

ranges	in	which	one	would	expect	a	material	to	be	either	solid,	liquid	or	

in	transition	from	one	to	the	other.	

	

Based	on	the	data	gathered	it	would	be	acceptable	to	say	that,	in	this	

experimental	work:		

	

• Regardless	of	temperature,	urea	was	found	to	be	in	crystalline	

form	at	relative	humidity	values	of	67%	or	below,	and	that	at	

relative	humidity	values	of	73%	or	above,	urea	was	only	ever	

observed	in	solution.		

• Regardless	of	temperature,	the	intermediate	range	of	67	–	73%	

represents	the	phase	transition	zone	at	which	urea	crystals	

deliquesce.	

• As	temperature	increases	the	phase	transition	zone	at	which	urea	

crystals	deliquesce	becomes	smaller	i.e.	covers	a	narrower	range	

of	relative	humidity	values.	

• At	19oC	urea	was	found	to	be	in	crystalline	form	at	relative	

humidity	values	of	68.5%	or	below,	and	that	at	relative	humidity	

values	of	70%	or	above,	urea	was	only	ever	observed	in	solution.	

• At	19oC	the	intermediate	range	of	68.5	–	70%	represents	the	

phase	transition	zone	at	which	urea	crystals	deliquesce	(a	range	of	

only	1.5%).	
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6.4 Exposure	of	test	materials	to	bat	droppings	and	urine	–	Phase	1	

sample	boards	

	

A	key	component	of	this	research	project	was	a	real	time	experiment	to	

establish	the	effects	of	bat	droppings	and	urine	on	test	materials	

representative	of	the	fabrics	found	within	a	historic	church.	In	order	to	

achieve	this	sample	boards	were	designed	that	could	be	placed	in	single	

species	bat	roosts	so	that	bat	droppings	and	urine	could	accumulate	on	

the	surface	of	the	selected	test	materials.	The	primary	purpose	of	the	

experiment	was	to	create	an	exemplar	data	set	that	would	allow,	

physical,	chemical	and	visual	change	resulting	from	bat	droppings	and	

urine	to	be	examined.	It	was	important	that	the	experiment	used	non-

captive	bats,	eating	a	natural	diet	in	order	to	best	replicate	the	situation	

encountered	currently	in	historic	churches.		

6.4.1 Phase	1	Sample	board	construction	

	

As	the	experiment	would	utilise	known	and	active	bat	roosts	(that	could	

only	be	entered	legally	by	a	Licenced	Bat	Worker),	sample	boards	had	to	

be	designed	to	be	deployed	by	a	third	party	quickly	and	easily	in	order	to	

both	maintain	experimental	consistency,	and	to	ensure	minimum	

disturbance	should	any	bats	be	present	in	the	roost	site	during	

deployment	or	collection.	

	

Considerable	care	was	taken	to	ensure	that	corrosion	or	deterioration	

would	not	occur	due	to	interactions	between	sample	materials	(e.g.	

galvanic	corrosion	between	dissimilar	metal	alloys),	or	as	a	result	of	

proximity	to	sample	board	construction	materials	(e.g.	deterioration	as	a	

result	of	emitted	organic	acids	and/or	volatile	organic	compounds).	
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The	final	design	for	the	boards	satisfied	the	following	criteria:	

	

• Any	materials	used	in	direct	contact	with	the	test	materials	should	

be	chemically	inert	and	of	archival	quality	to	avoid	any	unwanted	

chemical	interaction.	

• Individual	test	materials	must	not	come	into	direct	contact	with	

each	other	in	order	to	avoid	chemical	interaction	e.g.	galvanic	

corrosion	between	the	different	metal	alloy	samples.	

• Test	materials	should	be	arranged	in	such	a	way	that	all	surfaces	

stand	an	equal	chance	of	exposure	to	bat	droppings	and	urine	

when	in	situ	and	are	presented	in	the	same	orientation.	

• There	should	be	provision	for	an	area	of	each	test	material	to	be	

protected	from	the	deposition	of	bat	droppings	and	urine	in	order	

to	act	as	a	control	area	for	comparison	with	the	exposed	surface	at	

the	end	of	the	field	study	period.	The	method	of	protection	should	

not	coat,	alter	or	physically	touch	the	surface	in	any	way	

• There	should	be	provision	for	the	attachment	of	a	data	logger	onto	

each	board	in	such	a	location	as	it	will	not	interfere	with	the	

deposition	of	bat	droppings	and	urine	on	the	test	samples.	The	

data	logger	would	need	to	be	protected	from	bat	droppings	and	

urine	itself,	but	in	such	a	way	that	it	still	records	accurate	data	in	

relation	to	the	local	environmental	conditions	of	temperature	and	

relative	humidity.	
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Four	sample	boards	consisting	of	wooden	trays	60cm	x	40cm	and	holding	

sample	materials	of	10cm	x	10cm	each	were	prepared	to	the	exact	

specification	given	in	Appendix	13.	All	four	sample	boards	contained	

duplicate	sets	of	the	following	test	materials	(see	previous	section	5.5.2	

for	a	discussion	of	why	these	test	materials	were	chosen).	

	

	

Test	material	 Representative	of	
Lead/tin	alloy		
94/4	(remainder	trace	elements)	

organ	pipes		

Lead/tin	alloy		
42/51	(remainder	trace	elements)	

organ	pipes	

Lead/tin	alloy	
29/66	(remainder	trace	elements)	

organ	pipes	

Copper/zinc	alloy		
90/10	alpha	(Gilding	metal	CW501L)	

Memorial	brasses,	church	plate,	
lecterns,	architectural	fittings	

Copper/zinc	alloy		
70/30	alpha	(cartridge	brass	CW505L)	

Memorial	brasses,	church	plate,	
lecterns,	architectural	fittings	

Copper/zinc	alloy		
63/37	alpha	(common	brass	CW508L)	

Memorial	brasses,	church	plate,	
lecterns,	architectural	fittings	

Copper/zinc	alloy		
59/39/2pb	alpha/beta		
(engraving	brass	–	modern	CW608N)	

Memorial	brasses,	church	plate,	
lecterns,	architectural	fittings	

Alabaster	 Funerary	monuments	
Marble	 Funerary	monuments,	architectural	

elements	
Granite	 Memorial	slabs,	funerary	monuments,	

flooring,	architectural	elements	
Oak		-	Quercus	robur	
(untreated,	waxed,	coated	with	shellac)	

Pews,	rood	screens,	fonts,	choir	stalls,	
pulpits,	lecterns,	architectural	
elements	

Pine	–	Pinus	rigida		
(untreated,	waxed,	coated	with	shellac)	

Pews,	pulpits,	lecterns	

(CW	numbers	for	copper	alloys	refer	to	British	Standard	numbers	for	the	specified	

alloy)	

	
Figure	58:	Table	listing	test	materials	used	in	sample	board	deployment	as	part	of	

experimental	work	to	establish	the	effects	of	bat	droppings	and	urine	on	a	range	of	

materials.	

	

The	images	below	show	a	sample	board	both	prior	to	the	placement	of	

protective	elements	(to	partially	cover	the	test	samples	and	the	data	

logger)	and	after	with	these	protective	elements	in	place.	An	image	is	also	

provided	to	show	the	relative	positions	of	the	various	test	materials	on	

the	completed	sample	boards.	
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Figure	59:	Sample	board	prior	to	placement	of	protective	elements	to	partly	cover	the	test	

samples	and	the	data	logger.	

	

	
	

Figure	60:	Sample	board	prior	to	placement	with	protective	elements	in	place.	
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Figure	61:	Sample	board	prior	to	placement	of	protective	elements	with	position	of	

individual	test	materials	labeled.	

6.4.3 Placement	of	sample	boards		

	

Single-species	roost	sites	were	chosen	in	order	to	obtain	data	that	could	

be	used	to	compare	the	effects	of	droppings	and	urine	from	different	

species.	Additionally,	any	anomalous	results	that	might	be	caused	by	the	

effect	of	droppings	and	urine	from	multiple	species	could	be	avoided	in	

this	way.	With	the	help	of	local	bat	groups,	three	roost	sites	were	

identified	in	order	to	allow	data	to	be	gathered	on	each	species	of	bat	

used	as	a	focus	for	this	study,	namely:	

	

• Soprano	pipistrelle	(Pipistrellus	pygmaeus)	

• Brown	long-eared	bat	(Plecotus	auritus)	

• Natterer’s	bat	(Myotis	nattereri)	

	

Additionally	a	fourth	roost	site	was	identified	for	Plecotus	auritus	in	

order	that	a	duplicate	set	of	data	could	be	gathered	for	one	species	but	

with	the	variable	of	a	different	geographical	location.	This	was	an	
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opportunity	to	gather	data	that	might	later	be	valuable	in	answering	

questions	related	to	the	effects	of	local	diet,	or	if	local	climate	had	any	

effect	on	results	obtained.	

	

Roost	sites	were	selected	on	the	following	basis:	

	

• Known	single	species	roost	of	a	relevant	species	

• Annually	used	roost	with	historic	precedent	(to	ensure	bats	would	

actually	be	using	the	roost	during	the	period	of	the	experiment)	

• Secure	location	where	samples	would	be	free	from	interference	

and	protected	from	theft	etc.	

• Locations	where	the	long-term	placement	of	the	sample	board	

would	not	cause	inconvenience	to	building	owners	or	the	general	

public.	

• In	an	area	where	local	licenced	bat	workers	would	be	willing	to	

place	and	retrieve	the	sample	boards	on	my	behalf.	

Three	of	the	roosts	chosen	were	in	private	houses	or	buildings,	one	board	

was	sited	in	a	church.	As	is	common	practice,	only	general	locations	of	

the	roost	sites	are	given	below,	specific	addresses	and	identifying	aspects	

of	the	buildings/roosts	used	have	not	been	used	in	order	to	protect	both	

the	privacy	of	the	building	owners	and	the	bats	roosting	therein.		

	

Board	no.	 Location	 Species	 Building	type	

1	 Chartham,	Kent	 Plecotus	auritus	 Private	
dwelling	

2	 Wickhambreaux,	
Kent	

Pipistrellus	
pygmaeus	

Private	
dwelling	

3	 Nether	Winchendon,	
Buckinghamshire	 Myotis	nattereri	 Church	

4	 Englefield,	Berkshire	 Plecotus	auritus	 Estate	building	
	
Figure	62:	Table	relating	Phase	1	board	identification	numbers	to	location,	building	type	and	

species	of	bat	using	the	roost.	

	

It	was	not	considered	necessary	for	all	sample	boards	to	be	deployed	

only	in	church	roost	sites.	Churches	are	commonly	used	by	more	than	
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one	species	of	bat,	which	would	have	made	it	very	difficult	to	site	sample	

boards	in	an	area	where	dropping	and	urine	deposition	from	only	a	

single	species	could	be	guaranteed.	Deploying	the	boards	in	private	

buildings	with	limited	access	had	the	added	advantage	of	the	sample	

boards	remaining	undisturbed	for	the	whole	of	the	test	period	as	they	

could	be	positioned	in	rarely	accessed	loft	spaces.	

	

As	the	sample	boards	were	placed	in	known	and	active	roost	sites,	the	

assistance	of	licenced	bat	workers	was	required	to	place	the	sample	

boards	on	my	behalf.	I	am	grateful	to	members	of	the	North	Bucks	Bat	

Group,	and	the	Kent	Bat	Group	for	their	help	in	this	regard.	

	

Sample	boards	were	deployed	from	April	2011	until	November	2011,	a	

period	of	time	relating	to	those	months	in	a	one-year	cycle	when	bats	are	

active.		

6.4.4 Post	deployment	processing	of	boards		

	

After	being	exposed	to	the	deposition	of	bat	droppings	and	urine,	all	

sample	boards	were	removed	and	returned	to	the	UCL,	Institute	of	

Archaeology	for	processing	and	analysis.		

	

Before	examination	all	sample	boards	were	photographed	to	create	a	

visual	record	of	the	boards	prior	to	removing	accumulated	droppings	and	

debris	from	the	surface.	The	removal	was	done	in	a	two-stage	process	

and	each	stage	was	photographed.	All	photography	was	undertaken	using	

a	Canon	EOS	40D	digital	SLR	camera	equipped	with	an	EF50mm	f/2.5	

Compact	Macro	lens.	

	

Stage	1	

	

A	vacuum	cleaner	was	used	above	the	surface	of	the	samples	in	order	

that	any	loose	debris	could	be	removed.	A	standard	approach	was	taken	

using	a	Nilfisk	GD	1000	vacuum	cleaner	equipped	with	HEPA	filter	on	



	 176	

half	power	setting.	A	soft	rubber	hose	attachment	with	internal	diameter	

of	15mm	was	used	and	passed	over	the	surface	of	the	samples	at	a	

distance	of	10mm.	Direct	contact	with	the	surface	of	the	samples,	or	with	

deposited	droppings	was	avoided	at	all	times.	This	process	was	designed	

to	prevent	the	disruption	of	any	surface	deposits	that	had	formed	or	been	

created	as	part	of	the	experimental	work,	and	also	to	give	an	indication	of	

how	easily	droppings	could	be	removed	from	the	surface	of	the	various	

samples.	

	

All	boards	were	photographed	again	after	this	stage	to	show	the	extent	to	

which	droppings	could	be	removed	from	the	surface	using	a	non-contact	

method.	

	

Stage	2	

	

Droppings	and	debris	remaining	on	the	surface	of	sample	materials	after	

Stage	1	were	removed	mechanically	using	a	combination	of	the	Nilfisk	GD	

1000	vacuum	cleaner	(at	the	settings	described	previously)	and	a	flexible	

silicone	rubber	sculpting	tool	which	was	used	to	help	dislodge	adhered	

droppings	from	the	sample	surfaces.	Once	dropping	removal	had	been	

completed	the	sample	boards	were	photographed	once	again.		

	

Board	disassembly	

	

After	droppings	had	been	removed	from	the	sample	boards	they	were	

disassembled,	the	sample	materials	were	carefully	removed	from	each	

board	taking	care	not	to	disturb	any	deposits	that	still	adhered	to	them.	

Once	removed	from	the	boards,	sample	materials	were	photographed	in	

order	to	provide	a	detailed	record	of	the	surface.	All	samples	were	then	

bagged	individually	and	labelled.		

	

6.4.5 Analysis	of	sample	materials	
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After	sample	board	disassembly	all	test	materials	were	examined	and	

when	appropriate	subjected	to	further	analysis	in	order	to	ascertain	the	

extent	of	any	physical,	chemical	or	visual	change	that	had	taken	place.	In	

addition	to	visual	inspection	and	standard	digital	photography,	digital	

microscopy	and	scanning	electron	microcopy	were	used	as	the	primary	

means	of	determining	/recording	physical	or	visual	change	on	samples.	

Energy	Dispersive	X-ray	Spectroscopy	and	X-ray	Diffraction	were	used	to	

better	understand	chemical	change	relating	to	the	elemental	composition	

of	samples,	and	also	for	chemical	and	compositional	analysis	of	overlying	

deposits	e.g.	corrosion	products.		

	

Digital	Microscopy	

	

Where	required	digital	Microscopy	of	sample	surfaces	was	undertaken	

using	the	following	Dinolite	digital	microscopes:	

	

• DinoLite	AM4013FV2W	Pro	Digital	Microscope	with	375nm	UV	

light	source.	Magnification	10x-50x	&	200X.		USB2	1.3	megapixel	

camera.	

• DinoLite	AM413FIT	Pro	Digital	Microscope	with	850nm	near	Infra	

Red	light	source.	Magnification	10x-50x	&	200X.	USB2	1.3	

megapixel	camera.	

• DinoLite	AM7013MT	Premier	Digital	Microscope	with	LED	visible	

light	source.Magnification	10x-50x	&	200X.	USB2	5	megapixel	

camera.	

Scanning	Electron	Microscopy	(SEM)	

	

Scanning	Electron	Microscopy	(SEM)	was	used	to	record	SEM	

micrographs	of	both	unprepared13	and	polished	cross-sections	of	

samples,	and	also	to	conduct	quantitative	and	qualitative	elemental	

																																																								
13	Non	coated,	non	polished	samples	with	in	situ	surface	debris	and	corrosion.	
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analysis	when	relevant	(Energy	Dispersive	X-ray	Spectroscopy,	SEM-

EDS).		

	

For	accurate	EDS	analysis	and	corrosion	profile	measurement	polished	

block	cross-sections	of	samples	were	prepared	using	a	standard	UCL,	

Institute	of	Archeology	procedure	(see	Appendix	14).	Quantitative	

analysis	was	also	undertaken	using	standardised	beam	and	chamber	

conditions	for	all	samples	(see	Appendix	15).		

	

SEM	micrographs	recording	topographical	information	were	taken	using	

secondary	electron	(SE)	imaging;	backscattered	electron	(BSE)	imaging	

was	used	when	information	concerning	elemental	distribution	was	

required.	SE	images	were	taken	with	the	SEM	sample	chamber	in	a	range	

of	vacuum	conditions	(from	full	SEM	to	a	range	of	vacuum	conditions	in	

variable	pressure	mode)	to	enable	the	most	useful	images	to	be	captured.	

Clearly,	this	was	particularly	important	for	non-coated	and	non-

conductive	samples	that	would	otherwise	suffer	from	surface	charging	

effects.	

	

Imaging	and	analysis	were	undertaken	at	the	Wolfson	Archaeological	

Science	Laboratories	at	UCL,	Institute	of	Archaeology,	using	a	Hitachi	S-

3400N	SEM	equipped	with	an	Oxford	Instruments	Energy	Dispersive	

Spectrometer	(EDS)	and	running	INCA	materials	characterization	and	

calibration	software.		

	

X-Ray	Diffraction	(XRD)	

	

Analysis	of	corrosion	products	was	undertaken	using	a	Rigaku	Miniflex	

600	benchtop	X-Ray	diffraction	instrument	with	Bragg-Brentano	

geometry14.		
																																																								
14	Instrumental	settings:	Cu	anode	(Kα1	=	1.5406),	15	mA,	and	40	kV.	Monochromator	
in.	Analysis	was	performed	from	5.0°	to	90.0°	2θ,	with	a	step	size	of	0.10°	and	at	a	rate	

of	10	seconds/step.	
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Initial	diffractogram	analysis	was	undertaken	using	Rigaku	Integrated	X-

ray	Powder	Diffraction	Software	PDXL	2.1.	with	subsequent		spectra	

treatment	and	qualitative	analysis	performed	using	PANalytical	

HighScore	Plus	software	(Degen	et	al.,	2014)	and	the	ICSD	database15.	

Analysis	was	undertaken	at	the	Wolfson	Archaeological	Science	

Laboratories	at	UCL,	Institute	of	Archaeology.	

	

Corrosion	products	for	analysis	were	removed	from	sample	materials	by	

scraping	them	from	the	surface	using	a	fresh	number	15	scalpel	blade.	

Corrosion	products	were	gently	dislodged	above	a	clean	sheet	of	A4	

paper,	which	allowed	easy	transfer	of	the	collected	material	into	a	sample	

vial.	Paper	and	scalpel	blades	were	changed	each	time	i.e.	used	only	once	

per	sample.		

	

Corrosion	product	samples	were	finely	ground	in	an	agate	pestle	and	

mortar.	Samples	containing	a	significant	organic	component	(from	

associated	surface	debris	or	bat	droppings)	then	underwent	treatment	to	

remove	organic	content	from	the	sample	that	would	otherwise	have	

obscured	potentially	important	diagnostic	peaks	in	the	sample’s	

diffractogram	(see	Appendix	16).	

6.4.6 Results	

	

Phase	1	sample	boards	were	successfully	retrieved	from	roost	sites	in	

late	November	2011	and	transported	to	the	UCL,	Institute	of	Archaeology	

for	processing	and	analysis.	

6.4.6.1 General	observations	

	

																																																								
15	ICSD	is	a	database	of	inorganic	and	related	structures.	It	is	produced	cooperatively	by	
FIZ	Karlsruhe	and	the	National	Institute	of	Standards	and	Technology	(NIST).	
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All	sample	boards	showed	deposition	of	bat	droppings	and	urine,	but	to	

different	degrees.	The	table	below	relates	Phase	1	board	identification	

numbers	to	location,	building	type,	species	of	bat	using	the	roost	and	the	

degree	of	dropping	and	urine	deposition	observed	upon	initial	retrieval.	

	

Board	 Location	 Species	 Building	
type	

Degree	of	deposition	
(droppings	and	urine)	

1	 Chartham,	Kent	 Plecotus	auritus	 Private	
dwelling	

Heavy	deposition	across	the	
entire	surface.	One	area	of	
particular	concentration	
causing	approx.	15%	of	the	
surface	to	be	obscured	on	the	
bottom	left	corner	of	the	board.	

2	 Wickhambreaux,	
Kent	

Pipistrellus	
pygmaeus	

Private	
dwelling	

Heaviest	deposition	seen	out	of	
all	the	boards	deployed,	
predominantly	on	the	proper	
left	hand	side	of	the	board	and	
completely	obscuring	approx.	
40%	of	the	surface		

3	
Nether	
Winchendon,	
Buckinghamshire	

Myotis	nattereri	 Church	

Lighter	deposition	than	boards	
1	and	2	but	still	significant.	
Droppings	and	urine	marks	
uniformly	distributed	across	
whole	surface.	

4	 Englefield,	
Berkshire	 Plecotus	auritus	 Estate	

building	

Lighter	deposition	than	boards	
1	and	2	but	still	significant.	
Droppings	and	urine	marks	
uniformly	distributed	across	
whole	surface.	

	
Figure	63:	Table	relating	Phase	1	board	identification	numbers	to	location,	building	type,	

species	of	bat	using	the	roost	and	degree	of	dropping	and	urine	deposition.		
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Images	of	the	sample	boards	as	initially	removed	from	the	roost	sites	are	

shown	below.	

	
Figure	64:	Phase	1:		Board	1	after	removal	from	Plecotus	auritus	roost	showing	deposition	of	
droppings	and	urine	across	the	entire	surface.	One	area	of	particular	concentration	has	

caused	the	surface	to	be	completely	obscured	(near	the	bottom	left	corner	of	the	board).	

	

	
Figure	65:	Phase	1:	Board	2	after	removal	from	Pipistrellus	pygmaeus	roost,	note	the	much	

heavier	dropping	deposition	and	the	localised	distribution	of	droppings	on	the	left	hand	side	
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of	the	board	(the	remains	of	two	dead	bats	can	be	seen	on	the	right	hand	side	of	the	sample	

board	directly	above	and	below	the	data	logger).	

	
	
Figure	66:	Phase	1:		Board	3	after	removal	from	Myotis	nattereri	roost,	the	level	of	dropping	
deposition	is	lighter	than	boards	1	and	2,	but	distribution	is	more	uniform.	Due	to	a	smaller	

number	of	droppings	accumulating	on	the	surface	the	effect	of	urine	deposition	can	be	seen	

more	distinctly.	

	

	
Figure	67:	Phase	1:		Board	4	after	removal	from	Plecotus	auritus	roost	the	level	of	dropping	
deposition	is	lighter	than	boards	1	and	2,	but	as	with	board	3	distribution	is	more	uniform.	

Due	to	a	smaller	number	of	droppings	accumulating	on	the	surface	the	effect	of	urine	

deposition	can	be	seen	more	distinctly.	
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Differences	in	dropping	accumulation	between	the	sample	boards	were	a	

result	of	board	location,	roost	size	and	to	some	degree	species-specific	

behaviour.		Boards	1	and	2,	which	had	clearly	experienced	the	greatest	

exposure	to	droppings	and	urine,	were	both	placed	in	the	loft	spaces	of	

private	houses.	The	closer	proximity	of	the	sample	boards	to	the	bats	

roosting	in	these	areas	meant	that	droppings	and	urine	were	distributed	

in	greater	concentration	and	in	a	more	focused	deposition	zone.	In	

contrast	board	4,	placed	in	the	roof	space	of	a	large	estate	building,	was	a	

greater	distance	from	the	roosting	bats.	The	image	below	gives	an	

approximation	of	the	roof	spaces	used	and	the	relative	position	of	sample	

boards	and	roost	locations	within	them.		

	

	
Figure	68:	An	approximation	of	the	height	and	pitch	of	the	roof	spaces	used	for	the	

deployment	of	Phase	1	sample	boards	1,	2	and	4,	and	the	relative	position	of	sample	boards	

and	roost	locations	within	them.		

	

Board	3	was	placed	within	the	main	body	of	a	church	and	as	such	was	

also	further	from	the	roosting	bats	than	boards	1	and	2.	

	

Of	the	bat	species	present	in	the	roosts	by	far	the	largest	was	the	Soprano	

pipistrelle	roost	(Pipistrellus	pygmaeus).	Known	to	roost	in	tightly	packed	

clusters	or	groups,	droppings	are	commonly	found	in	high	volumes	and	

deposited	in	a	high	concentration	directly	below	roost	sites	(Verboom	

and	Huitema,	1997,	Howard,	2009).	In	combination	with	the	location	

factors	described	above,	this	would	account	for	the	greater	deposition	

seen	on	Board	2	when	compared	with	Board	1.	
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Appearance	and	condition	of	droppings	

	

At	the	point	of	retrieval,	droppings	distributed	across	the	surface	of	

Phase	1	sample	boards	ranged	in	age	from	relatively	recent	(deposited	

sometime	in	the	previous	two	months)	to	droppings	that	had	been	in-situ	

for	up	to	eight	months.	The	condition	of	the	droppings	found	on	all	

boards	could	be	seen	to	relate	to	age,	with	the	more	recent	droppings	still	

retaining	some	moisture	and	malleability	while	older	droppings	were	dry	

and	desiccated,	crumbling	easily	when	pressure	was	applied.	

	

Investigation	into	how	firmly	adhered	droppings	were	to	sample	surfaces	

was	undertaken	by	prodding	the	droppings	lightly	with	a	wooden	stick.	

While	some	droppings	were	dislodged	easily	from	the	surface	of	the	

samples,	many	proved	difficult	to	remove	and	required	significant	effort	

to	dislodge	them	(often	with	material	remaining	on	the	surface).	This	was	

consistent	for	all	boards.	

	

In	areas	of	heavy	deposition	on	Boards	1	and	2,	caking	had	clearly	

occurred	in	areas	where	multiple	droppings	had	accumulated,	with	

droppings	becoming	fused	into	a	single	mass.	The	image	below	shows	a	

detail	of	Board	2,	more	recent	droppings	can	be	seen	to	be	distinct	on	the	

surface	while	older	droppings	have	formed	a	homogenous	bulk	below.	
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Figure	69:	Image	showing	detailed	area	of	Phase	1	Sample	Board	2	after	initial	retrieval	from	

its	location	in	the	bat	roost.	Note	the	droppings	that	have	become	caked	into	a	solid	mass	in	

this	area	of	high	deposition.	
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Initial	evidence	of	the	effects	of	urine	

	

All	sample	boards	showed	clear	evidence	of	urine	deposition	in	the	form	

of	distinctive	patches	relating	to	splashing	or	liquid	droplets.	While	easier	

to	see	on	areas	of	the	sample	boards	that	were	not	fully	obscured	by	

droppings,	interaction	between	bat	urine	and	the	sample	materials	could	

be	seen	in	all	instances	(discussed	in	greater	detail	below).	The	image	

below	shows	a	detail	of	Board	3,	contact	with	urine	can	clearly	be	seen	to	

have	resulted	in	visual	change	to	lead,	copper	alloy	and	alabaster	sample	

materials.	

	
Figure	70:	Image	showing	detailed	area	of	Phase	1	Sample	Board	3	after	initial	retrieval	from	

its	location	in	the	bat	roost.	Note	that	the	effect	of	bat	urine	can	clearly	be	seen	on	lead	(far	

left),	copper	alloy	(centre	and	top	right	corner)	and	alabaster	sample	materials	(bottom	right	

corner).	

	

6.4.6.2 Results	of	Stage	1	processing	
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After	initial	photography	data	loggers	were	removed	from	the	sample	

boards	as	were	the	protective	elements	designed	to	keep	a	section	of	

each	sample	material	free	from	droppings	and	urine.		The	protective	

barrier	strips	placed	above	the	test	samples	of	Boards	1,	3	and	4	had	

proved	largely	effective	at	preventing	the	deposition	of	droppings	and	

urine	onto	the	surfaces	of	the	materials	below,	however	the	large	amount	

of	dropping	deposition	and	accumulation	on	Board	2	had	caused	

deposited	material	to	cascade	and	spread	beneath	the	barrier	strips.	

	

As	described	in	section	6.4.5,	loose	droppings	and	surface	debris	were	

removed	from	the	boards	using	a	Nilfisk	GD	1000	vacuum	cleaner	

equipped	with	HEPA	filter	and	a	soft	rubber	hose	attachment.	The	

vacuum	cleaner	was	passed	over	the	surface	of	the	boards	at	a	distance	of	

10mm	in	order	to	avoid	direct	contact	with	the	surface	of	the	samples,	or	

with	deposited	droppings.		All	boards	were	photographed	to	show	the	

extent	to	which	droppings	could	be	removed	from	the	surface	using	a	

non-contact	method.	Images	of	the	sample	boards	after	Stage	1	

processing	are	shown	below.	

	

Observations	on	dropping	removal	using	a	non-contact	method	

	

Board	1		

Bat	Species:	Plecotus	auritus	

Location:	Private	dwelling,	Kent	

	

While	some	droppings	could	be	removed	from	the	surface	of	the	board	

using	a	non-contact	method,	many	droppings	were	difficult	to	remove	

and	remained	well	adhered	to	the	test	sample	surfaces.	In	some	areas	

where	droppings	had	been	deposited	in	greater	concentration	they	could	

sometimes	be	removed	using	the	non-contact	method,	with	small	clusters	

of	droppings	cleaving	from	the	surface	(rather	than	droppings	being	

removed	singly).	More	commonly	areas	of	high	dropping	deposition	had	

resulted	in	the	formation	of	a	caked	mass,	which	could	not	be	removed	
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using	a	non-contact	approach.	The	image	below	shows	Board	1	after	

Stage	1	processing,	many	individual	droppings	can	be	seen	to	have	

remained	well	adhered	to	the	surface	of	the	test	samples,	as	well	caked	

areas	formed	from	the	aggregation	of	multiple	droppings.	

	

	
Figure	71:	Phase	1:		Board	1	after	non-contact	dropping	removal	and	the	removal	of	

protective	elements.	Individual	droppings	can	be	seen	to	have	remained	well	adhered	to	the	

surface	of	the	test	samples,	as	well	caked	areas	formed	from	the	aggregation	of	multiple	

droppings.	The	protective	elements	of	the	sample	board	can	be	seen	to	have	effectively	

shielded	areas	of	each	of	the	sample	materials.	

	

For	ease	of	comparison,	the	image	below	shows	the	same	area	of	Board	1	

both	before	and	after	the	process	of	non-contact	dropping	removal.		

Significant	numbers	of	droppings	can	be	seen	to	have	remained	well	

adhered	to	the	surface.	
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Figure	72:	Comparison	of	the	middle	section	of	Board	1	before	and	after	non-contact	

dropping	removal	and	the	removal	of	protective	elements.	Significant	numbers	of	droppings	

remain	on	the	surface	of	the	board	even	after	removal	has	been	attempted.	

	

Board	2	

Bat	Species:	Pipistrellus	pygmaeus	

Location:	Private	dwelling,	Kent	

	

Some	droppings	could	be	removed	from	the	surface	of	the	board	using	

non-contact	methods,	however	the	majority	of	the	droppings	could	not	

be	removed	and	remained	well	adhered	to	the	surface.	As	Board	2	had	

experienced	the	greatest	amount	of	dropping	deposition,	aggregation	and	

caking	of	droppings	was	both	more	prevalent	and	severe,	although	some	

droppings	could	be	dislodged	from	the	surface	of	the	caked	mass	using	

non-contact	methods	the	majority	of	the	material	remained	behind.	The	

image	below	shows	Board	2	after	Stage	1	processing,	the	large	deposits	of	

caked	droppings	are	still	present	in	their	entirety;	many	individual	
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droppings	can	also	be	seen	to	have	remained	well	adhered	to	the	surface	

of	the	test	samples.	

	

	
Figure	73:	Phase	1:		Board	2	after	non-contact	dropping	removal	and	the	removal	of	

protective	elements.	Large	deposits	of	caked	droppings	are	still	present	in	their	entirety;	

many	individual	droppings	can	also	be	seen	having	remained	well	adhered	to	the	surface	of	

the	test	samples.	The	protective	elements	of	the	sample	board	can	be	seen	to	have	been	

less	effective	at	shielding	areas	of	the	test	materials	owing	to	the	large	accumulation	of	

droppings	on	the	surface.	

	

	

Board	3	

Bat	Species:	Myotis	nattereri	

Location:	Church,	Buckinghamshire	

	

Individual	droppings	on	Board	3,	were	found	to	be	well	adhered	to	the	

surface	with	the	majority	being	unable	to	be	dislodged	using	a	non-

contact	approach.	Protective	elements	of	the	sample	board	were	found	to	

have	been	effective.	

Owing	to	lower	dropping	deposition	rates,	issues	relating	to	caked	

accumulations	of	droppings	were	not	experienced.			
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Figure	74:	Phase	1:		Board	3	after	non-contact	dropping	removal	and	the	removal	of	

protective	elements.	Individual	droppings	can	be	seen	to	have	remained	well	adhered	to	the	

surface	of	the	test	samples.	The	protective	elements	of	the	sample	board	can	be	seen	to	

have	effectively	shielded	areas	of	each	of	the	sample	materials.	

	

For	ease	of	comparison,	the	image	below	shows	the	same	area	of	Board	3	

before	and	after	the	process	of	non-contact	dropping	removal.		

Significant	numbers	of	droppings	can	be	seen	to	have	remained	well	

adhered	to	the	surface.	
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Figure	75:	Comparison	of	the	left	section	of	Board	3	before	and	after	non-contact	dropping	

removal	and	the	removal	of	protective	elements.	Significant	numbers	of	droppings	remain	

on	the	surface	of	the	board	even	after	removal	has	been	attempted.	

	

Board	4	

Bat	Species:	Plecotus	auritus	

Location:	Estate	building,	Berkshire	

	

Individual	droppings	on	Board	4,	were	found	to	be	less	well	adhered	to	

the	surface	of	test	samples	than	those	on	Boards	1,	2	and	3,	with	the	

majority	being	able	to	be	removed	using	a	non-contact	approach.	

Protective	elements	of	the	sample	board	were	found	to	have	been	

effective.	As	with	Board	3,	issues	relating	to	caked	accumulations	of	

droppings	were	not	experienced.			
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Figure	76:	Phase	1:		Board	4	after	non-contact	dropping	removal	and	the	removal	of	

protective	elements.	While	the	majority	of	droppings	have	been	removed,	some	individual	

droppings	can	be	seen	to	have	remained	well	adhered	to	the	surface	of	the	test	samples.	

The	protective	elements	of	the	sample	board	can	be	seen	to	have	effectively	shielded	areas	

of	each	of	the	sample	materials.	

	

6.4.6.3 Results	of	Stage	2	processing	

	

Droppings	remaining	on	the	surface	of	sample	materials	after	Stage	1	

processing	were	removed	mechanically	using	a	combination	of	the	

vacuum	cleaner	(as	described	previously)	with	the	addition	of	a	flexible	

silicone	rubber	sculpting	tool	used	to	apply	direct	pressure	to	droppings	

adhering	to	sample	surfaces.	At	the	end	of	this	process	all	sample	boards	

were	photographed	once	again,	images	of	the	sample	boards	after	Stage	2	

processing	are	shown	below.	
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Observations	on	dropping	removal	using	a	direct	contact	method	

	

Board	1	

Bat	Species:	Plecotus	auritus	

Location:	Private	dwelling,	Kent	

	

Droppings	remaining	after	Phase	1	processing	were	well	adhered	to	the	

test	substrates.	By	applying	pressure	to	the	droppings	they	could	be	

made	to	crumble	but	did	not	cleave	easily	away	from	the	surface	of	the	

samples	resulting	in	residual	dropping	material	remaining	on	the	surface	

of	the	test	materials.	The	following	images	show	both	the	entirety	of	the	

surface	of	Board	1	and	a	detail	of	the	top	right	corner,	residual	dropping	

material	remaining	on	the	surface	of	the	test	materials	can	be	seen	in	

both	images.	

	

	
	
Figure	77:	Phase	1:		Board	1	after	dropping	removal	using	a	direct	contact	method.	Most	

droppings	have	been	successfully	removed,	but	residual	dropping	material	remains	on	many	

of	the	test	material	surfaces.	
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Figure	78:	Detail	of	Phase	1:		Board	1	after	dropping	removal	using	a	direct	contact	method.	

Most	droppings	have	been	successfully	removed,	but	residual	dropping	material	remains	on	

many	of	the	test	material	surfaces.	

	

Board	2	

Bat	Species:	Pipistrellus	pygmaeus	

Location:	Private	dwelling,	Kent	

	

As	described	previously	(see	section	6.4.6.1)	Board	2	had	the	greatest	

amount	of	dropping	deposition,	aggregation	and	caking.	Non-contact	

methods	of	dropping	removal	had	proved	largely	ineffective	with	large	

deposits	of	caked	droppings	still	present	in	their	entirety	after	Stage	1	

processing.		

	

By	applying	pressure	to	the	droppings	on	Board	2	that	were	still	discrete	

and	distinct	from	one	another,	it	was	found	that	those	on	the	surface	of	
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the	aggregated	deposits	were	drier	and	could	be	removed	by	dislodging	

and	vacuuming.	Once	these	were	removed	the	droppings	underneath	

were	found	to	form	a	densely	caked	mass	that	was	tacky	and	malleable	(a	

consistency	similar	to	Blu-Tack	adhesive	putty).	

	

These	deposits	could	not	be	easily	removed	even	when	significant	

mechanical	pressure	was	applied	to	them.	The	application	of	the	vacuum	

cleaner	nozzle	directly	on	the	surface	of	the	deposit	also	proved	to	be	

ineffective	despite	being	adjusted	to	full	power.	The	freshly	exposed	

surface	of	the	caked	droppings	was	then	left	for	a	period	of	two	hours	in	

the	hope	that	drying	the	surface	deposit	might	aid	removal,	this	was	

found	to	be	ineffective.	

	

Ultimately	careful	mechanical	removal	of	the	caked	deposit	was	carried	

out	using	a	combination	of	plastic	and	wooden	sculpting	tools.	Care	was	

taken	not	to	damage	the	surface	of	the	test	sample	materials	or	to	disturb	

deposits	that	had	formed	on	them	as	a	result	of	contact	with	bat	

droppings	and	urine	(e.g.	corrosion).		After	removing	the	bulk	of	the	

material,	though	much	reduced,	considerable	deposits	remained	on	the	

surface	It	was	notable	that	on	the	copper	alloy	test	samples	the	caked	

dropping	deposits	appeared	to	have	functioned	as	a	surface	barrier	

limiting	corrosion.	The	images	below	show	both	the	entirety	of	the	

surface	of	Board	2	after	the	removal	of	droppings	and	a	detail	of	the	

middle	of	the	board	showing	the	copper	alloy	samples	top	right	corner.	
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Figure	79:	Phase	1:		Board	2	after	dropping	removal	using	a	range	of	direct	contact	methods.	

Caked	deposits	of	droppings	have	been	removed	but	significant	amounts	of	residual	

material	remains.	The	protective	elements	of	the	sample	board	can	be	seen	to	have	been	

less	effective	at	shielding	areas	of	the	sample	materials	owing	to	the	large	accumulation	of	

droppings	on	the	surface.	
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Figure	80:	Detail	of	Phase	1:		Board	2	after	dropping	removal	using	a	range	of	direct	contact	

methods.	Most	droppings	have	been	successfully	removed,	but	considerable	dropping	

material	remains.	Area	where	caked	dropping	deposits	have	acted	as	a	barrier	preventing	

corrosion	forming	on	the	copper	alloy	test	samples	can	be	seen.	

	

Board	3	

Bat	Species:	Myotis	nattereri	

Location:	Church,	Buckinghamshire	

	

Droppings	remaining	after	Phase	1	processing	were	well	adhered	to	the	

test	substrates.	By	applying	pressure	to	the	droppings	they	could	be	

made	to	crumble	but	did	not	cleave	easily	away	from	the	surface	of	the	

samples	resulting	in	residual	dropping	material	remaining	on	the	surface	

of	the	test	materials.	It	was	observed	that	the	droppings	appeared	to	have	

been	more	liquid	when	deposited	as	a	greater	degree	of	dropping	
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deformation	could	be	seen	at	the	point	of	contact	between	the	droppings	

and	the	sample	board	surface.	The	following	image	shows		

the	entirety	of	the	surface	of	Board	3	after	dropping	removal	using	a	

direct	contact	method,	residual	dropping	material	remains	on	the	

surfaces	of	all	test	materials.	

	
	
Figure	81:	Phase	1:		Board	3	after	dropping	removal	using	a	direct	contact	method.	Most	

droppings	have	been	successfully	removed,	but	residual	dropping	material	remains	on	many	

of	the	test	material	surfaces.	

	

Board	4	

Bat	Species:	Plecotus	auritus	

Location:	Estate	building,	Berkshire	

	

Droppings	remaining	on	the	surface	of	Board	4	after	Phase	1	processing	

appeared	to	be	drier	than	those	found	on	Boards	1,2	and	3	and	could	be	

dislodged	from	the	surface	with	relative	ease.	Some	droppings	were	

found	to	cleave	away	from	the	surface	well	and	completely,	often	not	

leaving	any	visible	deposit	behind,	however	not	all	droppings	could	be	

removed	without	residual	material	remaining	on	the	surface.	The	

following	image	shows	Board	4	after	Phase	2	processing;	dropping	
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removal	has	been	relatively	successful	but	residue	from	droppings	still	

remains	on	many	areas	of	the	surface.	

	

	
Figure	82:	Phase	1:		Board	4	after	dropping	removal	using	a	direct	contact	method.	Most	

droppings	have	been	successfully	removed,	however	residual	dropping	material	still	remains	

on	many	of	the	test	material	surfaces.	

	

Removal	of	droppings	from	sample	boards	-	Summary	of	findings	

	

While	sample	boards	retrieved	from	the	various	locations	showed	very	

different	degrees	of	dropping	and	urine	deposition,	there	were	consistent	

trends	relating	to	the	ease	with	which	droppings	could	be	removed	from	

the	surface	of	the	test	sample	materials.		

	

In	all	cases	droppings	were	found	to	be	very	hard	to	remove	using	solely	

non-contact	techniques.	Droppings	were	well	adhered	to	the	surface	of	

the	test	samples,	and	when	removal	could	be	achieved	(either	as	a	result	

of	a	non-contact	approach	or	as	a	result	of	direct	pressure)	the	majority	

of	droppings	left	some	visible	residue	behind.		
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With	regard	to	dropping	removal,	there	appeared	to	be	no	obvious	

relationship	between	ease	of	removal	and	bat	species.	Boards	1	and	4	

(both	placed	in	Plecotus	auritus	roosts)	exhibited	quite	different	

responses	to	attempted	dropping	removal,	while	Boards	1	and	2	

(Plecotus	auritus	and	Pipistrellus	pygmaeus)	and	Boards	3	and	4	(Myotis	

nattereri	and	Plecotus	auritus)	showed	strong	similarities.	

	

The	degree	of	dropping	deposition	(and	presumably	also	urine	

deposition)	experienced	by	the	sample	boards	proved	to	be	the	most	

significant	factor	affecting	ease	of	dropping	removal.	Boards	1	and	2	were	

deployed	in	different	species	roost	sites	(Plecotus	auritus	and	Pipistrellus	

pygmaeus),	but	were	both	exposed	to	a	similar	significant	rate	of	

deposition,	resulting	in	an	accumulation	of	droppings	that	had	become	

caked	into	a	dense	homogenous	mass.	This	is	likely	the	result	of	both	the	

weight	of	the	accumulated	droppings	and	their	absorption	of	urine	(see	

sections	7.1.2	&	7.1.3	for	further	discussion).	

	

6.4.6.4 Observations	relating	to	the	effects	of	bat	droppings	and	urine	on	

specific	test	materials	

	

After	droppings	had	been	removed,	the	sample	boards	were	

disassembled	and	the	sample	materials	were	carefully	removed	from	

each	board	taking	care	not	to	disturb	any	deposits	that	had	formed	on	

them.	Once	removed	from	the	boards	all	samples	were	bagged	and	

labelled	individually.		Sample	materials	were	then	photographed	in	order	

to	provide	a	detailed	record	of	the	surface.		The	complete	photographic	

record	of	all	64	sample	materials	can	be	found	in	Appendix	17.	

	

General	observations		

	

As	noted	in	the	previous	section,	dropping	residue	and	related	debris	

were	found	to	be	adhered	to	the	surface	of	all	sample	materials,	in	

addition	sample	materials	on	all	four	boards	clearly	showed	responses	to	
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bat	droppings	and	urine	that	could	be	categorised	as	either	physical,	

chemical	or	visual	change.	Sample	responses	included	corrosion	and	

pitting,	staining	of	porous	substrates,	and	the	discolouring	and	disruption	

of	applied	surface	coatings.	Of	the	test	materials	used,	copper	alloy	test	

samples	showed	the	strongest	response,	with	significant	amounts	of	

corrosion	forming	in	areas	that	had	experienced	contact	with	urine.		

	

Response	to	bat	dropping	and	urine	deposition	was	found	to	correlate	

most	directly	to	the	following	factors:	

	

• Sample	material	type	

• Nature/degree	of	deposition	i.e.	droppings	and	urine	in	isolation	

or	droppings	and	urine	in	combination	

Observations	relating	to	bat	species	

	

Significant	differences	in	sample	response	as	a	result	of	bat	species	were	

not	observed	in	this	experiment.	All	samples	showed	the	same,	or	similar	

types	of	response	to	bat	droppings	and	urine	irrespective	of	the	bat	

species	involved.
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Observations	relating	to	specific	sample	material	types		

	

In	the	discussion	below	a	“sample	number”	will	sometimes	be	used	to	

refer	to,	or	identify,	test	materials	from	the	various	Phase	1	Sample	

Boards.	The	identification	system	will	follow	the	convention	of	first	

indicating	which	sample	material	is	being	described	followed	by	a	

number	indicating	which	board	the	sample	has	come	from,	e.g.	“Sample	

2:Board	1”,	would	be	abbreviated	to	S2:B1.		

	

An	image	relating	sample	numbers	to	the	positions	of	the	various	test	

materials	on	each	of	the	sample	boards	is	given	below.		

	

	
	
Figure	83:	Image	showing	the	relationship	between	sample	numbers	used	for	ease	of	

reference	when	discussing	data	and	the	associated	test	material.		
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Lead/tin	alloy		

	

Of	the	lead/tin	alloy	samples,	only	those	with	the	highest	proportion	of	

lead	(94%	lead/4%	tin),	showed	a	significant	response	to	urine,	with	

tarnishing	of	the	surface	clearly	visible	in	those	areas	that	had	

experienced	urine	deposition.	The	images	below	show	samples	S1,	S2	

and	S3	from	Board	1	and	Board	4,	tarnish	as	a	direct	result	of	urine	

deposition	can	clearly	be	seen	on	the	alloy	with	the	lowest	tin	content	in	

both	instances,	while	the	effect	of	urine	on	the	other	samples	is	marginal.	

	

	
Figure	84:	Samples	S1:B1	(left)	S2:B1	(centre)	S3:B1	(right)	bat	urine	has	only	caused	

significant	corrosion	(tarnish)	on	the	lead/tin	alloy	sample	with	the	lowest	tin	content	

(S1:B1).	Residue	from	bat	droppings	that	has	remained	well	adhered	to	the	surface	of	the	

samples	can	also	be	seen.	

	

	
Figure	85:	Samples	S1:B4	(left)	S2:B4	(centre)	S3:B4	(right)	bat	urine	has	only	caused	

significant	corrosion	(tarnish)	on	the	lead/tin	alloy	sample	with	the	lowest	tin	content	

(S1;B4).	Residue	from	bat	droppings	that	has	remained	well	adhered	to	the	surface	of	the	

samples	can	also	be	seen.	
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On	samples	that	were	affected,	location	of	tarnish	clearly	corresponded	

with	areas	of	urine	deposition.	Sample	S1:B4	is	shown	below	in	greater	

detail,	the	relationship	between	tarnished	areas	of	the	surface	and	the	

characteristic	shape	of	droplet/splash	marks	(as	would	be	expected	if	a	

liquid	was	deposited	on	the	surface	from	some	height)	is	clear.	

	

	
Figure	86:	Sample	S1:B4	showing	the	relationship	between	tarnished	areas	of	the	sample	

surface	and	the	characteristic	shape	of	urine	droplet/splash	marks.	The	area	on	the	right	

hand	side	of	the	sample	has	been	protected	by	the	barrier	elements	included	in	sample	

board	construction	and	can	be	seen	to	be	relatively	clear	of	corrosion	resulting	from	direct	

deposition,	however	it	has	been	affected	by	urine	that	has	splashed	underneath	the	

protective	barrier.	

	

While	all	lead/tin	alloy	samples	with	a	low	tin	content	showed	similar	

responses	to	bat	urine,	some	differences	relating	to	degree	of	deposition	

could	be	seen.	Samples	that	had	experienced	the	lowest	instances	of	

urine	deposition	developed	corrosion	only	in	areas	that	corresponded	to	

urine	deposition	sites.	On	samples	that	had	experienced	greater	

deposition	rates,	corrosion	was	more	uniformly	distributed	across	the	
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surface,	a	result	of	all	areas	of	the	surface	experiencing	urine	deposition	

at	least	once,	if	not	multiple	times.	Samples	that	had	experienced	multiple	

episodes	of	urine	deposition	showed	greater	degrees	of	corrosion	in	

those	areas.	The	image	below	shows	samples	S1:B1,	S1:B3	and	S1:B4,	

differences	in	corrosion	pattern	as	a	result	of	degree/rate	of	urine	

deposition	can	clearly	be	seen.	

	

	
Figure	87:	Samples	S1:B1	(left)	S1:B3	(centre)	S1:B4	(right),	all	three	low	tin	content	alloys,	

show	distinct	patterns	of	tarnish	in	areas	where	bat	urine	has	been	deposited	on	the	

surface.	Differences	resulting	from	degree/rate	of	urine	deposition	can	clearly	be	seen;	

S1:B4	(far	right)	experienced	the	lowest	degree	of	urine	deposition	and	therefore	shows	the	

most	distinct	contrast	between	unexposed	and	exposed	areas	of	the	sample.	

	

Close	examination	of	the	surfaces	of	lead/tin	alloy	samples	showed	that	

while	droppings	had	in	some	cases	remained	well	adhered	to	the	surface,	

direct	contact	with	droppings	in	isolation	did	not	appear	to	have	had	an	

adverse	effect	on	the	samples	other	than	the	surface	being	obscured	by	

the	residual	dropping	debris.	The	following	image	shows	an	enlarged	

area	of	sample	S1:B1	before	dropping	removal	and	after.	Careful	

comparison	of	the	two	images	illustrates	that	the	location	of	droppings	

on	the	surface	of	the	lead/tin	alloy	test	materials	did	not	result	in	a	

significant	localised	physical,	chemical	or	visual	change	to	the	substrate.	
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Figure	88:	Enlarged	area	of	sample	S1:B1	before	dropping	removal	(left)	and	after	(right).	

Careful	comparison	of	the	two	images	shows	that	location	of	droppings	on	the	surface	of	

the	test	material	does	not	relate	to	physical,	chemical	or	visual	change	to	the	substrate.	

	

A	notable	exception,	sample	S1:B2	experienced	a	much	greater	degree	of	

dropping	and	urine	deposition	than	the	samples	described	in	the	

preceding	section,	resulting	in	aggregation	and	caking	of	the	droppings.	

The	following	image	below	shows	sample	S1:B2,	corrosion	relating	to	

urine	deposition	appears	to	be	similar	to	that	observed	on	other	samples	

of	the	same	alloy	composition,	but	is	heavily	obscured	by	residual	

dropping	material	that	could	not	be	easily	removed	from	the	surface.	
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Figure	89:	Sample	S1:B2,	heavily	obscured	by	residual	dropping	material	that	could	not	be	

easily	removed	from	the	surface.	Corrosion	relating	to	urine	deposition	appears	to	be	similar	

to	that	observed	on	other	samples	of	the	same	alloy	composition	but	cannot	be	seen	clearly.	

	

Nature	of	corrosion	

	

In	order	to	undertake	EDS	analysis	and	facilitate	the	examination	of	

potential	corrosion	profiles,	polished	block	cross-sections	of	all	lead/tin	

alloy	samples	were	prepared	for	SEM	study.	A	selection	of	the	most	

relevant	micrographs	are	presented	below,	a	complete	data	set	is	

provided	in	Appendix	18.	

	

While	evidence	of	corrosion	could	be	observed	visually	on	the	lead/tin	

alloy	samples,	only	samples	S1:B2	and	S3:B2	were	found	to	display	

evidence	of	a	recognisable	corrosion	profile.	Notably,	both	samples	were	

from	Board	2,	the	sample	board	that	had	experienced	the	greatest	

amount	of	dropping	deposition,	aggregation	and	caking.	
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The	images	below	show	the	locations	of	the	sampled	areas	of	

S1:B2/S3:B2	and	are	followed	by	associated	SEM	micrographs	taken	

using	the	backscatter	electron	detector	(BSE	images).	Corrosion	can	be	

seen	penetrating	down	into	the	surface	of	both	samples	but	has	caused	

greater	disruption	to	the	surface	of	S3:B2.	

Sample	S1:B2	

	
Figure	90:	Sample	S1:B2	(lead/tin	alloy),	the	section	of	the	sample	removed	for	preparation	

as	a	polished	cross	section	and	used	for	SEM	analysis	has	been	highlighted	(black	rectangle).		
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Figure	91:	BSE	image	of	sample	S1:B2	(lead/tin	alloy)	at	magnification	x200.	Corrosion	can	

be	seen	to	have	penetrated	down	into	the	surface.	

	

	
	
Figure	92:	BSE	image	of	sample	S1:B2	at	magnification	x1.00k.	Corrosion	can	be	seen	to	have	

penetrated	down	into	the	surface	and	corrosion	products	can	be	seen	covering	the	surface	

of	the	sample	(darker	grey	areas).		

	

Sample	S3:B2	
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Figure	93:	Sample	S3:B2	(lead/tin	alloy),	the	section	of	the	sample	removed	for	preparation	

as	a	polished	cross	section	and	used	for	SEM	analysis	has	been	highlighted	(black	rectangle).		

	

	
Figure	94:	BSE	image	of	sample	S3:B2	(lead/tin	alloy)	at	magnification	x200.	Corrosion	can	

be	seen	to	have	penetrated	down	into	the	metal	surface.	
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Figure	95:	BSE	image	of	sample	S3:B2	at	magnification	x1.00k.	Corrosion	can	be	seen	to	have	

penetrated	down	into	the	surface	resulting	in	pitting.		

Corrosion	products	were	not	found	on	the	surface	of	the	lead/tin	alloy	

samples	in	sufficient	quantities	to	enable	identification	using	XRD.	

	

Copper/zinc	alloy		

	

All	copper	alloy	samples	deployed	on	Phase	1	sample	boards	showed	a	

strong	corrosion	response	to	urine	deposition	regardless	of	alloy	

composition.	Due	to	the	lower	deposition	rate	experienced,	copper/zinc	

alloy	samples	from	Boards	3	and	4	gave	the	best	indication	of	the	effects	

of	bat	urine	in	isolation,	whereas	Boards	1	and	2	provided	information	on	

the	effects	of	bat	urine	and	droppings	in	close	association.		

	

The	following	images	show	samples	S4,	S5,	S6	and	S7	from	Boards	3	and	

4,	corrosion	as	a	direct	result	of	urine	deposition	can	clearly	be	seen	on	

all	samples.		
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Figure	96:	Copper/zinc	alloy	samples,	S4:B3	(top	left),	S5:B3	(top	right),	S6:B3	(bottom	left),	

S7:B3	(bottom	right)	showing	the	relationship	between	corroded	areas	of	the	sample	

surface	and	the	characteristic	shape	of	urine	droplet/splash	marks.	Areas	on	the	samples	

that	have	been	protected	by	the	barrier	elements	included	in	sample	board	construction	can	

be	seen	to	be	relatively	clear	of	corrosion.	
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Figure	97:	Copper/zinc	alloy	samples	S4:B4	(top	left),	S5:B4	(top	right),	S6:B4	(bottom	left),	

S7:B4	(bottom	right)	showing	the	relationship	between	corroded	areas	of	the	sample	

surface	and	the	characteristic	shape	of	urine	droplet/splash	marks.	Areas	on	the	samples	

that	have	been	protected	by	the	barrier	elements	included	in	sample	board	construction	can	

be	seen	to	be	relatively	clear	of	corrosion.	

	

As	was	the	case	with	lead/tin	alloy	samples,	while	some	droppings	had	

remained	well	adhered	to	the	surface	of	the	copper	alloy	samples	on	

boards	3	and	4,	direct	contact	with	droppings	in	isolation	did	not	appear	

to	have	had	an	adverse	effect.	The	following	image	shows	an	enlarged	

area	of	sample	S6:B3	before	and	after	dropping	removal.	Careful	

comparison	of	the	two	images	illustrates	that	the	location	of	droppings	
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on	the	surface	of	the	sample	did	not	correspond	to	any	subsequent	

physical,	chemical	or	visual	change	to	the	substrate.	In	some	areas	

droppings	were	in	fact	observed	to	have	acted	as	a	barrier,	protecting	the	

surface	from	oxidation	and	urine	deposition.	

	

	
	
Figure	98:	Enlarged	area	of	sample	S6:B3	before	dropping	removal	(left)	and	after	(right).	

Careful	comparison	of	the	two	images	shows	that	location	of	droppings	on	the	surface	of	

the	test	material	does	not	relate	to	physical,	chemical	or	visual	change	to	the	substrate.	

	

Effects	of	bat	droppings	and	urine	in	close	association	on	copper/zinc	

alloys		could	be	observed	on	samples	from	boards	1	and	2.	The	images	

below	show	Board	1	after	initial	retrieval	and	also	after	non-contact	

dropping	removal.	Samples	S4:B1,	S5:B1	and	S7:B1	have	experienced	a	

high	degree	of	dropping	and	urine	deposition	but	with	droppings	

remaining	distinct.	In	contrast	sample	S6:B1	remains	covered	with	an	

aggregation	of	droppings	and	urine.	
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Figure	99:	Phase	1:		Board	1	after	removal	from	Plecotus	auritus	roost	showing	deposition	of	
droppings	and	urine	across	the	entire	surface.	One	area	of	particular	concentration	has	

caused	the	surface	to	be	completely	obscured	(near	the	bottom	left	corner	of	the	board).	

	
Figure	100:	Phase	1:		Board	1	after	non-contact	dropping	removal	and	the	removal	of	

protective	elements.	Individual	droppings	can	be	seen	to	have	remained	well	adhered	to	the	

surface	of	all	test	samples,	aggregated	droppings	and	urine	have	formed	well	adhered	caked	

deposits	on	samples	situated	in	the	bottom	left	corner	of	the	board.		

	

	 	



	 217	

The	following	images	show	samples	S4,	S5,	S6	and	S7	from	Board	1.		

Distinct	areas	of	corrosion	resulting	from	urine	deposition	can	be	seen	on	

samples	S4,	S5,	and	S7.	Though	less	distinct	than	the	corrosion	seen	on	

copper/zinc	alloy	samples	from	Boards	3	and	4,	there	is	still	a	clear	

correlation	between	sites	of	urine	deposition	and	resulting	corrosion.		

	

	
	
Figure	101:	Copper/zinc	alloy	samples	S4:B1	(top	left),	S5:B1	(top	right)	and	S7:B1	(bottom	

right)	showing	a	relationship	between	corroded	areas	of	the	sample	surface	and	sites	of	

urine	deposition.	Sample	S6:B1	(bottom	left)	shows	a	different	pattern	of	corrosion	resulting	

from	the	large	accumulation	of	caked	droppings	that	had	formed	on	the	surface.	
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Unlike	samples	S4,	S5,	and	S7	discussed	previously,	droppings	had	

obscured	the	surface	of	sample	S6:B1	for	much	of	the	exposure	period,	

preventing	the	deposition	of	urine	directly	onto	the	sample	surface.	As	

described	in	section	7.5.1.1	areas	of	heavy	deposition	on	Board	1	had	

resulted	in	droppings	becoming	fused	into	a	single	mass.	The	caked	mass,	

formed	as	a	result	of	urine	soaking	into	accumulated	droppings,	had	

caused	percolating	urine	to	be	distributed	widely	over	the	surface	of	the	

sample	resulting	in	corrosion	that	had	a	more	widespread	distribution.	

Sample	S6:B1	is	shown	in	greater	detail	below.	

	

		
Figure	102:	Sample	S6:B1	showing	extensive	corrosion	resulting	from	the	presence	of	caked	

droppings	and	urine	on	the	surface	contrasting	with	the	more	characteristic	corrosion	

caused	by	urine	that	has	splashed	underneath	the	protective	barrier	directly	onto	the	

surface	(seen	on	the	left	hand	side	of	the	image).	
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The	accumulated	effects	of	droppings	and	urine	on	the	surface	of	

copper/zinc	alloy	samples	could	also	be	observed	on	Sample	Board	2.	As	

described	in	section	6.4.6.1,	Board	2	had	experienced	the	greatest	degree	

of	dropping	and	urine	deposition	of	all	Phase	1	sample	boards,	resulting	

in	large	accumulations	of	droppings	and	urine	that	had	caked	together	

forming	a	homogenous	mass	that	obscured	large	parts	of	the	surface.	The	

image	below	shows	Board	2	after	non-contact	dropping	removal.	

Samples	S4:B2,	S5:B2	and	S6:B2	have	experienced	a	high	degree	of	

dropping	and	urine	deposition	and	remain	covered	with	an	aggregation	

of	droppings	and	urine.	

	

	
Figure	103:	Phase	1:		Board	2	after	non-contact	dropping	removal	and	the	removal	of	

protective	elements.	Large	deposits	of	caked	droppings	are	still	present	in	their	entirety	on	

samples	S4:B2,	S5:B2	and	S6:B2.		

	

As	was	the	case	with	sample	S6:B1,	samples	with	large	accumulations	of	

droppings	exhibited	corrosion	that	was	widely	distributed	over	the	

surface	as	a	result	of	urine	percolating	through	and	being	transported	

across	the	surface	via	overlying	droppings,	this	was	most	clearly	seen	on	

sample	S6:B2.	Sample	S7:B2	experienced	a	lower	degree	of	deposition	

and	showed	the	more	commonly	seen	corrosion	pattern	associated	with	

direct	contact	of	urine	with	the	sample	surface.	
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On	samples	S4:B2	and	S5:B2	a	different	corrosion	pattern	was	observed.	

These	samples	occupied	an	area	of	the	sample	board	on	which	droppings	

had	formed	into	a	homogenous	sticky	mass	well	adhered	to	the	surface	of	

the	samples	(described	in	section	7.5.3.1.2).	These	sticky	dropping	

deposits	appeared	to	have	functioned	as	a	surface	barrier	limiting	

corrosion	in	some	areas,	with	the	result	that	corrosion	has	formed	

preferentially	on	non	covered/exposed	areas	of	the	sample	as	a	result.	

The	following	image	shows	samples	S4,	S5,	S6	and	S7	from	Board	2.	

	
Figure	104:	Copper/zinc	alloy	samples	S4:B2	(top	left),	S5:B2	(top	right)	Sticky	caked	

dropping	deposits	have	functioned	as	a	surface	barrier,	limiting	corrosion	in	the	middle	of	

the	samples	but	promoting	corrosion	on	non	covered/exposed	surfaces.	Sample	S6:B2	

(bottom	left)	corrosion	is	widely	distributed	over	the	surface	as	a	result	of	urine	percolating	

through	and	being	transported	via	overlying	droppings.	S7:B2	(bottom	right)	showing	a	

more	direct	relationship	between	corroded	areas	of	the	sample	surface	and	sites	of	urine	

deposition.		 	
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Nature	of	corrosion	

	

In	order	to	undertake	EDS	analysis	and	facilitate	the	examination	of	

potential	corrosion	profiles,	polished	block	cross	sections	were	prepared	

for	all	copper/zinc	alloy	test	samples	from	boards	1	and	2,	and	selected	

samples	from	boards	3	and	4.	The	more	superficial	nature	of	corrosion	on	

samples	from	boards	3	and	4	meant	that	in	many	areas	corrosion	

products	had	become	detached	from	the	surface	of	the	samples,	or	were	

detached	from	the	surface	during	the	sampling	process.	This	resulted	in	a	

limited	number	of	opportunities	to	examine	complete	corrosion	profiles	

from	sample	boards	3	and	4,	with	analysis	only	possible	on	samples	

S4:B4,	S5:B3,	S6:B3,	S7:B4.	

	

All	copper/zinc	test	samples	examined	showed	recognisable	corrosion	

profiles	and	evidence	of	pitting	to	a	greater	or	lesser	extent.	EDS	analysis	

indicated	that	in	addition	to	alloy	components	the	following	elements	

were	detected	on	all	samples	analysed:	

	

• oxygen	

• phosphorous	

• sulphur	

• chloride		

• potassium	

	

Calcium	and	sodium	were	detected	on	a	number	of	samples	but	not	all.		

	

Chloride	where	detected	was	found	to	be	distributed	in	a	manner	

consistent	with	corrosion	mechanisms	involving	chloride	ions	i.e.	

concentrated	in	the	area	of	corrosion	pits	and/or	directly	adjacent	to	the	

metal	surface.16		

																																																								
16	An	explanation	of	corrosion	mechanisms	involving	chloride	ions	is	given	in	section	
7.1.2		
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A	selection	of	the	most	relevant	micrographs	and	analytical	data	are	

presented	below,	a	complete	data	set	is	provided	in	Appendix	18.	The	

images	below	show	the	locations	of	the	sampled	areas	of	S4:B2,	S5:B2,	

S6:B1,	S7:B1	and	associated	SEM	micrographs	taken	using	the	

backscatter	electron	detector	(BSE	images).	The	samples	have	been	

selected	as	they	represent	test	materials	from	two	different	boards	

(boards	1	and	2),	and	show	all	alloy	compositions.		

	

Sample	S4:B2	

	

Figure	105:	Copper/zinc	alloy	sample	S4:B2,	the	sections	of	the	sample	removed	for	

preparation	as	polished	cross	sections	and	used	for	SEM	analysis	have	been	highlighted	

(black	rectangles).	
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Figure	106:	BSE	image	of	sample	S4:B2A	at	magnification	x200.	Corrosion	can	clearly	be	seen	

on	the	surface	of	the	copper/zinc	alloy	(darker	grey	layers),	corrosion	has	penetrated	down	

into	the	surface	resulting	in	pitting.		

	

	
Figure	107:	BSE	image	of	sample	S4:B2A	at	magnification	x1.00k.	The	image	shows	an	area	

of	the	sample	surface	in	which	corrosion	has	resulted	in	pitting.	Note	the	more	

granular/powdery	structure	of	the	corrosion	products	at	the	base	of	the	pits	in	comparison	

to	more	uniform	composition	of	the	corrosion	above.		
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The	images	below	show	EDS	element	maps	of	the	same	area	of	sample	

S4:B2	shown	in	figure	107	above,	the	distribution	of	oxygen,	sodium	and	

chloride	can	be	seen	to	closely	correspond	with	the	corrosion	products	

on	the	surface	with	chloride	located	predominately	in	and	around	the	

corrosion	pits.	

	

	
	
Figure	108:	Selected	SEM-EDS	element	maps	of	sample	S4:B2.	The	distribution	of	oxygen,	

sodium	and	chloride	can	be	seen	to	closely	correspond	with	the	corrosion	products	on	the	

surface;	chloride	is	located	predominately	in	the	corrosion	pits.	
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Sample	S5:B2	

	

Figure	109:	Copper/zinc	alloy	sample	S5:B2,	the	sections	of	the	sample	removed	for	

preparation	as	polished	cross	sections	and	used	for	SEM	analysis	have	been	highlighted	

(black	rectangles).	

	

	
	
Figure	110:	BSE	image	of	sample	S5:B2A	at	magnification	x200.	Corrosion	can	clearly	be	seen	

on	the	surface	of	the	copper/zinc	alloy	(darker	grey	layers),	corrosion	has	penetrated	down	

into	the	surface	resulting	in	pitting.		
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Figure	111:	BSE	image	of	sample	S5:B2A	at	magnification	x1.00k.	The	image	shows	the	

sample	surface	in	greater	detail,	corrosion	has	resulted	in	pitting	and	a	high	degree	of	

disruption	to	the	surface.		
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SEM-EDS	analysis	undertaken	on	S5:B2A	showed	that	chloride	was	

detected	in	significant	quantities	in	corrosion	pits.	The	image	below	

shows	both	the	analysed	area	of	the	sample	and	the	results	of	analysis.	

	

	
Processing	option	:	All	elements	analysed	(Normalised)	

Element	
	

O	 P	 S	 Cl	 K	 Cu	 Zn	 Total	 	

Spectrum	1	 37.99	 0.69	 0.33	 7.20	 	 9.06	 44.73	 100	 	
All	results	in	weight%	

	
Figure	112:	SEM-EDS	analysis	undertaken	on	copper/zinc	alloy	sample	S5:B2A.	The	image	

shows	both	the	analysed	area	of	the	sample	and	the	results	of	analysis.	Chloride	was	

detected	in	significant	quantities.	
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Sample	S6:B1	

	

	
Figure	113:	Copper/zinc	alloy	sample	S6:B1,	the	section	of	the	sample	removed	for	

preparation	as	a	polished	cross	section	and	used	for	SEM	analysis	has	been	highlighted	

(black	rectangle).	

	

	
	
Figure	114:	BSE	image	of	sample	S6:B1	at	magnification	x200.	Corrosion	can	clearly	be	seen	

on	the	surface	of	the	copper/zinc	alloy	(darker	grey	layers),	corrosion	has	penetrated	down	

into	the	surface	resulting	in	pitting.		
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The	images	below	show	selected	EDS	element	maps	of	the	same	area	of	

sample	S6:B1	shown	in	figure	114,	the	distribution	of	oxygen,	and	

chloride	can	be	seen	to	closely	correspond	with	the	corrosion	products	

on	the	surface,	zinc	from	the	alloy	can	be	seen	to	be	largely	absent	from	

these	areas	indicating	that	zinc	is	being	preferentially	corroded	from	the	

alloy.17	

	
	

	
	
Figure	115:	SEM-EDS	element	maps	of	copper/zinc	alloy	sample	S6:B1.	The	distribution	of	

distribution	of	oxygen	and	chloride	closely	correspond	with	the	corrosion	products	on	the	

surface;	zinc	from	the	alloy	can	be	seen	to	be	largely	absent	from	these	areas.	

	

	

	 	

																																																								
17	An	explanation	of	corrosion	mechanisms	involving	the	preferential	corrosion	of	alloy	
components	is	given	in	section	7.1.2	
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Sample	S7:B1	

	

	
Figure	116:	Copper/zinc	alloy	sample	S7:B1,	the	section	of	the	sample	removed	for	

preparation	as	a	polished	cross	section	and	used	for	SEM	analysis	has	been	highlighted	

(black	rectangle).	

	

	
	
Figure	117:	BSE	image	of	sample	S7:B1	at	magnification	x200.	Corrosion	can	clearly	be	seen	

on	the	surface	of	the	copper/zinc	alloy	(darker	grey	layers),	corrosion	has	penetrated	down	

into	the	surface	resulting	in	pitting.		

	



	 231	

	
	
Figure	118:	BSE	image	of	sample	S7:B1	at	magnification	x1.00k.	The	image	shows	the	sample	

surface	in	greater	detail,	corrosion	can	clearly	be	seen	on	the	surface	of	the	copper/zinc	

alloy	(darker	grey	layers)	and	has	penetrated	down	into	the	surface	resulting	in	pitting.	
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SEM-EDS	analysis	was	undertaken	on	all	samples	in	order	to	ascertain	

which	elements	were	detected	consistently	within	the	corrosion	products	

found	on	the	surface.	Multiple	areas	of	analysis	were	selected	in	order	

that	a	representative	sample	of	each	polished	cross	section	was	analysed.	

An	area	of	sample	S7:B1	is	shown	below	by	way	of	example.	The	image	

shows	both	the	analysed	areas	of	the	sample	and	the	results	of	analysis.	

	

	

	
	
Processing	option	:	All	elements	analysed	(Normalised)	

	

Element	 O	 P	 S	 Cl	 K	 Ca	 Cu	 Zn	 Total	
	 	 	 	 	 	 	 	 	 	
Spectrum	1	 	 	 	 	 	 	 69.80	 30.20	 100	
Spectrum	2	 	 	 	 	 	 	 68.76	 31.24	 100	
Spectrum	3	 	 	 	 	 	 	 70.79	 29.21	 100	
Spectrum	4	 37.83	 9.36	 0.98	 1.00	 1.76	 0.25	 16.66	 32.17	 100	
Spectrum	5	 37.86	 9.28	 1.13	 1.31	 1.84	 0.36	 10.32	 37.89	 100	
Spectrum	6	 43.52	 15.70	 0.23	 0.48	 3.96	 0.82	 18.66	 16.64	 100	
All	results	in	weight%	

Figure	119:	SEM-EDS	analysis	undertaken	on	copper/zinc	alloy	sample	S7:B1.	Multiple	areas	

of	analysis	were	selected	in	order	that	a	representative	sample	of	each	polished	cross	

section	was	analysed.	The	image	shows	both	the	analysed	areas	of	the	sample	and	the	

results	of	analysis.	
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X-ray	Diffraction		

Sample	corrosion	products	were	removed	from	the	surface	of	

copper/zinc	alloy	samples	from	Boards	1	and	2	in	order	that	

identification	using	XRD	could	be	attempted.	Corrosion	products	were	

collected	from	the	test	samples	in	areas	adjacent	to	those	that	were	

removed	for	the	preparation	of	polished	sections.	

Due	to	the	previous	detachment	of	corrosion	products	and	the	more	

limited	nature	of	corrosion	experienced	on	Boards	3	and	4,	corrosion	

products	were	not	present	in	large	enough	quantities	to	enable	XRD	

analysis.	

	

SEM-EDS	analysis	of	the	prepared	cross	sections	was	used	to	provide	

information	regarding	the	elemental	composition	of	the	corrosion	

products,	this	was	used	to	aid	in	the	identification	of	mineral	compounds	

using	XRD.	A	summary	table	,	highlighting	which	elements	were	detected	

on	each	of	the	samples	is	given	below,		a	full	data	set	containing	the	

analytical	results	of	the	energy	dispersive	spectrometry	undertaken	and	

the	locations	of	analysis	can	be	found	in	Appendix	19.	

	

Sample	 Alloy	composition	 Elements	detected	(SEM-EDS)	
S4:B1	 Cu/Zn/Pb	

59/39/2	 O,	Si,	P,	S,	Cl,	K,	Ca,	Cu,	Zn,	Pb,	

S4:B2	 Cu/Zn/Pb	
59/39/2	 O,	Na,	Mg,	P,	S,	Cl,	K,	Cu,	Zn,	Pb,	

S5:B1	 Cu/Zn	
63/37	 O,	Na,	P,	S,	Cl,	K,	Ca,	Cu,	Zn,	

S5:B2	 Cu/Zn	
63/37	 O,	Na,	P,	S,	Cl,	K,	Ca,	Cu,	Zn,	

S6:B1	 Cu/Zn	
90/10	 O,		P,	S,	Cl,	K,	Cu,	Zn,	

S6:B2	 Cu/Zn	
90/10	 O,	P,	S,	Cl,	K,	Cu,	Zn,	

S7:B1	 Cu/Zn	
70/30	 O,	P,	S,	Cl,	K,	Ca,	Cu,	Zn,	

S7:B2	 Cu/Zn	
70/30	 O,	P,	S,	Cl,	K,	Ca,	Cu,	Zn,	

	
Figure	120:	Table	showing	summary	SEM-EDS	analysis	of	prepared	cross	sections	(elements	

detected).	This	information	was	used	to	aid	in	the	identification	of	mineral	compounds	using	

XRD.		
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In	addition	to	running	automated	“search	and	match”	protocols	using	

manufacturer-supplied	software18,	XRD	libraries	were	manually	searched	

for	corrosion	products	containing	the	elements	detected	using	SEM-

EDS19.	XRD	diffractograms	for	a	wide	range	of	potential	copper	corrosion	

products	were	used	to	facilitate	identification.	In	addition	to	commonly	

found	copper	corrosion	products,	rarely	seen	corrosion	products	that	

had	been	reported	in	published	literature	(Scott,	2002,	283	-	285,	)	as	

being	formed	due	to	the	presence	of	urine,	were	compared	against	the	

unknown	samples.	

	

The	diffraction	patterns	were	highly	influenced	by	non-crystalline	

components	of	the	samples,	leading	to	low	intensity	broad	peaks,	and	

background	humps	or	noise.	This	made	identification	of	individual	

phases	within	the	samples	difficult	and	indicated	that	either	an	organic	

component	remained	within	the	samples	i.e.	dropping	debris	associated	

with	the	corrosion	products,	or	that	the	corrosion	products	themselves	

were	non-crystalline	in	nature.	A	summary	of	the	corrosion	products	

identified	(or	suspected)	as	a	result	of	XRD	analysis	is	presented	below,	a	

complete	data	set	of	diffractograms	for	each	corrosion	sample	is	

provided	in	Appendix	19.		

	 	

																																																								
18	Rigaku,	Integrated	X-ray	Powder	Diffraction	Software	PDXL	2.1	
19	Secondary	spectra	treatment	and	qualitative	analysis	were	performed	using	
PANalytical	HighScore	Plus	software	and	the	ICSD	database.	
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Compound	

S4:B1	

S5:B1	

S6:B1	

S7:B1	

		 S4:B2
A	

S4:B2
B	

S5:B2
A	

S5:B2
B	

S6:B2	

S7:B2			

Calcium	acetate	oxide	 	 		 		 		 		 		 		 		 		 		 		

Calcium	chloride	hydrate	 		 		 		 		 		 		 	 		 		 		 		

Calcium	hydrogen	phosphate	
hydrate	 	 		 		 		 		 		 		 		 		 		 		

Calcium	sodium	hydrogen	
phosphate	 		 		 	 		 		 		 		 		 	 		 	

Calcium	sulfide	phosphate	 		 		 		 		 		 		 		 		 		 	 		

Copper	chloride	 	 		 		 		 		 	 	 	 	 		 		

Copper	chloride	hydroxide	
(paratacamite)	 	 		 		 		 		 	 	 	 	 		 		

Copper	chloride	hydroxide	
(clinoatacamite)	 		 		 		 		 		 		 		 		 		 	 	
Copper	chloride	hydroxide	
hydrate	(calumetite)	 		 		 		 		 		 		 	 		 	 		 		

Copper	chloride	hydroxide	
hydrate	(atacamite)	 		 		 		 		 		 		 		 		 		 	 	
Copper	hydrogen	phosphate	
hydrate	 		 		 	 		 		 		 	 		 	 		 		

Copper	nitrate	hydroxide	 		 		 		 		 		 	 		 		 		 		 		

Copper	phosphate	hydrate	 		 		 	 		 		 		 		 		 		 		 		

Copper	phosphate	hydrate	oxide	 		 		 		 		 		 		 	 	 		 		 		

Copper	sulfate	 		 		 		 		 		 	 		 	 		 		 		

Copper	sulfate	hydroxide	hydrate	 		 		 		 		 		 		 		 	 		 		 		

Copper	sulfide	 		 		 		 		 		 		 	 		 	 		 		

Copper	zinc	chloride	hydroxide	 	 		 		 		 		 		 		 		 		 		 		

Phosphorus	chloride	 		 		 		 		 		 	 		 		 		 		 		

Phosphorus	sulfide	 		 		 		 		 		 	 		 		 		 		 		

Potassium	copper	oxide	sulfate	 		 		 		 		 		 	 		 		 		 		 		

	
Figure	121:	Table	(1	of	2)	showing	compounds	identified	within	corrosion	on	copper/zinc	

alloy	test	samples	using	XRD.	Corrosion	products	identified	with	a	degree	of	certainty	are	

identified	in	green;	identifications	that	should	be	treated	with	caution	due	to	poor	peak	

resolution,	low	peak	intensity	or	where	there	is	not	supporting	SEM-EDS	analysis	for	

elements	contained	within	them	are	shown	in	light	blue.	
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Compound	

S4:B1	

S5:B1	

S6:B1	

S7:B1	

		

S4:B2
A	

S4:B2
B	

S5:B2
A	

S5:B2
B	

S6:B2	

S7:B2	

Potassium	copper	oxide	sulfate	 		 		 	 		 		 		 		 		 		 		 	
Potassium	copper	phosphate	
hydrate	 		 		 		 		 		 		 		 		 	 	 	

Potassium	hydrogen	phosphate	 		 		 		 		 		 		 		 	 		 		 		

Potassium	hydrogen	phosphate	
hydrate	 		 		 		 		 		 		 		 		 		 		 	

Potassium	phosphate	hydrate	 		 		 		 		 		 	 		 		 		 		 		

Potassium	zinc	phosphate	hydrate	 		 		 		 		 		 	 		 	 		 		 	
Sodium	calcium	copper	chloride	
phosphate	hydrate	 		 		 	 		 		 	 		 	 		 		 		

Sodium	hydrogen	phosphate	
hydrate	 		 		 		 		 		 		 		 	 	 		 		

Sodium	nitrate	 		 		 		 		 		 	 		 	 		 		 		

Sodium	phosphate	hydrate	 		 		 		 		 		 		 		 	 		 		 		

Sodium	phosphate	hydrate	oxide	 		 		 		 		 		 		 	 		 		 		 		

Sodium	phosphate	sulfide	 		 		 		 		 		 	 		 	 		 		 		

Sodium	potassium	chloride	 		 		 	 		 		 		 		 		 		 		 		

Sodium	sulfate	 		 		 		 		 		 	 	 	 		 		 		

Sodium	sulfide	phosphate	 		 		 		 		 		 	 		 		 		 		 		

Sodium	zinc	carbonate	hydrate	 		 		 		 		 		 		 	 		 	 		 		

Zinc	hydrogen	phosphate	hydrate	 		 		 		 		 		 		 		 		 	 	 	

Zinc	phosphate	hydrate	 		 		 	 		 		 		 		 		 		 	 		

		
Figure	122:	Table	(2	of	2)	showing	compounds	identified	within	corrosion	on	copper/zinc	

alloy	test	samples	using	XRD.	Corrosion	products	identified	with	a	degree	of	certainty	are	

identified	in	green;	identifications	that	should	be	treated	with	caution	due	to	poor	peak	

resolution	or	low	peak	intensity	are	shown	in	light	blue.	
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As	can	be	seen	from	Figures	121	and	122	a	wide	range	of	compounds	

were	detected	within	corrosion	samples	taken	from	all	the	copper/zinc	

alloy	test	samples	apart	from	two.	Samples	collected	from	S5:B1	and	

S7:B1	yielded	X-ray	diffractograms	in	which	peaks	were	both	too	broad	

and	of	too	low	intensity	for	successful	identification	of	any	corrosion	

products	to	take	place.	The	image	below	shows	the	X-ray	diffractogram	

for	sample	S5:B1,	the	only	significant	and	identifiable	peaks	relate	to	

elemental	copper	and	zinc.	20	

	

	

																																																								
20	The	diffraction	patterns	of	the	corrosion	products	always	include	the	peak	of	the	
underlying	sample	alloy,	in	this	case	a	Zn-Cu(-Pb)	alloy.	The	position	of	the	main	peak	

varies	with	the	copper	alloy	according	to	the	Zn-Pb	content,	and	as	a	result	of	impurities	

present	within	the	alloy	that	modify	the	crystalline	structure.	Broadly	the	main	peak	for	

the	Cu/Zn	sample	alloys	used	in	this	project	appears	at	42.5	2ϑ	with	some	small	

variation	due	to	alloy	composition.	For	consistency,	when	highlighting	peak	position	in	

diffraction	patterns,	the	peak	position	of	a	64Cu36Zn	alloy	standard	included	in	the	

Rigaku,	PDXL	2.1	software	database	has	been	used	for	all	samples.		
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Figure	123:	X-ray	diffractogram	of	corrosion	sample	collected	from	the	surface	of	sample	

S5:B1.	The	only	significant	and	identifiable	peaks	relate	to	elemental	copper	and	zinc,	the	

exact	peak	positions	for	these	elements	have	been	highlighted	on	the	diffractogram	in	blue	

and	green.	

	

Corrosion	products	were	clearly	visible	on	the	surface	of	samples		

S5:B1	and	S7:B1,	both	with	the	naked	eye,	and	under	SEM	examination	of	

polished	cross	sections	removed	from	the	samples	(see	Appendix	17	&	

18).	The	failure	to	identify	corrosion	products	using	XRD	therefore	does	

not	imply	the	absence	of	corrosion	on	these	samples,	rather	it	highlights	

the	limitations	of	XRD	previously	described.	

	

Of	the	compounds	successfully	detected	on	samples	and	listed	in	Figures	

121	and	122,	many	do	not	contain	either	elemental	copper	or	zinc	and	

are	therefore	not	compounds	directly	related	to	the	corrosion	of	the	
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metal	samples.	More	likely,	they	are	the	result	of	the	interaction	between	

bat	urine	and	droppings.	Sodium	phosphate	and	sodium	phosphate	

hydrate	for	example,	are	commonly	occurring	salts	of	sodium	(Na+)	and	

phosphate	(PO43−),	as	bat	urine	contains	sodium,	and	bat	droppings	are	a	

rich	source	of	phosphate,	its	presence	on	the	surface	of	the	test	samples	

is	perhaps	unsurprising.	Similarly	many	of	the	compounds	detected	

containing	phosphate	(or	phosphorous),	are	likely	present	as	a	result	of	

residue	from	bat	droppings	being	collected	alongside	corrosion	products	

during	sample	collection.	It	is	notable	that	the	phosphate	and	

phosphorous	compounds	detected	were	predominantly	found	on	the	

Board	2	test	samples	(Board	2	had	the	greatest	amount	of	dropping	

deposition,	aggregation	and	caking).	

	

Limiting	the	list	of	detected	compounds	to	those	that	contain	copper	or	

zinc,	and	have	been	identified	with	a	degree	of	certainty	on	at	least	one	

sample,	yields	the	following	table.	For	the	purposes	of	further	

summarising	the	data,	different	polymorphs	of	the	same	corrosion	

product	have	been	amalgamated	into	a	single	row	e.g.	the	two	different	

polymorphs	of	Copper	Chloride	Hydroxide	(Paratacamite	and	

Clinoatacamite).	
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Compound	

S4	B1	

S5	B1	

S6	B1	

S7	B1	

		

S4B2A	

S4B2B	

S5B2A	

S5B2B	

S6B2	

S7B2			

Copper	chloride	 		 		 		 		 		 		 		 		 		 		 		

Copper	chloride	hydroxide	
(paratacamite/	
clinoatacamite	)	

		 		 		 		 		 		 		 		 		 		 		

Copper	chloride	hydroxide	
hydrate	(calumetite/	
atacamite)	

		 		 		 		 		 		 		 		 		 		 		

Copper	hydrogen	phosphate	
hydrate	 		 		 		 		 		 		 		 		 		 		 		

Copper	phosphate	hydrate	 		 		 		 		 		 		 		 		 		 		 		

Copper	phosphate	hydrate	
oxide	 		 		 		 		 		 		 		 		 		 		 		

Copper	sulphate	 		 		 		 		 		 		 		 		 		 		 		

Copper	sulphate	hydroxide	
hydrate	 		 		 		 		 		 		 		 		 		 		 		

Copper	sulphide	 		 		 		 		 		 		 		 		 		 		 		

Copper	zinc	chloride	
hydroxide	 		 		 		 		 		 		 		 		 		 		 		

Potassium	copper	oxide	
sulphate	 		 		 		 	 		 		 		 		 		 		 		

Potassium	copper	phosphate	
hydrate	 		 		 		 		 		 		 		 		 		 		 		
Potassium	zinc	phosphate	
hydrate	 		 		 		 		 		 		 		 		 		 		 		

Sodium	calcium	copper	
chloride	phosphate	hydrate	 		 		 		 		 		 		 		 		 		 		 		

Sodium	zinc	carbonate	
hydrate	 		 		 		 		 		 		 		 		 		 		 		

Zinc	Hydrogen	Phosphate	
Hydrate	 		 		 		 		 		 		 		 		 		 		 		

Zinc	Phosphate	Hydrate	 		 		 		 		 		 		 		 		 		 		 		

	
Figure	124:	Table	showing	compounds	detected	using	XRD	that	contain	copper	or	zinc,	and	

have	also	been	identified	with	a	degree	of	certainty	on	at	least	one	sample.	Different	

polymorphs	of	the	same	corrosion	product	have	been	amalgamated	into	a	single	row	within	

the	table.		
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Corrosion	products	identified	the	on	copper/zinc	alloy	test	samples	

examined	using	XRD	fall	into	four	broad	categories.	

	

Chloride	based:	

Copper	chloride		

Copper	chloride	hydroxide	(paratacamite/	clinoatacamite	)	

Copper	chloride	hydroxide	hydrate	(calumetite/	atacamite)		

Copper	zinc	chloride	hydroxide	

	

Phosphate	based:	

Copper	hydrogen	phosphate	hydrate	

Copper	phosphate	hydrate	

Copper	phosphate	hydrate	oxide	

Potassium	copper	phosphate	hydrate	

Potassium	zinc	phosphate	hydrate	

Zinc	hydrogen	phosphate	hydrate	

Zinc	phosphate	hydrate	

	

Sulphate/sulphite	based:	

Copper	sulphate	

Copper	sulphate	hydroxide	hydrate	

Copper	sulphide	

Potassium	copper	oxide	sulphate	

	

Other:	

Sodium	Calcium	Copper	Chloride	Phosphate	Hydrate.	

Sodium	Zinc	Carbonate	Hydrate	

	

Excluding	samples	S5:B1	and	S7:B1,	for	which	XRD	analysis	was	

unsuccessful,	chloride	based	corrosion	products	were	identified	as	being	

present	on	all	copper/zinc	alloy	test	samples	examined.	Copper	chloride	

hydroxides	(paratacamite	and	clinoatacamite)	and	copper	chloride	
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hydroxide	hydrates	(calumetite	and	atacamite)	were	the	most	regularly	

detected	of	the	chloride	based	corrosion	products	found.	

Phosphate	based	corrosion	products	were	found	more	consistently	on	

samples	from	Board	2	(as	opposed	to	Board	1),	and	are	likely	to	be	a	

consequence	of	the	availability	of	phosphate	in	high	levels	due	to	

accumulated	droppings	on	the	sample	surfaces.	Sulphate	and	sulphide	

corrosion	products	were	seen	less	commonly,	found	mostly	in	corrosion	

removed	from	samples	S4:B2	and	S5:B2.	Again	it	is	suspected	that	their	

formation	results	from	accumulated	droppings	on	the	sample	surfaces.		

	

Of	the	other	corrosion	products	identified,	sodium	calcium	copper	

chloride	phosphate	hydrate	(sampleite)21	was	only	found	on	samples	

from	Board	2	(samples	S4:B2	and	S5:B2).	Both	samples	came	from	areas	

on	the	surface	(sampled	areas	“A”)	that	displayed	a	distinctive	

blue/green	corrosion	product	not	seen	on	other	copper	alloy	samples.	

The	images	below	show	both	samples,	the	location	of	the	sampled	areas,	

and	the	distinctive	blue	corrosion	product.	

	

Figure	125:		Samples	S4:B2	(left)	and	S5:B2	(right).	The	image	shows	both	the	location	of	the	

sampled	areas	“A”,	and	the	adjacent	distribution	of	the	distinctive	blue	corrosion	product	

subsequently	identified	as	sampleite.	

	 	

																																																								
21	Sampleite		-	general	formula	NaCaCu5(PO4)4Cl.5(H2O)	
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Sampleite	is	described	by	the	Handbook	of	Mineralogy as	follows	:	

	

“Occurrence:	A	rare	mineral	in	the	oxidized	zone	of	copper	deposits	in	arid	

climates;	in	caves,	derived	from	copper	sulfides	in	the	cave	walls	and	

phosphate	from	bat	guano”		(Anthony	et	al.,	2000).	

	

The	remaining	corrosion	product	detected	(sodium	zinc	carbonate)	is	not	

commonly	identified	on	corroding	copper	alloys	(or	at	least	has	not	been	

reported	in	the	relevant	literature).	As	such	special	care	was	taken	to	

ensure	that	it	had	not	been	falsely	identified.	The	following	image	shows	

the	diffractogram	for	the	corrosion	sample	removed	from	S4:B2B.	The	

diffractogram	is	somewhat	complicated	as	it	includes	the	ten	phases	

identified	in	the	sample	(nine	different	mineral	compounds	plus	the	

peaks	relating	to	the	sample	alloy).	Peak	positions	corresponding	to	

sodium	zinc	carbonate	hydrate	have	been	shown	in	lime	green	and	have	

been	further	highlighted	with	black	diagonal	arrows	placed	at	the	top	of	

each	peak.	Fourteen	well-defined	peaks	of	good	intensity	can	be	seen	in	

the	sample	diffractogram	and	have	excellent	correlation	to	the	peak	

positions	relating	to	sodium	zinc	carbonate	hydrate.	The	diffractogram	

for	sample	S5:B2B	can	be	found	in	Appendix	19,	and	similarly	shows	

convincing	correlation	between	sample	peaks	and	peak	positions	relating	

to	sodium	zinc	carbonate	hydrate.	
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Figure	126:	X-ray	diffractogram	for	the	corrosion	sample	removed	from	S4:B2B.	Peak	

positions	corresponding	to	sodium	zinc	carbonate	hydrate	have	been	shown	in	lime	green	

and	have	been	further	highlighted	with	black	diagonal	arrows	placed	at	the	top	of	each	

peak.	

	

Alabaster	

	

All	alabaster	samples	deployed	on	Phase	1	sample	boards	showed	similar	

responses	to	bat	urine,	with	a	distinctive	white	residue	remaining	on	

areas	of	the	sample	surfaces	that	had	experienced	urine	deposition.	The	

deposit	could	be	seen	to	correspond	closely	with	sites	of	urine	

deposition,	having	the	characteristic	shape	of	urine	droplet/splash	

marks.	The	deposit	was	not	found	in	areas	of	the	samples	that	had	been	

effectively	protected	by	the	barrier	elements	included	in	sample	board	

construction.		
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The	image	below	shows	samples	S8:B1,	S8:B2,	S8:B3	and	S8:B4,	

differences	in	appearance	relating	to	degree/rate	of	urine	deposition	can	

clearly	be	seen.		

	

	

	
	
Figure	127:	Alabaster	samples	S8:B1	(top	left),	S8:B2	(top	right),	S8:B3	(bottom	left),	S8:B4	

(bottom	right)	showing	the	relationship	between	sites	of	urine	deposition	and	the	

accumulation	of	white	deposit	in	the	shape	of	urine	droplet/splash	marks.	Sample	S8:B2	

(top	right),	has	experienced	a	much	greater	degree	of	urine	deposition	and	the	surface	has	

become	almost	completely	obscured.	
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On	samples	that	had	experienced	greater	deposition	rates,	the	deposit	

was	more	uniformly	distributed	across	the	surface,	a	result	of	all	areas	of	

the	surface	experiencing	urine	deposition	at	least	once,	if	not	multiple	

times.	On	samples	where	multiple	phases	of	deposition	had	occurred	it	

could	be	seen	that	this	had	resulted	in	a	greater	accumulation	of	deposit.	

Sample	S8:B2	had	experienced	the	greatest	degree	of	urine	deposition	

resulting	in	the	surface	becoming	almost	completely	obscured.	The	

following	image	shows	sample	S8:B2	in	greater	detail,	heavy	dropping	

accumulation	has	resulted	in	staining	of	the	deposit.		

	
Figure	128:	Sample	S8:B2,	multiple	phases	of	urine	deposition	have	resulted	in	the	surface	

of	the	sample	becoming	almost	completely	obscured	with	urine	precipitate.	Heavy	dropping	

accumulation	in	combination	with	urine	deposition	has	resulted	in	staining	of	the	deposit.	

	

While	some	droppings	had	remained	well	adhered	to	the	surface	of	the	

alabaster	samples,	direct	contact	with	droppings	in	isolation	did	not	

appear	to	have	had	an	adverse	effect.	The	following	image	shows	an	

enlarged	area	of	sample	S8:B1	before	and	after	dropping	removal.	Careful	

comparison	of	the	two	images	illustrates	that	the	location	of	droppings	
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on	the	surface	of	the	sample	did	not	correspond	to	significant	physical,	

chemical	or	visual	change.	

	

	

	
	
Figure	129:	Enlarged	area	of	sample	S8:B1	before	dropping	removal	(left)	and	after	(right).	

Careful	comparison	of	the	two	images	shows	that	location	of	droppings	on	the	surface	of	

the	test	material	does	not	relate	to	physical,	chemical	or	visual	change	to	the	substrate.	
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Marble	

	

Marble	samples	deployed	on	the	Phase	1	sample	boards	all	showed	a	

similar	and	consistent	response	to	the	effects	of	bat	urine	and	droppings.	

Unlike	the	alabaster	samples	described	previously,	urine	precipitate	was	

not	seen	on	the	surface,	however	staining	of	the	sample	material	was	

significant.	The	following	image	shows	samples	S9:B1,	S9:B2,	S9:B3	and	

S9:B4,	white	urine	precipitate	is	not	present	on	the	surface	but	staining	

can	be	clearly	seen	on	all	samples.	

	
	
Figure	130:	Marble	samples	S9:B1	(top	left),	S9:B2	(top	right),	S9:B3	(bottom	left),	S9:B4	

(bottom	right).	Urine	precipitate	is	not	visibly	present	on	the	surface	of	the	samples	but	

significant	staining	can	be	seen.		
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The	porosity	of	the	marble	samples	would	appear	to	have	been	the	cause	

of	this	response	to	droppings	and	urine.	In	contrast	to	non	porous	

samples,	urine	has	been	drawn	into	the	marble	substrate	prior	to	

evaporation,	resulting	in	urine	precipitate	being	distributed	within	the	

porous	body	of	the	sample	at	a	subsurface	level.		

	

Porosity	is	also	a	factor	in	the	significant	staining	that	has	taken	place	on	

the	marble	samples	as	a	result	of	contact	with	urine,	both	in	isolation	and	

also	in	close	association	with	droppings.	The	image	below	shows	an	

enlarged	area	of	sample	S9:B2	both	before	and	after	dropping	removal,	

careful	comparison	of	the	two	images	illustrates	that	staining	can	be	seen	

not	only	in	areas	where	droppings	have	accumulated	on	the	surface,	but	

also	in	areas	in	which	only	urine	deposition	has	occurred.		

	

	
	
Figure	131:	Enlarged	area	of	sample	S9:B2	before	dropping	removal	(left)	and	after	(right).	

Careful	comparison	of	the	two	images	shows	that	staining	can	be	seen	both	in	areas	where	

droppings	have	accumulated	on	the	surface,	and	also	in	areas	in	which	only	urine	deposition	

has	occurred.	Staining	is	significant	and	pronounced	due	to	the	potential	for	material	to	be	

drawn	into	the	porous	body	of	the	marble	sample	resulting	in	discolouration.	
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Granite	

	

All	granite	samples	deployed	on	Phase	1	sample	boards	showed	similar	

responses	to	bat	urine,	with	a	distinctive	white	residue	remaining	on	

areas	of	the	sample	surfaces	that	had	experienced	urine	deposition.	The	

deposit	could	be	seen	to	correspond	closely	with	sites	of	urine	

deposition,	having	the	characteristic	shape	of	urine	droplets,	notably		the	

deposit	was	not	found	on	areas	of	the	samples	that	had	been	protected	by	

the	barrier	elements.	On	samples	that	had	experienced	greater	

deposition	rates,	the	deposit	was	more	uniformly	distributed	across	the	

surface,	a	result	of	all	areas	of	the	surface	experiencing	urine	deposition	

at	least	once,	if	not	multiple	times.	On	samples	where	multiple	phases	of	

deposition	had	occurred	it	could	be	seen	that	this	had	resulted	in	a	

greater	accumulation	of	deposit.	The	image	below	shows	samples	S10:B1,	

S10:B2,	S10:B3	and	S10:B4,	differences	in	appearance	relating	to	

degree/rate	of	urine	deposition	can	clearly	be	seen.		
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Figure	132:	Granite	samples	S10:B1	(top	left),	S10:B2	(top	right),	S10:B3	(bottom	left),	

S10:B4	(bottom	right)	showing	the	relationship	between	sites	of	urine	deposition	and	the	

accumulation	of	urine	precipitate,	areas	on	the	samples	that	have	been	protected	by	the	

barrier	elements	can	be	seen	to	be	relatively	clear	of	surface	deposits.	

	

While	some	droppings	had	remained	well	adhered	to	the	surface	of	the	

granite	samples,	direct	contact	with	droppings	in	isolation	and	in	

association	with	urine	did	not	appear	to	have	had	an	adverse	effect	on	

the	samples	beyond	the	accumulation	of	surface	debris.	The	following	

image	shows	an	enlarged	area	of	sample	S10:B1	before	and	after	

dropping	removal,	careful	comparison	of	the	two	images	illustrates	that	

the	location	of	droppings	on	the	surface	of	the	sample	did	not	correspond	

to	significant	physical,	chemical	or	visual	change.	
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Figure	133:	Enlarged	area	of	sample	S10:B1	before	dropping	removal	(left)	and	after	(right).	

Careful	comparison	of	the	two	images	shows	that	location	of	droppings	on	the	surface	of	

the	test	material	does	not	relate	to	physical,	chemical	or	visual	change	to	the	substrate.	

	

Pine		

	

All	pine	samples	deployed	on	Phase	1	sample	boards	showed	similar	

responses	to	the	effects	of	bat	droppings	and	urine,	while	there	were	

some	differences	in	sample	response	as	a	result	of	the	different	surface	

coatings	applied	to	various	areas,	these	responses	were	observed	

consistently	on	all	samples.	

	

Areas	of	the	samples	rendered	less	porous	by	being	coated	with	shellac	

or	wax	showed	evidence	of	white	urine	precipitate	on	the	surface.	The	

deposit	could	be	seen	to	correspond	closely	with	sites	of	urine	

deposition,	having	the	characteristic	shape	of	urine	droplets,	notably	the	

deposit	was	not	found	on	areas	of	the	samples	that	had	been	protected	by	

the	barrier	elements.	Close	examination	of	wax	coated	areas	of	the	

sample	showed	that	a	white	bloom	had	developed	within	the	coating	
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corresponding	with	locations	of	urine	deposition.	White	urine	precipitate	

was	much	less	readily	seen	on	the	untreated	sections	of	the	samples	due	

to	the	urine	being	borne	into	the	substrate	rather	than	remaining	on	the	

surface.	Untreated	pine	also	showed	evidence	of	watermarks/staining	in	

addition	to	a	lightening	of	the	surface	in	areas	that	had	been	exposed	to	

urine.		

	

The	following	image	shows	samples	S11:B1,	S11:B2,	S11:B3	and	S11:B4,	

differences	in	response	to	bat	droppings	and	urine	can	be	seen	to	relate	

to	surface	coating	or	lack	thereof.	

	

	
Figure	134:	Pine	samples	S11:B1	(top	left),	S11:B2	(top	right),	S11:B3	(bottom	left),	S11:B4	

(bottom	right)	showing	urine	precipitate	on	shellac	and	wax	coated	areas	(upper	and	lower	

strip	of	each	sample),	discolouration	of	the	untreated	area	(middle	strip),	and	white	bloom	

formation	on	wax	coated	areas	(bottom	strip	of	each	sample).	
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The	digital	micrographs	below	show	sections	of	sample	S11:B2	in	greater	

detail,	white	urine	precipitate	can	be	seen	to	have	remained	on	the	

surface	of	the	shellac	coating,	but	to	have	penetrated	the	wax	coating	

resulting	in	powdering	and	disruption	of	the	surface.	Under	

magnification	white	precipitate	can	be	seen	in	localised	areas	associated	

with	urine	deposition	on	the	untreated	pine	sample,	the	distribution	can	

be	seen	to	be	closely	related	to	areas	of	urine	deposition	(round	drop	

marks)	due	to	the	liquid	urine	quickly	soaking	into	the	substrate	upon	

contact.	
	

	

Figure	135:	Sample	S11:B2,	detail	of	shellac	coated	area.	White	urine	precipitate	can	be	seen	

to	have	remained	on	the	surface	of	the	shellac	coating	and	the	coating	has	remained	intact.	
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Figure	136:	Sample	S11:B2,	detail	of	uncoated	area.	White	urine	precipitate	can	be	seen	

beneath	the	surface	in	localised	areas	associated	with	sites	of	urine	deposition	(due	to	the	

liquid	urine	quickly	soaking	into	the	substrate	upon	contact).	

	

	
Figure	137:	Sample	S11:B2,	detail	of	wax	coated	area.	White	urine	precipitate	can	be	seen	

on	the	surface	of	the	wax	coating	but	has	also	begun	to	penetrate	the	wax	in	some	areas	
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resulting	in	powdering	and	disruption	of	the	surface	(seen	as	white	bloom	with	the	naked	

eye).	

Oak	(untreated,	waxed	and	coated	with	shellac)	

	

All	oak	samples	deployed	on	Phase	1	sample	boards	showed	similar	

responses	to	the	effects	of	bat	urine	and	droppings,	while	there	were	

some	differences	in	sample	response	as	a	result	of	the	different	surface	

coatings	applied	to	various	areas,	these	responses	were	observed	

consistently	on	all	samples.	

	

Areas	of	the	oak	samples	rendered	non	porous	by	being	coated	with	

shellac	showed	some	evidence	of	white	urine	precipitate	on	the	surface.	

This	was	seen	to	a	lesser	extent	on	the	more	porous	sample	surfaces	(i.e.	

untreated	and	wax	coated	oak)	due	to	the	urine	being	borne	into	the	

substrate	rather	than	remaining	on	the	surface.	Untreated	oak	showed	

evidence	of	watermarks/staining	in	addition	to	a	lightening	of	the	surface	

in	areas	that	had	been	exposed	to	urine.		

	

Both	shellac	and	wax	surface	coatings	showed	evidence	of	damage	or	

disruption	as	a	result	of	urine	deposition.	Shellac	coated	sections	of	the	

oak	samples	were	found	to	have	begun	blistering	in	some	areas	due	to	

the	ingress	of	urine	resulting	in	detachment	of	the	surface	coating	from	

the	substrate.	Wax	coated	sections	of	the	samples	developed	a	white	

bloom	within	the	coating	that	corresponded	with	the	location	of	urine	

deposition.	The	following	image	shows	samples	S12:B1,	S12:B2,	S12:B3	

and	S12:B4,	differences	in	response	to	bat	droppings	and	urine		

can	be	seen	to	relate	to	surface	coating	or	lack	thereof.	

	

	



	 257	

		

Figure	138:	Oak	samples	S12:B1	(top	left),	S12:B2	(top	right),	S12:B3	(bottom	left),	S12:B4	

(bottom	right)	showing	urine	precipitate	on	shellac	coated	areas	(upper	strip	of	each	

sample),	discolouration	of	the	untreated	area	(middle	strip),	and	white	bloom	formation	on	

wax	coated	areas	(bottom	strip	of	each	sample).	

	

The	digital	micrographs	below	show	sections	of	sample	S12:B1	in	greater	

detail,	white	urine	precipitate	can	be	seen	on	the	surface	of	the	coating	in	

some	areas	but	has	penetrated	the	coating	in	a	number	of	places	

resulting	in	blistering	and	detachment	of	the	shellac	from	the	surface.	

Viewed	under	magnification	the	white	bloom	seen	on	the	wax	coated	

sample	can	be	seen	to	be	due	to	urine	precipitate	penetrating	the	wax	

resulting	in	disruption	of	the	coating	and	detachment	from	the	surface	

(seen	as	white	bloom	with	the	naked	eye).	White	areas	on	the	uncoated	

oak	sample	are	the	result	of	urine	precipitate	that	has	soaked	into	the	

sample	and	is	now	within	the	structure	of	the	wood.		
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Figure	139:	Sample	S12:B1,	detail	of	shellac	coated	area.	White	urine	precipitate	can	be	seen	

on	the	surface	of	the	coating	in	some	areas	but	has	penetrated	the	coating	in	a	number	of	

places	resulting	in	blistering	and	detachment	of	the	coating	from	the	surface.	

	

	

Figure	140:	Sample	S12:B1,	detail	of	uncoated	area.	White	areas	of	the	sample	surface	are	

the	result	of	urine	precipitate	that	has	soaked	into	the	sample	and	is	now	within	the	

structure	of	the	wood.	Some	black	water	staining	associated	with	areas	of	the	surface	that	

have	remained	wet	for	longer	periods	can	also	be	seen.	
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Figure	141:	Sample	S12:B1,	detail	of	wax	coated	area.	White	urine	precipitate	has	

penetrated	the	wax	resulting	in	disruption	of	the	coating	and	detachment	from	the	surface	

(seen	as	white	bloom	with	the	naked	eye).	

	

Analysis	of	white	precipitate	

	

Samples	of	white	precipitate	present	on	the	surface	of	selected	granite	

and	alabaster	samples	were	removed	and	mounted	on	stainless	steel	SEM	

stubs	for	elemental	analysis.	Due	to	the	nature	of	the	samples	(powder	

scraped	from	the	surface	of	the	test	materials)	only	semi-quantitative	

results	were	obtained.	SEM-EDS	analysis	of	the	white	precipitate	

confirmed	that	the	predominant	element	at	all	sites	of	analysis	was	

nitrogen,	with	lower	quantities	of	potassium,	sodium,	chloride	and	

phosphate	detected.	The	analysis	was	entirely	consistent	with	the	range	

of	elements	one	would	expect	to	remain	after	the	liquid	fraction	of	bat	

urine	had	evaporated	(phosphate	likely	being	detected	as	a	result	of	

contamination	from	bat	droppings	deposited	on	the	surfaces	of	the	

samples).		
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Environmental	data	associated	with	Phase	1	sample	boards		

	

Data	loggers	used	were	TGU-4500,	Tinytag	Ultra	2	temperature	and	

relative	humidity	loggers	produced	by	Gemini	Data	Loggers.	All	data	

loggers	were	purchased	new	for	the	project	and	as	such	were	calibrated	

by	the	manufacturer;	in	addition,	the	calibration	of	all	units	was	checked	

in-house	prior	to	deployment.	All	units	were	found	to	be	reading	

accurately.	Full	technical	specifications	for	the	data	loggers	used,	

including	details	of	their	accuracy	and	resolution,	can	be	found	in	

Appendix	20.	

	

Data	loggers	were	included	in	the	sample	boards	purely	as	a	

precautionary	measure.	Had	it	been	seen	that	the	response	of	sample	

materials	on	a	particular	board	was	markedly	different	to	the	others,	

then	a	review	of	the	environmental	conditions	experienced	(in	

comparison	to	those	experienced	by	other	boards)	would	have	been	

important.	All	boards	deployed	exhibited	very	similar	responses	to	bat	

droppings	and	urine,	as	such	a	detailed	analysis	of	the	environmental	

data	associated	with	the	various	boards	has	not	been	given.	

Environmental	conditions	experienced	by	all	boards	were	consistent	in	

so	much	as	monitors	in	each	location	recorded	regular	and	rapid	

fluctuations	in	both	temperature	and	relative	humidity.	
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6.5 Exposure	of	test	materials	with	protective	coatings	to	bat	

droppings	and	urine		-	Phase	2	sample	boards	

	

As	work	had	been	carried	out	historically	with	S	C	Johnsons	Ltd.	to	find	a	

substance	that	could	protect	church	artefacts	from	bat	droppings	and	

urine	(Sargent,	1995,	42),	it	was	considered	important	to	reassess	

mitigation	approaches	relating	to	the	application	of	protective	surface	

coatings.	

	

While	the	historically	trialed	product	(Carefree	Undercoat)	was	found	to	

be	unsuitable	for	use	after	failing	an	accelerated	corrosion	test	conducted	

at	the	British	Museum,	(Sargent,	1995,	42)	the	Bats	in	Churches	Project	

reported	that	in	a	limited	trial	of	four	months	it	had	“appeared	to	protect	

brass”	(ibid).	

	

To	investigate	the	potential	of	protective	coatings	an	experiment	was	

designed	whereby	surface	coatings	approved	for	use	in	conservation	

were	applied	to	selected	areas	of	test	materials	in	sample	boards	similar	

to	those	described	in	section	6.4	above.	The	boards	were	then	exposed	to	

bat	droppings	and	urine	and	the	success	of	protective	surface	coatings	

was	assessed.	

	

6.5.1 Choice	of	protective	surface	coatings	

	

Surface	coatings	for	initial	testing	were	chosen	on	a	pragmatic	basis.	The	

purpose	of	the	experimental	work	was	to	make	an	assessment	of	the	

efficacy	of	an	applied	surface	coating	in	principle,	rather	than	to	identify	a	

particular	coating	for	the	purposes	of	mitigating	the	effects	of	bat	urine	

and	droppings.	Should	the	application	of	protective	coatings	show	

promise	then	further	more	directed	experimental	work	could	be	

undertaken	at	a	future	date.	
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Choice	of	coating	was	made	on	the	basis	that	any	coating	tested	would	

have	to	be:	

	

• Appropriate	for	the	types	of	material	used	in	the	experimental	

work	

• Have	the	potential	for	removal	after	a	period	of	years	

• Widely	available	

• Relatively	inexpensive	

• Have	the	potential	for	application	by	non	specialists	

• Non	toxic	

	

In	addition	to	the	criteria	above,	it	was	considered	expedient	that	

protective	coatings	should	be	selected	from	materials	that	are	widely	

used	as	surface	coatings	for	heritage	objects,	and	for	which	reliable	data	

could	be	obtained	regarding	stability.	The	following	coatings	were	

selected:	

	

	

• Renaissance	Wax	(blend	of	microcrystalline	waxes	with	some	

polyethylene	wax	in	white	spirit)	

• Paraloid	B44	(methyl	methacrylate	co-polymer;	40%	W/V	in	

toluene)	

• Paraloid	B67	(isobutyl	methacrylate	polymer;	45%	W/V	in	

white	spirit)	

	

Manufacturer’s	information	and	Material	Safety	Data	Sheets	for	the	above	

products	can	be	found	in	Appendix	21.	

	

Renaissance	Wax	

Renaissance	Wax	(manufactured	since	1968	by	Picreator	Enterprises	

Ltd.)	is	a	blend	of	microcrystalline	and	polyethylene	waxes	with	white	

spirit.	Originally	developed	by	Dr.	Tony	Werner	in	the	British	Museum	

research	laboratories	in	the	early	1950's,	Renaissance	Wax	was	
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formulated	to	provide	an	alternative	to	the	natural	wax	products	being	

used	in	conservation	at	that	time	(Plenderleith	and	Werner,	1971,	374).	

	

Unlike	naturally	occurring	plant	or	animal	waxes,	microcrystalline	waxes	

are	derived	as	a	byproduct	of	petroleum	refining.	Containing	a	high	

percentage	of	isoparaffinic	hydrocarbons	and	naphthenic	hydrocarbons,	

microcrystalline	wax	has	a	finer	crystal	structure	than	other	common	

petroleum	waxes	e.g.	paraffin	wax,	and	in	comparison	has	greater	

flexibility,	higher	melting	point	and	water	resistance	making	it	

apparently	ideal	for	use	as	surface	coating.	Renaissance	Wax	is	sold	

premixed	and	ready	for	use,	it	is	widely	available	and	has	been	used	

extensively	by	conservators	in	the	heritage	sector	over	the	past	50	years	

(Keene,	1984,	104,	Moffett,	1996,	Robbiola	et	al.,	1993,	801,	Selwyn	et	al.,	

1996,	218).		

	

Paraloid	B44		

Manufactured	by	the	Dow	Chemical	Company	(part	of	the	Rohm	and	Haas	

group),	Paraloid	B44	is	a	solid	grade	ethylmethacrylate/methyl	

methacrylate	copolymer	

primarily	designed	for	use	as	a	clear	surface	coating	for	treated	metal,	

copper,	zinc,	brass,	treated	aluminum	and	concrete	floors.	It	has	a	

combination	of	hardness,	flexibility,	and	adhesion	that	make	it	well	suited	

as	a	coating	for	a	wide	variety	of	materials,	and	has	been	widely	used	in	

conservation	both	as	an	adhesive	and	surface	coating	(Chiantore	and	

Lazzari,	2001,	17,	Kosec	et	al.,	2010,	Lazzari	and	Chiantore,	2000,	6447).	

	

The	manufacturers’	recommended	concentration	for	Paraloid	B44	used	

as	a	surface	coating	is	40%	weight	by	volume	in	a	toluene	(product	

designation	PARALOID	B-44S,	see	Appendix	21).		Although	a	wide	range	

of	solution	concentrations	and	different	solvents	could	have	been	tested	

it	was	decided	that	manufacture’s	recommendations	for	the	product	

would	be	used.	If	the	coating	was	found	to	have	potential	then	different	
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solvent	systems	and	solution	concentrations	could	form	part	of	

recommended	areas	for	future	study.	

	

Paraloid	B67		

Also	manufactured	by	the	Dow	Chemical	Company,	Paraloid	B67	is	a	

solid	grade	isobutyl	methacrylate	polymer,	primarily	designed	as	an	

additive	to	improve	the	properties	of	medium-	and	long-oil	alkyds,	drying	

oils,	and	oleoresinous	varnishes	in	industrial	applications	and	product	

finishing.	Isobutyl	methacrylate	is	a	very	hydrophobic	polymer,	and	was	

chosen	for	use	in	this	experiment	in	part	due	to	its	excellent	water	

resistance	(Favaro	et	al.,	2006,	3084).	Paraloid	B67	has	been	used	

extensively	in	conservation	as	a	varnish/coating	for	both	easel	paintings	

and	furniture	(Stoner	and	Rushfield,	2012,	Rivers	and	Umney,	2003,	595)	

and	has	also	been	considered	as	a	coating	for	stone	objects	(Della	Volpe	

et	al.,	2000).	

	

The	manufacturer	recommended	concentration	for	Paraloid	B67	when	

supplied	directly	in	solution	for	use	as	a	surface	coating	was	45%	weight	

by	volume	in	mineral	spirits	(product	designation	PARALOID	B-67MT,	

see	Appendix	21).	As	mentioned	previously	it	was	decided	that	

manufacturer’s	recommendations	for	the	product	would	be	used	in	this	

first	stage	of	experimental	work,	with	further	investigation	testing	being	

recommend	of	required.		

6.5.2 Test	materials	used	in	Phase	2	sample	boards	

	

As	the	desired	outcome	of	the	experimental	work	was	a	“proof	of	

concept”	to	broadly	establish	if	an	applied	surface	coating	would	provide	

an	effective	barrier	against	bat	droppings	and	urine,	the	use	of	a	reduced	

range	of	test	materials	for	this	aspect	of	the	research	was	deemed	

sufficient.		

	

Wooden	samples	(oak	and	pitch	pine)	were	not	included	as	information	

regarding	the	performance	of	two	surface	coatings	commonly	applied	to	



	 265	

wood	i.e.	beeswax	and	shellac,	had	already	been	gathered	in	earlier	

experiments	(see	sections	6.2	and	6.4).	Observations	from	the	

deployment	of	Phase	1	sample	boards	had	shown	that	of	the	lead/tin	

alloys	included	in	the	experiment,	the	greatest	response	to	bat	droppings	

and	urine	was	given	by	the	high	lead	content	sample.	Of	the	brass	sample	

materials	used	previously,	all	had	shown	a	strong	response	to	dropping	

and	urine	exposure,	therefore	a	single	representative	alloy	composition	

(mid	range)	was	selected	for	use	in	the	Phase	2	sample	boards.		

	

The	test	materials	included	in	the	Phase	2	sample	boards	are	shown	in	

the	table	below.		

	

Test	material	 Representative	of	
Lead/tin	alloy		
94/4	(remainder	trace	elements)	 organ	pipes		

Copper/zinc	alloy		
70/30	alpha	(cartridge	brass	CW505L)	

Memorial	brasses,	church	plate,	
lecterns,	architectural	fittings	

Alabaster	 Funerary	monuments	

Marble	 Funerary	monuments,	architectural	
elements	

Granite	 Memorial	slabs,	funerary	monuments,	
flooring,	architectural	elements	

	
	Figure	142:	Table	listing	test	materials	used	in	Phase	2	sample	board	deployment	as	part	of	

experimental	work	to	establish	the	efficacy	of	protective	surface	coatings.	
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6.5.3 Preparation	of	sample	materials	

	

Protective	coatings	were	applied	to	the	surface	of	the	sample	materials	

by	first	masking	areas	of	the	sample	with	archival	low	tack	tape,	the	

exposed	areas	of	each	sample	material	then	had	protective	surface	

coatings	applied	to	them	as	shown	in	the	image	below.	
	

	

	

Figure	143:	Test	sample	(lead/tin	alloy)	prior	to	incorporation	into	a	Phase	2	sample	board,	

showing	the	locations	and	relative	positions	of	the	applied	protective	coatings.	

	

Coatings	were	applied	using	a	half	inch	Winsor	&	Newton,	Galeria,	One	

stroke/Wash	brush.	Two	applications	of	each	coating	were	applied	to	the	

surface	using	single	continuous	brush	stroke	from	left	to	right.	Separate	

brushes	were	used	for	each	of	the	different	coatings.	

	

6.5.4 Construction	of	Phase	2	sample	boards	

	

Sample	boards	were	constructed	in	the	same	manner	and	following	the	

same	principles	as	phase	1,	but	with	the	reduced	number	of	test	samples	

described	above.	Once	again	a	data	logger	recording	relative	humidity	

and	temperature	was	included	on	the	board.	The	image	below	shows	one	

of	the	Phase	2	sample	boards		shortly	before	completion.	
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Figure	144:	Phase	2	sample	board	prior	to	deployment,	note	that	areas	in	which	protective	

coatings	have	been	applied	can	be	seen	on	some	of	the	sample	materials.	The	data	logger	

has	yet	to	be	covered.	

	

6.5.5 Deployment	of	Phase	2	Sample	boards	

	

For	purposes	of	consistency	boards	were	deployed	in	the	same	roost	

sites	as	used	in	phase	1,	for	a	period	of	time	relating	to	those	months	in	a	

one-year	cycle	when	bats	are	active.	Information	regarding	the	Phase	2	

board	identification	numbers	and	their	locations	is	given	in	the	table	

below.	

	

Board	no.	 Location	 Species	 Building	type	

5	 Chartham,	Kent	 Plecotus	auritus	 Private	dwelling	

6	 Wickhambreaux,	Kent	
Pipistrellus	

pygmaeus	
Private	dwelling	

7	
Nether	Winchendon,	

Buckinghamshire	
Myotis	nattereri	 Church	

8	 Englefield,	Berkshire	 Plecotus	auritus	 Estate	building	

	

Figure	145:	Table	relating	Phase	2	board	identification	numbers	to	location,	building	type	

and	species	of	bat	using	the	roost.	

	



	 268	

Sample	boards	were	deployed	from	April	2012	until	November	2012.	The	

assistance	of	licenced	bat	workers	was	again	required	to	place	the	sample	

boards	on	my	behalf,	and	I	am	grateful	to	members	of	the	North	Bucks	

Bat	Group,	and	the	Kent	Bat	Group	for	their	help	in	this	regard.	After	

being	exposed	to	the	deposition	of	bat	droppings	and	urine,	the	sample	

boards	were	removed	from	the	roost	sites	and	returned	to	the	UCL	

Institute	of	Archaeology.	

6.5.6 Post	deployment	processing	of	Phase	2	sample	boards	

	

Post	deployment	processing	and	imaging	took	place	in	the	manner	

described	previously	for	Phase	1	sample	boards	(see	section	6.4.4	above).	

Surfaces	of	the	test	materials	were	then	examined	visually	and	using	

digital	microscopy	in	order	to	determine	if	the	application	of	the	

protective	coatings	had	been	effective,	and	if	so	to	what	degree.	Details	of	

the	digital	microscopes	used	can	be	found	in	section	6.4.5	above.		

	

Removal	of	the	protective	coatings	was	then	undertaken	to	allow	

surfaces	below	the	coatings	to	be	examined.	Coatings	were	removed	

using	the	standard	conservation	practice	of	appropriate	solvents	applied	

with	cotton	swabs.	

	

Efficacy	of	the	coatings	was	established	via	a	comparison	of	treated	areas	

of	the	various	test	materials	with	the	adjacent	untreated	surfaces.	The	

extent	of	chemical,	physical	or	visual	change	resulting	from	bat	droppings	

and	urine	was	recorded.		
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6.5.7 Results	

	

Phase	2	sample	boards	were	successfully	retrieved	from	roost	sites	in	

late	November	2012	and	transported	to	the	UCL,	Institute	of	Archaeology	

for	processing	and	analysis.	

	

In	the	following	discussion	a	“sample	number”	will	be	used	to	refer	to,	or	

identify,	test	materials	from	the	various	Phase	2	Sample	Boards.	The	

identification	system	follows	the	same	convention	as	before	i.e.	“Sample	

3:Board	5”,	is	abbreviated	to	S3:B5.		

	

An	image	relating	sample	numbers	to	the	positions	of	the	various	test	

materials	on	each	of	the	Phase	2	sample	boards	is	given	below.		
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Figure	146:	Image	showing	the	relationship	between	sample	numbers	used	for	Phase	2	

sample	boards	to	allow	ease	of	reference	when	discussing	data	and	the	associated	test	

material.		

	

General	observations	

	

All	Phase	2	sample	boards	showed	deposition	of	bat	droppings	and	urine.	

While	differences	between	the	boards	relating	to	deposition	volume	were	

not	as	marked	as	those	previously	seen	with	Phase	1	sample	boards,	they	

were	apparent.	The	table	below	relates	Phase	2	board	identification	

numbers	to	location,	building	type,	species	of	bat	using	the	roost	and	the	

degree	of	dropping	and	urine	deposition	upon	initial	retrieval.	
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Board	 Location	 Species	 Building	
type	

Degree	of	deposition	
(droppings	and	
urine)	

5	 Chartham,	Kent	 Plecotus	
auritus	

Private	
dwelling	

Droppings	and	urine	
marks	uniformly	
distributed	across	whole	
surface	but	with	a	
greater	accumulation	of	
droppings	on	the	proper	
right	hand	side	of	the	
board	

6	 Wickhambreaux
,	Kent	

Pipistrellus	
pygmaeus	

Private	
dwelling	

Heavy	deposition	
predominantly	on	the	
proper	right	hand	side	of	
the	board,	small	areas	of		
the	surface	are	
completely	obscured	

7	

Nether	
Winchendon,	
Buckinghamshir
e	

Myotis	
nattereri	 Church	

Lightest	deposition	of	all	
Phase	2	sample	boards	
deployed.		

8	 Englefield,	
Berkshire	

Plecotus	
auritus	

Estate	
building	

Heavy	deposition	
predominantly	on	the	
lower	right	hand	corner	
of	the	board,	some	areas	
of		
the	surface	are	
completely	obscured	

	
Figure	147:	Table	relating	Phase	2	board	identification	numbers	to	location,	building	type,	

species	of	bat	using	the	roost	and	degree	of	dropping	and	urine	deposition.		
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Images	of	the	sample	boards	as	initially	removed	from	the	roost	sites	are	

shown	below.	

	
Figure	148:	Phase	2:		Board	5	after	removal	from	Plecotus	auritus	roost	showing	deposition	
of	droppings	and	urine	across	the	entire	surface.		

	
Figure	149:	Phase	2:	Board	6	after	removal	from	Pipistrellus	pygmaeus	roost,	note	the	much	

heavier	dropping	deposition	and	the	localised	distribution	of	droppings	on	the	right	hand	

side	of	the	board.	
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Figure	150:	Phase	2:		Board	7	after	removal	from	Myotis	nattereri	roost,	the	level	of	
dropping	deposition	is	lighter	than	boards	5,	6	and	8,	but	distribution	is	more	uniform.	Due	

to	the	smaller	number	of	droppings	accumulating	on	the	surface,	effects	relating	to	urine	

deposition	can	be	seen	more	distinctly.	

	
Figure	151:	Phase	2:		Board	8	after	removal	from	Plecotus	auritus	roost,	note	the	much	

heavier	dropping	deposition	and	the	localised	distribution	of	droppings	on	the	right	hand	

side	of	the	board.	
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As	the	primary	purpose	of	the	Phase	2	sample	board	deployment	was	to	

investigate	the	potential	of	protective	coatings,	a	detailed	description	of	

the	deposits	accumulated	on	individual	boards,	and	their	removal	will	

not	be	given.	All	Phase	2	sample	boards	were	processed	in	the	same	

manner	as	Phase	1	boards	(described	in	detail	in	section	6.4.4),	as	was	

the	case	with	Phase	1	sample	boards	droppings	were	often	well	adhered	

to	the	surfaces	of	test	samples	and	could	not	be	easily	removed	from	the	

boards	using	non	contact	methods.	Problems	relating	to	the	removal	of	

accumulated	and	caked	dropping	deposits	were	again	encountered	on	

both	coated	and	uncoated	areas	of	the	test	samples.		

	

After	droppings	had	been	removed	from	the	sample	boards	they	were	

disassembled.	All	samples	were	photographed	in	order	to	provide	a	

detailed	record	of	the	surface	and	then	individually	bagged	and	labelled.		

The	complete	photographic	record	of	all	20	samples	from	the	Phase	2	

sample	boards	can	be	found	in	Appendix	22.	

	

Wherever	images	of	Phase	2	test	samples	are	shown	they	are	presented	

in	the	orientation	seen	below.	Areas	of	surface	coated	with	Paraloid	B44	

appear	on	the	left	of	the	image,	Renaissance	Wax	in	the	centre,	and	

Paraloid	B67	on	the	right.	
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Figure	152:	Test	sample	(lead/tin	alloy)	showing	the	locations	and	relative	positions	of	the	

applied	protective	coatings.	

Observations	relating	to	the	performance	of	surface	coatings	on	

metal	samples	

	

Sample	materials	that	gave	a	strong	visual	response	to	dropping	and	

urine	deposition	provided	the	clearest	evidence	of	the	protective	abilities	

of	a	surface	coating.	Observation	of	the	copper/zinc	alloy	samples	clearly	

indicated	that	both	Paraloid	B44	and	B67	had	potential	to	act	as	a	barrier	

to	the	effects	of	droppings	and	urine,	while	Renaissance	Wax	was	

observed	to	be	relatively	ineffective.		

	

The	following	image	shows	copper	alloy	samples	from	all	four	Phase	2	

sample	boards	and	gives	an	indication	of	the	effectiveness	of	the	Paraloid	

B44	and	B67	and	Renaissance	Wax	surface	coatings	at	preventing	

corrosion	resulting	from	the	deposition	of	bat	droppings	and	urine	on	

copper/zinc	alloy.	Renaissance	Wax	(located	in	the	central	strip	of	each	

sample)	has	clearly	been	the	least	effective	coating.	
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Figure	153:	Copper/zinc	alloy	samples	S4:B5	(top	left),	S4:B6	(top	right),	S4:B7	(bottom	left),	

S4:B8	(bottom	right)	showing	the	relative	effectiveness	of	surface	coatings	at	preventing	

corrosion	caused	by	the	deposition	of	bat	droppings	and	urine	on	copper/zinc	alloy.	

Renaissance	Wax	(located	in	the	central	strip	of	each	sample)	has	been	the	least	effective	

coating.	
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Sample	S1:B7	is	shown	in	greater	detail	below,	all	areas	of	the	sample	

have	experienced	some	corrosion	as	a	result	of	urine	deposition,	

therefore	none	of	the	applied	surface	coatings	were	100%	effective	in	

this	experiment.		

	

	

Figure	154:	Sample	S1:B7,	corrosion	can	be	seen	on	both	coated	and	uncoated	areas	of	the	

sample	indicating	that	none	of	the	applied	surface	coatings	were	100%	effective.	

	

Though	the	acrylic	coatings	failed	in	some	areas,	Paraloid	B44	and	B67	

clearly	had	potential	to	provide	good	surface	protection.	Evidence	of	this	

can	be	seen	in	boundary	areas	between	coated	and	uncoated	parts	of	the	

sample	that	have	experienced	urine	deposition.	The	images	below	show	

enlarged	areas	of	sample	S1:B7,	corrosion	caused	by	bat	urine	has	been	

neatly	bisected	in	areas	of	deposition	that	cover	both	coated	and	

uncoated	parts	of	the	sample.	While	all	surface	coatings	have	limited	the	

degree	of	corrosion	to	some	extent,	Paraloid	B44	and	B67	have	been	the	

most	effective.		
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Figure	155:	Enlarged	area	of	sample	S1:B7	showing	prevention	of	corrosion	as	a	result	of	

surface	coating	with	Paraloid	B44	(B44	coated	area	is	on	the	left,	and	the	uncoated	area	of	

the	sample	is	on	the	right).	Some	corrosion	can	also	be	seen	on	the	coated	portion	of	the	

sample	proving	that	the	B44	barrier	was	not	100%	effective	in	this	test.	

	

	

	

	
Figure	156:	Enlarged	area	of	sample	S1:B7	showing	prevention	of	corrosion	as	a	result	of	

surface	coating	with	Renaissance	Wax	(wax	coated	area	is	on	the	left,	and	the	uncoated	area	

of	the	sample	is	on	the	right).	The	wax	coating	can	be	seen	to	have	only	a	limited	ability	to	

prevent	corrosion	of	the	sample.		
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Figure	157:	Enlarged	area	of	sample	S1:B7	showing	prevention	of	corrosion	as	a	result	of	

surface	coating	with	Paraloid	B67	(B67	coated	area	is	on	the	right,	and	the	uncoated	area	of	

the	sample	is	on	the	left).	Some	corrosion	can	also	be	seen	on	the	coated	portion	of	the	

sample	proving	that	the	B67	barrier	was	not	100%	effective	in	this	test.	

	

While	the	lead/tin	alloy	sample	did	not	show	such	a	strong,	and	easily	

observable	response	to	urine	deposition	as	the	copper/zinc	alloy	

samples,	the	applied	surface	coatings	had	clearly	performed	the	same	

protective	function.	The	following	image	shows	the	lead	samples	from	all	

four	Phase	2	sample	boards.	While	harder	to	distinguish,	a	contrast	

between	those	areas	of	the	samples	that	had	been	coated	and	those	that	

had	not	can	still	be	seen.		
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Figure	158:	Lead/tin	alloy	samples	S5:B5	(top	left),	S5:B6	(top	right),	S5:B7	(bottom	left),	

S5:B8	(bottom	right)	showing	the	relative	effectiveness	of	surface	coatings	at	preventing	

corrosion	caused	by	the	deposition	of	bat	droppings	and	urine	on	lead/tin	alloy.	Renaissance	

Wax	(located	in	the	central	strip	of	each	sample)	has	been	the	least	effective	coating.	

	

As	with	the	copper/zinc	samples,	all	areas	of	the	lead/tin	alloy	samples	

did	experience	some	corrosion	as	a	result	of	urine	deposition,	therefore	

none	of	the	applied	surface	coatings	were	100%	effective,	Renaissance	

Wax	(located	in	the	central	strip	of	each	sample)	was	again	the	least	

effective	coating.	
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Observations	relating	to	the	performance	of	surface	coatings	on	

porous	samples	

	

The	ability	of	the	surface	coatings	to	protect	porous	substrates	was	

demonstrated	most	clearly	by	the	marble	samples,	this	was	most	evident	

on	samples	that	had	been	subjected	to	the	combined	effects	of	droppings	

and	urine.	The	following	image	shows	the	marble	samples	from	all	four	

Phase	2	sample	boards.		Marble	samples	from	Boards	7	and	8	

experienced	a	lower	degree	of	urine	and	dropping	deposition	than	those	

on	Boards	5	and	6,	making	it	harder	to	determine	the	degree	of	

protection	afforded	by	the	surface	coatings.	Of	the	two	samples	that	

experienced	higher	degrees	of	deposition	only	sample	S1:B6	had	been	

found	to	have	caked	droppings	on	the	surface	(a	result	of	bat	urine	

soaking	into	accumulated	droppings),	this	sample	experienced	

considerable	staining	as	a	result.	
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Figure	159:	Marble	samples	S1:B5	(top	left),	S1:B6	(top	right),	S1:B7	(bottom	left),	S1:B8	

(bottom	right).	

Samples	S1:B7	(bottom	left),	S1:B8	(bottom	right)	experienced	a	lower	degree	of	urine	and	

dropping	deposition	than	S1:B5	(top	left)	and	S1:B6	(top	right)	making	it	harder	to	assess	the	

protective	effect	provided	by	the	applied	surface	coatings.	

	

Sample	S1:B6	is	shown	in	greater	detail	below,	the	image	shows	the	

sample	before	and	after	dropping	removal.	Careful	comparison	of	the	two	

images	illustrates	that	the	location	of	caked	droppings	on	the	surface	of	

the	sample	has	caused	significant	staining	in	uncoated	areas,	and	in	the	

area	coated	with	Renaissance	Wax.	Areas	coated	with	the	Paraloid	resins	

have	experienced	considerably	less	staining.		
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Figure	160:	Sample	S1:B6	before	dropping	removal	(left)	and	after	(right).	Careful	

comparison	of	the	two	images	shows	that	the	location	of	caked	droppings	on	the	surface	of	

the	sample	has	caused	significant	staining	both	in	uncoated	areas,	and	in	the	area	coated	

with	Renaissance	Wax	(centre),	neither	of	the	areas	coated	with	the	Paraloid	resins	(B44	left	

and	B67	right)	appears	to	have	experienced	staining.		

	

In	order	to	better	asses	the	ability	of	the	applied	surface	coatings	to	

prevent	staining,	sample	S1:	B6	was	partially	cleaned	so	as	to	remove	the	

remnants	of	droppings	that	were	obscuring	the	surface.	The	sample	was	

cleaned	using	deionised	water	applied	with	cotton	swabs.	The	image	

below	shows	the	sample	after	cleaning,	it	can	clearly	be	seen	that	

Renaissance	Wax	has	had	no	effect	on	minimising	staining	associated	

with	bat	droppings	and	urine.	The	better	visibility	of	the	test	sample	

afforded	by	removing	overlying	dropping	deposits	showed	that	the	

Paraloid	resins,	while	initially	appearing	to	have	been	very	effective,	did	

not	prevent	staining	entirely.		
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Figure	161:	Sample	S1:B6	after	dropping	removal	partially	cleaned	so	as	to	remove	the	

remnants	of	droppings	from	the	lower	half	of	the	sample.	Renaissance	Wax	(centre)	has	

clearly	offered	no	protection	from	staining	associated	with	droppings	and	urine,	areas	

coated	with	the	Paraloid	resins	(B44	left	and	B67	right)	have	experienced	considerably	less	

staining,	but	some	staining	has	still	occurred.		

	

Observations	relating	to	the	performance	of	surface	coatings	on	

non-porous	samples	

	

On	sample	materials	that	did	not	give	a	strong	visual	response	to	

exposure	to	bat	urine	and	droppings,	the	protective	properties	of	applied	

surface	coatings	were	less	easy	to	ascertain.	For	non-porous	stone	

samples	such	as	granite	and	alabaster,	deposits	on	the	surface	of	the	

samples	(such	as	urine	precipitate)	were	observed	on	both	coated	and	

uncoated	areas	alike.	The	following	image	shows	the	alabaster	samples	

from	all	four	Phase	2	sample	boards.	Examination	of	the	images	shows	

that	while	white	urine	precipitate	can	be	seen	on	all	parts	of	the	samples	

surfaces,	slightly	different	patterns	of	precipitation	have	occurred.	In	

uncoated	areas	of	the	sample,	urine	precipitate	has	been	distributed	

more	broadly	across	the	surface,	whereas	on	coated	areas,	sites	of	
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deposition	and	the	location	of	precipitate	are	more	distinct	as	a	result	of	

the	surface	coatings	having	a	more	hydrophobic	surface	than	the	

substrate.	

	

	
	

	
Figure	162:	Alabaster	samples	S3:B5	(top	left),	S3:B6	(top	right),	S3:B7	(bottom	left),	S3:B8	

(bottom	right).	On	uncoated	areas	of	the	samples	urine	precipitate	has	been	distributed	

broadly	across	the	surface,	on	coated	areas	sites	of	deposition	and	the	location	of	

precipitate	are	more	distinct.	
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Removal	of	surface	coatings	

	

Removal	of	the	protective	coatings	was	undertaken	in	order	to	allow	

surfaces	below	the	coatings	to	be	examined.	Coatings	were	removed	

using	the	standard	conservation	practice	of	appropriate	solvents	applied	

with	cotton	swabs.	Acetone	was	used	to	remove	Paraloid	B44	from	the	

surface	of	the	samples	and	white	spirit	was	used	to	remove	the	

Renaissance	Wax	and	Paraloid	B67.	Examination	of	partially	cleaned	

samples	further	confirmed	that	none	of	the	protective	coatings	applied	

had	been	effective.	The	images	below	show	sections	of	selected	samples,	

in	each	case	the	applied	coatings	have	been	entirely	removed	from	the	

bottom	half	of	the	sample.		

	

	

Figure	163:	Sample	S4:B7	partially	cleaned	so	as	to	remove	applied	coatings	from	the	lower	

half.	Corrosion	has	occurred	on	all	areas	of	the	metal	surface	in	spite	of	the	applied	coatings.	
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Figure	164:	Sample	S3:B5	partially	cleaned	so	as	to	remove	applied	coatings	from	the	lower	

half.	None	of	the	coatings	has	entirely	prevented	the	access	of	urine	to	the	sample	surface	

below.		

	

	
Figure	165:	Sample	S5:B6	partially	cleaned	so	as	to	remove	applied	coatings	from	the	lower	

half.	Corrosion	has	occurred	on	all	areas	of	the	metal	surface	in	spite	of	the	applied	coatings.	
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6.6 Case	study	churches	

	

Two	suitable	case-study	churches	were	identified	with	the	assistance	of	

the	Church	Buildings	Council	and	surveyed	in	order	to	provide	context	

for	the	experimental	work	described	above.	The	case	study	churches	

were	chosen	on	the	basis	that	they	had	bat	roosts	and	bat	activity	that	

were	significant,	and	that	had	led	to	the	employment	of	mitigation	

strategies	in	an	attempt	to	ameliorate	the	effects	of	bat	droppings	and	

urine.	Additionally	both	sites	had	historically	significant	furnishings,	

memorial	brasses	and/or	monuments.	

	

	The	case	study	churches	provided	an	opportunity	to	compare	any	

physical,	chemical	and	visual	effects	observed	on	the	experimental	test	

materials,	with	historic	surfaces	in	situ.	Using	knowledge	gained	as	a	

result	of	the	experimental	work	undertaken,	cleaning	and	mitigation	

strategies	in	use	in	the	case	study	churches	could	be	assessed	and	

recommendations	made	if	required.	The	case	study	churches	would	also	

allow	for	more	general	observations	to	be	made	regarding	the	

experiential	aspects	of	churches	with	large	bat	roosts,	and	give	an	

opportunity	to	gain	some	insights	into	aspects	of	architecture	or	

microclimate	that	might	be	relevant	to	this	research.	

	

The	churches	used	are	described	below.	

	

6.6.1 St	Nicholas,	Stanford	on	Avon	

	

St	Nicholas	Church	is	Grade	I	Listed	building	located	on	Swinford	Road,	in	

the	village	of	Stanford	on	Avon	in	Northamptonshire.	The	church	is	said	

to	have	been	founded	by	Alan	de	Aslaghby	who	was	appointed	as	Vicar	

by	his	uncle	the	Abbott	of	Selby	Abbey	in	1307.	The	church	was	built	

between	1300	and	1350AD	and	was	designated	a	Listed	building	on	18th	

January	1968.	
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St	Nicholas	Church	is	situated	in	a	rural	location	surrounded	by	

grassland,	hedgerows	and	arable	fields	with	the	River	Avon	sited	to	the	

west.	In	the	wider	area	Stanford	Hall	is	located	to	the	north	west	of	the	

site.	With	its	associated	parkland,	lakes	and	broad-leaved	woodland	it	

provides	excellent	habitat	for	a	number	of	bat	species.			

	

The	church	houses	an	historic	organ,	dating	from	1631,	and	originally	

part	of	the	instrument	made	by	renowned	organ	builders	Thomas	and	

Robert	Dallam	for	Magdalen	College,	Oxford,	and	purchased	for	St	

Nicholas	Church	by	Sir	Thomas	Cave	some	twenty	years	later.	In	addition	

to	a	fourteenth	century	baptismal	font		

and	woodwork,	St	Nicholas	also	has	a	number	of	important	historic	

monuments		

dedicated	to	the	founders	of	the	church	and	members	and	descendants	of	

the	Cave	family	who	have	owned	the	surrounding	land	and	supported	the	

church	since	1540.	
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Figure	166:	Interior	of	St	Nicholas,	Stanford	on	Avon,	looking	west	and	showing	the	organ,	

which	dates	from	approximately	1630	AD.	

	

	
Figure	167:	St	Nicholas,	Stanford	on	Avon,	viewed	from	the	southeast.	The	small	square	vent	

in	the		

eastern	gable	end	of	the	building	(between	the	chancel	and	the	nave)	is	used	by	brown	long-

eared	bats	to	access	the	roof	space	above	the	nave.		
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Nature	of	bat	occupancy	

	

Since	at	least	1981	(when	survey	work	was	first	undertaken	by	the	

Northamptonshire	Bat	Group),	St	Nicholas	Church	has	housed	a	

significant	soprano	pipistrelle	colony	of	between	200-350	bats.	The	bats	

are	present	throughout	the	year	and	roost	predominantly	above	the	

ceiling	timbers	in	the	south	aisle	of	the	church.	In	addition	to	the	soprano	

pipistrelle	population,	survey	work	undertaken	both	by	the	

Northamptonshire	Bat	Group,	and	BSG	Ecology	(ecological	consultants)	

shows	evidence	of	other	bat	species	using	the	church	and	churchyard	

(Stiles,	2009).		

	

Natterer’s	bats	and	common	pipistrelle	bats	are	known	to	be	roosting	

within	the	church	interior,	although	in	much	smaller	numbers	than	the	

soprano	pipistrelle	colony.	The	precise	location	of	these	roosts	is	not	

known,	but	the	interior	if	the	church	provides	numerous	roosting	

opportunities	for	bats	behind	hatchments,	between	roof	timbers	and	in	

areas	where	building	construction	has	left	gaps	and	crevices.		The	

following	image	shows	the	interior	of	the	church,	looking	east	towards	

the	chancel	showing	the	location	of	some	of	the	hatchments	on	the	walls	

of	the	church	and	the	timber	ceiling	construction.	
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Figure	168:	Interior	of	St	Nicholas,	Stanford	on	Avon,	looking	east	towards	the	Chancel.	

Hatchments	mounted	on	the	interior	walls	of	the	church	provide	good	roosting	

opportunities	for	Natterer’s	and	common	pipistrelle	bats,	as	does	the	timber	ceiling.	

	

While	making	little	use	of	the	interior	space	of	the	church,	brown	long-

eared	bats	are	known	to	roost	in	the	roof	space	above	the	nave,	gaining	

access	via	an	air	vent	in	the	eastern	gable	end	of	the	building.	

	

While	not	found	roosting	within	the	main	body	of	the	church,	

Daubenton’s	and	noctule	bats	have	been	recorded	flying	in	the	

churchyard.	

	

The	table	below	shows	the	bat	species	that	roost	at	St	Nicholas	or	make	

use	of	the	church	or	churchyard	periodically	(albeit	in	much	smaller	

numbers	than	the	Soprano	Pipistrelles).	
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Common	name	 Latin	name	 Use	made	of	building	or	churchyard	
 

Common	
pipistrelle	

Pipistrellus	
pipistrellus	

Small	roost	within	church	-	location	
unknown	

 

Soprano	
pipistrelle	

Pipistrellus	
pygmaeus	

Large	maternity	roost	situated	over	the	
south	aisle	–	bats	present	both	in	summer	
and	winter	

 

Brown	long-
eared	 Plecotus	auritus	 Small	roost	in	roof	space	above	the	nave	-		

bats	present	both	in	summer	and	winter	
 

Daubenton’s	
bat	

Myotis	
daubentonii	 Recorded	flying	in	churchyard		  

Natterer’s	bat	 Myotis	
nattereri	

Small	roost	within	church	-	location	
unknown.	Recorded	flying	in	churchyard		

 

Noctule	 Nyctalus	
noctula	 Recorded	flying	in	churchyard	  

	
Figure	169:	Table	showing	bat	species	that	currently	roost	or	make	use	of	the	church	or	

churchyard	at	St	Nicholas,	Stanford	on	Avon.	

	

6.6.1.1 St	Nicholas,	Stanford	on	Avon,	dropping	deposition	assessment	

	

During	the	summer	of	2011	over	a	period	of	four	weeks,	I	undertook	

detailed	dropping	counts	in	selected	areas	of	St	Nicholas,	Stanford	on	

Avon	in	order	to	quantify	the	degree	of	dropping	deposition	being	

experienced	within	the	church.		

	

As	bat	activity	is	greatest	in	the	summer	months,	the	experiment	would	

ideally	have	been	conducted	over	a	full	“bat	year”	i.e.	from	May	to	

November,	however	due	to	the	nature	of	the	work,	and	the	need	for	the	

church	to	remain	uncleaned	for	periods	of	time	to	allow	droppings	to	

accumulate,	it	was	not	possible	or	appropriate	to	run	the	experiment	at	

times	when	the	church	was	in	use	for	services	and	weddings.		August	

2011	represented	a	gap	in	the	service	schedule	at	St	Nicholas,	and	as	such	

meant	that	the	experiment	could	be	conducted	without	impacting	greatly	

on	the	primary	function	of	the	church	as	a	place	of	worship.	While	

shorter	than	the	ideal	time	period	described	above,	a	period	of	one	

month	in	which	to	assess	dropping	deposition	rate	still	allowed	an	



	 294	

acceptable	amount	of	data	to	be	gathered	from	which	conclusions	could	

be	drawn	and	extrapolations	made.		

	

In	addition	to	two	transect	dropping	counts	spanning	the	main	body	of	

the	church	from	north	to	south,	and	east	to	west,	the	following	

areas/monuments	within	the	church	were	selected	for	detailed	

assessment	of	dropping	deposition	rate.	

	

1. The	floor	area	under	the	pipistrelle	roost	site	in	the	south	aisle,	

monitored	area	measured	9m	X	2m.	

2. The	Alan	de	Aslaghby	Tomb,	located	in	the	south	wall	of	the	south	

aisle.	

3. The	monument	to	Sarah	Baroness	Braye	(including	the	floor	area	

inside	the	railing),	located	on	the	west	wall	of	the	south	aisle.	

4. The	Monument	to	Sir	Thomas	Cave	and	Elizabeth	his	Wife,	located	

between	the	nave	and	the	north	aisle.	

5. The	monument	to	Captain	The	Hon	E	V	W	Edgell	(including	the	

floor	area	inside	the	railing),	located	against	the	north	wall	in	the	

north	aisle	adjacent	to	the	north	door.	

6. The	covered	chairs	in	the	south	eastern	corner	of	the	north	aisle,	

monitored	area	measured	2.5m	X	3.6m.	

	

The	following	image	shows	a	floor	plan	of	the	church	indicating	the	

location	of	monuments	and	assessed	areas	listed	above.	Numbers	used	in	

the	image	correspond	to	those	in	the	list	above.		
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Figure	170:	Floor	plan	of	St	Nicholas,	Stanford	on	Avon	showing	the	location	of	monuments	

and	areas	used	to	calculate	dropping	deposition	rates	throughout	the	church	during	the	

month	of	August	2011.		

	

Images	of	the	monuments	and	assessed	areas	used	in	the	experiment	can	

be	found	in	Appendix	23.	

	

Methods	used	to	determine	dropping	deposition	

	

By	prior	arrangement,	cleaning	of	the	interior	of	the	church	by	volunteers	

and	third	parties	was	suspended	for	the	period	of	the	dropping	count	

ensuring	that	droppings	remained	in	situ	until	such	time	that	they	could	

be	counted	prior	to	subsequent	removal.	Additionally	signage	and	

information	packs	were	placed	within	the	church	explaining	the	nature	of	

the	experiment	to	church	visitors	(see	Appendix	24).	

	

South	aisle	

Due	to	the	large	volume	of	droppings	deposited	below	the	roost	site	in	

the	south	aisle,	dropping	counting	in	this	area	was	undertaken	using	a	

combination	of	individual	dropping	counts,	and	bulk	calculations	of	

dropping	numbers	by	weight.		
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Paper	banquet	roll	was	used	to	cover	the	floor	area	in	the	south	aisle	over	

an	area	measuring	9m	X	2m,	in	order	to	create	both	a	defined	area	from	

which	to	collect	droppings	for	weighing,	and	to	aid	dropping	counting	

when	required	(droppings	could	be	more	easily	seen	against	the	white	

background).	The	image	below	shows	paper	banquet	roll	in	situ	in	the	

south	aisle	of	St	Nicholas	(looking	east).	

	

	
	
Figure	171:	Image	showing	the	paper	banquet	roll	deployed	in	the	south	aisle	of	St	Nicholas,	

Stanford	on	Avon	in	order	to	aid	dropping	deposition	assessment.	The	image	has	been	taken	

looking	east,	signage	explaining	the	presence	of	the	sheeting	in	the	church	can	be	seen	

attached	to	the	rope	barrier	in	the	foreground.	

	

On	a	weekly	basis	accurate	dropping	counts	where	conducted	in	selected	

sample	areas	of	the	south	aisle,	sample	areas	corresponded	to	areas	of	

heavy	deposition	directly	below	the	roost	site.	Dropping	counts	were	

undertaken	using	a	50	cm	square	quadrat	(divided	into	sections	of	10cm	

square),	and	a	thumb	tally	(to	keep	an	accurate	record	of	the	count).	The	

following	image	shows	an	enlarged	area	of	the	floor	plan	of	St	Nicholas,	
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and	shows	the	quadrat	positions	used	for	dropping	deposition	

assessment	in	the	south	aisle.	

	
	
Figure	172:	Enlarged	area	of	the	floor	plan	of	St	Nicholas,	Stanford	on	Avon	showing	the	

south	aisle	and	the	quadrat	positions	used	for	dropping	deposition	assessment.	

	

Total	dropping	numbers	for	the	south	aisle	were	calculated	by	collecting	

and	bagging	all	droppings	deposited	on	the	sheeted	area	in	a	one	week	

period.	Once	returned	to	UCL,	the	total	bulk	weight	of	the	droppings	was	

measured	using	an	Oxford	F31002	laboratory	balance.	The	total	number	

of	droppings	contained	in	the	bulk	sample	was	calculated	by	weighing	a	
random	selection	of	200	droppings	to	establish	an	average	individual	

dropping	weight	value,	this	was	then	used	to	calculate	the	number	of	

droppings	contained	in	the	bulk	sample.	
	

Monuments	

Dropping	deposition	assessment	on	monuments	(areas	2,3,4	and	5	

shown	in	figure	170)	was	undertaken	by	counting	droppings	deposited	

on	the	surface	of	the	monument	in	question	using	a	thumb	tally,	and	

when	required	a	50	cm	square	quadrat	divided	into	sections	of	10cm	

square.		
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North	aisle	

Dropping	counting	in	area	6	(The	covered	chairs	in	the	south	eastern	

corner	of	the	north	aisle)	was	undertaken	by	covering	the	area	with	

sheeting.	Droppings	found	on	the	sheet	after	a	one	week	period	were	

then	counted	using	a	thumb	tally,	and	when	required	a	50	cm	square	

quadrat	divided	into	sections	of	10cm	square.	

	

Schedule	of	visits	

Following	an	initial	thorough	clean	of	the	church	floors	and	monuments	

on	the	2nd	August	2011,	weekly	dropping	counts	were	undertaken	in	the	

selected	areas	in	the	manner	described	above.	After	each	weekly	

dropping	count	all	monument	surfaces	were	carefully	cleaned	to	remove	

the	accumulated	droppings,	and	fresh	sheeting	was	installed	where	

required.	

	

Site	visits	were	made	on	the	following	dates:	

	

2nd	August	2011	

9th	August	2011		

16th	August	2011	

23rd	August	2011	

30th	August	2011	

	

Establishing	baseline	extent	and	range	of	dropping	deposition	

In	addition	to	the	work	described	above,	a	further	dropping	count	was	

performed	on	the	9th	August	2011	along	two	transect	areas	of	the	church	

running	from	north	to	south	and	east	to	west.	Representing	a	one	week	

period	of	deposition	the	work	was	undertaken	in	order	to	establish	the	

general	extent	and	range	of	dropping	deposition	throughout	the	space.	

The	count	was	undertaken	using	a	hand	held	tally	counter,	and	a	50	cm	

square	quadrat	divided	into	sections	of	10cm	square.	Counts	were	taken	

by	sampling	offset	areas	at	fixed	intervals	of	one	meter	as	shown	in	the	

diagram	below.	
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Figure	173:	Floor	plan	of	St	Nicholas,	Stanford	on	Avon	showing	the	path	of	the	two	

transects	used	for	the	dropping	count	carried	out	on	9
th
	August	2011.	Quadrat	positions	on	

the	north/south	transect	are	shown	in	red,	positions	on	the	east	west	transect	are	shown	in	

blue.	Quadrat	size	is	50cm	square.		
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6.6.1.2 Results	of	dropping	deposition	count			

	

The	dropping	deposition	assessment	at	St	Nicholas,	Stanford	on	Avon	

showed	that	the	entirety	of	the	church	interior	experienced	dropping	

deposition	to	some	degree,	with	fresh	droppings	found	in	all	areas	of	the	

church	on	a	weekly	basis.		

The	extent	of	deposition	experienced	throughout	the	church	varied	

greatly,	but	showed	a	clear	correlation	between	the	degree	of	dropping	

deposition	encountered	and	proximity	of	the	bat	roost	and	parts	of	the	

building	used	by	the	bats	as	entry/exit	points.		

	

Transect	dropping	count	

The	following	image	shows	the	number	of	droppings	recorded	at	each	of	

the	transect	locations	described	in	figure	173	on	9th	August	2011.	The	

droppings	counted	represent	a	single	week	of	deposition.	
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Figure	174:	Floor	plan	of	St	Nicholas,	Stanford	on	Avon	showing	the	number	of	droppings	

recorded	at	each	of	the	transect	locations	used	for	the	dropping	count	carried	out	on	9
th
	

August	2011.	Quadrat	positions	on	the	north/south	transect	are	shown	in	red,	positions	on	

the	east	west	transect	are	shown	in	blue.	Quadrat	size	is	50cm	square.	
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Droppings	were	found	in	all	sampled	locations.	Conversion	of	the	

transect	dropping	counts	to	values	expressed	in	“droppings/m2”	showed	

that	in	the	period	between	the	2nd	to	the	8th	August	2011	the	lowest	level	

of	dropping	deposition	experienced	in	areas	of	the	church	not	directly	

associated	with	the	bat	roost	was	22	droppings	per	m2,	rising	to	a	

maximum	of	2124	droppings	per	m2.		

	

Visual	representation	of	the	transect	data	gives	a	clearer	indication	of	the	

relationship	between	deposition	rate,	roost	location	and	parts	of	the	

building	used	by	the	bats	as	entry/exit	points.	The	following	image	shows	

dropping	deposition	as	recorded	in	the	transect	survey	represented	

visually	and	overlaid	on	a	floor	plan	of	St	Nicholas.	Dropping	deposition	

is	represented	by	blue	bars,	with	the	size	of	the	bars	increasing	relative	

to	the	amount	of	deposition	recorded	in	that	area	of	the	church.	Levels	of	

deposition	can	be	seen	to	increase	significantly	around	the	north	door,	

the	point	at	which	the	bats	gain	access	to	the	church.		

	

	
	
Figure	175:	Visual	representation	of	transect	dropping	count	data	showing	the	relationship	

between	dropping	deposition	within	St	Nicholas,	Stanford	on	Avon,	and	the	parts	of	the	

building	that	are	used	by	the	bats	as	entry/exit	points.	Dropping	deposition	is	represented	

by	blue	bars,	the	size	of	the	bars	increase	relative	to	the	amount	of	deposition	recorded	in	

that	area	of	the	church.	The	location	of	the	bat	roost	within	the	church	is	shown	in	pink.	
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As	can	be	seen	in	figure	176	transect	dropping	count	data	can	be	used	to	

define	four	areas	or	zones	within	the	church	that	relate	to	different	rates	

of	deposition.	The	image	below	shows	a	floor	plan	of	St	Nicholas	with	the	

separate	deposition	zones	highlighted,	average	deposition	rate	for	each	

area	has	been	calculated	and	is	given	in	dropping/m2	(d/m2).	

	

	
	
Figure	176:	Floor	plan	of	St	Nicholas,	Stanford	on	Avon,	areas	within	the	building	that	

experience	similar	rates	of	dropping	deposition	have	been	highlighted,	average	dropping	

deposition	rate	for	each	area	has	been	calculated	and	is	given	in	dropping/m
2
	(d/m

2
).	
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Weekly	dropping	counts	of	monuments	and	selected	areas	

Weekly	results	of	dropping	counts	undertaken	for	the	following	areas	

and	monuments	within	St	Nicholas	are	given	in	figure	177.		

	

1. The	floor	area	under	the	pipistrelle	roost	site	in	the	south	aisle,	

monitored	area	measured	9m	X	2m.	

2. The	Alan	de	Aslaghby	Tomb,	located	in	the	south	wall	of	the	south	

aisle.	

3. The	monument	to	Sarah	Baroness	Braye	(including	the	floor	area	

inside	the	railing),	located	on	the	west	wall	of	the	south	aisle.	

4. The	Monument	to	Sir	Thomas	Cave	and	Elizabeth	his	Wife,	located	

between	the	nave	and	the	north	aisle.	

5. The	monument	to	the	Captain	The	Hon	E	V	W	Edgell	(including	the	

floor	area	inside	the	railing),	located	against	the	north	wall	in	the	

north	aisle	adjacent	to	the	north	door.	

6. The	covered	chairs	in	the	south	eastern	corner	of	the	north	aisle,	

monitored	area	measured	2.5m	X	3.6m.	

	

Location	 Dropping	count	(per	week)	
	 09-Aug-

11	
16-Aug-
11	

23-Aug-
11	

30-Aug-
11	

1	-	South	aisle	(roost	site)	
	

18463	 18180	 11163	 6339	

2	-	Alan	de	Aslaghby	tomb	 26	 30	 21	 16	

3	-	Sarah	Baroness	Braye	 314	 126	 90	 56	

4	-	Sir	Thomas	Cave	and	Elizabeth	 93	 55	 46	 53	

5	-	The	Hon	E	V	W	Edgell	 70	 92	 105	 59	

6	-	Covered	chairs,	north	aisle	 239	 78	 78	 106	

	
Figure	177:	Results	of	weekly	dropping	counts	undertaken	for	selected	areas	and	

monuments	within	St	Nicholas,	Stanford	on	Avon	between	the	period	of		2
nd
	–	30

th
	August	

2011.	

	

All	monuments	and	spaces	monitored	within	St	Nicholas	experienced	

dropping	deposition	throughout	the	period	of	the	count.	Those	areas	that	
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experienced	the	most	deposition	were	situated	directly	under	the	

Pipistrelle	maternity	roost	site,	adjacent	to	the	north	door,	or	situated	on	

a	direct	line	of	flight	between	the	two.		

	

The	most	significant	dropping	deposition	was	found	to	be	in	the	south	

aisle	area	directly	below	the	soprano	pipistrelle	maternity	roost,	

dropping	counts	in	this	area	ranged	from	a	maximum	total	of	18463	

droppings	in	the	first	week	of	the	count,	to	a	minimum	total	of	6339	

droppings	in	the	final	week.	Dropping	deposition	in	the	south	aisle	was	

found	to	be	heavily	concentrated	in	localised	areas,	whereas	dropping	

deposition	in	other	parts	of	the	church	showed	a	more	random	

widespread	pattern	of	deposition.		

	

In	order	to	facilitate	direct	comparison	between	deposition	rates	in	

different	areas	of	the	church,	the	surface	area	of	each	monument/space	

used	in	the	survey	was	measured	and	these	values	were	used	to	convert	

the	dropping	counts	(shown	in	figure	177)	into	deposition	rate	values	

given	in	dropping/m2	(d/m2).	The	table	below	shows	the	dropping	

deposition	rate	experienced	in	different	areas	within	St	Nicholas.	The	

figures	can	be	used	to	compare	one	area	directly	with	another.	
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Location	 Deposition	rate	d/m2	(per	week)	
	 09-Aug-

11	
16-Aug-
11	

23-Aug-
11	

30-Aug-
11	

1	-	South	aisle	(roost	site)	*	
	

1026	 1010	 620	 352	

2	-	Alan	de	Aslaghby	tomb	 10	 12	 8	 6	

3	-	Sarah	Baroness	Braye	 35	 14	 10	 6	

4	-	Sir	Thomas	Cave	and	Elizabeth	 15	 9	 7	 8	

5	-	The	Hon	E	V	W	Edgell	 14	 18	 21	 12	

6	-	Covered	chairs,	north	aisle	 27	 9	 9	 12	

	
Figure	178:	Deposition	rate	calculated	in	droppings/m

2		
for	selected	areas	and	monuments	

within	St	Nicholas,	Stanford	on	Avon	between	the	period	of		2
nd
	–	30

th
	August	2011.	

	

The	image	below	gives	a	visual	representation	of	the	deposition	rates	

experienced	in	different	areas	of	St	Nicholas	during	the	month	of	August	

2011	when	dropping	counts	are	expressed	in	droppings/m2	values.	The	

correlation	between	high	levels	of	deposition	experienced	in	the	south	

aisle,	north	door	exit	point,	and	the	nave	(used	by	bats	as	a	transit	route	

between	the	two),	is	quite	clear.	Beyond	these	zones	deposition	rates	

decrease,	dropping	to	the	lowest	level	in	areas	furthest	from	both	the	

north	door	and	the	south	aisle.	
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Figure	179:	Visual	representation	of	the	deposition	rates	experienced	in	different	areas	of	St	

Nicholas,	Stanford	on	Avon	during	the	month	of	August	2011	when	dropping	counts	are	

expressed	in	droppings/m
2
	values.	

	

It	should	be	noted	that	deposition	rate	values	calculated	using	the	surface	

area	of	assessed	spaces	are	somewhat	misleading	when	representing	

data	from	the	south	aisle	area.	Due	to	the	heavy	and	very	localised	nature	

of	deposition	associated	with	proximity	to	a	maternity	roost,	data	

obtained	from	the	quadrat	sampled	areas	gives	a	more	representative	

figure	for	the	high	degree	of	dropping	deposition	experienced	in	this	

area.	The	image	below	has	been	created	by	amalgamating	multiple	digital	

images	and	shows	the	pattern	of	deposition	seen	in	situ	on	the	sheeted	

area	below	the	south	aisle	on	the	9th	August	2011,	quadrat	positions	used	

for	dropping	counting	are	also	shown.	
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Figure	180:	Enlarged	area	of	the	floor	plan	of	St	Nicholas,	Stanford	on	Avon	showing	the	

pattern	of	dropping	deposition	seen	on	the	sheeted	area	below	the	south	aisle	on	the	9
th
	

August	2011,	quadrat	positions	used	for	dropping	counting	are	also	shown.	

	

As	can	be	seen	in	figure	180	dropping	deposition	in	the	south	aisle	area	is	

localised	and	closely	corresponds	to	the	quadrat	sampled	areas.	

Calculating	dropping	deposition	rates	for	the	south	aisle	by	using	the	

entirety	of	the	9m	X	2m	sheeted	area	surface	area	leads	to	dropping	

deposition	values	that	are	actually	much	lower	than	those	experienced.	

	

The	table	below	shows	weekly	dropping	counts	taken	at	the	sampled	

locations	directly	below	the	soprano	pipistrelle	roost	site	in	the	south	

aisle	of	St	Nicholas	(please	refer	to	figures	172	and	180	for	details	of	the	

sampling	positions).		
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Sample	area	in	south	aisle	 Dropping	count	(per	week)	
	 09-Aug-

11	
16-Aug-
11	

23-Aug-
11	

30-Aug-
11	

A	
	

400	 751	 2021	 694	

B	 2452	 2755	 2760	 2007	

C	 1142	 219	 44	 16	

D	 974	 1016	 91	 44	

E	 39	 24	 22	 19	

	
Figure	181:	Results	of	weekly	dropping	counts	taken	in	sampled	areas	of	50cm	X	50cm	

directly	below	the	soprano	pipistrelle	roost	in	the	south	aisle	of	St	Nicholas,	Stanford	on	

Avon.		

	

Figure	182	shows	the	data	above	converted	to	weekly	droppings/m2	

values	for	the	three	areas	of	concentrated	dropping	deposition	in	the	

south	aisle	of	St	Nicholas,	Stanford	on	Avon	shown	in	figure	189.	

	

Sample	area	in	south	aisle	 Deposition	rate	d/m2	(per	week)	
	 09-Aug-11	 16-Aug-

11	
23-Aug-
11	

30-Aug-
11	

Area	1	
	

5704	 7012	 9562	 5402	

Area	2	 4232	 2470	 270	 120	

Area	3	 156	 96	 88	 76	

	
Figure	182:	Weekly	dropping	counts	taken	in	sampled	areas	directly	below	the	soprano	

pipistrelle	roost	converted	to	weekly	droppings/m
2	
values	for	the	three	areas	of	

concentrated	dropping	deposition	in	the	south	aisle	of	St	Nicholas,	Stanford	on	Avon	shown	

in	figure	180.	

	

The	high	level	and	localised	distribution	of	droppings	in	the	south	aisle	

area	of	St	Nicholas’,	is	due	to	the	location	of	a	maternity	roost	within	the	

church.	Maternity	roosts	pose	a	particular	issue	for	churches	because	of	

the	number	of	bats	located	in	close	proximity	for	the	three	to	five	week	

period	that	it	takes	to	suckle	pups.	After	giving	birth	nursing	mothers	will	

only	rarely	leave	the	roost,	as	a	result	all	droppings	from	both	the	adult	
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and	juvenile	bats	using	the	roost	accumulate	within	the	roost	area	or	

directly	below.	The	graph	below	plots	total	dropping	counts	as	recorded	

in	the	south	aisle	of	St	Nicholas’	on	consecutive	weeks,	the	reduction	in	

dropping	count	in	this	area	is	due	to	juvenile	bats	becoming	developed	

enough	to	take	flight,	leave	the	roost	and	hunt	to	feed	themselves.		

	
Dropping	count	in	the	south	aisle	area	of	St	Nicholas,	Stanford	on	Avon		

Recorded	over	consecutive	weeks	in	August	2011.	

	
Figure	183:	Graph	plotting	dropping	count	in	the	south	aisle	area	of	St	Nicholas,	Stanford	on	

Avon	on	consecutive	weeks	in	August	2011.	The	reduction	in	dropping	count	in	this	area	is	

due	to	juvenile	bats	becoming	developed	enough	to	take	flight,	leave	the	roost	and	hunt	in	

order	to	feed	themselves.		

	

The	departure	of	juvenile	bats	from	the	roost	has	a	twofold	effect	on	

reducing	the	number	of	bats	occupying	the	maternity	roost,	not	only	do	

the	juvenile	bats	begin	to	leave	the	roost	at	night	to	hunt,	but	their	

independence	allows	nursing	mothers	(previously	restricted	in	their	

movements	due	to	suckling	their	young)	to	leave	the	roost	as	well.	Once	

infant	bats	are	weaned	female	bats	will	leave	the	maternity	roost	site	and	

disperse,	both	to	gain	weight	before	winter	and	to	find	mates.	This	

process	should	result	in	a	shift	in	dropping	deposition	patterns,	with	

deposition	directly	associated	with	the	roost	location	decreasing	as	bats	

learn	to	fly	and	leave,	while	deposition	in	areas	of	the	church	relating	to	



	 311	

entry/exit	points	increases. Such	a	relationship	was	found	at	St	Nicholas,	

the	figure	below	plots	dropping	counts	for	the	south	aisle	area	directly	

associated	with	the	maternity	roost,	and	the	memorial	to	the	Hon	E	V	W	

Edgell	located	adjacent	to	the	north	door.	The	graph	clearly	shows	how	

deposition	adjacent	to	the	north	door	(and	thus	on	the	memorial	located	

in	this	area)	increases,	as	deposition	in	the	south	aisle	area	decreases,	

counts	in	both	areas	then	drop	as	the	maternity	roost	is	gradually	

vacated.	

	
 

 

	
Figure	184:	Graph	comparing	dropping	deposition	rates	for	the	south	aisle	area	and	the	

monument	to	the	Hon	E	V	W	Edgell	at	St	Nicholas,	Stanford	on	Avon	during	the	month	of	

August	2011.	

	

Observations	made	during	dropping	deposition	assessment	

In	addition	to	gathering	data	concerning	the	number	and	and	location	of	

bat	droppings	deposited	within	the	interior	space	of	St	Nicholas,	the	

dropping	count	also	presented	the	opportunity	to	experience	cleaning	

large	quantities	of	droppings	from	a	range	of	surfaces.	

	

Droppings	were	removed	from	monuments	using	a	soft	brush	and	

vacuum	cleaner	with	a	flexible	rubber	nozzle	attached.	Commonly	it	was	

found	that	droppings	could	not	be	easily	dislodged	from	the	surface	of	
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the	monuments	being	cleaned	using	this	technique,	and	direct	pressure	

was	required	in	order	to	detach	or	crumble	droppings	from	the	surface.	

Dropping	residue	regularly	remained	on	the	surface	of	cleaned	

monuments	and	staining	caused	by	dropping	deposition	was	common.	

	

Sheeting	areas	underneath	the	maternity	roost	in	the	south	aisle	

provided	valuable	evidence	of	the	nature	of	dropping	deposition	on	

absorbent	or	porous	surfaces.	When	collecting	droppings	from	the	

banqueting	roll	sheets	a	process	of	first	removing	droppings	from	one	

side	of	a	line	bisecting	the	area	from	east	to	west	was	undertaken,	this	

allowed	a	comparison	to	be	made	between	the	cleaned	and	uncleaned	

areas.		Droppings	were	removed	from	the	sheets	using	a	dustpan	and	

brush22,	it	is	important	to	note	that	this	is	a	more	robust	method	of	

dropping	removal	than	would	normally	be	recommended	for	use	on	

historic	fixtures	and/or	fittings,	droppings	that	could	not	be	removed	

using	this	method	would	be	very	unlikely	to	be	removed	using	a	more	

gentle	and	conservation	conscious	approach.	The	image	below	shows	an	

area	of	sheeting	from	the	south	aisle	area	of	St	Nicholas,	Stanford	on	

Avon,	the	lower	half	has	had	dropping	removal	attempted	in	the	manner	

described	above.	

	

	

																																																								
22	Addis	“Dustpan	and	soft	brush	set	”.	Product	number	ADD-513228	
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Figure	185:	Image	showing	an	area	of	the	paper	sheeting	used	to	collect	droppings	in	the	

south	aisle	area	of	St	Nicholas,	Stanford	on	Avon,	the	area	below	the	tape	has	had	dropping	

removal	attempted	yet	a	number	of	droppings	and	significant	staining	still	remain.	

	

Consistently	it	was	found	that	despite	a	robust	removal	technique,	

numbers	of	droppings	remained	well	adhered	to	the	paper	sheeting	after	

cleaning,	additionally	significant	staining	was	observed	on	the	paper	

sheeting	used	allowing	three	different	staining	mechanisms	to	be	

identified.	After	careful	examination	of	the	sheeting	it	could	be	seen	that	

three	different	patterns	of	staining	were	present	and	resulted	from:	

	

• Urine	

• Urine	in	combination	with	droppings	

• Liquid	droppings	

The	images	below	give	examples	of	the	different	types	of	staining	

observed.	
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Figure	186:	Image	showing	an	area	of	the	paper	sheeting	used	to	collect	droppings	in	the	

south	aisle	area	of	St	Nicholas,	Stanford	on	Avon.	Staining	caused	by	bat	urine	(pale	straw	

yellow	staining)	is	hard	to	distinguish	against	the	white	background	of	the	paper	therefore	

the	perimeter	of	the	stained	area	has	been	highlighted.	

	

	

	

Figure	187:	Image	showing	an	area	of	the	paper	sheeting	used	to	collect	droppings	in	the	

south	aisle	area	of	St	Nicholas,	Stanford	on	Avon.	Staining	caused	by	bat	droppings	and	

urine	in	association	is	seen	as	the	diffuse	light	brown	staining,	staining	resulting	from	the	

deposition	of	liquid	droppings	is	seen	as	dark	orange/brown	marks	with	a	distinct	perimeter.	
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Staining	resulting	from	urine	in	isolation	had	not	been	previously	

observed	in	experimental	work	as	the	light	staining	produced	would	be	

very	difficult	to	see	on	many	of	the	test	substrates	used,	had	the	sheeting	

used	in	the	south	aisle	area	not	been	bright	white,	it	is	unlikely	that	the	

staining	caused	by	urine	in	isolation	would	have	been	detected.		

	

Previously	observed	and	noted	in	sections	6.1.1.1,	6.4.6.4,	urine	has	the	

ability	to	solubilise	bile	pigments	from	associated	droppings	resulting	in	

its	discoloration,	the	discoloured	urine	can	then	cause	staining	on	porous	

substrates.	This	type	of	staining	was	commonly	found	on	the	paper	

sheeting	and	could	be	identified	due	to	the	stain	diffusing	out	from	a	

central	point	of	darker	colour	surrounding	associated	droppings	as	

shown	in	the	image	below.	

	

	

Figure	188:	staining	resulting	from	droppings	and	urine	in	association	could	be	identified	

visually	with	the	stain	originating	from	a	central	point	of	darker	colour	associated	with	

droppings,	and	becoming	more	diffuse	towards	the	perimeter	of	the	stained	area.	

	

The	significant	staining	seen	as	a	result	of	the	deposition	of	very	liquid	

droppings	was	an	entirely	unexpected	finding.	The	dark	orange/brown	

stains	were	easily	distinguishable	from	those	resulting	from	droppings	
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and	urine	in	association	due	to	their	much	darker	colour	and	defined	

shape,	additionally	a	study	of	the	paper	sheeting	confirmed	that	they	

were	found	in	areas	that	were	not	associated	with	solid	droppings.		

	

The	very	liquid	bat	droppings	deposited	in	the	south	aisle	of	St	Nicholas,	

Stanford	on	Avon,	are	suspected	to	be	from	juvenile	bats	that	have	largely	

been	eating	a	liquid	diet	of	milk.	Liquid	bat	droppings	are	not	reported	or	

discussed	in	the	relevant	literature,	but	it	was	observed	that	staining	

from	this	type	of	dropping	was	limited	to	areas	only	directly	below	the	

soprano	pipistrelle	maternity	roost	and	therefore	was	not	deposited	by	

bats	on	the	wing.	Additionally,	the	deposition	of	this	type	of	dropping	

while	significant	in	weeks	1	and	2	of	the	south	aisle	dropping	count,	

reduced	on	a	weekly	basis	and	was	not	observed	in	the	final	week	of	the	

experiment,	this	would	correspond	to	bats	maturing	and	leaving	the	

roost	to	begin	feeding	on	a	solid	diet	of	insects.		

	

6.6.2 Evidence	of	physical,	chemical	or	visual	change	to	fabric	as	a	

result	of	bat	occupancy	

	

Evidence	of	the	effects	of	bat	dropping	and	urine	deposition	within	St	

Nicholas	is	widespread.	As	discussed	in	section	6.6.1.2	droppings	(and	

therefore	urine)	are	found	distributed	throughout	the	church	space	with	

notable	concentrations	found	in	areas	directly	beneath	the	soprano	

pipistrelle	roost	in	the	south	aisle	and	in	areas	that	follow	a	trajectory	

from	the	roost	to	the	north	door.	In	the	summer	months	(July	and	

August)	the	soprano	pipistrelle	bats	utilise	the	space	above	the	south	

aisle	as	a	maternity	roost	and	dropping	deposition	in	this	area	is	greatly	

increased	with	the	resultant	odour	becoming	very	noticeable.	

Injured/dead	bats	are	commonly	found	within	the	church	space.	The	

image	below	shows	the	area	directly	below	the	soprano	pipistrelle	roost	

two	days	after	cleaning,	taken	on	21st	June	2010	it	gives	an	indication	of	

the	amount	of	droppings	that	can	accumulate	in	a	48	hour	period.	
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Figure	189:	South	aisle	of	St	Nicholas,	Stanford	on	Avon	(looking	east).	Dropping	deposition	

in	the	area	directly	below	the	soprano	pipistrelle	roost	two	days	after	cleaning.		

	

Within	St	Nicholas,	it	is	common	to	see	the	following	evidence	of	physical,	

chemical	or	visual	change	to	fabric	as	a	result	of	bat	occupancy:	

	

• Corrosion	of	copper	alloy	surfaces	

• White	urine	precipitate	on	non-porous	surfaces	

• Bloom	on	waxed/polished	wooden	surfaces		

• Droppings	well	adhered	to	friable/sensitive	surfaces	

• Dropping	debris	and	remnants	coating	surfaces	

• Staining	caused	as	a	result	of	droppings	and	urine	

	

The	following	images	give	some	examples	of	the	above.	
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Figure	190:	Copper	Alloy	memorial	plaque	from	St	Nicholas,	Stanford	on	Avon	(part	of	a	

larger	monument	commemorating	Captain	The	Hon	E	V	W	Edgell).	Corrosion	caused	by	

urine	deposition	can	clearly	be	seen	on	the	surface,	darker	areas	of	recently	deposited	liquid	

urine	can	be	seen	at	the	top	of	the	image.	The	gap	above	the	north	door	(the	point	at	which	

bats	enter	and	exit	the	church)	is	situated	to	the	top	left	of	the	memorial	plaque	and	

accounts	for	the	diagonal	deposition	pattern	of	the	urine.		
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Figure	191:	Wooden	lectern	(stained	and	polished	oak)	from	St	Nicholas,	Stanford	on	Avon.	

White	spots	caused	by	deposition	of	urine	precipitate	and	also	as	a	result	of	bloom	in	

historically	applied	surface	coatings	can	be	seen	across	the	entirety	of	the	surface.	Scale	bar	

on	the	left	edge	of	the	lectern	measures	30cm.		
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Figure	192:	Granite	memorial	slab	situated	in	St	Nicholas,	Stanford	on	Avon.	White	spots	

caused	by	deposition	of	urine	precipitate	can	be	seen	across	the	entirety	of	the	surface,	

darker	spots	of	fresh	urine	can	also	be	seen.	Scale	bar	used	at	the	bottom	of	the	image	

measures	30cm.		
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Figure	193:	Detail	of	granite	memorial	slab	situated	in	St	Nicholas,	Stanford	on	Avon,	

showing	spots	of	white	urine	precipitate	and	dark	spots	of	fresh	(still	liquid)	bat	urine.	

	

	
Figure	194:	Monument	(carved	in	limestone)	dedicated	to	Alan	de	Aslaghby	and	dating	to	

the	14
th
	century.	Located	in	the	south	aisle	of	St	Nicholas,	Stanford	on	Avon.	The	fragile	and	

deteriorated	surface	of	this	important	monument	is	subject	to	the	regular	deposition	of	bat	

droppings	from	the	adjacent	roost.	Scale	bar	used	at	the	bottom	of	the	image	measures	

30cm.	
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Figure	195:	Detail	of	the	Alan	de	Aslaghby	monument	showing	bat	droppings	that	have	

become	well	adhered	to	the	weathered	and	porous	surface.	Droppings	cannot	be	easily	

removed	without	damaging	the	friable	surface,	staining	and	residual	material	from	

droppings	commonly	remain	after	droppings	have	been	dislodged.	Scale	bar	used	at	the	side	

of	the	image	measures	30cm.	

	

	
	
Figure	196:	Monument	carved	in	marble	by	Mary	Thornycroft,	and	dedicated	to	Sarah	

Baroness	Braye	(d1862).	Located	on	the	west	wall	of	the	south	aisle	of	St	Nicholas,	Stanford	

on	Avon.	Significant	staining	can	be	seen	as	a	result	of	both	droppings	and	urine	in	

association,	and	also	in	areas	in	which	only	urine	or	dropping	deposition	has	occurred.		
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General	observations	

	

Bat	droppings	were	seen	on	both	horizontal	and	vertical	surfaces	at	St	

Nicholas..	Staining	and	damage	to	monuments	within	the	church	space	

was	widespread	and	significant,	as	was	damage	caused	to	the	timbered	

roof	in	the	south	aisle	area	of	the	church.	The	image	below	shows	the	

staining	and	discolouration	of	the	timber	as	a	result	of	dropping	and	

urine	deposition	from	the	soprano	pipistrelle	maternity	roost	located	in	

the	roof	void	above.		

	

	
	
Figure	197:	Roof	timbers	in	the	south	aisle	of	St	Nicholas,	Stanford	on	Avon	viewed	from	

below.	Staining	and	discolouration	as	a	result	of	dropping	and	urine	deposition	from	the	

soprano	pipistrelle	maternity	roost	located	behind	them	can	clearly	be	seen.	

	

Urine	deposition	on	floor	surfaces	was	particularly	apparent.	Large	

sections	of	the	floor	exhibit	both	extensive	white	spotting	associated	with	

dry	urine	precipitate,	and	also	areas	of	sticky	liquid	urine	that	result	in	

the	floor	surface	being	glossy	and	damp.		It	would	appear	that	the	

difference	in	appearance	was	related	to	localised	effects	relating	to	the	
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floor	condition	in	certain	areas.	The	image	below	shows	an	area	of	floor	

in	the	vicinity	of	the	baptismal	font	at	the	west	end	of	the	church,	areas	of	

both	dry	and	wet	floor	can	be	seen.		

	

	
	
Figure	198:	Tiled	floor	at	the	west	end	of	St	Nicholas,	Stanford	on	Avon.	Areas	of	dry	urine	

precipitate	can	be	in	close	association	to	damp	areas	of	bat	urine/urea	solution.	Algal	

growth	can	be	seen	in	the	areas	that	remain	damp	for	long	periods	of	time.	

	

Areas	of	green	algal	growth	associated	with	the	“wet”	parts	of	the	floor	

suggest	that	the	floor	is	continually,	or	very	regularly	damp	in	these	

areas.	It	is	possible	that	this	may	be	due	to	water	vapour	permeating	up	

through	the	bedding	layer	of	the	tiled	floor	resulting	in	localised	areas	of	

high	humidity,	which	when	combined	with	the	large	amounts	of	bat	urine	

deposited	on	the	floor	result	in	areas	of	permanently	liquid	which	then	

promote	the	growth	of	algae.	
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6.6.3 Mitigation	strategies	employed	

	

In	order	to	protect	the	monuments	fabric	sheeting	is	extensively	used	

throughout	the	main	body	of	the	church.		Fabric	cloths	are	also	used	to	

cover	seating	storage	areas	and	items	of	church	furniture.	In	the	south	

aisle	white	paper	banqueting	roll	is	used	to	collect	and	dispose	of	

droppings	that	accumulate	directly	below	the	large	soprano	pipistrelle	

roost.		

	
	
Figure	199:	Sheeting	used	to	cover	the	Lady	Sarah	Baroness	Braye	monument	located	on	the	

west	wall	of	the	south	aisle	of	St	Nicholas,	Stanford	on	Avon.		

	

Since	2009	St	Nicholas	has	been	the	subject	of	an	on	going	feasibility	

study	undertaken	by	Natural	England	and	English	Heritage	to	examine	

options	for	the	provision	of	artificial	maternity	roosts	and	swarming	

displacement	structures	within	the	church.	The	aims	of	the	study	as	

reported	in	2009	were	to	“Reduce	the	damage	to	the	tombs;	Reduce	the	

amount	of	cleaning	required	within	the	church;	

Achieve	the	above	while	respecting	the	architectural	setting	and	interior	

of	the	building”	(Stiles,	2009,1).	
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Mitigation	strategies	employed	as	part	of	the	project	have	included	

providing	temporary	funding	to	pay	for	external	cleaners	to	reduce	the	

burden	of	church	upkeep,	and	to	assist	the	congregation	in	covering	

monuments	within	the	church.	The	provision	of	a	heated	bat	box	to	

encourage	bats	to	roost	in	a	less	sensitive	area	of	the	church	was	also	

trialed	but	was	unsuccessful.	

	

More	recently	St	Nicholas	has	become	part	of	a	DEFRA	and	Natural	

England	trial	looking	at	more	direct	interventions	designed	to	alter	bat	

habitation	and	behaviour	within	churches.	The	trial	is	currently	

underway	and	consists	of	large	heated	bat	boxes	mounted	on	both	the	

interior	and	exterior	of	the	north	door	exit/entry	point.	The	boxes	are	

arranged	in	such	a	way	that	bats	are	forced	to	enter	the	box	when	they	

attempt	to	access	the	church.	It	is	currently	not	known	if	the	bats	will	

make	use	of	this	new	roost	facility,	exploit	alternative	access	points	to	the	

church,	or	abandon	the	church	as	a	roost	site	entirely.	
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6.6.4 Holy	Trinity	Collegiate	Church,	Tattershall	

	

Holy	Trinity	Collegiate	Church23	in	the	village	of	Tattershall,	Lincolnshire,	

is	a	Grade	I	listed	building	situated	on	the	A153	Sleaford	Road.	A	large	

and	historic	church	with	medieval	stained	glass,	an	important	collection	

of	brasses	(Badham,	2004)	and	carvings,	it	is	situated	in	fenland	in	the	

fork	of	the	rivers	Witham	and	Bain	and	adjacent	to	Tattershall	Lakes	and	

the	grounds	of	Tattershall	Castle	(now	in	the	care	of	the	National	Trust).	

As	with	St	Nicholas,	Stanford	on	Avon,	Holy	Trinity	is	situated	in	excellent	

habitat	for	a	number	of	bat	species.	

	

Holy	Trinity	is	one	of	the	largest	parish	churches	in	the	country.		In	active	

use	by	its	congregation	and	extended	community,	it	is	in	regular	use	for	

standard	church	services,	weddings,	funerals	and	baptisms.	The	large	

building	is	well	equipped	for	hosting	public	events	with	talks,	concerts	

and	choral	events	taking	place	throughout	the	year.	In	addition	to	toilets	

and	washing	facilities,	the	church	has	a	small	visitor	centre	which	is	open	

five	days	a	week	(from	Easter	to	September),	and	a	kitchen	where	

refreshments	are	made	for	church	events	and	also	for	sale	to	the	public.		

	

																																																								
23	Having	been	endowed	with	Collegiate	status	by	King	Henry	VI	in	1439	the	Church	of	
St.	Peter	and	St	Paul	was	demolished	and	a	new	church	built	between	1472	and	1500AD	

in	the	Perpendicular	style.	Correctly	titled	‘The	Collegiate	Church	of	the	Holy	Trinity,	

The	Blessed	Virgin	Mary,	St.	Peter	The	Apostle,	St.	John	the	Evangelist’	at		Tattershall,	it	

is	more	commonly	known	simply	as	Holy	Trinity.	
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Figure	200:	Holy	Trinity	Collegiate	Church,	Tattershall,	as	viewed	from	the	south.	

	

	
	
Figure	201:	Holy	Trinity	Collegiate	Church,	interior	looking	east	towards	the	Chancel.	Holy	

Trinity	is	one	of	the	largest	parish	churches	in	the	country.	The	blue	coverings	are	being	used	

to	protect	items	from	bat	droppings	and	urine.	
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Nature	of	bat	occupancy	

	

The	church	has	a	significant	Soprano	Pipistrelle	population	(500-600	

bats),	with	female	bats	utilising	a	single	area	of	the	church	as	a	maternity	

roost	each	year.	This	results	not	only	in	increased	dropping	deposition,	

but	also	the	concentration	of	large	amounts	of	droppings	in	a	small	area	

for	a	period	of	approximately	six	weeks	every	year.	

	

In	addition	to	the	large	Pipistrelle	roost,	Holy	Trinity	also	houses	an	

important	population	of	Daubenton’s	bats	(up	to120	bats)	and	a	small	

roost	of	Brown	long-eared	bats	(BCT,	2016).	Survey	work	undertaken	by	

the	Lincolnshire	Bat	Group	also	shows	evidence	of	other	bat	species	

using	the	church.		

	

The	table	below	shows	the	bat	species	that	roost	at	Holy	Trinity	or	make	

use	of	the	church	periodically	(albeit	in	much	smaller	numbers	than	the	

Soprano	Pipistrelles	and	Daubenton’s	bats).	

	

	

Common	name	 Latin	name	 Use	made	of	building	or	churchyard	
 

Common	
pipistrelle	

Pipistrellus	
pipistrellus	

Evidence	of	bats	using	interior	of	church	
for	swarming/social	activity	

 

Soprano	
pipistrelle	

Pipistrellus	
pygmaeus	

Large	colony	situated	over	the	transepts	
and	aisles	–	bats	present	both	in	summer	
and	winter	

 

Nathusius’	
pipistrelle	

Pipistrellus	
nathusii	

Evidence	of	bats	using	interior	of	church	
for	swarming/social	activity	

 

Brown	long-
eared	

Plecotus	auritus	
Small	roost	in	northwest	corner	of	the	
nave	-		bats	present	both	in	summer	and	
winter	

 

Daubenton’s	
bat	

Myotis	
daubentonii	 Large	roost	(for	species)	in	north	porch	

 

Natterer’s	bat	 Myotis	
nattereri	

Evidence	of	bats	using	interior	of	church	
for	swarming/social	activity	

 

	
Figure	202:	Table	showing	bat	species	that	currently	roost	or	make	use	of	the	church	at	Holy	

Trinity,	Tattershall.	
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6.6.5 Evidence	of	physical,	chemical	or	visual	change	to	fabric	as	a	

result	of	bat	occupancy	

	

Due	to	the	large	numbers	of	bats	roosting	or	flying	within	the	body	of	the	

church,	dropping	and	urine	deposition	is	widespread,	and	the	resultant	

odour	is	very	noticeable.	In	the	summer	months	(July	and	August)	bats	

can	regularly	be	seen	flying	within	the	church	during	the	hours	of	

daylight,	with	injured/dead	bats	commonly	found	within	the	church	

space.	The	image	below	shows	the	kitchen	area	located	within	the	south	

aisle	of	the	church,	a	roof	has	been	constructed	over	the	space	to	prevent	

bat	droppings	and	urine	from	entering.		

	

	
Figure	203:	Kitchen	area	located	within	the	south	aisle	of	Holy	Trinity	Collegiate	Church.	A	

roof	has	been	constructed	over	the	space	to	prevent	bat	droppings	and	urine	from	entering.		

	

Due	to	the	nature	of	the	roof	material	(transparent	plastic),	bat	droppings	

and	white	urine	precipitate	are	clearly	visible	when	the	roof	is	viewed	

from	below	giving	a	useful	approximation	of	the	degree	of	deposition	

experienced	by	the	church	as	a	whole.	The	following	images	were	taken	

on	7th	July	2011	after	the	roof	had	been	in	place	for	only	six	months.	Bat	

activity	is	limited	in	the	winter	months,	peaking	in	July	and	August	and	

then	receding	throughout	September	and	October	(see	section	2.1),	the	

images	therefore	show	less	deposition	than	would	normally	be	

experienced	in	a	full	“bat	year”.	
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Figure	204:	Image	showing	dropping	deposition	experienced	over	a	six	month	period	at	Holy	

Trinity	Collegiate	Church,	Tattershall.	The	squares	on	the	quadrat	used	in	the	image	measure	

10	X	10cm,	a	careful	count	of	the	droppings	revealed	that	4404	droppings	were	present	in	

this	40	centimeter	square	area.	

	

	
Figure	205:	Image	showing	urine	deposition	experienced	over	a	six	month	period	at	Holy	

Trinity	Collegiate	Church,	Tattershall.	The	squares	on	the	quadrat	used	in	the	image	measure	

10	X	10cm,	a	careful	count	of	the	urine	marks	revealed	that	441	marks	were	present	in	this	

40	centimeter	square	area.	
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Given	the	large	number	of	bats	in	residence	at	Holy	Trinity	Collegiate	

Church,	Tattershall	and	their	distribution	throughout	the	building	

structure	it	is	unsurprising	that	evidence	of	bat	related	deterioration	is	

widespread,	a	fact	acknowledged	by	the	Bat	Conservation	Trust.	

	

“	The	bats	have	caused	considerable	damage	in	the	church	over	the	years,	

including	urine	staining	on	woodwork	and	grease	staining	on	walls	and	

over	doors	in	places	the	bats	use	as	entry	and	exit	points.”	(BCT,	2016)	

	

Within	the	church	it	is	common	to	see	the	following:	

	

• Corrosion	of	copper	alloy	surfaces	

• White	urine	precipitate	on	non-porous	surfaces	

• Bloom	on	waxed/polished	wooden	surfaces		

• Droppings	well	adhered	to	friable/sensitive	surfaces	

• Dropping	debris	and	remnants	coating	surfaces	

• Staining	caused	as	a	result	of	droppings	and	urine	

	

The	following	images	give	some	examples	of	the	above.	
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Figure	206:	Brass	lectern	from	Holy	Trinity	Collegiate	Church,	Tattershall.	Corrosion	caused	

by	urine	deposition	can	clearly	be	seen	on	areas	of	the	surface	that	are	not	covered	by	the	

Bible	normally	placed	there	(removed	for	the	purposes	of	this	image).	Scale	bar	used	at	the	

bottom	of	the	image	measures	30cm.		

	

	

	
	
Figure	207:	Wooden	lectern	(stained	and	polished	oak)	from	Holy	Trinity	Collegiate	Church,	

Tattershall.	White	spots	caused	by	deposition	of	urine	precipitate	and	also	as	a	result	of	

bloom	in	historically	applied	surface	coatings	can	be	seen	across	the	entirety	of	the	surface.	

Scale	bar	used	at	the	bottom	of	the	image	measures	30cm.		
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Figure	208:	Granite	memorial	slab	of	William	Wright	situated	in	Holy	Trinity,	Tattershall.	

White	spots	caused	by	deposition	of	urine	precipitate	can	be	seen	across	the	entirety	of	the	

surface,	darker	spots	of	fresh	urine	can	also	be	seen.	Scale	bar	used	at	the	bottom	of	the	

image	measures	30cm.		
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Figure	209:	Detail	of	William	Wright	memorial	slab,	showing	spots	of	white	urine	precipitate	

and	dark	spots	of	fresh	(still	liquid)	bat	urine.		

	

The	variety	of	bat	species	roosting	within	Holy	Trinity,	provided	some	

opportunity	to	compare	the	effects	of	droppings	and	urine	from	different	

bat	species	on	the	fabric	of	the	building.	While	it	was	not	possible	to	

relate	urine	and	dropping	deposition	to	a	particular	species	within	the	

main	body	of	the	church,	the	Daubenton’s	bat	roost	was	located	in	a	

specific	area	attached	to,	but	outside	of	the	main	church.	

	

Examination	of	the	north	porch	area	showed	that	the	droppings	of	

Daubenton’s	bats	were	wetter	than	those	of	the	species	found	within	the	

main	body	of	the	church,	deforming	on	contact	with	surfaces	and	causing	

staining	on	porous	substrates	as	a	result	of	their	more	liquid	

composition.	Droppings	were	found	to	be	liberally	deposited	and	better	

adhered	to	both	horizontal	and	vertical	surfaces	than	those	found	within	
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the	main	body	of	the	church.		The	images	below	show	the	north	porch	of	

Holy	Trinity	and	provide	evidence	of	the	observations	noted	above.	

	

	

	

	
Figure	210:	North	porch,	Holy	Trinity	Collegiate	Church,	Tattershall.	Droppings	from	the	

Daubenton’s	Bats	that	roost	in	this	area	can	be	clearly	seen	and	are	widely	deposited	on	

both	vertical	and	horizontal	surfaces.	Staining	from	droppings	remains	in	many	areas.	The	

area	marked	in	blue	on	the	image	is	shown	in	greater	detail	below.	
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Figure	211:	Detail	of	North	porch,	Holy	Trinity	Collegiate	Church,	Tattershall.	Droppings	from	

the	Daubenton’s	Bats	that	roost	in	this	area	can	be	clearly	seen	and	are	widely	deposited	on	

both	vertical	and	horizontal	surfaces.	Staining	and	residual	material	from	droppings	remains	

after	droppings	have	been	dislodged.	

	

As	there	was	a	limited	range	of	materials	within	the	north	porch	it	was	

not	possible	to	examine	the	effects	of	Daubenton’s	droppings	on	

materials	other	than	stone,	however	a	noticeboard	situated	inside	the	

north	porch	provided	excellent	evidence	of	the	wetter	nature	of	

Daubenton’s	droppings.	The	images	below	show	how	the	staining	from	

the	droppings	has	been	absorbed	into	the	paper	of	notices	placed	on	

display.		
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Figure	212:	Poster	displayed	in	North	porch,	Holy	Trinity	Collegiate	Church,	Tattershall.	The	

staining	resulting	from	the	more	liquid	droppings	of	the	Daubenton’s	Bats	that	roost	in	this	

area	can	clearly	be	seen.	

	
Figure	213:	Detail	of	poster	displayed	in	North	porch,	Holy	Trinity	Collegiate	Church,	

Tattershall,	clearly	illustrating	the	staining	that	results	from	the	deposition	of	a	more	liquid	

dropping	onto	a	porous	substrate.	

	

General	observations	

	

Bat	droppings	were	seen	on	both	horizontal	and	vertical	surfaces	at	Holy	

Trinity.		Large	accumulations	of	droppings	were	found	only	on	horizontal	

surfaces	and	most	commonly	in	areas	where	bat	roosts	were	located,	
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however	dropping	and	urine	deposition	was	widespread	throughout	all	

areas	of	the	building	including	vertical	surfaces	e.g.	walls.		

	

6.6.6 Mitigation	strategies	employed	

	

Due	to	the	significant	number	of	droppings	left	behind	by	the	bats	that	fly	

within	the	interior	spaces	of	Holy	Trinity,	fabric	sheeting	is	extensively	

used	throughout	the	main	body	of	the	church.	Fabric	cloths	are	used	to	

cover	seating,	storage	areas	and	items	of	church	furniture,	while	plastic	

sheeting	is	used	to	protect	altar	cloths	and	prayer	tables.	Metal	frames	

covered	with	polyethylene	sheeting	protect	the	historically	important	

brasses	in	the	north	transept.	The	images	below	show	examples	of	the	

sheeting	in	use.	

	
Figure	214:	View	of	the	south	aisle	Holy	Trinity	Collegiate	Church,	Tattershall	showing	the	

fabric	cloths	used	to	cover	seating,	storage	areas	and	items	of	church	furniture	in	order	to	

minimise	cleaning	and	protect	them	from	bat	droppings	and	urine.	
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Figure	215:	Altar	table	at	Holy	Trinity	Collegiate	Church,	Tattershall.	Polyethylene	sheeting	is	

used	to	cover	altar	tables	as	it	allows	the	altar	cloths	to	remain	visible	while	protecting	them	

from	bat	droppings	and	urine.	

	

	
	
Figure	216:	Historic	brasses	in	the	north	transept	of	Holy	Trinity	Collegiate	Church,	

Tattershall.	The	brasses	are	protected	from	bat	droppings	and	urine	using	metal	frames	

covered	with	polyethylene	sheeting.	
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In	addition	to	using	protective	coverings,	the	church	has	altered	its	own	

use	of	interior	spaces,	with	pews	having	been	removed	from	the	nave	in	

order	to	reduce	cleaning	and	save	on	costs.	Services	are	now	conducted	

in	the	chancel	where	bat	access	is	restricted	by	a	plastic	screen.		The	

image	below	shows	both	the	interior	of	the	chancel,	and	the	plastic	

screen	required	to	restrict	bat	access.	

	

	
	
Figure	217:	Left	image,	view	into	the	chancel	at	Holy	Trinity	Collegiate	Church,	Tattershall	

where	the	majority	of	services	are	now	conducted.	Right	image,	Chancel	arch	as	viewed	

from	the	nave	(looking	east)	the	plastic	screen	separating	the	chancel	from	the	nave	and	

restricting	bat	access	to	the	chancel	can	be	seen	behind	the	organ	above	the	rood	screen.	

	

House	keeping	and	cleaning	at	Holy	Trinity	has	been	increased	

significantly.	Frequent	cleaning	and	polishing	of	wooden	surfaces	takes	

place,	and	all	surfaces	that	are	used	by	the	general	public	are	cleaned	

with	disinfectant	and	bleach	on	a	daily	basis	between	the	months	of	April	

and	September.	Curtains	and	fabric	sheeting	are	removed	and	laundered	

regularly.	All	housekeeping	is	undertaken	by	a	small	group	of	volunteers.	
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7 Discussion	of	results	with	respect	to	research	

questions	posed.	

	

In	the	following	section	the	results	of	the	experimental	work	undertaken	

will	be	discussed	with	respect	to	the	specific	research	questions	defined	

for	this	project.		

For	ease	of	reference	the	research	questions	have	been	presented	again	

below:	

• Is	there	any	interaction	between	bat	droppings	and	urine	and	

those	materials	commonly	found	within	a	church	building	(such	as	

polished	metals,	stone	surfaces,	wooden	furniture)	that	would	

result	in	chemical,	physical	or	visual	change?	

• If	so,	what	is	the	nature	of	the	interaction	and	what	are	the	

mechanisms	involved?		

• If	physical,	chemical	or	visual	change	does	occur,	is	the	effect	

impermanent	or	superficial,	or	of	a	significant	and	permanent	

nature?	

• Are	the	observable	interactions	(if	any)	between	bat	droppings	

and	urine,	and	church	materials	different	for	different	species	of	

bat?	

Research	questions	relating	specifically	to	cleaning	practices	and	

mitigation	strategies	(such	as	surface	coatings,	physical	coverings	and	

cleaning	regimes):	

	

• How	effective	are	currently	recommended	and	adopted	mitigation	

practices	in	preventing	any	observable	interaction	between	bat	

urine	and	droppings	and	church	materials?	

• How	practical	and	viable	are	these	mitigation	practices	in	real	

terms	?	

• How	effective	are	currently	recommended	and	adopted	cleaning	

practices	in	removing	bat	droppings	and	urine	from	the	surface	of	

church	materials	?	
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7.1 Interaction	between	bat	droppings	and	urine	and	materials	

commonly	found	within	a	church	building	resulting	in	chemical,	

physical	or	visual	change	

	

Experimental	work	on	all	test	materials	showed	a	clear	correlation	

between	the	deposition	of	bat	urine	and	droppings	and	some	degree	of	

chemical,	physical	or	visual	change.	Some	materials	exhibited	responses	

that	related	to	only	one	parameter	of	change	e.g.	the	deposition	of	urine	

precipitate	on	granite	resulting	in	visual	disfigurement,	while	others	

responded	in	a	manner	that	resulted	in	a	change	that	was	chemical,	

physical	and	visual	e.g.	corroding	copper	alloy.		

	

The	following	table	gives	a	summary	of	the	test	materials	used	in	

experimental	work	and	describes	the	nature	of	their	response	to	

dropping	and	urine	deposition.	Only	responses	that	were	clearly	

observed	and	could	be	attributed	directly	to	the	deposition	of	droppings	

and/or	urine	have	been	included.	
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Test	material	 Response	to	bat	droppings	and	urine	
Lead/tin	alloy		
94/4	(remainder	trace	elements)	

Tarnish/oxidation	in	response	to	urine	
deposition.	

Lead/tin	alloy		
42/51	(remainder	trace	elements)	

Response	to	urine	and	droppings	not	observed.	

Lead/tin	alloy	
29/66	(remainder	trace	elements)	

Response	to	urine	and	droppings	not	observed.	

Copper/zinc	alloy		
90/10	alpha	(Gilding	metal	CW501L)	

Strong	corrosion	response	to	urine	deposition	
and	urine	in	association	with	droppings.	

Copper/zinc	alloy		
70/30	alpha	(cartridge	brass	
CW505L)	

Strong	corrosion	response	to	urine	deposition	
and	urine	in	association	with	droppings.	

Copper/zinc	alloy		
63/37	alpha	(common	brass	
CW508L)	

Strong	corrosion	response	to	urine	deposition	
and	urine	in	association	with	droppings.	

Copper/zinc	alloy		
59/39/2pb	alpha/beta		
(engraving	brass	–	modern	CW608N)	

Strong	corrosion	response	to	urine	deposition	
and	urine	in	association	with	droppings.	

Alabaster	 White	urine	precipitate	deposited	on	surface.	
Marble	 Significant	staining	as	a	result	of	contact	with	

urine,	both	in	isolation	and	also	in	close	
association	with	droppings.	Urine	drawn	into	
the	marble	substrate	prior	to	evaporation,	
resulting	in	urine	precipitate	being	distributed	
within	the	porous	body	of	the	sample	at	a	
subsurface	level.	Droppings	in	isolation	
resulted	in	staining	in	some	instances.	

Granite	 White	urine	precipitate	deposited	on	surface.	
Oak		-	untreated	
	

Watermarks	and	staining	in	addition	to	a	
lightening	of	the	surface	in	areas	that	had	been	
exposed	to	urine.	

Oak		-	waxed	
	

White	bloom	developed	within	wax	coating	
corresponding	to	sites	of	urine	deposition.	

Oak		-	coated	with	shellac	
	

Blistering	due	to	the	ingress	of	urine	resulting	
in	detachment	of	the	shellac	coating	from	the	
substrate.	

Pitch	Pine		-	untreated	 Watermarks	and	staining	in	addition	to	a	
lightening	of	the	surface	in	areas	that	had	been	
exposed	to	urine.	

Pitch	Pine		-	waxed	 White	bloom	developed	within	wax	coating	
corresponding	to	sites	of	urine	deposition.	
White	urine	precipitate	deposited	on	surface.	

Pitch	Pine		-	coated	with	shellac	 White	urine	precipitate	deposited	on	surface.	
	
Figure	218:	Summary	of	the	materials	used	in	experimental	work	and	the	nature	of	their	
response	to	the	deposition	of	bat	droppings	and	urine.		
	

Evidence	of	physical,	chemical	or	visual	change	to	fixtures	and	fittings	as	

a	result	of	bat	activity	was	also	observed	within	the	case	study	churches	

visited.	Comparison	of	test	material	response	with	observations	made	in	

situ	showed	that	there	was	very	good	correlation	between	the	two.	The	
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following	selection	of	images	show	responses	to	bat	droppings	and	urine	

as	exhibited	by	different	materials	with	images	taken	in-situ	and	those	

resulting	from	experimental	work	shown	side	by	side	in	order	to	

highlight	the	similarity	of	response.	

	

	
	
Figure	219:	Staining	on	marble	substrate	resulting	from	droppings	and	urine	in	association,	
observed	both	in	experimental	work	and	in-situ.	Left	image	–	sample	S9:B1;	Right	image	–	
detail	of	Sarah	Baroness	Braye	monument,	St	Nicholas,	Stanford	on	Avon.	
	

	
	
Figure	220:	Corrosion	on	copper	alloy	substrate	resulting	from	urine	deposition,	observed	
both	in	experimental	work	and	in-situ.	Left	image	–	sample	S5:B1;	Right	image	–	detail	of	
Captain	The	Hon	E	V	W	Edgell	monument,	St	Nicholas,	Stanford	on	Avon.	
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Figure	221:	White	urine	precipitate	on	granite	substrate	resulting	from	urine	deposition,	
observed	both	in	experimental	work	and	in-situ.	Left	image	–	sample	S10:B3;	Right	image	–	
detail	of	memorial	slab	commemorating	William	Wright,	Holy	Trinity	Collegiate	Church,	
Tattershall.	
	

	
	
Figure	222:	Watermarks,	bloom	in	waxed	surfaces	and	lightening	of	the	surface	on	oak	
substrates	resulting	from	urine	deposition,	observed	both	in	experimental	work	and	in-situ.	
Left	image	–	sample	S12:B1;	Right	image	–	detail	of	lectern,	Holy	Trinity	Collegiate	Church,	
Tattershall.	
	

Site	visits	to	case	study	churches	also	provided	opportunities	to	record	

and	observe	material	responses	not	seen	in	the	experimental	work	such	

as	algal	growth	associated	with	continually,	or	very	regularly	damp	areas	

that	had	experienced	a	high	degree	of	urine	deposition.	Damage	and	

staining	to	roof	timbers	in	the	location	of	roosts	sites	was	also	observed,	
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as	was	the	effect	of	droppings	on	fragile	and	friable	surfaces.	The	image	

below	shows	the	base	of	a	stone	column	situated	at	the	east	end	of	the	

nave	in	Holy	Trinity	Collegiate	Church,	Tattershall,	the	badly	deteriorated	

surface	is	incredibly	friable	meaning	that	droppings	cannot	be	cleaned	

from	the	surface	without	resulting	in	the	removal	of	significant	amounts	

of	surface	material.		

	

	
Figure	223:	Stone	column	situated	at	the	east	end	of	the	nave	in	Holy	Trinity	Collegiate	
Church,	Tattershall,	the	badly	deteriorated	surface	means	that	droppings	cannot	be	cleaned	
away	without	removing	surface	material.		
	

Bleaching	resulting	from	the	deposition	of	bat	urine	on	protective	covers	

was	also	observed.	The	following	image	shows	fabric	covers	used	to	

protect	surfaces	and	furniture	in	in	Holy	Trinity	Collegiate	Church,	

Tattershall,	despite	being	recently	laundered	bleaching	in	areas	

associated	with	urine	deposition	can	be	clearly	seen.	
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Figure	224:	Fabric	covers	used	to	protect	surfaces	and	furniture	within	Holy	Trinity	
Collegiate	Church,	Tattershall,	bleaching	in	areas	associated	with	urine	deposition	can	be	
clearly	seen.	
	

There	is	therefore	significant	evidence	both	from	the	experimental	work	

carried	out	and	from	observations	made	during	site	visits	that	the	

deposition	of	bat	droppings	and	urine	results	in	chemical,	physical	and	

visual	change	to	a	wide	range	of	materials	commonly	found	within	a	

church	building.			

	

Change	as	a	direct	response	to	the	deposition	of	bat	droppings	and	urine	

can	be	summarised	as	follows:	

	

• Corrosion	of	susceptible	metal	surfaces,	particularly	copper	alloy	

due	to	urine	

• Staining	from	urine	

• Staining	from	droppings	and	urine	in	association	

• Staining	from	liquid	droppings/droppings	in	isolation	

• Water	marks	on	wooden	surfaces	

• White	bloom	developing	in	wax	surface	coatings	

• Disruption	of	applied	surface	coatings	
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Indirect	change	as	a	result	of	deposition	of	bat	droppings	and	urine	can	

be	summarised	as	follows:	

	

• Accumulation	of	surface	debris	obscuring	surfaces	e.g.	urine	

precipitate	and	droppings	

• Loss	of	friable	or	fragile	surface	as	a	result	of	dropping	removal	

While	not	directly	observed	or	reported	in	this	research,	it	should	be	

noted	that	many	of	the	effects	of	bat	droppings	and	urine	on	materials	

found	within	the	body	of	a	church	result	in	increased	levels	of	cleaning,	

and	in	some	instances	may	necessitate	remedial	conservation	work.	As	

surfaces	and	materials	may	be	damaged	by	repeated	cycles	of	cleaning	or	

as	result	of	injudicious	cleaning	practices,	or	conservation	treatments,	

the	following	category	of	indirect	change	as	a	result	of	deposition	of	bat	

droppings	and	urine	could	reasonably	be	included	in	the	list	above:	

	

• Chemical,	physical	or	visual	change	to	surface	as	a	result	of	

cleaning	or	conservation	treatment	
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7.1.1 The	nature	of	the	interaction	and	mechanisms	involved	

	

As	discussed	briefly	in	section	4,	deterioration/damage	to	materials	as	a	

result	of	contact	with	bat	droppings	and	urine	has	been	broadly	

acknowledged	over	the	past	30	years	(Paine,	1991,	English	Heritage,	

1998,	Howard,	2009,	Natural	England,	2011,	BCT,	2012),	yet	few	details	

regarding	the	nature	of	the	problem	either	as	regards	chemistry	or	the	

physical	mechanisms	involved	have	been	reported.	

	

In	order	to	aid	discussion	and	give	context	to	my	own	experimental	

results,	a	brief	review	and	discussion	of	currently	available	published	

information	relating	to	the	effect	of	bat	droppings	and	urine	has	been	

given.	The	table	below	shows	currently	available	guidance	documents	

and	technical	notes	that	contain	references	to	damage	and/or	

deterioration	as	a	result	of	contact	with	bat	droppings	or	urine.	For	each	

source	presented	the	section	of	text	that	relates	to	potential	damage	

mechanisms	or	the	chemistry/composition	of	bat	droppings	or	urine	has	

been	reproduced	in	its	entirety.		
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Source/publication	 Information	given	related	to	damage	or	deterioration	
as	a	result	of	bat	droppings	and	urine	

1998.	Bats	in	Churches.	
Guidelines	for	the	
identification,	assessment,	
and	management	of	bat-
related	damage	to	church	
contents	(furnishings,	
fittings,	and	works	of	art).		
	
Paine,	S.,	English	Heritage,	
Natural	England.	

“Droppings,	perhaps	the	most	obvious	indicator	of	the	
presence	of	bats,	are	largely	made	up	of	the	indigestible	
exoskeleton	of	their	insect	prey,	with	additional	nitrogen	
compounds	and	a	small	percentage	of	fats	and	oils.	
Droppings	act	as	a	source	of	nutrients	for	bacterial	and	
fungal	decay.	They	may	range	from	dry	and	crumbly	to	
sticky	and	gelatinous,	depending	on	species,	diet,	and	
season.	Bat	urine	is	70%	urea,	decaying	to	form	dilute	
ammonia	and	other	compounds	and	is	therefore	alkaline.	
Droppings	may	cause	pitting,	long-term	staining	and	
etching	to	porous	materials	such	as	painted	wall	surfaces,	
stone,	and	wooden	monuments	and	sculptures,	while	
urine	causes	the	characteristic	spotting	and	etching	of	
wooden,	metal	and	painted	surfaces.	Urine	is	chemically	
more	aggressive	than	droppings	and	its	deposition,	
although	harder	to	observe,	is	therefore	of	greater	
conservation	concern.”	

2009.	Bats	in	traditional	
buildings.		
	
English	Heritage.	
Howard,	J.	&	Richardson,	P.	

“Droppings	are	largely	made	up	of	the	indigestible	
exoskeleton	of	bats’	insect	prey,	with	additional	nitrogen	
compounds	and	a	small	percentage	of	fats	and	oils.	They	
may	cause	small	amounts	of	pitting,	long-term	staining,	
and	etching	to	porous	materials	such	as	sensitive	painted	
wall	surfaces,	stone,	and	wooden	monuments	and	
sculptures.	Droppings	act	as	a	source	of	nutrients	for	
bacterial	and	fungal	decay	which	can	cause	paint	and	
gilding	to	detach	from	its	plaster	backing,	causing	
permanent	damage	and	loss.	Bat	urine	is	70	per	cent	urea,	
decaying	to	form	dilute	ammonia	and	other	compounds	
and	is	therefore	alkaline.	It	is	chemically	more	aggressive	
than	droppings	and	its	deposition,	although	harder	to	
observe,	is	therefore	of	greater	conservation	concern.	
Urine	causes	spotting	and	etching	of	wooden,	metal,	and	
painted	surfaces.”	

2011.	Bats	in	Churches:	a	
management	guide.		
	
Natural	England.	

“Droppings,	perhaps	the	most	obvious	indicator	of	the	
presence	of	bats,	are	largely	made	up	of	the	indigestible	
parts	of	insects	together	with	small	amounts	of	other	
compounds	such	as	fats	or	oils.	Droppings	can	provide	a	
source	of	nutrients	for	the	growth	of	bacteria	and	fungi,	
but	because	they	are	small,	they	usually	dry	up	very	
quickly,	thus	halting	the	growth	of	these	organisms,	
unless	they	are	in	very	damp	places.	Old	bat	droppings	
generally	crumble	to	a	fine	powder.	Bat	urine	is	a	solution	
of	urea,	which	decays	to	form	dilute	ammonia,	which	is	
alkaline.	Both	droppings	and	urine	can	cause	pitting,	
staining	or	etching	of	porous	or	polished	materials,	
including	paintings,	varnished	surfaces,	brass	or	polished	
stone.	However,	damage	caused	by	urine	may	be	more	
significant	as	it	is	chemically	more	aggressive	than	the	
compounds	found	in	faeces.”	

2012.	Bats	in	Churches	and	
how	you	can	help	them.		
	
Bat	Conservation	Trust.	

“Droppings	may	cause	problems	for	those	cleaning	the	
church.	In	this	situation,	seek	advice	from	the	BCT	Bat	
Helpline	if	droppings	or	urine	are	observed	to	damage	the	
historic	fabric	of	the	church	building	or	its	contents,	also	
consult	a	specialist	conservator	or	denominational	
historic	buildings	adviser.”	
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Figure	225:	Table	listing	publicly	available	information	containing	references	to	damage	
and/or	deterioration	as	a	result	of	contact	with	bat	droppings	or	urine.	For	each	source	
presented	the	section	of	text	that	relates	to	potential	damage	mechanisms	or	the	
chemistry/composition	of	bat	droppings	or	urine	has	been	given.	
	

As	the	table	in	figure	225	shows,	currently	available	information	

regarding	the	composition	of	bat	droppings	and	urine	is	consistent	with	

regard	to	the	following	statements:	

	

“Droppings	are	largely	made	up	of	the	indigestible	exoskeleton	of	insect	

prey,	with	additional	nitrogen	compounds	and	a	small	percentage	of	fats	

and	oils.”	

	

“Bat	urine	is	70	per	cent	urea,	decaying	to	form	dilute	ammonia	and	other	

compounds	and	is	therefore	alkaline.”	

	

These	statements	are	first	seen	in	the	co-authored	document	produced	

jointly	by	English	Heritage	and	Natural	England	in	consultation	with	

Stephen	Paine			entitled	Bats	in	Churches.	Guidelines	for	the	identification,	

assessment,	and	management	of	bat-related	damage	to	church	contents	

(furnishings,	fittings,	and	works	of	art)	(Paine,	1998).	Subsequently	the	

information	is	reproduced	in	later	documents	published	by	English	

Heritage	and	Natural	England.		

	

Closer	examination	of	the	two	statements	reveals	that	the	information	

relating	to	bat	dropping	composition	finds	support	in	the	wider	literature	

related	to	small	mammal	biology	and	more	specifically	to	the	biology	of	

bats	(Kunz	and	Whitaker	Jr,	1983,	Neuweiler,	2000,	104).	

	

The	information	regarding	the	composition	of	bat	urine	is	more	

problematic.	

Appearance	in	multiple	locations	has	lent	the	statement	an	air	of	

legitimacy	so	that	it	is	now	generally	accepted	that	bat	urine:		

	

• Is	70%	urea		
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• Decays	to	form	dilute	ammonia		

• Is	therefore	alkaline.		

Certainly	(in	the	experience	of	the	author)	this	information	is	regularly	

repeated	by	conservators	and	heritage	professionals	when	issues	of	bat	

habitation	within	churches	and	resulting	damage	are	discussed.		

	

One	of	the	first	and	perhaps	most	fundamental	problems	with	the	

statement	that	“bat	urine	is	70%	urea”	is	that	units	of	measurement	to	

accompany	the	value	are	never	given,	there	is	therefore	no	indication	of	

whether	the	value	is	intended	to	be	read	as	a	mol	percent,	an	atomic	

percent,	or	even	as	a	percentage	of	weight	to	volume.		As	information	

relating	to	the	manner	of	measurement	or	analysis	undertaken	is	not	

provided	in	the	published	sources,	it	is	not	clear	if	the	value	of	70%	has	

been	expressed	as	a	fraction	of	a	complete	urine	sample	(total	volume),	

or	only	certain	aspects	of	it	e.g.	total	dissolved	solids,	or	a	particular	

selection	of	analytes.	

	

The	origin	of	the	statements	relating	to	urine	composition	and	pH	shown	

above	can	be	traced	back	to	Stephen	Paine’s	unpublished	Diploma	

Research	Project	The	Effects	of	Bat	Excreta	on	Wall	Paintings	(Paine,	

1991).	As	a student dissertation	submitted	in	partial	fulfillment	of	a	

Postgraduate Diploma in the Conservation of Wall Painting, Stephen 

Paine’s research contains much good work and constitutes the first 

piece of structured research into potential mechanisms of bat related 

deterioration on heritage materials. It	is	unfair	to	be	overly	critical	of	this	

student	dissertation,	however	certain	statements	made	within	the	work	

do	need	to	be	critically	assessed.	Examination	of	the	work	reveals	that	

there	are	two	statements	that	reference	the	composition	of	bat	urine,	the	

first	is	as	follows:	

	

	“Humans	and	other	mammals,	tend	to	produce	waste	nitrogen	in	
the	form	of	urea,	bats	for	example,	producing	on	average	63%	urea	
to	6%	ammonia	to	1%	uric	acid.”	(Paine,	1991,	12)	
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This	is	a	very	broad	statement,	globally	there	are	over	a	thousand	

different	species	of	bat	(Kunz	and	Fenton,	2003,	3),	all	with	different	and	

often	unique	physiological	adaptations	to	particular	ecological	niches	and	

diets.	Additionally	the	statement	gives	no	indication	of	units	of	

measurement,	nor	does	it	indicate	if	the	values	refer	to	urinary	urea	

content,	or	are	related	to	a	preceding	metabolic	process	e.g.	liver	

function.	Ammonia	is	highly	toxic	to	mammals	and	would	not	normally	

be	a	significant	constituent	of	mammalian	urine,	the	urea	cycle	which	

takes	place	in	the	liver	is	the	primary	mechanism	by	which	mammals	

convert	toxic	ammonia	to	non	toxic	urea	(Boundless,	2016),	while	there	

is	research	to	suggest	that	some	species	of	nectivorous	bat	can,	in	times	

of	stress,	reduce	urea	excretion,	and	increase	the	excretion	of	ammonia	

nitrogen	(Gerardo	Herrera	et	al.,	2006)	this	is	a	particular	biological	

response	to	low	water	availability	exhibited	only	in	bats	that	have	a	diet	

with	very	low	nitrogen	intake,	this	is	not	the	case	for	insectivorous	bats	

such	as	those	found	within	the	U.K.	

	

The	statement	given	in	Paine’s	work	is	followed	by	a	footnote	that	refers	

the	reader	to	“C.L.Prosser	and	F.A.Brown,	Comparative	Animal	

Physiology,	London,	1962,	pp.	135-149”.	The	book	in	question	has	long	

been	out	of	print,	but	it	was	possible	to	acquire	a	copy	of	a	subsequent	

edition	(Prosser,	1973),	unfortunately	no	data	to	support	the	statement	

given	in	Paine’s	work	could	be	found	in	the	3rd	edition	version	of	this	title.	

	

The	second	statement	found	in	Stephen	Paine’s	work	that	relates	to	urine	

composition	is	given	below:	

	

“	Bat	urine	is	largely	made	up	of	urea;	70%	on	average	in	the	form	
of	CO(NH2)2,	as	well	as	a	range	of	salts.	These	would	typically	
include	sodium,	potassium	and	chlorine	[sic]	ions.	To	confirm	this	
information	urine	analysis	was	carried	out	on	a	sample	taken	
from	a	captive	Daubentons	bat.	The	results	obtained	were:	62	m	
mol/l	of	potassium;	75	mmol	/l	sodium;	159	mmol/l	urea.	While	
the	diet	of	captive	bats	is	exclusively	mealworms	and	so	not	
entirely	representative	of	that	of	bats	feeding	in	the	wild,	these	
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results	can	be	considered	a	fair	approximation	for	the	likely	
quantities	to	be	found	in	the	urine	of	the	indigenous	bat	
population	of	Britain.”(Paine,	1991,	14)	

	

It	is	in	this	section	of	Paine’s	work	that	the	statement	(later	to	be	

repeated	in	various	guidance	publications)	that	bat	urine	consists	of	70%	

urea	is	made.		

As	written,	the	statement	implies	that	in	a	given	volume	of	bat	urine,	urea	

will	constitute	70%	of	the	total	solution.	

	

The	70%	value	is	not	referenced	as	coming	from	a	published	source,	but	

is	said	to	be	confirmed	by	the	results	of	subsequent	urine	analysis	

undertaken	on	a	single	urine	sample	taken	from	a	captive	Daubenton’s	

bat.	It	is	not	immediately	apparent	from	the	information	presented	in	

Stephen	Paine’s	Diploma	research	exactly	how	the	data	confirms	the	

statement	that	bat	urine	is	70%	urea.	Paine	does	not	include	any	

additional	information	beyond	giving	the	mmol/l	values	for	urea,	

potassium	and	sodium	and	he	does	not	include	any	further	calculations	

based	on	these	figures.		

	

It	is	assumed	that	Paine	calculated	(but	did	not	report)	weight	percent	

values	of	“total	analytes”	by	first	converting	mmol/l	values	to	gms/l	

(molar	quantity	X	relative	molecular	mass)	and	then	calculating	

percentages	based	on	the	total	weight	of	detected	material.	The	table	

below	presents	the	analytical	data	given	in	Paine’s	work	given	in	mmol/l	

converted	to	gms/l	and	then	calculated	as	weight	%	of	total	analytes.	

	

	
mmol/l	 Converted	to	

gms/l	
Expressed	as		
weight	%	

Potassium	 62	 2.42	 17.68	
Sodium	 75	 1.72	 12.56	
Urea	 159	 9.55	 69.76	
	
Figure	226:	Table	showing	results	of	analysis	of	bat	urine	as	given	in	Stephen	Paine’s	
Diploma	Research	Project	The	Effects	of	Bat	Excreta	on	Wall	Paintings	(Paine,	1991).	The	
original	published	values	given	in	mmol/l	have	been	converted	to	gms/l	and	then	calculated	
as	weight	%	of	total	analytes.	
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As	can	be	seen	in	figure	226,	when	calculated	as	weight	percent	the	urine	

analysis	undertaken	by	Stephen	Paine	(or	more	correctly	undertaken	by	

the	Veterinary	Investigation	Centre	Cambridge	on	his	behalf)	shows	that	

of	the	three	substances	analysed,	urea	constituted	approximately	70%	by	

weight.		

	

It	is	possible	that	it	may	have	appeared	to	Paine	that	this	analysis	

therefore	corroborated	the	unreferenced	and	ambiguous	statement	that	

bat	urine	consists	of	70%	urea	(Paine,	1991,	14),	however	this	cannot	be	

said	to	be	the	case.	Mammalian	urine	is	predominantly	water	but	also	

contains	urea,	creatinine,	uric	acid,	trace	amounts	of	enzymes,	

carbohydrates,	hormones,	fatty	acids,	pigments	and	inorganic	salts.		

Stephen	Paine’s	presentation	of	his	quantitative	analysis	neglects	to	take	

into	account	the	major	constituent	of	urine	(water),	similarly	the	effect	of	

the	absence	of	minor	constituents	of	urine	from	his	analysis	is	not	

discussed.		As	such	the	statement	that	“bat	urine	is	70%	urea”,	is	

unreferenced,	inadequately	supported	by	suitable	quantitative	data,	and	

is	ambiguous	in	its	meaning.	

	

The	statement	that	bat	urine	“…decays	to	form	dilute	ammonia	and	other	

compounds	and	is	therefore	alkaline”	also	seemingly	originates	from	

Stephen	Paine’s	unpublished	Diploma	Research	Project	The	Effects	of	Bat	

Excreta	on	Wall	Paintings	(Paine,	1991).		Again	the	information	

pertaining	to	the	statement	is	unreferenced	and	unsupported	by	

experimental	work	or	quantitative	data.	In	a	section	titled	“Theoretical	

aspects	of	the	effects	of	bat	faeces	and	urine”	(Paine,	1991,	18),	Stephen	

Paine	proposes	many	potential	mechanisms	by	which	bat	droppings	and	

urine	might	cause	damage	or	deterioration	to	wall	paintings,	it	is	in	this	

section	that	the	following	statement	is	found:	

	

“Urea	present	in	the	urine	of	bats	can	oxidize	to	form	nitrates.	
This	is	as	a	consequence	of	a	range	of	processes	including	the	
activity	of	bacteria.	It	can	also	reduce	down	to	ammonia	(NH3).	
Free	ammonia	will	only	exist	briefly	as	a	gas,	but	when	combined	
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with	atmospheric	water	will	produce	a	solute	of	dilute	ammonia.”	
(Paine,	1991,	18).	

	

The	way	the	section	of	text	is	written	implies	that	Paine	has	broadly	

researched	the	chemistry	of	both	urea	and	ammonia	and	has	then	sought	

to	relate	the	information	gathered	to	how	bat	urine	might	behave	

chemically.	Urea	is	described	both	as	being	“reduced	down	to”	ammonia,	

but	also	undergoing	a	process	of	oxidation	in	order	to	form	non-specified	

“nitrates”.	Later	in	the	section	the	pH	of	urea	is	discussed	in	similarly	

broad	and	non-specific	manner,	the	statement	is	neither	supported	by	

references,	or	quantifiable	data.	

	

	“	The	pH	of	urea	can	vary	between	slightly	acid	and	slightly	
alkali	[sic];	if	very	fresh	it	could	well	tend	towards	acid	with	
reactive	consequences	for	any	alkaline	materials	present.”	
(Paine,	1991,	18-19)	
	

While the deliberate oxidation and decomposition of urea (to yield NH3 

and CO2) is commonplace within industry, these chemical processes 

are complicated and most commonly facilitated by increased 

temperatures (Shaw and Bordeaux, 1955), electrolysis (Simka et al., 

2009) or enzymes (Estiu and Merz, 2007). The decomposition of urea in 

solution at room temperatures is not something that is either well 

documented, or understood. Within the available literature there is 

uncertainty regarding the actual mechanisms by which urea in aqueous 

solution might decompose, and the rate at which it might do so. A good 

review of proposed mechanisms for urea decomposition (from aqueous 

solution) is given in (Alexandrova and Jorgensen, 2007, Estiu and 

Merz, 2006) both comprehensive pieces of research, they conclude that 

further work needs to be done before decomposition mechanisms for 

urea can be categorically understood.   

 

Urea is stable to many oxidizing agents a characteristic exploited in its 

use as a stabilizing agent in the formulation of hydrogen peroxide – 

urea solutions, rather than being oxidized have the ability to form an 
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adduct with hydrogen peroxide that readily dissociates back to urea and 

hydrogen peroxide when added to water. The conversion of urea to 

ammonia can certainly take place, and is the basis on which large 

proportions of agrochemical and fertilizer sales are made, however it is 

important to note that urea used as a fertilizer is broken down into 

ammonia due to the presence (and prevalence) of urease producing 

bacteria in the soil (Lloyd and Sheaffe, 1973). It is therefore not a 

foregone conclusion that bat urine deposited in historic churches will 

either “…oxidise to form nitrates”, or “…reduce down to ammonia”. 

Tests carried out on bat urine collected for this research and stored in 

sterile capped containers for a period of two years, showed no change in 

pH value, suggesting that in the absence of urease producing bacteria, 

urine does not readily break down.		 	
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In	short,	the	statement	that	“Bat	urine	is	70	per	cent	urea,	decaying	to	

form	dilute	ammonia	and	other	compounds	and	is	therefore	alkaline.”	is	

unreferenced,	inadequately	supported	by	suitable	quantitative	data,	and	

is	ambiguous	in	its	meaning,	unfortunately	it	has	been	widely	accepted	as	

fact	since	1998	and	has	since	appeared	in	multiple	guidance	documents.	

	

Urine	analysis	conducted	as	part	of	this	research	to	determine	pH.	

		

As	part	of	this	research	a	total	of	73	individual	pH	readings	were	taken	

from	samples	of	fresh	bat	urine.	Urine	was	collected	from	six	bat	species	

and	pH	ranges	were	found	to	be	broadly	similar	with	a	total	range	for	all	

readings	between	pH	5.3	-	6.8	and	a	mean	value	of	6.3.	No	significant	

difference	in	urine	pH	was	observed	between	the	different	bat	species	

from	which	urine	was	collected	(Plecotus	auritus,	Myotis	nattereri,	

Nyctalus	noctula,	Pipistrellus	Spp,	Eptesicus	serotinus,	Myotis	mystacinus).	

	

The	pH	range	measured	is	consistent	with	expected	pH	values	for	

mammalian	urine	(Dicker,	1970,	Shmaefsky,	1990,	Shackelford	and	Caire,	

1993).	Highly	acidic	or	alkaline	urine	is	painful	for	an	organism	to	pass	

and	would	normally	only	be	found	as	a	result	of	infection	or	kidney	

failure	(Nakanishi	et	al.,	2012,	Welch	et	al.,	2008).	

	

Having	a	pH	value	below	7,	the	bat	urine	tested	as	part	of	this	research	

project	can	be	described	as	acidic	however,	the	slightly	acidic	nature	of	

bat	urine	should	be	placed	in	context	especially	if	communicating	

information	to	a	non-specialist	audience.	Broad	statements	such	as	“bat	

urine	is	acidic”	while	technically	true,	have	the	potential	to	mislead,	

confuse,	or	over	emphasise	the	role	that	pH	plays	in	deterioration	

mechanisms.	Without	an	understanding	of	exactly	what	pH	is,	what	it	

measures,	and	the	logarithmic	nature	of	the	scale	of	measurement,	many	

people	would	simply	equate	the	word	“acidic”	with	chemically	

aggressive;	corrosive;	or	caustic.	
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It	must	be	acknowledged	that	long	term	exposure	to	even	mildly	acidic	

solutions	can	be	problematic	for	some	materials	e.g.	calcareous	stone	

(Durnan,	in	Henry		2006,	169,	Charola	&	Ware,	in		Siegesmund	et	al.,	

2002,	393-403).	As	conservators	we	regularly	use	deionised	water	with	a	

pH	of	5.5*	to	clean	the	surfaces	of	sensitive	heritage	objects,	but	we	

would	be	unlikely	to	describe	it	as	acidic	if	we	were	communicating	

conservation	to	a	non–specialist.		
*	A	pH	value	of	5.5	is	in	fact	lower	(more	acidic)	than	all	but	one	of	the	73	bat	urine	

samples	tested	during	this	research.	

Compositional	analysis	of	bat	urine	

	

While	mammalian	urine	can	contain	a	wide	range	of	compounds	the	

major	urinary	solutes	are	urea,	sodium,	potassium	and	monovalent	ions	

e.g.	Cl-	(Sands	and	Layton,	2009).	Analysis	on	urine	samples	collected	

from	four	species	of	UK	bat	supports	this	statement	and	showed	that	

urine	composition	was	broadly	consistent	across	all	four	species.	Urine	

concentration	was	found	to	differ	between	species	with	a	greater	

quantity	of	solute	found	in	the	urine	of	pipistrellus	spp	and	Plecotus	

auritus	as	compared	to	the	other	species	examined.		

	

The	table	below	shows	results	from	the	quantitative	analysis	of	bat	urine	

undertaken	for	this	project	alongside	the	results	gained	by	Stephen	Paine	

in	his	earlier	work	on	bats	and	wall	paintings	(shown	in	red).	It	can	be	

seen	that	the	results	of	analysis	undertaken	in	Paine’s	work	are	markedly	

different	from	my	own,	with	significantly	lower	values	recorded	for	

urinary	sodium,	potassium	and	urea	(Paine	did	not	undertake	analysis	of	

urinary	chloride).	
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Species	 Urinary	
Sodium	
mmol/l	

Urinary	
Potassium	
mmol/l	

Urinary	
Chloride	
mmol/l	

Urinary	
Urea	
mmol/l	

Myotis	
Nattereri	
	

283	 143.4	 65	 1841	

Nyctalus	
noctula	 274	 113.9	 86	 1777	

Pipistrellus	
Spp.	
	

431	 243	 214	 3120	

Plecotus	
auritus	
	

464	 228	 181	 2419	

Myotis	
daubentonii	 75	 62	 -	 159	

	
Figure	227:	Table	showing	quantitative	analysis	of	urine	from	four	different	species	of	bat	
alongside	results	obtained	in	preceding	research	conducted	by	Stephen	Paine	in	his	earlier	
work	on	bats	and	wall	paintings	(shown	in	red).	Results	are	given	in	mmol/l.	
	

Urine	samples	used	for	analysis	in	this	research	were	collected	from	

multiple	bats	(of	the	same	species),	meaning	that	the	samples	analysed	

were	in	effect	a	“species	average”	composition,	in	this	way	the	risk	of	

collecting	urine	from	an	atypical	animal	or	an	animal	in	poor	health	was	

mitigated.	As	the	analysis	conducted	by	Paine	was	on	a	single	urine	

sample	there	is	greater	potential	for	the	sample	to	be	atypical	e.g.	from	a	

bat	in	poor	health,	or	with	reduced	kidney	function.		

	

Other	factors	that	could	account	for	the	discrepancy	between	the	analysis	

undertaken	as	a	part	of	this	project	and	Paine’s	figures	could	be	the	time	

at	which	the	sample	was	collected	from	the	bat;	as	time	between	

micturition,	feeding	and	waking	from	rest	have	the	potential	to	cause	

some	variation	in	urine	concentration	(Neuweiler,	2000,	91,	Geluso,	

1978,	Thomas	and	Cloutier,	1992).	Alternatively,	the	much	lower	analyte	

values	recorded	by	Paine	could	be	due	to	the	sensitivity	of	the	method	of	

urine	analysis	employed	(unfortunately	no	information	is	given	in	Paine’s	

work	regarding	the	method	of	analysis	used).	
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As	Paine’s	work	was	carried	out	on	bat	urine	from	a	species	of	bat	not	

used	in	my	own	analysis,	direct	species	comparison	of	results	is	not	

possible.	One	could	therefore	claim	that	the	difference	in	analysis	might	

be	due	to	a	peculiarity	of	kidney	function	in	Daubenton’s	bats,	or	the	

result	of	a	particular	biological	adaptation.	This	is	unlikely	to	be	the	case,	

certainly	there	is	no	literature	or	research	that	would	suggest	that	

Daubenton’s	bats	have	significantly	different	renal	function	or	urine	

concentrating	ability	than	other	UK	bat	species,	furthermore	while	

analysis	for	a	direct	species	comparison	was	not	available,	data	for	

another	Myotis	species	(Myotis	Nattereri)	was	obtained	as	part	of	this	

research	project,	and	was	found	to	be	consistent	with	that	relating	to	

urine	from	all	other	species	analysed	(see	figures	20	and	227).	It	is	

therefore	most	likely	that	Paine’s	very	low	figures	are	the	result	of	an	

atypical	sample	of	urine,	or	a	lack	of	analytical	sensitivity	in	the	method	

of	analysis	used.	

	

Urine	concentrating	ability	of	different	species	of	UK	bat	

	

An	interesting	and	potentially	important	finding	of	the	urine	analysis	

undertaken	for	this	project,	was	that	the	concentration	of	bat	urine	from	

different	species	was	found	to	be	inversely	proportional	to	the	size	of	the	

bat,	with	larger	bats	producing	more	dilute	urine.	For	ease	of	reference	

data	shown	previously	in	section	6.1.1.2	has	been	reproduced	below,	the	

graph	shows	the	relationship	between	bat	size	(represented	by	

wingspan)	and	urea	concentration.	
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Figure	228:	Graph	showing	the	inversely	proportional	relationship	between	bat	size	
(represented	by	wingspan	in	mm)	and	urea	concentration	in	mmol/l.	to	further	highlight	the	
relationship,	polynomial	trend	lines	are	shown	for	both	wingspan	and	urinary	urea.	
	

Such	a	relationship	between	organism	size	and	kidney	function	is	

commonly	found	in	the	natural	world,	but	a	systematic	study	relating	

renal	function	to	size	in	UK	bats	has	never	been	undertaken.	Multiple	

factors,	such	as	size,	metabolic	rate,	diet	and	the	availability	of	water	will	

affect	an	organism’s	requirements	in	relation	to	maintaining	water	

balance,	and	the	ability	to	vary	water	excretion	is	essential	to	survival	for	

many	animals	(Sands	and	Layton,	2009,	178).		

	

The	ability	to	maintain	water	balance	for	small	insectivorous	bats	(such	

as	those	found	in	the	UK)	is	key.	Bats	collect	water	via	the	ingestion	of	

food	or	by	drinking;	additional	water	is	also	produced	as	a	by-product	of	

metabolism.	In	addition	to	evaporation	from	the	lungs	and	skin	surface,	

sources	of	water	loss	for	bats	include	excretion	(in	urine	and	faeces)	and	

from	secretions	such	as	milk.		
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Evaporative	water	loss	(EWL)	from	the	lungs	and	skin	of	bats	is	very	

significant,	and	mass-specific	water	loss	in	bats	is	much	higher	than	in	

other	mammals,	approaching	the	very	high	values	found	in	song	birds	

(Neuweiler,	2000,	82).	For	their	size	bats	have	disproportionately	large	

lungs,	and	the	hairless	flight	membrane	covering	their	wings	greatly	

increases	the	surface	area	to	volume	ratio	of	the	organism.	Evaporative	

water	loss	in	bats	is	therefore	particularly	high	during	flight,	both	as	a	

result	of	increased	respiration	and	also	due	to	convection	currents	

surrounding	the	wings	of	the	bat	that	increase	the	evaporation	of	water	

from	the	skin’s	surface.	

	

The	only	means	by	which	bats	can	control	their	water	balance	is	through	

behavioural	adaptations	and	through	the	function	of	the	kidneys.	The	

mammalian	kidney	is	the	primary	organ	responsible	for	the	excretion	of	

metabolic	waste	products	and	the	management	of	salt	levels	within	the	

blood,	mammalian	kidney	function	also	plays	a	vital	role	in	controlling	

the	water	concentration	of	blood	plasma.		

	

Filtering	the	entire	volume	of	extracellular	fluid	(ECF)	multiple	times	a	

day,	the	functional	unit	of	the	kidney	can	be	considered	to	be	the	nephron	

which	regulates		ECF	composition	via	a	process	of	filtering	and	

reabsorbing	materials	from	the	fluid	as	it	moves	through	a	system	of	

tubules	consisting	of	the	glomerulus,	proximal	and	distal	tubules,	loop	of	

Henle	and	the	collecting	tubule.		The	glomerulus,	extracts	glomerular	

filtrate	from	the	blood.	Glomerular	filtrate	has	a	similar	composition	to	

blood	plasma	but	with	the	absence	of	molecules	larger	than	4-5nm	

(which	cannot	pass	through	the	glomerular	filter)	in	this	way	proteins	

are	effectively	separated	from	the	filtrate	prior	to	its	passage	through	the	

proximal	and	distal	convoluted	tubules	of	the	nephron.	In	the	proximal	

and	distal	tubules	of	the	nephron	water	and	other	metabolically	useful	

molecules	(e.g.		amino	acids,	glucose	and	bicarbonate)	are	selectively	

reabsorbed.	What	remains	in	the	collecting	tubules	of	the	nephron	is	

urine	containing	only	substances	that	are	either	harmful	or	useless	to	the	
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organism.	The	loop	of	Henle,	located	between	the	proximal	convoluted	

tubule	and	the	distal	convoluted	tubule	runs	through	the	inner	layer	of	

the	kidney	(the	medulla)	parallel	to	the	collecting	tubules.	Employing	

active	ion	transport	and	selective	water	permeability,	the	loop	of	Henle's	

main	function	is	to	create	an	osmotic	concentration	gradient	in	the	

medulla	of	the	kidney	allowing	urine	with	a	concentration	higher	than	

blood	plasma	to	be	produced.	The	ability	to	form	concentrated	urine	

enables	body	water	to	be	conserved.	For	small	mammals	that	suffer	high	

rates	of	evaporative	water	loss	and	do	not	take	in	large	quantities	of	

water	as	part	of	their	diet	the	ability	to	produce	concentrated	urine	is	an	

important	biological	adaptation.	In	the	kidneys	of	smaller	species	of	

insectivorous	bats,	the	loop	of	Henle	is	often	found	to	be	longer	than	that	

found	in	larger	species,	and	the	nephron	tubules	have	narrower	lumens	

to	limit	flow	rate	and	thereby	slow	the	passage	of	filtrate	through	the	

loop	resulting	in	greater	urine	concentration	(Neuweiler,	2000,	87,	

Geluso,	1978).	

	

Based	on	the	results	of	my	analysis	biological	adaptation	resulting	in	

differing	degrees	of	kidney	function	would	appear	to	be	present	in	UK	bat	

species.		Urine	analysis	data	obtained	supports	the	hypothesis	that	

differences	in	urine	concentrating	ability	exist	between	UK	bat	species,	

and	correspond	to	mass	specific	water	loss.	This	conclusion	is	further	

supported	by	the	fact	that	urine	was	collected	from	captive	bats	eating	a	

diet	of	mealworms,	urine	concentration	was	therefore	unaffected	by	

behavioural	factors	(such	as	the	need	to	regulate	water	loss	resulting	

from	flying/hunting),	or	in	response	to	different	diet.	
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In	conclusion,	my	analysis	of	bat	urine	does	not	support	the	statement	

that	“Bat	urine	is	70	per	cent	urea,	decaying	to	form	dilute	ammonia	and	

other	compounds	and	is	therefore	alkaline.”	My	findings	are	summarised	

as	follows:	

	

	

• Urine	pH	ranges	for	all	bat	species	tested	were	found	to	be	

broadly	similar	with	a	total	range	for	all	readings	between	pH	5.3	-	

6.8.	Therefore,	while	the	pH	of	bat	urine	is	acidic,	it	is	only	mildly	

so.		

• No	relationship	between	difference	in	urine	pH	and	species	was	

observed.		

• The	major	constituents	of	bat	urine	(in	decreasing	quantity)	are	

water,	urea,	sodium,	potassium	and	Cl-	

• Urine	concentration	was	found	to	be	dependent	on	species,	with	

smaller	species	of	bat	producing	more	concentrated	urine.	

• Urea	concentration	in	the	urine	samples	tested	ranged	from	

1777mmol/l	(Nyctalus	noctula),	to	3120	mmol/l	(Pipistrellus	Spp.)	
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7.1.2 Corrosion	of	susceptible	metal	surfaces	

	

Observations	made	both	in	situ	in	case	study	churches	and	during	

experimental	work	confirmed	that	corrosion	of	susceptible	metal	

surfaces	consistently	occurred	as	a	result	of	contact	with	bat	urine.	

Distinctive	corrosion	patterns	observed	both	in-situ	in	case	study	

churches,	and	during	experimental	work	showed	a	clear	relationship	

between	the	corroded	areas	of	metal	surfaces	and	the	characteristic	

shapes	of	urine	droplets	or	splash	marks.	Differences	relating	to	degree	

of	deposition	were	also	consistently	observed,	with	metal	surfaces	that	

had	experienced	the	lowest	instances	of	urine	deposition	developing	

corrosion	only	in	discrete	areas,	whereas	surfaces	that	had	experienced	

greater	deposition	rates,	exhibited	corrosion	that	was	more	uniformly	

distributed	across	the	surface.	

	

The	deterioration	mechanism	involved	is	primarily	electrolytic	corrosion	

as	a	result	of	bat	urine	being	in	contact	with	a	metal	surface.	In	addition	

to	providing	a	source	of	water,	the	solution	chemistry	of	bat	urine	also	

contributes	to	the	mechanism	of	corrosion.	

	

A	summary	of	those	aspects	of	corrosion	chemistry	that	relate	to	the	

mechanisms	involved	will	be	given	in	the	following	sections,	but	will	be	

limited	in	scope	to	those	areas	that	have	a	particular	bearing	on	the	

discussion	in	hand.	Excellent	and	comprehensive	descriptions	of	the	

principles	of	corrosion	can	be	found	in	many	books	and	published	

sources,	and	as	such	I	would	refer	the	reader	to	the	following	

publications	for	a	more	detailed	description	of	the	topic	(Jones,	1996,	

Revie	and	Uhlig,	2010,	Selwyn,	2004).	

	

The	corrosion	of	metals	is	an	electrochemical	process	governed	by	

oxidation	and	reduction	reactions	taking	place	at	an	anode	(site	of	the	

anodic	half	reaction)	and	cathode	(site	of	the	cathodic	half	reaction).	In	

order	for	corrosion	to	take	place	electrons	and	ions	must	be	able	to	flow	
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between	the	sites	of	the	two	half	reactions,	and	as	such	a	mechanism	via	

which	electrons	and	ions	can	move	from	one	location	to	another	is	also	

required.		Commonly	the	transfer	of	electrons	takes	place	within	the	

metal	itself,	while	the	movement	of	ions	occurs	within	an	electrolyte	

solution	in	contact	with	the	metal’s	surface.	The	most	commonly	

encountered	electrolyte	for	the	corrosion	of	metal	surfaces	is	water,	not	

only	does	it	provide	a	mechanism	for	the	transport	of	ions,	but	it	can	also	

act	as	an	electron	acceptor	at	the	site	of	the	cathode	via	the	reduction	of	

hydrogen	ions,	or	dissolved	oxygen.	Most	metals	will	therefore	corrode	

when	exposed	to	water	and	oxygen.	This	was	observed	during	

experimental	work	with	all	solutions	applied	to	the	surface	of	the	brass	

test	samples	(including	deionised	water)	causing	corrosion/oxidation	to	

some	degree.	Examination	of	the	samples	showed	that	the	effect	of	water	

on	the	surface	of	the	metals	used	was	either	greater	than,	or	equivalent	

to,	the	effects	resulting	from	the	deposition	of	urea	solutions	in	the	short	

term.	As	such	bat	urine	in	contact	with	metal	surfaces	has	the	potential	to	

cause	corrosion	regardless	of	ionic	content	or	urea	concentration.	

	

Within	experimental	work	(both	laboratory	based	and	in	relation	to	the	

deployment	of	sample	boards	in	active	bat	roosts)	there	was	a	clear	

correlation	between	response	to	bat	urine,	and	the	electrochemical	

potential	of	the	alloy	in	question	to	corrode.	The	tendency	of	a	metal	to	

form	metal	ions	in	a	given	solution	is	related	to	its	standard	electrode	

potential.	The	more	negative	the	standard	electrode	potential,	the	greater	

the	tendency	a	metal	has	to	form	metal	ions	and	hence	to	corrode.*	A	

table	illustrating	average	electrode	potentials	for	a	selection	of	materials	

is	given	below.	The	numbers	are	average	values	taken	from	LaQue		

(LaQue,	1975)	and	relate	to	metal	response	to	seawater	measured	

against	a	saturated	calomel	electrode	(SCE),	they	are	presented	to	

illustrate	the	point	that	copper	has	been	shown	to	be	electrochemically	

more	susceptible	to	corrosion	than	lead.	
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*	for	a	full	explanation	of	metal	reactivity	as	it	relates	to	electrode	

potential	and	corrosion	potential	of	different	metals	see	Selwyn,	2004,	

24-28,	Jones	1996,	40-49.		

	

	

Material	
Average	electrode	

potential	in	seawater	vs	
SCE	(measured	in	Volts)	

Relative	activity	

graphite	 0.25	 				noble	
					(cathodic)	

	
	
	
	
	
	
	
	
	

				active	
					(anodic)	

platinum	 0.21	
silver	 -0.13	
nickel	 -0.15	
lead	 -0.22	
copper-nickels	 -0.25	
tin	bronzes	 -0.29	
tin	 -0.33	
copper	 -0.34	
brass	 -0.35	
mild	steel,	cast	iron	 -0.66	
zinc	 -1.00	
magnesium	 -1.62	
	
Figure	229:	Table	showing	average	electrode	potential	in	seawater	for	a	selection	of	
common	metals	and	alloys	measured	against	a	standard	calomel	electrode.	Values	taken	
from	LaQue	(LaQue,	1975),	table	after	Selwyn	(Selwyn,	2004,	28).	
	

As	could	be	expected	(based	on	the	relative	reactivity	of	the	metal	sample	

materials	used)	my	experimental	work	showed	that	lead	and	lead/tin	

alloy	samples	were	much	less	susceptible	to	corrosion	as	a	result	of	

exposure	to	bat	urine	than	the	copper/zinc	alloy	samples	used.	Although	

not	as	reactive	as	many	other	metals,	lead	will	corrode	to	some	degree	in	

pure	water	if	oxygen	gas	is	present,	accordingly	some	corrosion	was	

observed	on	high	lead	content	samples	that	had	been	exposed	to	bat	

urine,	but	extensive	pitting	was	not	observed.	Lead/tin	alloys	become	

increasingly	resistant	to	corrosion	as	the	tin	content	of	the	alloy	is	

increased	(Selwyn,	2004,116),	and		this	corresponded	with	the	results	of	

this	research.	Of	the	lead/tin	alloy	samples	exposed,	only	those	with	the	

highest	proportion	of	lead	(94%	lead/4%	tin),	showed	any	significant	

visual	response	to	bat	urine.	On	these	samples	corrosion	was	limited	to	
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oxidation	of	only	2-3	microns	with	the	insolubility	of	the	dense,	uniform	

corrosion	products	formed	creating	a	passivation	layer	protecting	the	

lead	surface	from	further	attack	(Greninger	et	al.,	1975).		

	

Copper	alloy	samples	showed	a	clear	and	consistent	visual	response	to	

both	bat	urine,	and	applied	solutions	of	urea	and	deionised	water,	

indicating	again	that	the	copper	alloy	samples	were	more	susceptible	to	

corrosion	than	the	lead	based	alloys.	Consistent	with	published	research,	

copper	alloy	samples	with	high	proportion	of	zinc	in	the	alloy	were	found	

to	be	the	most	susceptible	to	corrosion	(Revie	and	Uhlig,	2010)	.	

Corrosion	of	alloy	elements	that	are	electrochemically	negative	in	

comparison	to	other	metals	present	in	an	alloy	structure	often	suffer	

preferential	corrosion.	The	preferential	corrosion	of	zinc	from	brass	

samples	(often	referred	to	as	dezincification)	is	a	common	and	frequently	

cited	example	of	this	phenomenon	(Jones,	1996,	20	&	326).	

	

The	image	below	shows	a	BSE	image	of	a	pitted	and	corroded	area	of	

sample	S4:B1	alongside	SEM-EDS	element	maps	of	the	same	area	of	

sample	highlighting	the	location	and	distribution	of	both	zinc	and	copper.	

Zinc	can	be	seen	to	have	been	corroded	preferentially.	

	



	 371	

	
	
Figure	230:	SEM-EDS	element	map	of	sample	S4:B1.	Zinc	from	the	alloy	is	largely	absent	
from	the	pitted	areas	due	to	preferential	corrosion.	
	

The	greater	reactivity	of	the	copper	alloy	samples	provided	a	good	

opportunity	not	only	to	ascertain	the	effects	of	pH	and	urea	

concentration	on	corrosion,	but	also	to	determine	if	there	were	

differences	between	the	corrosion	formed	as	a	result	of	synthesized	urea	

solutions	and	that	occurring	as	a	result	of	exposure	to	natural	bat	urine.	

Notably	the	distinctive	blue	green	corrosion	products	observed	in-situ	

and	seen	on	sample	boards	as	a	result	of	exposure	to	natural	bat	urine,	

were	not	seen	on	the	copper	alloy	test	samples	that	had	been	exposed	to	

urea	solutions.	This	indicates	that	urea	is	not	primarily	responsible	for	

the	distinctive	corrosion	observed	on	copper	alloy	samples	as	a	result	of	

exposure	to	bat	urine.	

	

Urea	is	a	nonelectrolyte,	a	substance	that	can	dissolve	in	water	yet	

maintain	its	molecular	integrity	(i.e.	not	dissociate	into	ions).	As	such	

urea	in	solution	would	neither	increase	conductivity	within	an	electrolyte	

solution,	nor	would	it	provide	a	source	of	ionic	compounds	to	facilitate	
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the	kinetics	of	the	reduction	and	oxidation	reactions	taking	place	at	the	

anode	and	cathode	of	an	electrochemical	corrosion	cell.	Experiments	

undertaken	with	both	deionised	water	and	pure	urea	solutions	mixed	in	

the	laboratory	showed	similar	types	and	degrees	of	corrosion,	also	

suggesting	that	urea	did	not	contribute	chemically	to	the	corrosion	

process.		

	

In	experimental	work	carried	out	prior	to	the	deployment	of	test	samples	

in	bat	roosts,	urea	concentration	was	found	to	affect	corrosion	indirectly	

by	affecting	the	surface	tension	and	evaporation	rate	of	test	solutions	

resulting	in	those	with	a	higher	urea	concentration	remaining	on	the	

surface	of	samples	longer.	Normally	one	would	expect	a	greater	degree	of	

corrosion	to	be	experienced	in	areas	of	the	sample	surface	in	which	the	

electrolyte	solution	had	remained	in	contact	with	the	metal	alloy	for	a	

longer	period	of	time.	In	situations	in	which	solutions	are	not	removed	

from	the	surface,	but	rather	are	allowed	to	dry	in	situ,	this	is	indeed	the	

case,	and	urea	solutions	not	removed	from	the	sample	surfaces	at	the	

early	stages	of	the	experiment	were	found	to	result	in	a	greater	degree	of	

corrosion	than	deionised	water	due	to	increased	amount	of	contact	time.	

When	solutions	had	evaporated	prior	to	removal	the	remaining	urea	

crystals	(if	not	removed	from	the	surface)	were	able	to	absorb	moisture	

from	the	surrounding	atmosphere	and	deliquesce	back	into	solution	

creating	repeat	cycles	of	corrosion.		

	

Perhaps	somewhat	counter	intuitively,	urea	solutions	removed	from	the	

surface	of	the	copper	alloy	samples	during	the	early	stages	of	the	

experiment	were	seen	to	have	had	a	less	corrosive	effect	than	deionised	

water,	despite	the	fact	that	the	urea	solution	remained	liquid	for	far	

longer.	The	image	below	shows	copper/zinc	test	samples	after	the	

completion	of	experimental	work,	row	2	has	been	highlighted	and	shows	

that	in	the	short	term	the	effect	of	water	on	the	surface	of	the	samples	

was	either	equivalent	to,	or	greater	than	the	effects	resulting	from	the	

deposition	of	the	urea	solutions.	For	ease	of	reference	figure	45,	showing	
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deposition	profiles	and	their	relative	positions	on	test	materials	has	also	

been	included.	

	

	
	 Ph7	

0		
mol	
urea	

Ph7	
0.4	
mol	
ure
a	

Ph7	
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mol	
ure
a	
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a	
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0		
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Ph5	
0.4	
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a	

Ph5	
0.8	
mol	
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a	
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mol	
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Row	1	
Solution	applied	and	left	
on	surface	for	168hrs	

¢	 ¢	 ¢	 ¢	 ¢	 ¢	 ¢	 ¢	 ¢	 ¢	

Row	2	
Wiped	after	24hrs	

¢	 ¢	 ¢	 ¢	 ¢	 ¢	 ¢	 ¢	 ¢	 ¢	

Row	3	
Wiped	after	48hrs	 ¢	 ¢	 ¢	 ¢	 ¢	 ¢	 ¢	 ¢	 ¢	 ¢	

Row	4	
Wiped	after	72hrs	

¢	 ¢	 ¢	 ¢	 ¢	 ¢	 ¢	 ¢	 ¢	 ¢	

Row	5	
Wiped	after	168hrs	

¢	 ¢	 ¢	 ¢	 ¢	 ¢	 ¢	 ¢	 ¢	 ¢	

Row	6	
Solution	applied	daily	
Cumulative	applications	

(not	wiped)	

¢	 ¢	 ¢	 ¢	 ¢	 ¢	 ¢	 ¢	 ¢	 ¢	

Row	7	
Solution	applied	daily	but	

wiped	prior	to	re	
application	

¢	 ¢	 ¢	 ¢	 ¢	 ¢	 ¢	 ¢	 ¢	 ¢	

	

	
Diagram	summarising	deposition	profiles	and	their	relative	positions	on	test	materials	at	the	
conclusion	of	experimental	work	to	assess	the	effect	of	deposition	rate,	pH	and	urea	
concentration.	
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Figure	231:	Copper/zinc	test	samples	after	experimental	work	(day	8).	Row	2	has	been	
highlighted,	note	that	in	the	short	term	the	effect	of	water	on	the	surface	of	the	samples	
was	either	equivalent	to,	or	greater	than	the	effects	resulting	from	the	deposition	of	urea	
solutions	regardless	of	their	concentration.	Samples	shown	10cm	X	10	cm.	
	

As	previously	discussed,	one	would	expect	that	in	those	areas	where	the	

electrolyte	was	in	contact	with	the	surface	of	the	metal	for	the	longest	

period	of	time	we	should	see	a	greater	degree	of	corrosion,	yet	clearly	in	

the	images	shown	above	this	is	not	always	the	case.		

	

The	explanation	for	this	observation	is	that	when	solutions	are	in	contact	

with	a	metal	surface	the	most	rapid	corrosion	occurs	during	the	initial	

and	final	stages	of	the	wetting	and	drying	cycle.	As	the	metal	surface	

changes	from	dry	to	wet	conditions,	the	presence	of	an	electrolyte	allows	

a	standard	corrosion	cell	to	be	established	with	the	metal	dissolution	rate	
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at	the	anode	being	balanced	by	the	reduction	of	readily	available	oxygen	

at	the	cathode.	Once	initial	wetting	of	the	surface	with	a	thick	liquid	layer	

has	occurred,	corrosion	becomes	limited	by	the	ability	of	oxygen	to	

diffuse	through	the	liquid	electrolyte	to	the	sites	of	the	cathodic	reaction,	

the	availability	of	oxygen	therefore	becomes	the	rate	determining	factor	

in	the	cycle,	slowing	corrosion	during	this	intermediate	phase.	As	the	

electrolyte	solution	begins	to	dry	from	the	surface	of	the	metal,	the	

volume	of	the	liquid	decreases	not	only	increasing	the	rate	at	which	

oxygen	can	diffuse	through	the	electrolyte	solution,	but	also	increasing	

the	concentration	of	any	corrosive	species	present	in	the	electrolyte.	In	

this	way	corrosion	rate	increases	towards	the	end	of	the	drying	cycle	

(Selwyn,	2004,	Leygraf	and	Graedel,	2000,	134).	

	

As	part	of	the	experiment,	applied	solutions	were	removed	from	the	

surface	of	the	samples	at	fixed	intervals	(refer	to	section	6.2.2	for	details).	

Row	2	on	the	samples	shown	above	represents	a	deposition	profile	in	

which	solutions	were	deposited	on	the	surface	only	once	and	then	

removed	either	through	dry	or	wet	wiping	after	only	1	day.	As	shown	in	

figure	232	below,	at	the	point	of	removal	from	the	surface	of	the	samples,	

urea	solutions	occupying	positions	in	row	2	were	largely	still	in	situ	and	

had	not	yet	evaporated,	these	areas	were	therefore	not	subjected	to	the	

increased	corrosion	rate	that	occurs	at	the	end	of	the	drying	cycle.	
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Figure	232:	Copper/zinc	sample	photographed	on	day	two	of	experimental	work	prior	to	the	
removal	of	solutions	applied	to	row	2,	at	this	stage	urea	solutions	largely	remain	on	the	
surface	of	the	sample	in	proportion	to	their	increasing	concentration	(urea	solution	
concentration	for	each	column	is	indicated	above	the	image).	Sample	shown	10cm	X	10	cm.	
	

	

While	there	is	no	evidence	from	my	research	to	suggest	that	urea	plays	a	

direct	electrochemical	role	in	corrosion	resulting	from	bat	urine,	my	

findings	show	that	urea	does	have	the	ability	to	affect	the	properties	off	

an	aqueous	solution	in	ways	that	affect	the	corrosion	of	susceptible	metal	

surfaces	due	to	prolonged	contact,	and	repeated	cycles	of	wetting	and	

drying	resulting	from	the	hygroscopic	nature	of	crystalline	urea.	

	

In	this	research	project	the	relationship	between	exposure	to	bat	urine	

and	corrosion	of	copper	alloy	(and	to	a	lesser	extent	lead	alloy	samples)	

has	been	clearly	demonstrated,	with	the	identification	of	the	copper	

corrosion	products	found	on	the	samples	falling	into	three	broad	

categories	of	chloride	based,	phosphate	based	and	sulphate/sulphite	

based.		
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Chloride	based	corrosion	products	were	identified	as	being	present	on	all	

copper/zinc	alloy	test	samples	successfully	examined	using	XRD,	

whereas	phosphate	and	sulphate	based	corrosion	phases	were	only	

identified	on	samples	that	had	experienced	caked	dropping	deposits	

remaining	on	the	surface	for	long	periods.	It	is	therefore	proposed	that	

the	primary	corrosion	products	are	copper	chloride,	copper	chloride	

hydroxide	and	copper	chloride	hydroxide	hydrate.	Depending	on	the	

availability	of	anions	to	react	with	subsequently	available	Cu+	and	Cu2+	

ions,	secondary	corrosion	products	may	then	form.	

	

Corrosion	resulting	from	bat	urine	was	most	commonly	observed	in	

distinctive	splash	or	streak	marks	that	corresponded	closely	to	the	

original	area	of	urine	deposition.	Once	corrosion	had	been	initiated	

corrosion	patterns	remained	distinct,	rarely	extending	out	from	the	initial	

deposition	site	24.		It	is	suspected	that	the	highly	localised	corrosion	

results	from	both	kinetic	and	chemical	factors,	when	urine	is	first	

deposited	on	a	surface	corrosion	is	initiated	as	a	result	of	a	differential	

aeration	cell	being	formed,	once	this	has	occurred	chloride	ions	present	

in	the	urine	perpetuate	corrosion	and	encourage	localised	pitting.		

	

As	shown	in	the	Evans	water	drop	experiment,	the	relationship	between	

the	formation	of	anodic	and	cathodic	sites	within	a	single	droplet	of	

electrolyte	in	contact	with	a	metal	surface	is	understood	to	be	the	result	

of	differential	aeration		(Evans,	1981,	36).	When	an	electrolyte	such	as	

bat	urine	is	deposited	on	a	metal	surface	the	electrochemical	process	of	

corrosion	depletes	the	solution	of	dissolved	oxygen.	In	a	static	solution	

oxygen	is	most	readily	replaced	near	the	surface	of	the	liquid,	

subsequently	areas	of	the	solution	in	which	oxygen	is	depleted	create	an	

anodic	site,	with	a	cathodic	site	formed	adjacent	to	the	waterline.	

Corrosion	thus	becomes	focused	on	the	anodic	site	in	the	centre	of	the	
																																																								
24	With	the	exception	of	samples	that	had	experienced	large	accumulations	of	droppings	
resulting	in	percolating	urine	being	distributed	widely	over	the	surface	and	resulting	in	

corrosion	that	was	more	widespread.	
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urine	drop	at	which	the	metal	is	oxidized	to	metal	ions,	while	passivation	

occurs	at	the	waterline	as	a	result	of	local	alkalinity	resulting	from	the	

reduction	of	dissolved	oxygen	(Jones,	1996,	193).	As	pH	at	the	cathode	

rises	(due	to	the	increasing	concentration	of	OH-),	anodic	dissolution	of	

the	metal	at	the	anode	increases.	The	production	of	positively	charged	

metal	ions	in	this	area	(e.g.	Cu+	and	Cu2+)	creates	a	charge	differential	

within	the	urine	solution	and	encourages	the	migration	of	negatively	

charged	chloride	ions	towards	the	anodic	site	in	order	to	restore	charge	

balance.	Increasing	chloride	concentration	ultimately	results	in	the	

formation	of	a	concentrated	acid	chloride	solution	that	promotes	pitting	

corrosion,	a	localised	and	destructive	form	of	corrosion	that	has	the	

potential	to	create	deep	pits	penetrating	down	into	a	metals	surface	

(Böhni,	H.,	in	Revie	and	Uhlig,	2010,	157-169,	Selwyn,	2004,	34).	

	

The	image	below	shows	sample	S6:B4,	and	neatly	illustrates	the	

corrosion	mechanism	described,	with	corrosion	products	being	

deposited	adjacent	to	the	waterline	while	the	site	of	anodic	corrosion	is	

situated	in	the	centre	of	the	deposited	urine	droplet.	
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Figure	233:	Sample	S6:B4	showing	the	effect	of	differential	aeration	cells	being	formed	in	
conjunction	with	chloride	ions.	Corrosion	products	have	been	deposited	adjacent	to	the	
edge	of	sites	of	urine	deposition	while	the	site	of	anodic	corrosion	is	situated	in	the	centre.	
Corrosion	perimeters	relating	to	evaporation	and	the	gradual	reduction	of	solution	volume	
can	also	be	seen.	
	

The	following	image	shows	SEM-EDS	analysis	undertaken	on	S5:B2,	and	

is	shown	to	illustrate	the	increased	levels	of	chloride	detected	in	

corrosion	pits	found	on	copper	zinc	alloy	samples.	
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Processing	option	:	All	elements	analysed	(Normalised)	

Element	
	

O	 P	 S	 Cl	 K	 Cu	 Zn	 Total	 	

Spectrum	1	 37.99	 0.69	 0.33	 7.20	 	 9.06	 44.73	 100	 	
All	results	in	weight%	

	
Figure	234:	SEM-EDS	analysis	undertaken	on	S5:B2.	The	image	shows	both	the	analysed	area	
of	the	sample	and	the	results	of	analysis.	Chloride	was	detected	in	significant	quantities	
within	the	corrosion	pit	shown.	
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7.1.3 Staining	of	porous	materials	

	

Staining	of	porous	materials	was	observed	both	during	experimental	

work	and	when	visiting	case	study	churches.	All	porous	materials	were	

found	to	be	susceptible	to	staining	due	to	their	ability	to	easily	absorb	

liquid	phases.		

	

Staining	was	found	to	be	caused	by:	

	

• Staining	from	urine	

• Staining	from	droppings	and	urine	in	association	

• Staining	from	liquid	droppings/droppings	in	isolation	

Staining	from	urine	was	found	to	cause	the	least	significant	visual	change	

to	porous	materials	and	was	also	the	hardest	to	detect	due	to	the	light	

straw	yellow	stains	not	being	easily	seen	on	some	materials.	Urine	stains	

found	on	porous	objects	are	also	evidence	of	the	fact	that	urine	is	being	

drawn	into	porous	material	as	opposed	to	remaining	on	the	surface.	

	

Staining	from	droppings	and	urine	in	association,	was	found	to	cause	the	

most	significant	degree	of	staining.	This	is	due	both	to	the	strongly	

pigmented	urine	solution	formed	by	the	solubilisation	of	bile	pigments	

from	associated	droppings,	and	also	as	a	result	of	overlying	dropping	

deposits	forming	a	transport	network	allowing	discoloured	urine	to	be	

distributed	more	broadly	across	a	surface.	The	images	below	show	

staining	on	marble	resulting	from	droppings	and	urine	in	association,	in	

both	case	the	degree	of	staining	has	been	exacerbated	due	to	discoloured	

urine	being	broadly	distributed	across	the	surface	through	overlying	

dropping	deposits	(in	the	case	of	the	funerary	monument	the	discoloured	

urine	has	also	to	pooled	in	recessed	areas).	
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Figure	235:	Staining	on	marble	substrate	resulting	from	droppings	and	urine	in	association,	
observed	both	in	experimental	work	and	in-situ.	Left	image	–	sample	S9:B1;	Right	image	–	
detail	of	Sarah	Baroness	Braye	monument,	St	Nicholas,	Stanford	on	Avon.	In	both	case	the	
degree	of	staining	has	been	exacerbated	due	to	dropping	deposits	allowing	discoloured	
urine	to	be	broadly	distributed	across	the	surface	of	the	porous	materials	and	to	pool	in	
recessed	areas.	
	

Staining	was	also	seen	to	occur	due	to	the	deposition	of	very	liquid	

droppings	resulting	from	a	diet	with	a	high	water	content,	for	example,	

the	effect	of	liquid	in	the	diet	of	juvenile	bats	was	observed	in-situ	at	St	

Nicholas,	Stanford	on	Avon,	with	significant	staining	seen	on	protective	

sheeting	as	a	result.		

	

7.1.4 Salt	damage	and	the	role	of	urea	crystals	in	the	deterioration	

of	porous	materials	

	

As	bat	urine	contains	sodium,	potassium	and	chloride	ions,	which	can	

give	rise	to	the	formation	of	salts	(such	as	potassium	and	sodium	

chloride),	damage	mechanisms	relating	to	salt	damage	need	to	be	

considered.	Salt	deterioration	has	long	been	recognised	as	a	problem	

facing	historic	building	fabrics	and	porous	materials,	yet	it	is	not	well	

understood.	Although	there	is	a	large	quantity	of	available	literature	

relating	to	the	topic,	some	of	the	information	has	become	outdated	or	has	

been	proven	to	be	inaccurate,	while	even	the	best	research	on	the	topic	

acknowledges	that	there	is	considerable	disagreement	regarding	the	
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exact	nature	of	damage	mechanisms	involved	(Charola,	2000,	Doehne,	

2002,	Price	and	Doehne,	2011,	Rijniers,	2005,	Rodriguez-Navarro	and	

Doehne,	1999).		

	

While	the	mechanisms	involved	may	be	ill	defined,	greater	consensus	

does	exist	regarding	the	identification	of	salts	commonly	found	to	cause	

damage	to	heritage	structures	and	materials,	with	a	range	of	damaging	

salts	identified	formed	from	the	cations	of	sodium,	potassium	and	

calcium;	combined	with	various	anions	such	chlorides,	sulphates,	

nitrates,	acetates,	phosphates	and	carbonates	(Charola,	2000,	327,	Ling	&	

Smith,	1996,	68,	Paterakis,	1987,	67).	Both	bat	urine	and	bat	droppings	

are	a	good	source	of	the	ionic	compounds	listed.	

	

The	single	most	important	factor	driving	salt	damage	is	the	presence	or	

absence	of	water.	Allowing	soluble	salts	in	solution	to	enter	and	move	

through	porous	materials,	the	distribution	of	salts	within	the	porous	

network	of	an	object	or	structure	is	ultimately	governed	by	water	

movement	either	as	a	liquid,	or	vapour	(Charola,	2000,	329	&	337,	

Snethlage	&	Wendler,	1997,	129).	Contact	with	bat	urine	therefore	has	

potential	to	contribute	to	salt	damage	in	two	ways,	either	as	a	result	of	

introducing	salts	into	porous	materials,	or	by	promoting	

movement/phase	change	of	soluble	salts	already	present.	

	

Once	salt	distribution	within	a	porous	material	has	taken	place,	the	

ability	of	a	salt	to	then	dissociate	into	ions	in	an	aqueous	solution,	or	to	

form	a	crystalline	solid	at	a	particular	critical	relative	humidity	(CRH)	is	

at	the	core	of	most	theories	behind	salt	damage.	Whether	salts	will	exist	

as	crystalline	solids	or	as	dissolved	ions	within	a	porous	material	is	

dependent	on	the	availability	of	moisture	(either	directly	as	a	liquid,	or	

atmospherically	as	a	result	of	relative	humidity)	and	the	individual	

solubility	of	salt	or	salts	in	question.	If	enough	water	is	present	in	the	

atmosphere	local	to	the	salt	(i.e.	above	the	CRH)	crystalline	salts	will	

form	an	aqueous	solution,	as	relative	humidity	falls	towards	the	the	CRH	
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value	supersaturation	of	the	salt	solution	occurs	ultimately	resulting	in	

the	formation	of	solid	salt	crystals	(Charola,	2000,	330,	Doehne,	2002,	56,	

Paterakis,	1999,	800,	Price	&	Brimblecombe,	1994,	90).	As	salts	undergo	

cycles	of	crystallisation	and	dissolution,	pressure	is	created	within	the	

porous	network	causing	damage	which	may	result	in	delamination	and	

pitting	at	the	surface	of	a	material	(Charola,	2000,	Doehne,	2002,	59)	

	

Chemically	salts	are	defined	as	compounds	made	up	of	cations	(positively	

charged	ions)	and	anions	(negatively	charged	ions)	with	a	net	charge	of	

zero	i.e.	equal	balance	between	the	ionic	species	making	up	the	

compound.	Urea	while	not	a	salt	in	the	chemical	sense,	is	readily	soluble	

in	water	and	has	the	ability	to	make	the	transition	from	a	crystalline	solid	

to	an	aqueous	solution	at	a	particular	critical	relative	humidity	value.	In	

this	way	damage	mechanisms	resulting	from	the	action	of	soluble	salts	

could	be	similar	to	those	caused	by	urea	distributed	within	a	porous	

material.	There	are	a	number	of	potential	mechanisms	by	which	salts	

(and	therefore	potentially	urea)	can	cause	damage	within	a	porous	

network,	a	brief	review	is	given	below.	

	

Salt	damage	mechanisms	are	most	simply	and	commonly	understood	to	

be	the	result	of	volumetric	changes	that	take	place	when	soluble	salts	

undergo	a	cyclic	change	in	state	from	crystalline	solid	to	aqueous	solution	

(Charola	and	Pühringer,	2005,	435).	While	there	is	increasing	recognition	

that	a	number	of	different	mechanisms	may	be	involved	in	salt	damage	

(Charola,	2000,	334,	Snethlage	and	Wendler,	1997,	11-15,	Rodriguez-

Navarro	and	Doehne,	1999,	192)	crystallization	pressure	is	the	most	

frequently	cited	cause.	Crystallization	pressure	is	the	result	of	crystal	

formation	occurring	due	to	supersaturation	of	salt	solution25	within	a	

																																																								
25	A	supersaturated	solution	can	be	described	as	any	solution	containing	more	
dissolved	material	than	would	normally	be	dissolved	by	the	solvent	under	standard	

conditions	of	temperature	and	pressure.	Super	saturation	of	salt	solutions	can	occur	

when	a	solution	containing	soluble	salts	evaporates	rapidly,	is	rapidly	cooled,	or	

contains	salts	capable	of	existing	in	multiple	states	of	hydration.	
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porous	body.	When	supersaturated	solutions	are	formed	solid	salts	will	

crystallise	out	of	solution.	If	crystalline	salt,	along	with	any	remaining	

saturated	solution,	occupies	a	larger	volume	than	the	preceding	

supersaturated	solution,	damage	to	the	porous	substrate	can	occur	

(Charola,	2000,	332,	Price,	1997,	47,	Schiro	et	al.,	2012,	1).		

	

Exact	mechanisms	relating	crystalisation	pressure	to	damage	are	

complicated	making	it	very	difficult	to	propose	a	theoretical	model	for	

salt	damage	that	can	be	applied	in	all	situations.		For	example,	degree	of	

supersaturation	occurring	prior	to	crystallization	has	been	shown	to	

depend	not	only	on	the	properties	of	the	salt	or	salts	present,	but	also	on	

the	size	and	shape	of	the	pores	in	which	the	solution	exits.	Some	salts	will	

crystallise	preferentially	in	small	pores,	whilst	others	favour	larger	pores	

(Charola,	2000,	329,	Doehne,	2002,	Kashiev	and	Van	Rosmalen,	1995,	

Rodriguez-Navarro	and	Doehne,	1999,	194).	Although	crystallization	

pressure	is	the	most	frequently	cited	cause	of	salt	damage,	there	is	

increasing	recognition	that	a	number	of	different	mechanisms	may	be	

involved	(Charola,	2000,	Charola	and	Pühringer,	2005,	Rodriguez-Navarro	

and	Doehne,	1999,	Snethlage	and	Wendler,	1997,	11-15).		

	

The	fact	that	both	salts,	and	in	some	instances	substrates,	will	expand	and	

contract	in	fluctuating	environmental	conditions	has	led	some	to	suggest	

that	tension	and	stress	will	be	created,	with	salt	crystallization	occurring	

within	the	microstructure	of	materials	resulting	in	the	displacement	of	

fabric	the	and	enlargement	of	pores	(Charola	2000,	334,	Snethlage	and	

Wendler	1997,	11-15).		

Cycling	humidity	has	also	been	suggested	to	encourage	the	development	

of	very	small	crystals,	known	as	cryptocrystalline	formations.	These	

smaller	crystals	are	greatly	hygroscopic	and	as	such	were	found	to	

accelerate	damage,	due	to	more	rapid	generation	of	supersaturated	

solutions	(Charola	and	Pühringer,	2005,	Doehne,	1994,	Doehne,	2002).	
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Sheer	stresses	appear	to	be	only	a	minor	contributor	to	damage,	and	are	

argued	to	occur	when	a	salt	film	is	attached	to	a	pore	wall	in	dry	

conditions	(Charola	2000,	334).	Fluctuating	environmental	conditions	

may	then	cause	the	salt	to	generate	stress	on	the	internal	pore	surface	as	

dimensional	changes	occur	(Charola	and	Pühringer,	2005,	Pühringer	et	

al.,	1985).	

	

Hydration	pressure,	generated	by	the	volume	increase	when	an	

anhydrous	salt	is	hydrated,	has	been	hypothesised	to	be	a	major	cause	of	

deterioration	throughout	the	twentieth	century	(Charola,	2000,	

Paterakis,	1987,	Winkler	and	Wilhelm,	1970).	More	recently	however	

doubt	has	been	cast	on	this	theory	due	to	a	change	in	opinion	regarding	

the	behaviour	of	salts	capable	of	hydrating	.	Rather	than	the	anhydrate	

gaining	water	and	directly	crystallizing	as	the	hydrate,	it	is	now	believed	

that	the	anhydrate	first	dissolves	then	re-precipitates	in	its	hydrated	

form,	implying	that	it	is,	essentially,	crystallization	pressure	described	

above	which	causes	damage	(Angeli	et	al.	2007,	Charola	2000,	332,	

Rodriguez-Navarro	et	al.	2000).	

	

While	the	exact	mechanisms	of	salt	damage	are	contested,	it	is	the	

universally	accepted	opinion	that	there	is	no	single	decay	mechanism	

causing	damage,	and	that	the	cause	of	salt	decay	is	a	complex	interaction	

between	specific	substrate	and	specific	salts	(or	salts)	and	involving	a	

number	of	variables	(Bläuer	Böhm	et	al.,	2001,	Charola,	2000,	Charola	

and	Pühringer,	2005,	Doehne,	2002,	Flatt,	2002).	

7.1.5 Water	marks/white	bloom	on	wooden	surfaces	

	

Experimental	work	and	work	in	case	study	churches	showed	that	the	

commonly	observed	“white	marks”	reported	on	wooden	surfaces	as	a	

result	of	urine	deposition,	are	in	reality	likely	to	be	different	forms	of	

deterioration	or	deposition	misidentified	as	one	single	form.	
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Urine	deposition	on	waxed	wooden	surfaces	results	in	“water	marks”	or	a	

white	bloom	due	to	the	aqueous	nature	of	bat	urine,	and	is	a	result	of	

moisture	trapped	within	the	wax	coating	itself.	When	viewed	under	

magnification	the	coating	can	be	seen	to	remain	intact	and	well	adhered	

to	the	surface	below,	there	is	no	evidence	of	deposited	material	within	

the	coating	itself	yet	the	coating	has	become	“cloudy”.	In	some	instances	

further	ingress	of	urine	into	the	coating	will	cause	detachment	from	the	

wooden	substrate,	also	visible	as	white	spots	or	blisters.	To	further	

complicate	matters,	where	an	applied	coating	provides	a	barrier	that	is	

sufficiently	non	permeable,	deposited	urine	evaporates	while	still	on	the	

surface	leaving	droplet	shaped	residues	of	white	urine	precipitate	that	

can	also	give	the	appearance	of	white	spots.	

7.1.6 Disruption	of	applied	surface	coatings	

	

In	experimental	work	bat	urine	was	shown	to	have	the	potential	to	

disrupt	surface	coatings	applied	to	wood.	Experiments	with	urea	

solutions	showed	that	initial	permeation	of	the	surface	coating	was	

followed	by	a	loss	of	adhesion	as	described	previously.	Once	urea	

solutions	had	penetrated	beneath	the	applied	coatings,	cycles	of	crystal	

growth	caused	further	disruption	resulting	in	lifting	and	blistering.	Once	

cracks	and	voids	form	within	surface	coatings	applied	to	wood,	it	

becomes	possible	for	liquid	trapped	against	the	surface	to	cause	black	

“water	staining”	(Rivers	and	Umney,	2003,	338)	.	It	should	be	noted	that	

a	direct	parallel	to	the	observations	made	during	experimental	work	

could	not	be	found	in	the	case	study	churches,	perhaps	because	the	

repeated	application	of	solutions	that	took	place	in	the	experimental	

work	is	rarely	experienced	to	the	same	degree	in-situ.	While	multiple	

episodes	of	urine	deposition	on	wooden	surfaces	can	be	commonly	

experienced	within	churches,	it	is	much	less	likely	that	deposition	will	

repeatedly	fall	on	exactly	the	same	area	of	surface	for	consecutive	days	

(the	scenario	modelled	in	the	experimental	work).	Alternatively	it	is	

possible	that	cycles	of	maintenance	within	churches	(involving	polishing	
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and	re-coating	of	woodwork)	are	the	reason	this	form	of	deterioration	

was	not	seen.			

	

7.1.7 Accumulation	of	surface	debris	

	

Dropping	accumulation	was	found	to	be	a	factor	both	in	relation	to	the	

staining	of	porous	surfaces,	and	the	corrosion	of	susceptible	metals.	

Accumulated	droppings	on	the	surface	of	items	increased	the	potential	

for	staining	to	occur	due	to	the	presence	of	droppings	and	urine	in	close	

association,	and	also	by	providing	a	transport	network	through	which	

discoloured	urine	could	travel.	Corrosion	of	susceptible	metal	surfaces	

was	also	affected	by	the	accumulation	of	droppings.	In	some	cases	

corrosion	was	promoted	due	to	the	close	association	of	damp	material	

(and	therefore	electrolyte)	broadly	distributed	over	the	metal’s	surface.	It	

should	be	noted	that	in	cases	where	droppings	had	become	firmly	

“caked”	to	the	surface	of	samples	the	area	beneath	was	protected	from	

corrosion,	but	at	the	expense	of	promoting	corrosion	on	areas	of	the	

sample	that	remained	exposed.	

	

The	potential	for	damage	resulting	from	the	removal	of	caked	droppings	

and	urine	from	fragile	surfaces	was	not	directly	examined	as	part	of	

experimental	work	undertaken,	but	experience	removing	sticky	well-

adhered	masses	of	droppings	form	sample	boards	showed	that	removal	

of	this	type	of	deposit	from	any	fragile	or	friable	surface	would	inevitably	

result	in	extensive	surface	loss.	

7.2 Are	the	effects	of	bat	droppings	and	urine	on	materials	

commonly	found	within	a	church	building	impermanent	or	

superficial,	or	of	a	significant	and	permanent	nature?	

	

Deterioration	occurring	as	a	result	of	contact	with	bat	droppings	and	

urine	was	found	to	affect	a	wide	range	of	materials	and	was	permanent	in	

nature.		



	 389	

	

The	loss	of	material	from	friable	stone	surfaces	and	the	removal	of	

historic	pigment	from	polychrome	surfaces	that	occurs	when	well-

adhered	bat	droppings	are	dislodged	is	a	process	that	cannot	be	reversed,	

certainly	not	in	any	way	that	returns	the	object	surface	to	its	original	

state.	

	

The	corrosion	of	susceptible	metal	surfaces	due	to	urine	deposition	was	

found	to	result	in	pitting	with	corrosion	profiles	extending	down	into	the	

surfaces	of	metals	(particularly	in	the	case	of	copper	alloys).	The	nature	

of	the	corrosion	means	that	while	the	removal	of	corrosion	products	

could	be	achieved,	a	pitted,	uneven	surface,	markedly	different	from	that	

originally	found	on	the	object	would	remain.	Even	in	instances	where	

extensive	pitting	had	not	taken	place,	the	selective	removal	of	alloy	

components	from	areas	of	the	surface	would	result	in	the	permanent	

discolouration	of	areas	of	the	surface,	once	corrosion	products	had	been	

removed.	

	

Staining	particularly	from	wet	droppings/or	droppings	and	urine	in	

association	was	found	to	have	the	potential	to	cause	permanent	visual	

change	on	porous	materials.	Experimental	work	was	not	undertaken	to	

asses	the	ease	at	which	staining	might	be	reduced,	but	stain	removal	from	

such	surfaces	is	known	to	be	difficult	and	problematic,	involving	time	

consuming	conservation	treatments	that	themselves	have	potential	to	

cause	physical	damage	to	an	object’s	surface.	Commonly	staining	on	

porous	stone	surfaces	can	be	reduced,	but	not	removed	(Konkol	et	al.,	

2009,	Matero	and	Tagle,	1995).	

	

Interactions	between	urine	and	applied	surface	coatings	on	wood	(such	

as	those	resulting	in	white	bloom)	could	be	considered	to	be	

impermanent	if	the	coating	was	removed	and	replaced,	however	this	

would	very	much	depend	on	whether	the	coating	in	question	was	

considered	to	be	historically	important	or	integral	to	the	authenticity	of	
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the	object	in	question.	Even	in	rare	cases	where	a	surface	coating	is	

considered	sacrificial	(and	removal	deemed	acceptable),	it	is	important	

to	note	that	the	process	of	removing	it	could	result	in	permanent	damage	

to	the	underlying	material.		

	

Of	the	samples	used	in	experimental	work,	only	the	granite	sample	was	

unaffected	leading	one	to	conclude	that	there	is	no	immediate	effect	from	

bat	droppings	and	urine	on	robust,	non-porous,	non-metallic	surfaces.		

	

7.2.1 Significance	and	severity	of	damage	

	

While	there	is	ample	evidence	to	support	the	fact	that	bat	urine	and	

droppings	can	cause	permanent	changes	to	many	heritage	materials,	the	

degree	to	which	that	change	should	be	considered	significant	is	harder	to	

assess.	All	interactions	observed	as	a	direct	result	of	the	deposition	of	bat	

droppings	and	urine	can	certainly	be	described	as	undesirable,	yet	

assessing	the	physical,	visual	and	chemical	changes	seen	during	this	

research	project	with	respect	to	quantifiable	rates	of	damage	is	

problematic.		

	

As	discussed	in	section	5.2.1	damage	is	a	poorly	defined	term	within	the	

heritage	sector	(Strlič	et	al.,	2013,	Ashley-Smith,	1999,	99-119)	with	the	

potential	for	different	individuals	to	disagree	greatly	regarding	the	

degree	to	which	physical,	chemical	or	visual	change	constitutes	damage.	

A	review	of	the	types	of	physical,	chemical	and	visual	change	attributable	

to	contact	with	bat	droppings	and	urine	is	given	below	alongside	a	

discussion	of	their	ability	to	impact	on	factors	that	it	is	suggested	affect	

an	individual’s	assessment	of	damage.	For	ease	of	reference	the	list	of	

factors	taken	into	account	by	individuals	when	assessing	“damage”	

(originally	shown	in	section	5.2.1.)	has	been	reproduced	below:	

	

• The	status	and	values	conferred	on	the	material	or	object	in	

question	
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• The	perceived	extent	of	physical,	visual,	chemical	change	that	has	

occurred	

• The	degree	to	which	the	change	has	impaired	the	ability	of	the	

material	or	object	to	perform	its	practical	function		

• The	degree	to	which	the	change	has	impaired	the	material	or	

object	aesthetically	

• The	degree	to	which	the	change	has	impaired	the	

cultural/spiritual	significance	of	the	object	or	material,	or	has	

undermined	the	object’s	ability	to	demonstrate	its	significance.	

When	considering	“damage”	resulting	from	bat	droppings	and	urine	the	

factor	that	is	of	the	least	concern	is	change	impairing	the	physical	ability	

of	the	material	or	object	to	perform	its	practical	function.	None	of	the	

deterioration	mechanisms	observed	as	part	of	this	project	were	severe	

enough	to	cause	material	failure,	or	to	significantly	impair	the	functional	

role	of	an	object.	Church	architecture	and	construction	dictates	that	

building	materials	are	used	in	large	quantities,	and	designed	to	“stand	the	

test	of	time”,	they	are	by	definition	monumental	structures,	and	there	is	

no	evidence	to	suggest	that	damage	as	a	direct	result	of	bat	droppings	

and	urine	might	compromise	the	structural	integrity	of	a	historic	

building.	The	“practical	function”	of	many	items	of	church	furniture	is	

load	bearing;	pews,	pulpits	and	lecterns	all	serve	to	support	the	weight	of	

a	particular	item,	be	it	a	parishioner,	a	member	of	the	clergy	or	a	bible,	

damage	as	a	result	of	bat	droppings	and	urine	does	not	impair	their	

ability	to	do	so.	Likewise	staining,	while	disfiguring,	does	not	impair	the	

physical	properties	of	the	porous	materials	it	affects.	

	

Where	the	purpose	of	an	item	is	to	convey	information	or	meaning,	

deterioration	as	a	result	of	bat	droppings	and	urine	can	negatively	affect	

its	ability	to	do	so.	Funerary	monuments,	carved	inscriptions	and	

memorial	brasses	all	require	a	degree	of	legibility	in	order	to	fully	fulfill	

their	intended	function,	however	the	extent	to	which	that	legibility	can	be	

impaired	before	the	object	becomes	valueless	is	quite	significant.	With	

inscriptions	deeply	carved,	cast	or	engraved	into	surfaces	of	stone	or	
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brass,	considerable	loss	of	material	must	take	place	over	large	parts	of	

the	surface	before	the	legibility	of	text	is	lost.	Loss	of	friable	stone	from	

the	surface	of	monuments	e.g.	when	removing	well-adhered	bat	

droppings,	is	problematic,	but	the	minimal	amounts	of	material	removed	

mean	that	is	unlikely	to	be	a	significant	issue	affecting	an	object’s	ability	

to	convey	meaning.	Similarly,	the	corrosion	of	memorial	brasses,	if	

allowed	to	continue	unabated	could	render	them	illegible,	yet	it	should	be	

pointed	out	that	in	experimental	work,	corrosion	resulting	from	bat	urine	

on	metal	samples	rarely	caused	surface	disruption	to	depths	any	greater	

than	25-30	micrometres	over	a	one-year	period.	

In	both	examples	the	degree	to	which	the	physical	changes	taking	place	

affect	functional	ability	is	minimal,	additionally	the	rate	of	change	is	very	

slow.	

	

When	one	considers	the	dramatic	change	in	aesthetic	appearance	that	

can	be	caused	by	bat	droppings	and	urine,	either	as	a	result	of	staining	or	

corrosion,	it	becomes	clear	why	church	users	often	highlight	this	type	of	

“damage”	as	being	of	great	concern.	Not	only	can	the	aesthetic	

appearance	of	an	object	be	strongly	affected,	but	the	rate	of	change	can	

be	rapid.	Such	a	sudden	alteration	in	state	increases	the	perceived	extent	

of	physical,	visual,	chemical	change	that	has	occurred,	both	initially,	and	

when	viewing	the	object	on	subsequent	occasions	(as	the	viewer	can’t	

help	but	mentally	compare	the	object	as	it	appears	now,	with	their	recent	

memory	of	it	in	its	undamaged	state).		

	

Staining	resulting	from	liquid	droppings	or	bat	droppings	and	urine	in	

association	will	be	most	apparent	on	lighter	coloured	porous	materials	

such	as	marble	and	alabaster.	These	materials	are	commonly	used	for	

high	status	funerary	monuments	and	as	such	stains	on	them	initiate	a	

stronger	emotional	response	than	they	would	on	other,	more	functional	

surfaces	e.g.	floor	tiles.	The	image	below	shows	staining	resulting	from	

bat	droppings	and	urine	on	a	funerary	monument,	and	also	on	ceiling	

timbers	from	St	Nicholas,	Stanford	on	Avon.	The	staining	on	the	ceiling	
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timbers	is	more	severe	and	covers	a	greater	area	yet	the	damage	to	the	

funerary	monument	elicits	the	stronger	emotional	response.	

	

	
	
Figure	236:	Staining	resulting	from	bat	droppings	and	urine	on	a	funerary	monument	(left),	
and	on	ceiling	timbers	from	St	Nicholas,	Stanford	on	Avon	(right).	The	staining	on	the	ceiling	
timbers	is	more	severe	and	covers	a	greater	area	yet	the	damage	to	the	funerary	monument	
elicits	the	stronger	emotional	response.	
	

The	degree	to	which	change	has	an	ability	to	impair	the	cultural	and	

spiritual	significance	of	an	object,	material,	or	building;	or	to	undermine	

its	ability	to	demonstrate	its	significance,	is	at	the	heart	of	the	bats	in	

churches	discussion.	A	church,	for	many	that	visit	it,	is	a	very	spiritual	

and	sacred	place,	for	some	individuals	the	very	presence	of	bat	droppings	

and	urine	within	the	main	body	of	a	church	can	undermine	its	credibility	

as	place	of	worship.	The	simple	fact	that	materials	or	objects	are	found	

within	a	church	imbues	them	with	a	spiritual	and	community	significance	

that	they	would	not	be	afforded	elsewhere.	The	interiors	of	many	historic	

rural	churches	have	remained	largely	unchanged	since	the	interventions	

and	restorations	of	the	late	Victorian	period,	and	are	commonly	

furnished	with	items	that	have	been	made	by	members	of	the	

congregation	and	local	community.	Some	items	are	old	enough	to	be	

considered	historic;	some	are	more	recent;	some	are	finely	made;	others	

more	rudimentary,	yet	each	has	been	made	with	care,	often	as	a	form	of	

devotional	offering.	This	has	perhaps	added	to	the	weight	of	

responsibility	felt	by	those	caring	for	church	buildings.	Church	volunteers	

make	a	significant	investment	of	time	and	effort	cherishing	and	caring	for	
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the	building	in	order	that	it	can	be	handed	on	to	the	next	generation	in	

good	order,	and	largely	unchanged.		

	

It	is	understandable	to	see	why	in	the	context	of	churches,	any	damage	

(regardless	of	the	cause)	is	considered	to	have	great	significance.	With	

regard	to	damage	resulting	from	bat	droppings	and	urine	the	issue	is	

further	exacerbated	by	the	fact	that	most	societal	norms	consider	the	

soiling	of	a	surface	with	excrement	or	urine	to	be	a	mark	or	either	

extreme	disrespect,	or	to	signify	that	an	item	is	totally	unworthy	of	care.	

Even	when	the	extent	of	damage	experienced	is	equivalent	to	that	caused	

elsewhere	in	the	same	building	e.g.	by	lack	of	maintenance	or	failure	of	

building	fabric,	the	perception	of	the	damage	resulting	from	bats	is	likely	

to	cause	much	greater	upset.		

	

Within	the	UK	there	are	many	stakeholders,	all	with	diverse	opinions	as	

to	the	purpose	and	relevance	of	historic	church	buildings,	from	

parishioners	and	clergy,	to	architectural	and	social	historians,	and	all	will	

have	views	on	what	makes	a	church	building	important	or	valuable	to	

them.	Even	within	a	particular	key	stakeholder	group	opinions	are	often	

varied,	as	the	following	quote	from	a	recent	report	by	the	Church	

Buildings	Review	Group	attests	“within	the	CofE	there	remains	a	

spectrum	of	views	ranging	from	a	conviction	that	stewardship	of	so	many	

of	the	country’s	finest	community	buildings	is	a	precious	opportunity	for	

mission	and	the	pursuit	of	the	beauty	of	holiness,	to	a	view	that	the	

stewardship	of	buildings	is	at	best	a	distraction	from	the	work	of	making	

disciples	and	potentially	a	temptation	to	idolatry	”	(Butt,	2015,	12).	

	

The	statement	is	interesting	because	despite	the	diversity	of	opinion	

within	the	CofE	regarding	what	the	primary	function	of	its	buildings	

should	be,	the	issue	of	bat	habitation	has	the	potential	to	adversely	

impact	stakeholders	at	both	ends	of	the	spectrum	described.	For	those	

that	value	“the	beauty	of	holiness”	clearly	deterioration	such	as	staining	

and	corrosion	are	going	to	be	significant,	but	additionally	the	sight	and	
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smell	of	droppings	distributed	throughout	a	church	is	also	going	to	be	a	

barrier	to	a	church’s	ability	to	demonstrate	its	significance	as	a	beautiful	

and	holy	place.	For	those	that	take	a	more	practical	view	of	church	

buildings,	bats	roosting	within	a	church	can	limit	its	viability	as	a	

functional	space	for	ministry	and	community	activity	even	though	the	

building	may	remain	structurally	viable.	

	

7.3 Are	the	interactions	between	bat	droppings	and	urine,	and	

those	materials	commonly	found	within	a	church	building	

different	for	different	species	of	bat?	

	

Experimental	work	carried	out,	exposed	sample	materials	to	droppings	

and	urine	from	Plecotus	auritus,	Pipistrellus	pygmaeus	and	Myotis	

nattereri,	all	showed	similar	responses	when	similar	deposition	profiles	

were	experienced.	Regarding	the	deterioration	mechanisms	described	

previously,	there	is	little	direct	evidence	to	suggest	that	differences	in	

dropping	composition	or	urine	chemistry	between	different	species	of	

bat	are	a	significant	factor	affecting	deterioration.		

	

Analysis	of	urine	from	four	different	bat	species,	highlighted	that	urine	

composition	was	consistent	with	regard	to	the	primary	analytes	of	urea,	

chloride,	sodium	and	potassium,	but	that	the	urine	of	smaller	bats	was	

more	concentrated.	Examination	of	exposed	sample	materials	did	not	

show	any	clear	correlation	between	the	degree	of	deterioration	

experienced	and	the	relative	size	(and	therefore	concentration	of	urine)	

of	the	bats	using	the	roost.	The	image	below	shows	all	copper	zinc	alloy	

samples	from	Boards	3	(Myotis	Nattereri	roost)	

		and	4	(Plecotus	auritus	roost),	both	boards	experienced	similar	rates	of	

deposition	and	similar	rates	of	corrosion	regardless	of	the	fact	that	the	

concentration	of	the	urine	deposited	on	samples	from	Board	4	was	

higher.	
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Figure	237:	Copper	zinc	alloy	samples	from	Board	3	(left),	and	Board	4	(right).	Both	boards	
experienced	similar	rates	of	urine	deposition	and	show	similar	degrees	of	corrosion	
(regardless	of	the	fact	that	the	concentration	of	the	urine	deposited	on	samples	from	Board	
4	was	higher).	
	

Where	differences	in	response	were	clearly	observed	they	related	to	rate	

and	degree	of	deposition	rather	than	bat	species.	The	image	below	shows	

all	copper	zinc	alloy	samples	from	Boards	1	and	4	(Plecotus	auritus	

roosts),	both	boards	experienced	different	rates	of	deposition	and	

exhibited	different	degrees	of	corrosion	regardless	of	the	fact	that	the	

urine	deposited	on	the	samples	came	from	the	same	species	of	bat.	
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Figure	238:	Copper	zinc	alloy	samples	from	Boards	1	and	4	(both	Plecotus	auritus	roosts),	
both	boards	experienced	different	rates	of	deposition	and	therefore	exhibit	different	
degrees	of	corrosion	regardless	of	the	fact	that	the	urine	deposited	on	the	samples	came	
from	the	same	species	of	bat.	Board	1	(top),	Board	2	(bottom).	
	

	

While	experimental	work	did	not	indicate	a	direct	relationship	between	

bat	species	and	the	degree	of	deterioration	experienced	on	test	materials	

exposed	to	urine	and	droppings,	it	must	be	acknowledged	that	there	are	

species-specific	behaviour’s	that	would	have	an	effect	on	the	degree	of	

deposition,	and	therefore	degree	of	deterioration	experienced	in	the	

vicinity	of	a	roost.		
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Pipistrelle	bats	not	only	roost	in	large	numbers,	but	commonly	urinate	

and	produce	droppings	upon	entering	or	leaving	the	roost,	resulting	in	

large	volumes	of	droppings	concentrated	in	particular	areas.	Site	visits	to	

case	study	churches	confirmed	that	not	only	was	this	the	case,	but	that	

the	accumulated	droppings	then	had	the	potential	to	cause	damage	due	

to	large	masses	of	droppings	becoming	caked	together	on	a	surface.	

Accumulated	droppings	combined	with	urine	also	cause	serious	staining.	

The	images	below	show	highly	concentrated	dropping	deposition	directly	

below	the	soprano	pipistrelle	roost	in	St	Nicholas,	Stanford	on	Avon	

(current	location),	and	also	staining	on	one	of	the	funerary	monuments,	

resulting	from	accumulated	droppings	and	urine	collecting	on	the	surface	

when	the	roost	was	in	a	previous	position	(above	the	monument).	

	

	
		
Figure	238:	(Left	hand	image)	concentrated	deposition	pattern	found	directly	below	the	
current	soprano	pipistrelle	roost	in	St	Nicholas,	Stanford	on	Avon.	(Right	hand	image)	
staining	on	the	Sarah	Baroness	Braye	funerary	monument,	resulting	from	accumulated	
droppings	and	urine	collecting	on	the	surface	when	the	roost	was	previously	located	above	
the	monument.	
	

In	contrast	to	pipistrelle	species,	Natterer’s	bats	do	not	roost	in	such	high	

numbers,	additionally	these	bats	have	been	observed	to	spend	a	greater	

amount	of	time	flying	around	within	the	body	of	a	church	prior	to	leaving	

to	feed.	This	behavioural	difference	ultimately	leads	to	a	more	

widespread,	but	less	concentrated,	distribution	of	excreta	(Natural	

England,	2011,	4).		
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Other	behavioural	factors	relating	to	diet	(specifically	water	intake)	may	

also	affect	the	manner	in	which	droppings	react	with	surfaces	within	a	

church.	Examination	of	the	north	porch	area	at	Holy	Trinity,	Tattershall,	

showed	that	the	droppings	of	Daubenton’s	bats	were	wetter	than	those	of	

the	species	found	within	the	main	body	of	the	church,	deforming	on	

contact	with	surfaces	and	causing	staining	on	porous	substrates	as	a	

result	of	their	more	liquid	composition.	

Daubenton’s	bats	have	adapted	to	hunt	and	feed	over	the	surface	of	

water,	and	it	is	reported	anecdotally	by	ecologists	and	bat	workers	that	

their	droppings	are	“wetter”	than	those	of	other	bats,	certainly	evidence	

of	this	was	found	at	Holy	Trinity.	The	effect	of	liquid	in	the	diet	of	juvenile	

bats	that	have	largely	been	feeding	on	a	diet	of	milk	was	also	observed	in-

situ	at	St	Nicholas,	Stanford	on	Avon,	with	significant	staining	seen	as	a	

result	of	the	deposition	of	very	liquid	droppings.	

	

In	conclusion,	when	considered	only	from	the	perspective	of	dropping	

and	urine	chemistry	this	research	did	not	find	evidence	that	the	

interactions	between	bat	droppings	and	urine,	and	those	materials	

tested,	were	different	for	different	species	of	bat.	Regardless	of	species,	

when	equivalent	rates	of	deposition	were	experienced,	bat	droppings	and	

urine	were	seen	to	cause	similar	degrees	of	deterioration	e.g.	corrosion	

on	metals,	staining	on	porous	surfaces.	

	

Work	in	case	study	churches	showed	that	flight	behaviour,	roost	choice,	

and	roost	size	did	directly	affect	the	rate	and	distribution	of	droppings	

and	urine.	As	such	species-specific	behaviour	should	be	considered	an	

important	factor	when	considering	deposition	rate	and	the	potential	for	

droppings	to	accumulate	in	large	volumes.	Large	maternity	roosts	create	

specific	issues	due	to	the	liquid	nature	of	the	droppings	produced,	and	

also	the	high	degree	of	deposition	directly	below	the	roost	area.	Type	of	

roost	is	therefore	also	an	important	factor	when	related	to	bat	species,	as	
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only	certain	species	of	U.K.	bat	commonly	form	large	maternity	colonies	

(see	figure	5).	

	

7.4 Efficacy	of	currently	recommended	and	adopted	mitigation	

practices	in	preventing	interactions	between	bat	urine	and	

droppings	and	those	materials	commonly	found	within	a	church	

building.	

	

In	the	following	section	mitigation	practices	included	in	Natural	England	

Technical	Information	Note	TIN043:	Bats	in	Churches:	a	management	

guide,	are	discussed	(NE,	2011).	First	published	in	2008	and	updated	in	

2011	it	represents	the	most	recent	and	publicly	available	advice	offered	

regarding	issues	surrounding	bats	in	churches,	the	document	is	

recommended	and	made	available	to	the	public	by	Natural	England,	

Historic	England	and	the	Bat	Conservation	Trust.	Only	those	sections	of	

the	document	directly	relating	to	mitigating	the	effects	of	bat	droppings	

and	urine	are	discussed	below,	should	the	reader	wish	to	read	it,	

Technical	Information	Note	TIN043	can	be	found	in	its	entirety	in	

Appendix	25.	

	

Mitigation	practices	suggested	in	TIN043	to	limit	exposure	to	bat	

droppings	and	urine,	or	to	protect	against	the	effects	of	bat	droppings	

and	urine	are	given	below:	

	

Mitigation	practices	not	requiring	a	derogation	licence	to	be	issued	by	

Natural	England	

	

• Cleaning	

• Moving	objects	

• Covering	objects	

• Applying	coatings	

• Using	deflector	boards	or	hanging	screens	
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Mitigation	practices	requiring	a	derogation	licence	to	be	issued	from	

Natural	England	

	

• Using	light	deterrents		

• Relocation	of	roost	or	access	points	

• Exclusion	

7.4.1 Cleaning	

		

The	advice	relating	to	cleaning	bat	droppings	and	urine	from	church	

interiors	is	as	follows:		

	

“Cleaning	of	fragile	surfaces	that	may	be	seriously	damaged	by	
inappropriate	techniques	should	only	be	carried	out	by	
professional	conservators.	Droppings	should	only	be	removed	from	
robust	and	historically	insignificant	objects	by	brushing	or	dusting.	
If	this	is	unsatisfactory,	seek	further	advice.	Cleaning	objects	such	
as	monuments	with	water	should	generally	be	avoided	as	it	can	
remove	protective	patination,	dissolve	surface	layers	of	the	object	
and	risk	initiating	harmful	salt	activity	and	microbial	growth”.	
(NEAnon,	2011,	5)	

	

While	it	is	understandable	that	caution	should	be	urged	when	discussing	

cleaning	approaches	for	fragile	or	historically	significant	objects,	the	

guidance	given	in	TIN043	is	too	restrictive,	effectively	proposing	that	

cleaning	is	limited	to	brushing	and	dusting	robust	or	historically	

insignificant	surfaces.	Consistently	during	this	research,	bat	droppings	

were	found	to	be	too	well	adhered	to	both	porous	and	non-porous	

surfaces	to	be	easily	dislodged	using	only	light	brushing	or	dusting.	

The	advice	that	water	should	“generally	be	avoided”	severely	limits	the	

cleaning	approaches	that	one	might	bring	to	bear	on	a	surface	coated	

with	bat	droppings	or	urine		(although	it	is	interesting	to	note	that	

cleaning	or	removing	urine	from	surfaces	within	the	church	is	not	

mentioned).		

	

Currently	available	advice	relating	to	cleaning	bat	droppings	and	urine	

from	church	interiors	is	not	fit	for	purpose,	the	methods	proposed	would	
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only	be	effective	at	removing	the	most	superficial	dropping	deposition,	

and	no	consideration	is	given	to	the	need	to	remove	bat	urine	from	

surfaces	within	the	church.	The	recommendation	that	cleaning	should	

only	be	undertaken	on	items	that	are	robust	and	historically	insignificant,	

by	implication	means	that	fragile	and	historically	important	surfaces	

should	be	allowed	to	remain	with	bat	droppings	and	urine	accumulating	

on	them.		

	

It	is	easy	to	understand	why,	when	organisations	find	themselves	in	the	

position	of	needing	to	provide	cleaning	advice	for	heritage	objects,	they	

err	on	the	side	of	caution,	often	focusing	on	what	not	to	do,	and	

commonly	recommending	“if	in	doubt,	ask	a	conservator/heritage	

professional”.	This	is	an	attractive	solution	for	three	reasons:	

	

1. Taken	at	face	value	the	guidance	has	the	laudable	goal	of	reducing	

damage	to	heritage	objects	and	is	considered	“accepted	wisdom”	

within	the	wider	heritage	community	e.g.	many	conservators	

would	argue	that	when	asked	to	give	advice	on	cleaning	historic	

materials	to	the	public,	the	most	responsible	approach	to	take	is	

to	discourage	any	intervention	unless	carried	out	by	an	

appropriately	trained	individual.	

	

2. It	limits	liabilities	that	could	be	incurred	if	more	specific	

instructions	were	given	that	resulted	in	damage/deterioration	to	

heritage	objects	or	personal	injury	to	a	member	of	the	public.	

	

3. The	statement	“if	in	doubt,	ask	a	conservator/heritage	

professional”	implies	that	the	person	carrying	out	the	cleaning	

process	should	ideally	seek	professional	advice	before	taking	any	

action,	while	neatly	devolving	responsibility	for	providing	that	

advice	beyond	the	organisation.	
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Historic	churches	are	an	important	part	of	our	national	heritage	and	are	

rightfully	deserving	of	care,	however	if	we	are	to	devolve	the	day-to-day	

maintenance	of	these	structures	to	a	largely	untrained	volunteer	staff,	we	

need	to	enable	them	to	undertake	the	task	effectively.	The	idea	that	

cleaning	of	bat	droppings	and	urine	from	fragile	surfaces	should	only	

ever	be	carried	out	by	a	professional	conservator	is	laudable	but	hardly	

practicable.	Even	if	one	were	to	assume	that	a	national	network	of	

suitably	qualified	conservators	(in	private	practice)	were	available	to	

undertake	the	work,	the	cost	would	be	prohibitive.		

	

While	there	is	a	risk	that	cleaning	of	historic	church	fabrics	might	result	

in	damage,	one	also	needs	to	consider	the	risks	that	might	be	incurred	by	

not	removing	bat	droppings	and	urine	from	them.	This	research	has	

shown	that	accumulations	of	droppings	and	urine	greatly	increase	the	

potential	for	severe	staining	to	take	place	on	porous	materials,	and	for	

droppings	to	become	caked	into	a	sticky	mass	that	is	well	adhered	to	

surfaces.	Thus	droppings	should	not	be	allowed	to	accumulate	on	

surfaces	and	must	be	removed	effectively	and	at	regular	intervals.	

Similarly	urine	on	the	surface	of	church	brass	should	be	completely	

removed	as	soon	as	possible,	as	should	any	crystalline	urea	remaining	on	

the	surface	(something	only	possible	with	a	damp	cloth).	

7.4.2 Moving	and	covering	objects	

	

Moving	free	standing	objects	to	areas	of	a	church	that	are	experiencing	

low	rates	of	deposition	is	suggested	as	one	very	pragmatic	approach	to	

reducing	dropping	and	urine	deposition	on	sensitive	items.			

	

“If	a	free-standing	object	is	exposed	to	bat	excreta,	it	may	be	
possible	to	move	it	to	an	area	where	surveys	have	shown	that	
the	deposition	rate	of	droppings	is	low.	This	may	require	
faculty	permission	if	the	original	position	has	liturgical	or	
historical	significance”		(NE,	2011,	5).	
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In	situations	where	a	roost	site	exists	directly	above	(or	adjacent)	to	an	

object	that	can	be	moved,	then	relocation	should	certainly	be	considered	

as	an	excellent	low	cost,	pragmatic	solution	to	reducing	damage.	

However,	as	is	implied	in	the	TIN043	text,	deposition	of	droppings	and	

urine	is	likely	to	be	reduced	rather	than	prevented	entirely.	Dropping	

counts	undertaken	in	case	study	churches	as	part	of	this	research	showed	

that	even	in	situations	where	there	is	a	single	isolated	roost	site	

deposition	in	other	parts	of	the	church	can	be	widespread	and	quite	

extensive.		

	

One	limitation	if	this	mitigation	strategy,	is	the	number	of	“free-standing”	

items	of	historic	church	furniture	that	exist.	Much	of	the	historically	

important	contents	of	a	church	are	either	attached	to	the	fabric	of	the	

building,	are	too	heavy	to	be	moved,	or	are	too	large	for	an	alternate	

position	to	be	found.	Moveable	items	such	as	unfixed	seating,	lecterns	

and	offering	tables	may	be	limited	to	relatively	modern	additions	to	the	

building.	

	

Perhaps	the	most	interesting	aspect	of	the	TIN043	text	included	above	is	

the	statement	that	informs	the	reader	that	faculty	permission26	may	be	

required	if	an	object’s	position	with	a	church	has	liturgical	or	historical	

significance.	This	raises	an	important	question,	if	the	object’s	position	is	

sufficiently	significant	from	a	historical	or	liturgical	perspective	to	

require	faculty	permission	prior	to	being	moved,	might	its	relocation	

impair	or	negatively	impact	the	church’s	ability	to	demonstrate	its	

cultural	or	spiritual	significance	?	

	

The	degree	to	which	a	particular	mitigation	strategy	affects	a	

congregation’s	ability	to	use	their	building	should	be	a	fundamental	

																																																								
26	Faculty	jurisdiction	is	the	process	governing	regulation	of	works	impacting	on	
(Church	of	England)	church	buildings,	church	contents	and	churchyards.	“A	faculty”	is	a	

licence	that	must	be	obtained	prior	to	work	being	undertaken,	work	carried	out	in	the	

absence	of	a	faculty	is	illegal.	
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measure	of	its	success.	Mitigation	strategies	that	impair	the	cultural	or	

spiritual	significance	of	a	church,	or	undermine	its	ability	to	demonstrate	

that	significance	must	be	closely	scrutinised.	One	of	the	practices	that	is	

employed	most	regularly	to	prevent		

bat	droppings	and	urine	damaging	material	within	a	church	is	the	use	of	

coverings.	While	effective	(and	widely	used)	this	is	universally	unpopular	

with	churches	and	has	been	described	as	“the	curse	of	the	plastic	

sheeting”	(CBC,	2010).	One	church	using	sheeting	as	a	mitigation	strategy	

was	described	as	follows:	

	

“	The	Church	has	the	appearance	of	a	morgue	during	the	week,	
with	all	the	furniture	in	the	Chancel	heavily	draped	with	covers.	
Parishioners	are	very	conscious	of	not	being	able	to	present	
their	lovely,	ancient,	and	recently	refurbished	church	to	visitors	
as	they	would	wish”	(Ward,	2000,	113)	

	

The	aesthetic	impact	that	coverings	can	have	on	a	church	interior	is	

acknowledged	in	the	advice	currently	available,	with	covers	being	

recommended	for	use	where	deposition	is	minor,	localised	or	where	

there	are	only	a	few	vulnerable	objects	(NEAnon,	2011,	5).	TIN043	goes	

on	to	suggest	that	coverings	are	less	suitable	where	deposition	occurs	

throughout	the	church	or	where	the	aesthetic	impact	would	be	significant	

(ibid).	Despite	this,	coverings	were	used	extensively	in	both	case	study	

churches,	and	many	of	the	other	churches	visited	as	part	of	wider	

research	for	this	project.	While	unpopular,	their	use	is	currently	the	only	

truly	effective	way	to	protect	against	the	deposition	of	bat	droppings	and	

urine	within	a	church.		

	

The	images	below	show	a	range	of	covering	strategies	in	use,	and	give	

some	indication	of	their	aesthetic	impact.	
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Figure	239:	Historic	brasses	in	the	north	transept	of	Holy	Trinity	Collegiate	Church,	
Tattershall.	The	brasses	are	protected	from	bat	droppings	and	urine	using	metal	frames	
covered	with	polyethylene	sheeting.	
	

	
Figure	240:	Crucifix	covered	with	plastic	at	St	Margaret's	Church,	Cley	next	the	Sea.	
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Figure	241:	Cotton	sheeting	used	to	protect	carpets	and	items	of	furniture	in	St	Andrew’s	
Church,	Holme	Hale.	

7.4.3 Deflector	boards	and	screens	

	

Mitigation	approaches	involving	deflecting	droppings	away	from	

sensitive	areas	are	suggested	either	in	the	form	of	vertical	hanging	

screens	(suggested	for	the	protection	of	wall	paintings),	or	as	

horizontally	positioned	boards	sited	beneath	areas	used	by	bats.	TIN043	

notes	that	the	aesthetic	impact	and	the	need	for	faculty	permission	

before	erecting	either	hanging	screens	or	deflector	boards	should	be	

considered	as	should	the	consequences	of	attaching	boards	

to	historic	plaster,	stone	or	woodwork	(NE,	2011,	5-6).		

	

Perhaps	because	of	the	added	difficulty	of	obtaining	faculty	permission,	

or	as	a	result	of	reluctance	to	engage	in	mitigation	strategies	that	require	

both	working	at	height	and	potential	damage	to	the	structure	of	the	

building,	vertical	screens	and	deflector	boards	seem	to	be	rarely	used.	
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Visits	to	churches	with	a	significant	bat	presence	undertaken	as	part	of	

this	research	only	provided	one	example	of	deflector	canopies	in	use	

(shown	below	in	figure	242),	the	limited	use	of	this	mitigation	approach	

is	also	supported	by	the	following	statement	from	TIN043:	

	

	“the	technique	has	been	little	tested	as	there	are	concerns	about	
its	aesthetic	impact”.	(NE,	2011,	5).	

	

	
	
Figure	242:	Deflector	canopies	hung	above	the	Pulpit	at	St	Margaret's	Church,	Cley	next	the	
Sea.	Both	the	aesthetic	impact	that	the	canopies	have	on	the	space,	and	the	need	to	work	at	
significant	heights	to	install	them	is	clear.	
	

Regardless	of	the	significant	aesthetic	impact	screens	and	deflector	

boards	can	have	on	a	church,	there	are	limitations	to	their	effectiveness.	

Screens	while	reducing	deposition	in	one	area	of	a	church	may	result	in	

areas	of	the	building	that	had	been	previously	unaffected,	receiving	

greater	deposition	i.e.	if	the	screens	affect	the	bats’	ability	to	navigate	

certain	spaces,	the	problem	has	not	been	solved,	simply	relocated.		
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Fixing	vertical	screens	is	problematic,	requiring	working	at	height	(which	

if	undertaken	responsibly	should	necessitate	risk	assessment,	training	

and	provision	of	specialist	equipment)	and	regular	maintenance.	

Sheeting	and	screens	used	to	deflect	bat	droppings	and	urine	quickly	

become	coated	in	sticky	urine	and	droppings,	they	will	therefore	smell	

and	appear	unsightly.	If	used	they	would	need	to	be	replaced	on	at	least	

an	annual	basis.	Netting	screens	described	in	TIN043	as	being	“almost	

invisible	if	hung	carefully”	(NE,	2011,	5),	would	soon	become	visible	

when	covered	in	droppings	and	would	have	limited	effect	preventing	

urine	deposition.		

	

The	use	of	horizontal	deflector	boards	placed	above	items	receiving	

heavy	deposition	is	intended	to	“provide	some	protection	against	urine	

and	droppings,	either	by	catching	the	excreta	or	deflecting	it	to	harmless	

areas”	(NE,	2011,	5).	It	is	conceded	that	this	solution	will	be	most	

effective	when	bat	activity	is	largely	restricted	to	clearly	defined	areas	

and	where	a	single	item	can	be	protected.	Caution	should	be	urged	

however	especially	where	boards	are	positioned	above	head	height.	If	

boards	cannot	regularly	be	cleaned	the	large	volumes	of	bat	droppings	

likely	to	accumulate,	could	result	in	significant	staining	to	adjacent	

building	fabric	or	items	below	when	combined	with	urine	(or	indeed	

water	from	any	other	source).	The	smell	of	the	accumulated	droppings	

and	urine	would	also	be	significant.	

	

7.4.4 Coatings	

	

The	use	of	coatings	to	protect	surfaces	from	bat	droppings	and	urine	has	

long	been	discussed	(Sargent,	1995,	42,	Ward,	2000,	38,	Paine,	1998,	

Table	3),	but	until	this	research,	specific	experimental	work	to	

demonstrate	the	effectiveness	of	coatings	appears	never	to	have	been	

carried	out	(with	the	notable	exception	of	S	C	Johnsons	Ltd.	Johnsons	

Carefree	Undercoat	).	The	currently	recommended	guidance	regarding	

coatings	is	given	below:	
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“Before	any	attempt	is	made	to	coat	any	fabric,	fixture	or	fitting,	
those	responsible	for	the	care	of	the	church	are	strongly	advised	
to	seek	professional	advice.	Synthetic	lacquers	may	give	some	
protection	against	bat	damage,	but	should	only	be	used	for	
historically	and	artistically	insignificant	metal	and	wooden	
objects.	Waxes	may	give	some	protection	to	furniture,	but	
provide	limited	protection	against	bat	urine.	Further	
information27	about	the	care	of	wooden	surfaces	is	given	at	
www.churchcare.co.uk/contents.php?DK”	(NE,	2011,	5).	

	

Guidance	responsibly	suggests	that	professional	advice	is	sought	before	

any	coating	strategy	is	considered,	while	also	implying	that	coatings	are	

unlikely	to	provide	a	successful	solution	to	problems	resulting	from	bat	

droppings	and	urine.	Statements	such	as	“Synthetic	lacquers	may	give	

some	protection	against	bat	damage”	and	“Waxes	may	give	some	

protection	to	furniture,	but	provide	limited	protection	against	bat	urine”	

seem	designed	as	much	to	discourage	as	to	promote	the	use	of	protective	

coatings.		

	

If	coatings	are	known	to	be	limited	in	their	effectiveness	and	problematic	

for	all	but	the	most	robust	and	historically	insignificant	metal	and	

wooden	objects,	why	suggest	them	as	a	mitigation	strategy?	One	suspects	

that	the	inclusion	of	coatings	in	the	advice	document	is	in	part	because	

their	exclusion	would	raise	questions.	Throughout	the	course	of	this	

research	by	far	the	most	common	question	I	am	asked	when	discussing	

my	work	is	some	derivation	of	“isn’t	there	some	type	of	coating	we	could	

use?”.	Certainly	for	the	layperson	the	idea	that	a	protective	coating	might	

be	applied	to	protect	items	from	bat	droppings	and	urine	is	a	seemingly	

obvious	solution	with	historic	precedent.	

	

Natural	waxes,	oils	and	resins	such	as	poppy	seed	oil,	gum	dammar,	fish	

glue	and	beeswax	have	long	been	used	to	protect	the	surfaces	of	copper	
																																																								
27	Unfortunately,	further	information	regarding	the	care	of	wooden	surfaces	is	no	
longer	available	at	the	link	provided.	
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alloys	from	tarnish	or	corrosion	(Scott,	2002,	382).	In	the	late	nineteenth	

and	early	twentieth	centuries	paraffin	wax,	shellac	and	cellulose	nitrate	

or	acetate	were	all	used	extensively	(Gilberg,	1988,	Brostoff,	2003,	

10).The	increasing	availability	of	synthetic	resins	and	mineral	waxes	

after	the	late	1930’s	resulted	in	a	gradual	shift	away	from	natural	resins	

with	the	use	of	microcrystalline/polyethylene	waxes	and	acrylic	resin	

systems	becoming	commonly	used	by	conservation	professionals.	

	

Despite	their	long	history,	the	use	of	protective	coatings	for	metal	objects	

and	surfaces	within	the	heritage	sector	is	much	debated.	Theoretically	

the	potential	of	an	applied	coating	to	protect	a	metal	surface	and	prevent	

corrosion	is	undisputed,	however	in	reality	applied	protective	coatings	

are	often	found	to	be	less	effective	than	envisaged,	and	can	on	occasion	

even	promote	corrosion.		

	

The	penetration	of	reactant	species	including	water,	oxygen,	sulphur	

dioxide	and	other	electrolytes	into	a	protective	coating	can	initiate	a	

range	of	chemical	mechanisms	resulting	in	degradation	of	the	coating	and	

ultimately	the	surface	beneath	(Leidheiser,	1987,	165).	Macroscopic	and	

microscopic	defects	such	as	pinholes	and	voids	that	allow	access	of	

environment	factors	such	as	water	to	the	underlying	substrate	metal	are	

commonly	found	in	even	the	most	carefully	applied	coatings,	and	

mechanical	damage	to	the	coating	such	as	scratching	and	abrasion	will	

inevitably	occur	(Jones,	1996,	490).	As	protective	films	are	likely	to	be	

damaged	or	removed	in	only	a	small	discrete	area,	resulting	corrosion	is	

focused	in	one	localised	site	with	pitting	commonly	developing	as	a	

result.	The	severity	of	the	corrosion	is	exacerbated	if	the	damaged	

coating	has	the	ability	to	act	as	an	electrical	conductor,	in	such	cases	the	

entire	coated	surface	of	the	object	will	act	as	a	cathode,	promoting	

aggressive	and	rapid	corrosion	to	the	small	area	of	exposed	metal	(the	

anode).		
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A	key	factor	affecting	the	success	of	protective	coatings	on	historic	metals	

is	contamination	of	the	surface	with	metal	oxides/	corrosion	products;	

loose	dirt;	and	organic	matter	such	as	grease	and	oil.	Any	coating	system	

will	perform	better	if	applied	to	a	well-prepared	surface	with	little	or	no	

foreign	substances	present,	and	it	has	been	said	that	“a	poor	coating	

applied	to	well-prepared	surface	is	better	than	a	good	coating	applied	to	

a	poorly	prepared	surface”	(Schwietzer,	1983,	355).	Within	industry,	this	

problem	can	be	efficiently	dealt	with	by	shot	blasting,	stripping,	or	

polishing	metal	surfaces	prior	to	the	application	of	any	coating.	When	

working	with	heritage	materials	we	cannot	do	this,	and	thus	we	require	

protective	coatings	to	perform	on	inhomogeneous,	contaminated	and	

corroded	surfaces.	This	is	a	serious	handicap	for	the	conservator	or	

heritage	professional	(Brostoff,	2003,	9).		

	

Coatings	once	applied,	require	regular	maintenance	and	upkeep	in	order	

to	maintain	the	integrity	of	the	barrier	layer	they	provide,	and	also	to	

allow	the	periodic	removal	and	replacement	of	ageing	and	degraded	

coating	materials	prior	to	becoming	ineffective,	or	difficult	to	remove.	

Careful	forward	planning	is	therefore	required	when	considering	the	use	

of	protective	coatings	in	order	to	ensure	that	regular	maintenance	of	the	

coating	system	takes	place	and	that	the	funds	required	to	pay	for	the	

work	will	be	available	when	the	time	comes.	Even	when	projects	are	well	

funded,	inconsistency	of	approach	between	professionals	hired	to	carry	

out	work	over	a	period	of	time	can	compromise	the	efficacy	of	a	regularly	

maintained	coating	(Brostoff,	2003,	11).	

	

If	the	discussion	of	coatings	in	TIN043	is	intended	at	least	in	part	to	be	an	

opportunity	to	explain	to	members	of	the	public	why	coatings	are	not	

advisable,	it	could	do	so	more	clearly.	Interestingly	in	a	previous	

document	produced	jointly	by	English	Heritage	and	Natural	England	in	

1998	the	following	statement	is	made	regarding	the	effectiveness	of	

“coatings:	waxes-natural/synthetic,	laquers,	polishes”:	
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“Coatings	generally	have	serious	conservation	implications	for	a	
wide	range	of	objects	and	are	not	normally	recommended.	Some	
synthetic	lacquers	(for	metals)	can	be	effective	in	the	short	to	
medium	term,	but	will	have	an	effect	on	patination	of	surfaces.	
Requires	[sic]	regular	stripping	and	re-application.	Will	require	
advice	from	conservator	[sic]		for	important	objects.	Organic	
waxes	(e.g.	beeswax)	are	ineffective	for	the	protection	of	
surfaces”	(Paine,	1998,	Table	3).	

	

Experimental	work	undertaken	with	coatings	commonly	used	in	heritage	

conservation	certainly	supports	this	statement.	Of	the	coatings	tested	in	

this	research	Renaissance	Wax	was	consistently	found	to	be	the	least	

effective	coating	at	preventing	corrosion	on	metal	surfaces,	and	staining	

on	porous	substrates	(such	as	marble).	Both	Paraloid	B44	and	B67	

limited	the	effects	of	staining	on	porous	materials	but	were	not	found	to	

be	100%	effective,	neither	were	they	able	to	prevent	the	corrosion	of	

metal	surfaces.		

	

Even	if	a	coating	could	be	found	that	was	effective	as	a	barrier	against	

urine	and	droppings,	its	long-term	use	would	likely	be	unaffordable	for	

most	churches.	The	need	for	effective	application	of	any	coating,	the	

potential	to	cause	damage	to	sensitive	historic	surfaces,	and	the	likely	

inclusion	within	the	coating	system	of	volatile	or	harmful	solvents	would	

necessitate	that	work	could	only	be	carried	out	by	a	paid	professional28	

e.g.	conservator	at	considerable	cost.	Maintenance	cycles	of	regular	

checking,	periodic	removal	involving	volatile	or	harmful	solvents	and	

reapplication	of	the	coating	would	ensure	an	annual	and	indefinite	cost	

implication.		

	

7.4.5 Mitigation	practices	requiring	a	derogation	licence	to	be	

issued	from	Natural	England	

	
																																																								
28	If	one	could	be	found	that	was	willing	to	carry	out	the	work.	For	reasons	described	
many	conservators	consider	coatings	to	do	more	harm	than	good,	and	would	likely	

advise	against	their	use.	
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Mitigation	practices	requiring	a	derogation	licence	from	Natural	England	

include	those	that	are	designed	to	affect	bats’	behaviour,	or	that	may	

inadvertently	do	so.	

Specifically	mentioned	in	the	current	guidance	is	the	use	of	lighting	to	

prevent	bats	from	flying	in	certain	parts	of	the	church.	As	a	mitigation	

strategy	this	would	have	the	effect	of	limiting	urine	and	dropping	

deposition	in	certain	parts	of	a	church	building,	and	could	be	used	to	

discourage	bats	from	particularly	sensitive	areas	of	the	church.	Clearly	

like	the	use	of	deflector	screens	this	approach	can	only	redistribute	bat	

droppings	and	urine	away	from	sensitive	areas,	therefore	it	has	potential	

to	simply	relocate	an	existing	problem	to	a	new	area	of	a	building.		

	

Recent	research	(Zeale,	2014)	has	shown	that	behaviour	of	bats	inside	

churches	can	be	manipulated.	Lighting	and	high	intensity	ultrasound	

were	found	to	deter	bats	from	roosting	in	sensitive	areas.	However,	there	

is	great	potential	for	irresponsible	use	to	cause	serious	harm	to	bats	

(especially	with	regard	to	light	deterrents).	This	form	of	mitigation	would	

therefore	require	extensive	bat	survey	work	to	be	undertaken	(in	order	

to	fully	understand	which	species	of	bats	were	using	the	building,	and	

how)	before	making	an	application	for	a	derogation	licence.	The	process	

is	both	time	consuming	and	costly,	necessitating	the	employment	of	

ecological	consultants	to	carry	out	bat	survey	work,	often	on	a	number	of	

occasions	through	the	year.	Churches	may	find	that	they	invest	scarce	

resources	of	time	and	money	for	no	return	as	there	is	no	guarantee	that	a	

licence	will	be	granted	e.g.	if	the	proposed	scheme	is	deemed	to	be	

potentially	detrimental	to	the	viability	of	a	locally	important	roost.		

	

Relocation	of	roosts	(or	access	points)	within	a	church	has	similar,	if	not	

greater	issues,	with	even	more	extensive	survey	work	required	and	

greater	potential	for	a	licence	not	to	be	granted,	as	the	following	text	

from	TIN043	makes	clear:	

	

“	If	roosts	are	located	above	particularly	sensitive	areas,	such	as	
objects	of	historic	or	cultural	significance,	it	may	be	possible	to	



	 415	

manage	the	roosting	behaviour	of	the	bats	by	excluding	them	
from	one	or	more	of	their	roosting	sites.	The	object	of	such	
management	would	be	to	move	the	bats	to	more	acceptable	roost	
areas,	not	exclude	them	from	the	church	completely.	Such	
management	may	be	legally	acceptable	provided	that	the	
continued	ecological	functionality	of	the	roost	is	maintained.	This	
means	that	from	the	bats’	point	of	view	the	church	continues	to	
offer	them	the	same	variety	of	roosting	places	as	it	did	before	the	
work”.	

 

Exclusion	of	bats	from	churches	experiencing	problems	is	presented	in	

TIN043	as	an	option	of	last	resort.	While	some	would	consider	it	the	only	

acceptable	solution	to	the	issue	of	bats	in	churches	(Ward,	2000)	it	is	in	

practical	terms	almost	a	non-option.	As	the	current	recommendations	

state:	

	

“…sealing	a	large	building	against	animals	that	can	pass	through	a	2	cm	

gap	is	not	a	simple	exercise	and	the	difficulties	and	expense	of	such	an	

operation	should	not	be	underestimated”.	(NE,	2011,	6)	

	

The	work	necessary	to	effectively	exclude	bats	from	a	historic	church	

would	not	only	be	prohibitively	expensive,	but	would	be	unlikely	to	gain	

the	listed	buildings	consent	required	for	the	work	to	take	place.	Thought	

would	also	need	to	be	given	to	the	negative	effects	that	the	subsequent	

reduction	in	ventilation	and	airflow	might	have	on	the	fabric	of	a	historic	

building.		

	

Exclusion	would	only	be	considered	after	all	other	mitigation	strategies	

have	been	explored	and	found	to	be	entirely	ineffective.	The	wording	of	

current	guidance	implies	that	many	years	of	exploring	all	potential	

mitigation	strategies	would	be	required	before	exclusion	was	considered	

as	an	option.	Since	the	introduction	of	the	Wildlife	and	Countryside	Act	in	

1981	there	have	been	only	two	instances	in	which	a	licence	has	been	

granted	by	Natural	England	to	effectively	exclude	bats	from	the	interior	

of	a	church,	both	licences	have	been	granted	only	relatively	recently	

(within	the	past	three	years),	and	were	the	culmination	of	over	ten	years	
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campaigning	on	behalf	of	the	churches	in	question,	and	the	failure	of	

various	other	forms	of	mitigation29.	By	way	of	example,	over	the	past	ten	

to	twelve	years	the	case	study	churches	discussed	in	this	research	have	

been	the	subject	of	considerable	discussion	and	experimentation	with	

Natural	England	regarding	mitigation	strategies.	While	roost	relocation	is	

finally	being	considered	at	St	Nicholas,	this	is	largely	due	to	sustained	and	

consistent	campaigning	on	behalf	of	a	very	dedicated	number	of	

individuals.	This	has	resulted	in	the	church	being	selected	by	Natural	

England	as	a	“special	case	study	church”	in	which	to	explore	the	effects	of	

roost	relocation.	While	it	is	a	positive	sign	that	Natural	England	are	

investigating	the	feasibility	of	roost	relocation	within	churches,	St	

Nicholas	has	experienced	many	years	of	unnecessary	damage	in	order	to	

reach	the	stage	at	which	effective	mitigation	is	at	last	being	considered.		

	

To	many	it	has	been	a	source	of	great	frustration	that	exclusion	appears	

to	be	presented	as	an	option,	but	in	reality	is	unlikely	to	be	considered.	As	

a	result	a	Private	Members	Bill	has	been	presented	to	the	House	of	Lords	

by	Lord	Cormack,	titled	the	“Bat	Habitats	Regulation	Bill”.	The	bill	has	

two	sections.	The	first	“Enhancing	the	protection	available	for	bat	

habitats	in	the	non-built	environment”	recommends	enhanced	protection	

for	bats	with	regard	to	the	development	of	new	buildings,	and	wind	

turbines.	The	second	part	of	the	bill	“Limiting	the	protection	for	bat	

habitats	in	the	built	environment”	has	been	reproduced	below:	

	

“Notwithstanding	the	European	Communities	Act	1972,	the	
																																																								
29	Natural	England	are	currently	in	the	process	of	addressing	this	issue	by	introducing	a	
new	dedicated	Bats	in	Churches	Class	licence	to	alleviate	some	of	the	frustration	

resulting	from	current	licensing	requirements.	Designed	for	use	in	churches	where	large	

bat	populations	are	causing	unacceptably	high	levels	of	damage	to	church	fabric	and	

disruption	to	congregations.	It	will	enable	highly	skilled	professional	ecologists	to	work	

with	those	who	care	for	churches	to	plan	and	then	more	efficiently	implement	
mitigation	strategies	involving	deterrents	and	roost	relocations	in	order	to	reduce	the	

impact	being	caused	by	bats.	
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provisions	of	the	Habitats	Regulations	and	the	Wildlife	and	
Countryside	Act	1981	shall	not	apply	to	bats	or	bat	roosts	
located	inside	a	building	used	for	public	worship	unless	it	has	
been	established	that	the	presence	of	such	bats	or	bat	roosts	has	
no	significant	adverse	impact	upon	the	users	of	the	building”	
(Hansard,	2016).	

	

The	intention	behind	the	bill	is	clear.	Borne	out	of	frustration	that	issues	

resulting	from	bat	habitation	in	large	numbers	are	not	being	dealt	with	

satisfactorily	(to	the	detriment	of	churches	and	their	congregations),	the	

bill	would	seek	to	provide	legal	provision	for	the	exclusion	of	bats	

considered	to	adversely	impact	on	the	users	of	a	church	building.	The	bill	

is	currently	(2017)	awaiting	a	second	reading	in	the	House	of	Lords.		
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7.4.6 Summary	

	

When	assessing	the	efficacy	of	currently	recommended	and	adopted	

mitigation	practices	in	preventing	interactions	between	bat	urine	and	

droppings	and	those	materials	commonly	found	within	a	church	building,	

consideration	has	to	be	given	to	the	degree	of	bat	occupation	taking	

place.	Many	of	the	approaches	suggested,	such	as	moving	items	or	using	

coverings,	would	be	effective	and	appropriate	in	situations	where	the	

deposition	of	bat	droppings	and	urine	was	very	localised	(and	minimal).	

Unfortunately	where	dropping	and	urine	deposition	is	widespread	or	

extensive	very	few	of	the	currently	recommended	mitigation	approaches	

are	effective	or	appropriate	for	use	within	a	functioning	church	building.	

It	is	highly	probable	that	the	majority	of	historic	rural	churches	within	

the	UK	have	a	bat	presence	of	some	description,	and	for	churches	with	

very	small	numbers	of	bats	the	current	guidelines	would	be	both	

informative	and	helpful.	Unfortunately,	for	churches	with	a	significant	bat	

presence	the	current	mitigation	guidelines	have	potential	to	cause	

frustration	due	to:	

	

• Not	being	fit	for	purpose	due	to	the	scale	of	the	problem	being	

experienced	

• Being	vague	i.e.	recommending	that	advice	is	sought	elsewhere	

• Appearing	to	lack	sensitivity	to	the	spiritual	function	of	a	church	

• Being	costly	and/or	time	consuming	with	limited	guarantee	of	

success	

		

Any	perceived	reluctance	to	issue	licences	on	the	part	of	Natural	England	

must	also	be	understood	and	placed	in	context.	Frustration	relating	to	

bats	in	churches	results	in	part	from	perception	that	mitigation	

guidelines	and	licensing	procedures	are	intentionally	vague	or	unhelpful.		

Incorrectly,	it	is	assumed	that	Natural	England	are	“on	the	side	of	the	

bats”,	and	are	deliberately	creating	obstacles	to	prevent	their	removal	

from	churches.	This	is	not	the	case.		
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Natural	England	is	an	executive	non-departmental	public	body,	

sponsored	by	the	Department	for	Environment,	Food	&	Rural	Affairs,	it	is	

the	UK	government’s	adviser	for	the	natural	environment	in	England,	one	

of	its	roles	being	to	facilitate	the	enactment	and	regulation	of	both	UK	

and	EU	law	as	related	to	the	natural	environment.	Its	licensing	approach	

and	any	mitigation	strategies	proposed	can	cannot	therefore	infringe	

either	domestic	or	EU	law	relating	to	bats30	i.e.	it	cannot	recommend	any	

action	that	would	impact	negatively	on	the	Favourable	Conservation	

Status	of	UK	bat	species.		

	

Natural	England’s	strict	interpretation	of	current	legislation	is	

understandable,	but	has	limited	their	ability	to	respond	effectively	to	the	

issue	of	bats	in	churches.	Prior	to	roost	relocation	or	exclusion,	provision	

of	heated	bat	boxes	and	the	construction	of	alternative	roost	facilities	

must	be	provided.	According	to	Natural	England’s	interpretation	of	the	

legislation,	the	newly	provided	roosts	must	not	only	provide	equivalent,	

or	better	roosting	opportunities	than	the	existing	roost	site,	but	must	be	

proven	to	be	in	use	prior	to	exclusion	of	bats	from	the	existing	roost	

being	undertaken.	While	this	position	is	clearly	logical	from	the	

perspective	of	not	endangering	the	conservation	status	of	bats,	in	the	

past	ten	years	there	have	been	many	instances	in	which	heated	bat	boxes	

and	alternative	roosts	have	been	installed	(at	considerable	expense),	but	

the	bats	have	continued	to	favour	the	existing	historic	roost	site,	meaning	

that	exclusion	cannot	proceed.	

	

Since	the	European	Union	Referendum	Act	2015,	there	has	been	

speculation	that	UK	departure	from	the	EU	might	allow	a	less	rigid	

																																																								
30		Failure	by	the	UK	government	to	uphold	EU	law	could	result	in	infringement	action	
under	Article	258	of	the	Treaty	on	the	Functioning	of	the	European	Union	and	also	

interim	measures	under	Article	279	TFEU.	If	found	to	be	in	contravention	of	EU	

legislation	the	European	Court	of	Justice	may	impose	a	fine	on	the	Member	State,	in	the	

form	of	a	lump	sum	or	penalty	payment	or	both.	
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interpretation	of	current	legislation	relating	to	bats.	While	it	is	possible	

that	this	may	be	the	case	it	should	be	remembered	that	the	principles	of	

the	EU	legislation	are	currently	enacted	through	UK	law,	in	the	form	of	

Regulation	41	of	The	Conservation	of	Habitats	and	Species	Regulations	

2010	and	Section	9	of	the	Wildlife	and	Countryside	Act	1981.	Departure	

from	the	European	Union	would	therefore	not	automatically	affect	the	

status	quo.	
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8 Conclusions	

	

The	main	aim	of	my	research	was	to	fill	the	existing	vacuum	in	

knowledge	relating	to	the	mechanisms	of	deterioration	involved	when	

bat	droppings	and	urine	come	into	contact	with	a	range	of	materials	such	

as	one	might	find	within	the	interior	of	a	historic	church.	The	research	

has	been	successful	in	this	regard	and,	based	on	experimentation,	

observation	and	analysis,	it	has	shown	that	bat	droppings	and	urine	

cause	deterioration	to	historic	fabrics	via	the	following	mechanisms.	

	

The	effects	of	bat	excreta	

	

• Corrosion	of	susceptible	metal	surfaces,	particularly	copper	alloy	

due	to	urine	

• Staining	from	urine	

• Staining	from	droppings	and	urine	in	association	

• Staining	from	liquid	droppings/droppings	in	isolation	

• Water	marks	on	wooden	surfaces	

• White	bloom	developing	in	wax	surface	coatings	

• Disruption	of	applied	surface	coatings	

• Accumulation	of	surface	debris	obscuring	surfaces	e.g.	urine	

precipitate	and	droppings	

• Loss	of	friable	or	fragile	surface	as	a	result	of	dropping	removal	

Potential	deterioration	mechanisms	related	to	the	action	of	soluble	salts	

and	the	growth	of	urea	crystals	were	also	identified.	
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The	chemistry	of	bat	urine	

	

Analysis	of	bat	urine	undertaken	did	not	support	the	statement	that	“Bat	

urine	is	70	per	cent	urea,	decaying	to	form	dilute	ammonia	and	other	

compounds	and	is	therefore	alkaline.”	My	findings	can	be	summarised	as	

follows:	

	

• Urine	pH	ranges	for	all	bat	species	tested	were	found	to	be	

broadly	similar	with	a	total	range	for	all	readings	between	pH	5.3	-	

6.8.	Therefore,	while	the	pH	of	bat	urine	is	acidic,	it	is	only	mildly	

so.		

• No	relationship	between	difference	in	urine	pH	and	species	was	

observed.		

• The	major	constituents	of	bat	urine	(in	decreasing	quantity)	are	

water,	urea,	sodium,	potassium	and	Cl-	

• Urine	concentration	was	found	to	be	dependant	on	species,	with	

smaller	species	of	bat	producing	more	concentrated	urine.	

• Urea	concentration	in	the	urine	samples	tested	ranged	from	

1777mmol/l	(Nyctalus	noctula),	to	3120	mmol/l	(Pipistrellus	Spp.)	

Effect	of	bat	species	

	

Experimental	work	did	not	indicate	a	direct	relationship	between	bat	

species	and	the	degree	of	deterioration	experienced	on	test	materials	

exposed	to	urine	and	droppings.		However,	species-specific	behaviour	

would	have	an	effect	on	the	degree	of	deposition,	and	therefore	degree	of	

deterioration	experienced	in	the	vicinity	of	a	bat	roost.		

	

Efficacy	of	protective	coatings	

	

Experimental	work	undertaken	with	coatings	commonly	used	in	heritage	

conservation	showed	that	coatings	were	not	successful	in	preventing	
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deterioration	caused	by	bat	droppings	and	urine.	Of	the	coatings	tested	in	

this	research,	Renaissance	Wax	was	consistently	found	to	be	the	least	

effective	coating	at	preventing	corrosion	on	metal	surfaces,	and	staining	

on	porous	substrates	(such	as	marble).	Both	Paraloid	B44	and	B67	

limited	the	effects	of	staining	on	porous	materials	but	were	not	found	to	

be	100%	effective,	neither	were	they	able	to	preventing	the	corrosion	of	

metal	surfaces.		

	

Evaluation	of	current	mitigation	guidelines	

	

When	assessing	the	efficacy	of	currently	recommended	and	adopted	

mitigation	practices	to	prevent	interactions	between	bat	urine	and	

droppings	and	those	materials	commonly	found	within	a	church	building,	

it	was	determined	that	for	churches	with	very	small	numbers	of	bats	the	

current	guidelines	could	be	useful.	Unfortunately,	for	churches	with	a	

significant	bat	presence	the	current	mitigation	guidelines	were	largely	

ineffective	and	were	found	to	have	potential	to	cause	frustration.	

	

8.1 Discussion	

	

As	a	result	of	this	research,	deterioration	of	materials	commonly	found	

within	a	church	building	has	been	proven	to	occur	as	a	result	of	contact	

with	bat	droppings	and	urine.	We	also	have	a	better	understanding	of	the	

deterioration	mechanisms	involved	and	the	particular	susceptibilities	of	

different	materials.	There	can	now	be	no	doubt	that	bat	droppings	and	

urine	cause	“damage”.		

	

This	information	combined	with	knowledge	gained	in	case	study	

churches,	and	via	many	years	of	meetings	and	discussion	with	those	

involved	both	with	the	care	of	churches	and	the	care	of	bats	leads	me	to	

conclude	that	there	is	currently	a	conservation	conflict	where	bats	and	

churches	are	concerned.	There	can	be	no	other	conclusion.	Current	
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mitigation	practices	for	churches	with	large	bat	populations	have	been	

shown	to	be	largely	ineffective,	or	impractical,	therefore	if	bats	fly	or	

roost	within	the	main	body	of	a	church,	dropping	and	urine	deposition	

will	occur	resulting	in	deterioration	to	the	historic	interior	of	the	

building.	

Finding	a	way	forward	will	be	complicated,	not	least	because	of	the	need	

to	dislodge	opinions,	positions	and	ways	of	thinking	that	have	

surrounded	the	issue	for	the	past	36	years.		

	

Approaching	the	issue	of	bats	in	churches	from	the	perspective	that	bats	

are	not	welcome	within	church	structures	(and	should	be	removed)	is	

unrealistic	given	the	current	legislative	provision	for	the	conservation	of	

species	within	the	UK,	and	undesirable	from	an	ecological	standpoint.	

While	there	are	still	some	individuals	for	whom	the	only	acceptable	

solution	to	the	problem	is	complete	exclusion	of	bats	from	churches,	this	

is	increasingly	becoming	a	minority	opinion.	The	political	and	cultural	

landscape	has	shifted	considerably	since	1981	and	the	introduction	of	the	

Wildlife	and	Countryside	Act.	In	the	period	directly	after	its	introduction,	

many	in	the	church	community	struggled	to	come	to	terms	with	the	fact	

that	bats	(in	their	minds	a	pest)	now	had	to	be	tolerated.	Such	

fundamental	opposition	to	bats	within	a	church	is	now	rare,	and	

increased	awareness	of	environmental	sustainability	and	ecological	

issues	means	that	the	need	for	legal	protection	of	an	endangered	species	

is	much	better	understood	today.	As	far	back	as	1993	Dr.	Robert	

Stebbings,	a	world-renowned	and	respected	authority	on	bats	in	the	UK	

had	already	noticed	a	significant	shift	in	public	opinion	relating	to	bats:	

	

“It	is	remarkable	how,	with	the	passage	of	only	20	years	or	so,	
the	public	and	press	image	of	bats	has	changed	from	great	
hostility	towards	them,	to	an	even	greater	concern	for	the	
damage	we	have	done	to	their	habitat	and	more	directly	to	the	
animals	themselves.	In	the	1950’s	and	1960’s	it	was	not	
uncommon	for	people	deliberately	to	exterminate	colonies	of	
bats…people	admitted	their	fear	and	superstitions	about	the	
animals	and	that	they	simply	wanted	to	be	rid	of	the	“vermin”	
(Stebbings,	1993).	
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Current	opinion	within	church	communities	today	is	predominantly	

supportive	of	biodiversity	initiatives	as	evidenced	by	programs	such	as	

the	Wildlife	in	Churchyards31	initiative	and	Caring	for	God’s	Acre32.	Church	

communities	are	not	therefore	ideologically	opposed	to	coexisting	with	

bats,	but	become	increasingly	unwilling	to	do	so	if	the	“cost”	of	the	bats	

becomes	excessive	or	unsustainable.		

	

Costs	incurred	as	a	result	of	bat	habitation	can	relate	to:	

	

• Resources	(such	as	time,	money,	goodwill	of	volunteers)	

• Damage	to	historic	fabric	of	the	building,		

• Reduction	in	a	church’s	ability	to	provide	its	spiritual	function	

Discussing	bat	habitation	within	churches	in	these	terms	makes	it	clear	

why	different	churches	experiencing	the	same	degree	of	bat	habitation	

can	respond	very	differently.	Each	church	is	effectively	unique,	having	

different	resources	and	particular	perspectives	on	subjective	issues	such	

as	damage	assessment,	or	the	degree	to	which	the	church’s	ability	to	

demonstrate	its	spiritual	function	is	being	impaired.	Attempting	to	

manage	issues	relating	to	bats	in	churches	by	producing	generic	guidance	

is	unlikely	to	be	successful,	nor	is	an	approach	based	on	comparative	

numbers	of	bats.		

	

Analysis	such	as	this	also	makes	it	clear	why	so	much	of	the	guidance	

concerning	bats	in	churches,	and	many	of	the	currently	recommended	
																																																								
31 Guidance	issued	by	the	Church	Buildings	Council	under	section	55(1)(d)	of	the	
Dioceses,	Mission	and	Pastoral	Measure	2007.	As	statutory	guidance,	it	must	be	

considered	with	great	care.	The	standards	of	good	practice	set	out	in	the	guidance	

should	not	be	departed	from	unless	the	departure	is	justified	by	reasons	that	are	spelled	

out	clearly,	logically	and	convincingly.  

	
32		Caring	for	God’s	Acre:	Protecting	wildlife,	Preserving	heritage,	Involving	people.	
							http://www.caringforgodsacre.org.uk	
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mitigation	practices,	are	a	potential	cause	of	frustration	for	churches,	and	

have	in	many	ways	exacerbated	the	issue.	Churches	are	under	resourced;	

the	burden	of	caring	for	these	large	historic	structures	falls	to	an	(often	

elderly)	volunteer	workforce	with	little	funding,	meaning	not	only	are	

churches	cash	poor,	but	time	spent	engaging	in	fundraising	means	that	

their	small	volunteer	workforces	are	also	time-poor.	In	2006	the	

projected	cost	of	necessary	repairs	to	all	listed	places	of	worship	in	

England	for	the	following	five	year	period	was	estimated	at	£925	million	

(Walter	and	Mottram,	2015,	37).	In	reality,	there	was	a	significant	

shortfall	on	this	spend,	meaning	that	year	on	year	historic	church	

buildings	experienced	progressive	deterioration	(ibid).		

	

For	rural	churches	the	cost	benefit	analysis	involved	in	maintaining	an	

increasingly	historic	building	is	no	doubt	a	constant	source	of	worry,	yet	

there	is	at	least	a	clear	benefit	associated	with	the	costs	incurred.		In	

contrast,	bat	occupation	within	a	church	building	has	little	or	no	direct	

benefit	to	a	congregation,	nor	does	it	enable	or	enhance	the	ministry	of	

the	church,	yet	there	is	a	cost	involved	relating	to	damage	to	fabric	of	the	

building	and	reduction	of	the	church’s	ability	to	demonstrate	its	spiritual	

function.	Churches	have	found	themselves	in	the	position	of	having	to	

“pay	twice”	for	their	bats.	Not	only	as	a	result	of	the	costs	to	building	

fabric	and	spiritual	mission,	but	also	as	a	result	of	employing	ecological	

consultants	prior	to	building	work	taking	place,	or	due	to	engaging	in	

costly	and	time	consuming	mitigation	practices.	Viewed	in	these	terms	it	

is	easy	to	see	why	bats	might	be	unwelcome	in	churches	and	can	be	a	

source	of	considerable	frustration.		

	

Negotiation,	dialogue	and	careful	management	of	situations	involving	

resident	bat	populations	within	church	buildings,	will	be	the	key	to	

managing	this	conservation	conflict	in	a	sustainable	way	in	the	future.	

Certainly	the	challenges	that	the	Church	will	face	in	the	coming	years	are	

considerably	greater	than	those	caused	as	a	result	of	bat	habitation,	yet	it	

is	impossible	to	ignore	the	fact	that	the	current	difficulties	faced	by	the	
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Church	of	England	with	regard	to	its	rural	parishes	create	an	

environment	in	which	many	churches	are	teetering	on	the	edge	of	

viability,	struggling	to	have	a	sustainable	future	or	an	important	

functional	role	in	their	communities.	For	churches	in	this	category	the	

presence	of	bats	can	be	a	significant	contributory	factor	towards	

unsustainability.		

	

While	public	attitudes	towards	nature	conservation	have	changed	

considerably	over	the	past	35	years,	new	ideas	relating	to	heritage	

conservation	have	been	communicated	to	the	public	less	effectively.	

Simon	Jenkins	writing	in	his	introduction	to	England’s	Thousand	Best	

Churches	describes	the	Church	of	England	as	“the	true	Museum	of	

England”	(Jenkins,	1999).	This	admirable	sentiment,	shared	by	many	is	

understandable	but	has	the	potential	to	imply	that	the	interior	fabric	of	

all	churches	should	be	treated	as	if	it	were	in	a	museum.	This	notion	is	

perpetuated	albeit	unwittingly	by	guidelines	and	instructions	that	

actively	discourage	the	cleaning	and	maintenance	of	much	of	the	building	

by	non-professionals.	As	has	already	been	mentioned	if	we	are	to	devolve	

the	day-to-day	maintenance	of	these	structures	to	a	largely	untrained	

volunteer	staff,	surely	we	need	to	enable	them	to	undertake	the	task	

effectively?	Historic	churches	have	perhaps	suffered	as	a	result	of	being	

considered	less	as	functional	buildings	and	more	as	historic	artefacts.	It	is	

important	to	acknowledge	that	the	powerful	legislation	designed	to	

protect	historic	structures	and	building	fabric	can	act	as	a	barrier	to	

management	approaches	that	would	enable	a	building	to	remain	in	use,	

have	a	more	sustainable	future,	or	in	the	case	of	bats	alleviate	issues	as	

one	might	in	a	modern	building	e.g.	through	the	creation	of	partitioned	

spaces	and	dedicated	enclosed	roost	spaces	within	the	building	envelope.			

	

Fortunately	due	to	the	passage	of	time	we	are	now	in	a	position	to	

approach	the	issue	of	bats	in	churches	from	a	new	perspective.	Not	only	

with	regard	to	the	conservation	of	bats,	but	also	in	relation	to	our	

understanding	of	what	conservation	of	cultural	heritage	should	or	could	
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entail.	Within	the	last	60	years	conservation	approaches	have	developed	

and	changed	significantly.	Shifting	away	from	early	work	carried	out	by	

craftsmen/restorers,	via	the	increasing	harnessing	of	science	and	

scientific	methods,	conservation	practice	has	moved	beyond	the	realm	of	

the	museum	and	the	expert	voice,	and	increasingly	seeks	to	engage	with	

and	serve	the	needs	of	communities.	This	new	environment	in	which	

conservators	are	required	to	consider	the	needs	of	heritage	owners,	

requires	approaches	that	are	informed	and	guided	by	more	than	the	

traditional	principles	of	minimal	intervention,	object	integrity,	

reversibility	and	authenticity	(Clavir,	2002,	Viñas,	2005).	Conservation	

practice	today	is	increasingly	being	seen	less	as	the	technical	process	and	

more	as	a	social	one,	impacted	by	and	having	to	engage	with	complex	

economic,	political,	religious,	social	and	cultural	variables	(Peters,	2008,	

Sully,	2013).	

	

The	situation	currently	facing	church	volunteers	is	summarised	very	

effectively	by	Churchwarden	Alan	Sherfield:	

	

	

“It’s	hard	enough	meeting	all	the	architectural	regulations	
without	also	having	to	abide	by	a	similar	number	of	animal	
welfare	diktats.	English	Heritage	wants	us	to	be	a	museum	
and	Natural	England	wants	us	to	be	a	wildlife	sanctuary.	
We’re	just	trying	to	be	a	church”	(Hardman,	2014).	

	

In	order	to	alleviate	issues	resulting	from	bats	in	churches	more	

resources	are	needed	for	those	responsible	for	the	day-to-day	care	and	

maintenance	of	historic	churches	with	bats.	If	the	“cost”	of	having	bats	

within	a	church	is	to	be	mitigated,	financial	assistance	needs	to	be	made	

available	to	allow	church	communities	to	invest	in	more	effective,	

dynamic	and	extensive	solutions	to	bat	habitation.	Clear	guidance	and	

instruction	needs	to	be	made	available	to	the	public	concerning	how	to	

care	for	churches	with	bats	and,	where	needed,	provision	must	be	made	

for	church	communities	to	receive	instruction	and	training	in	the	care	of	

historic	fabrics.	At	an	institutional	level	greater	flexibility	and	
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pragmatism	will	be	required	regarding	the	interpretation	of	legislation	

relating	both	to	the	conservation	of	protected	species,	and	historic	

structures,	if	a	sustainable	long	term	future	for	both	is	to	be	achieved.		

	

Over	the	past	ten	years	constructive	dialogue	between	organisations	such	

as	Natural	England,	the	Bat	Conservation	Trust,	English	Heritage	and	the	

Church	Buildings	Council	has	led	to	better	understanding	of	the	issues	

relating	to	bats	in	churches.	This	collaborative	environment	has	resulted	

in	the	initiation	and	support	of	research	projects	to	explore	the	effects	of	

bat	exclusion	from	churches	and	the	efficacy	of	innovative	bat	mitigation	

strategies	involving	light	and	sound	(Ryan,	2011,	Zeale,	2014).	It	has	also	

led	to	my	own	project	to	better	understand	deterioration	of	historic	

fabrics	as	a	result	of	bat	droppings	and	urine.	While	this	ten	year	period	

has	been	very	productive	from	a	research	perspective,	and	has	seen	the	

acknowledgement	of	what	will	be	required	to	ensure	a	sustainable	future	

for	churches	with	bats,	it	has	continued	to	be	a	period	of	frustration	for	

those	faced	with	bat	related	issues,	as	they	wait	for	research	outcomes	to	

be	transformed	into	real	world	solutions.		

	

Solutions	however	are	at	hand.	On	the	8th	of	February	2017	it	was	

confirmed	that	the	collaborative	Bats	in	Churches	Partnership	project	had	

successfully	received	approval	from	the	Heritage	Lottery	Fund	(HLF)	to	

start	the	development	stage.		The	main	partners	in	the	project	are:	

Natural	England,	Cathedral	and	Church	Buildings	Division	of	the	Church	

of	England,	Historic	England,	Bat	Conservation	Trust	and	Churches	

Conservation	Trust.	The	project	will	allocate	£3.8	million	of	funding	from	

the	HLF	with	matching	funding	and	in-kind	contributions	from	the	

partners,	to	explore	better	ways	of	mitigating	the	impact	of	bats	on	

historic	church	buildings,	whilst	ensuring	the	future	of	the	bat	colonies	

involved.		

	

The	project	is	designed	to	run	in	two	phases,	beginning	with	a	13	month	

development	phase	(completing	in	March	2018),	followed	by	a	five-year	
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delivery	phase	running	until	2023.	The	project	aims	to	support	

communities	and	congregations	looking	after	churches	and	bats,	protect	

the	historic	fabric	and	heritage	value	of	church	buildings,	and	to	

safeguard	the	future	of	bat	colonies	in	churches	whilst	reducing	their	

impact.		

	

At	the	start	of	the	project	it	is	proposed	that	a	national	network	of	bat	

conservation	volunteers	will	be	established	to	provide	technical	advice	

and	guidance	to	church	communities,	including	practical	support	with	

the	implementation	of	bat	conservation	measures	and	wider	community	

outreach	work.	It	is	envisaged	that	the	volunteer	network	will	be	

supported	by	technical	specialists	enabling	them	to	get	high	quality	

advice	in	a	timely	manner	should	they	need	it.	Improved	guidance	will	

also	be	made	available	online	via	a	dedicated	website.	

	

Focussing	first	on	those	churches	that	are	most	severely	affected	by	bats,	

the	project	will	implement	and	test	a	range	of	new	mitigation	practices	

informed	by	recent	research.	Knowledge	and	best	practice	generated	

from	this	initial	work	will	be	disseminated	through	a	network	of	

specialist	volunteers	and	local	co-operative	groups,	enabling	them	to	

assist	other	churches	experiencing	lower	levels	of	impact	from	bat	

colonies.	The	project	will	build	expert	capacity	nationally	by	identifying	

specific	individuals	to	be	trained	to	have	a	specialist	understanding	of	the	

sensitivity	of	historic	fabric	and	community	use	of	churches,	in	addition	

to	the	management	of	bats.	

	

I	am	fortunate	that	my	research	project	finishes	just	as	the	Bats	in	

Churches	Partnership	project	begins,	and	I	hope	that	I	can	make	a	

valuable	contribution	to	it.	Certainly	project	objectives	relating	to	

developing	and	improving	mitigation	practices	used	in	churches,	and	

providing	guidance	and	support	for	those	caring	for	historic	fabrics	will	

be	enhanced	as	a	result	of	the	improved	understanding	of	damage	

mechanisms	relating	to	bat	droppings	and	urine	that	my	work	provides.		
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8.1.1 Further	work	

	

This	research	project	did	not	attempt	to	be	an	exhaustive	study	of	all	

materials	of	historical	value	within	a	church	building;	nor	did	it	attempt	

to	be	the	definitive	work	on	this	complicated	subject.	The	experimental	

work	was	designed	to	provide	a	data	set	capable	of	answering	the	most	

fundamental	questions	relating	to	the	mechanisms	and	issues	involved,	

and	therefore	focused	on	materials	that	presented	the	greatest	likelihood	

of	producing	clear	experimental	results,	and	that	had	the	greatest	

relevance	to	the	issues	being	investigated.	In	order	to	achieve	these	

research	aims	experimental	methods	were	designed	that	would	take	into	

account	the	complicated	nature	of	the	problem	and	the	wide	range	of	

potential	variables	involved,	while	remaining	well	defined	and	achievable	

within	a	reasonable	time	frame.		

	

The	research	methods	employed	in	my	work	were	based	on	

experimentation,	observation	and	analysis,	with	care	taken	to	ensure	that	

the	work	was	not	only	objective	and	reproducible,	but	also	

understandable	to	the	layperson.	Throughout	this	research	project,	the	

urge	to	overcomplicate	or	become	unduly	scientific	was	intentionally	

avoided.	I	have	taken	the	view	that	if	my	work	and	findings	could	not	

easily	be	explained	and	visually	demonstrated	to	the	wide	range	of	

stakeholders	involved	in	the	bats	in	churches	debate,	it	would	have	very	

limited	value.	There	are	clearly	areas	where	further	work	could	be	

undertaken,	or	where	a	greater	number	of	samples	could	be	analysed	

using	a	wider	range	of	scientific	techniques.	For	example,	single	crystal	X-

ray	diffraction	and	Raman	spectroscopy	could	have	been	employed	to	

further	confirm	the	presence	of	corrosion	products	detected	on	test	

samples.	The	decision	not	to	undertake	this	analysis	was	taken	because	it	

was	felt	that	it	was	not	a	responsible	use	of	resources	to	do	so.	At	a	cost	

of	£200	–	300	per	sample	the	results	would	not	fundamentally	have	

improved	any	understanding	of	the	topic	being	investigated	and	would	
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have	been	largely	(if	not	entirely)	irrelevant	to	stakeholders	trying	to	

deal	with	issues	caused	by	bats	in	churches.	

	

Clearly	there	are	many	materials	not	represented	in	this	project	that	

would	benefit	from	further	research	e.g.	stained	glass,	textiles,	

polychrome	surfaces	and	indeed	a	wider	range	of	metal	alloys,	stone	

building	materials	and	wood	species.		

While	it	would	be	beneficial	to	look	at	a	wider	range	of	material	types	in	

the	future,	looking	at	the	effects	of	age	and	condition	on	material	

responses	to	bat	droppings	and	urine	may	be	a	greater	research	priority.	

Materials	used	for	experimental	work	in	this	project	were	newly	

acquired	and	processed	to	ensure	a	reasonable	degree	of	consistency	

between	the	surfaces	of	different	samples.	Work	in	case	study	churches	

showed	that	deterioration	experienced	in-situ	by	historic	materials	was	

consistent	with	that	seen	in	experimental	work,	however	it	would	be	

interesting	to	repeat	the	deposition	experiments	with	equivalent	historic	

materials	as	a	basis	for	direct	comparison.	Granite	samples	used	in	this	

project	were	highly	polished,	and	showed	no	significant	response	to	bat	

droppings	or	urine,	however	this	may	not	be	the	case	if	the	surface	were	

aged	or	the	stone	deteriorated,	likewise	while	corrosion	is	commonly	

seen	on	historic	brasses	it	would	be	interesting	to	determine	the	extent	

to	which	historic	patination	has	the	potential	to	retard	the	effects	of	bat	

urine.	

	

The	role	that	salt	damage	could	play	in	the	deterioration	of	porous	

materials	has	been	discussed	previously,	but	experimental	work	related	

to	this	(potential)	damage	mechanism	was	not	undertaken	and	would	

certainly	benefit	from	future	research.	A	potentially	useful	experiment	

could	be	to	apply	solutions	(of	an	equivalent	ionic	composition	and	

concentration	to	UK	bat	urine)	to	porous	stone	samples	and	then	subject	

them	to	a	cycling	relative	humidity	environment	that	frequently	crossed	

relevant	dissolution/crystallization	boundaries.	Scanning	electron	

micrographs	and	polished	thin	sections	of	the	test	materials	taken	before	
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and	after	the	experiment	could	be	used	to	determine	the	effect	on	the	

samples.	It	should	be	noted	that	such	an	experiment	would	need	to	

explore	multiple	variables;	effects	of	substrate	permeability	and	

condition;	urine	solution	chemistry	and	deposited	volume;	and	the	

potential	effect	of	environmental	factors	that	might	be	experienced	in	

situ	(such	as	airflow).		

	

While	we	now	have	a	much	better	and	more	accurate	understanding	of	

the	chemistry	of	urine	from	UK	bats,	more	work	should	be	done	to	

determine	the	effects	of	diet	on	urine	concentration	and	urea	content.	As	

urea	plays	a	role	in	regulating	the	concentration	of	urine	in	the	renal	

medulla	of	the	kidney,	concentration	of	urea	in	the	blood	will	have	a	

direct	effect	on	the	concentration	of	urine	being	produced.	While	the	

urine-concentrating	ability	of	the	kidney	in	insectivorous	bats	is	similar	

to	other	mammals33,	diet	has	great	potential	to	impact	on	both	the	

volume	of	urine	produced	and	the	urea	content	(Neuweiler,	2000,	88).	

Research	has	shown	that	after	a	meal	of	insects,	protein	metabolism	

leads	to	a	very	high	blood	urea	concentration	in	bats	(four	to	five	times	as	

high	as	in	omnivorous	mammals),	resulting	in	an	increase	in	urine	

production	and	urea	concentration.	This	biological	response	to	diet	is	

something	that	could	usefully	be	considered	as	it	may	have	an	impact	on	

deterioration	mechanisms	and	the	efficacy	of	mitigation	practices.	Some	

useful	questions	to	answer	would	be;	how	long	after	ingesting	a	meal	will	

the	more	concentrated	urine	be	passed	?	Where	is	this	likely	to	take	

place,	inside	the	church	before	returning	to	the	roost,	or	outside	while	

feeding	?		

	

Continued	assessment	of	coatings	and	also	cleaning	approaches	are	a	

fundamental	area	for	further	work	if	objectives	of	the	Bats	in	Churches	

																																																								
33	For	example	insectivorous	bats	have	a	U/P	relationship	of	3.5	-6.5,	that	of	humans	is	
4.0.		

U/P	is	physiological	measure	of	the	concentrating	power	of	the	kidney	it	is	the	ratio	of	

the	osmotic	pressure	in	urine	to	that	in	blood	plasma.	
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Partnership	project	are	to	be	met.	A	key	aim	of	the	project	is	to	develop	

and	improve	mitigation	practices	used	in	churches,	and	to	provide	better	

guidance	and	support	for	those	caring	for	historic	fabrics.	While	the	

ability	of	selected	coatings	to	form		an	effective	barrier	against	bat	

droppings	and	urine	was	carried	out	as	part	of	this	research	project	more	

work	could	certainly	be	done.	Although	there	are	considerable	

disadvantages	and	logistical	impracticalities	that	would	make	the	

application	of	protective	coatings	non-viable	as	a	widely	adopted	or	

recommended	mitigation	approach,	there	are	some	scenarios	in	which	

coatings	could	be	usefully	employed.	In	instances	where	bat	roosts	

(particularly	maternity	roosts)	are	directly	above,	or	adjacent	to	

important	funerary	monuments	or	building	fabric,	a	protective	coating	

could	be	considered	to	be	of	singular	benefit	as	a	way	of	reducing	the	

considerable	staining	that	would	otherwise	occur.	While	protective	

coatings	have	disadvantages	they	should	not	be	entirely	discounted,	

theoretically	they	offer	a	potential	solution	if	a	coating	can	be	identified	

that	is	both	effective	and	appropriate	for	use	on	heritage	materials.	

	

Impact	of	research	

	

This	research	has	been	provided	answers	to	the	most	fundamental	

questions	relating	to	the	deterioration	of	church	materials	by	bat	

droppings	and	urine.	Deterioration	mechanisms	and	pathways	have	been	

identified,	and	supporting	evidence	from	experimental	work	and	

scientific	analysis	has	been	provided.	As	a	result	of	the	research	the	

nature	of	deterioration	caused	bat	excreta	is	now	better	understood	than	

at	any	point	previously,	and	can	be	communicated	clearly	to	a	wide	range	

of	stakeholders.	An	additional	outcome	of	my	research	is	that	it	has	

generated	a	large	group	of	sample	materials	bearing	the	effects	of	bat	

droppings	and	urine	(corrosion,	staining,	coating	with	dropping	residue	

etc.).	These	samples	would	be	valuable	as	visual	aids	to	allow	

stakeholders	to	see	examples	of	bat	related	damage,	or	as	a	resource	for	
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use	in	future	work	to	determine	effective	cleaning	and	conservation	

practices.		

	

In	addition	to	a	greater	understanding	of	deterioration	mechanisms,	

work	relating	to	the	urine	chemistry	of	UK	bats	has	been	undertaken	that	

provides	valuable	new	information	regarding	composition,	pH	and	the	

urine	concentrating	ability	of	bats	in	relation	to	their	size.	Representing	

the	first	research	of	this	type	with	respect	to	UK	bat	species,	it	is	of	great	

significance	to	both	heritage	professionals	and	biologists.		

	

It	is	my	belief	that	this	research	project	has	had,	and	will	continue	to	

have,	a	significant	impact	on	future	initiatives	concerning	mitigating	the	

effects	of	bats	within	churches	(and	other	heritage	buildings).	The	

initiation	of	my	research	in	2008	necessitated	a	number	of	round	table	

discussions	with	individuals	and	organisations	historically	involved	with	

the	bats	in	churches	debate.	In	doing	so	it	acted	as	a	catalyst	for	a	review	

of	the	issues	relating	to	bats	in	churches,	reinvigorating	the	discussion	

and	placing	the	emphasis	on	a	collaborative	and	purely	objective	review	

of	the	issues	involved.	Ultimately	organisations	then	began	to	initiate	

their	own	projects	and	initiatives	e.g.	looking	at	deterrent	methods	such	

as	lighting	in	order	to	influence	bat	behaviour,	and	the	effects	of	

exclusion	on	local	bat	populations.	These	projects	and	the	discussions	

surrounding	them,	created	the	momentum	that	has	ultimately	led	to	the	

Bats	in	Churches	Partnership	project.	
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Appendices	

	

Appendix	1	-	Regulation	41	of	the	Conservation	of	Habitats	and	

Species	Regulations	2010	

	

PART	3	

PROTECTION	OF	SPECIES	

Protection	of	animals	
European	protected	species	of	animals	
	
40	
(1)	Schedule	2	(European	protected	species	of	animals)	lists	those	
species	of	animals	listed	in	Annex	IV(a)	to	the	Habitats	Directive	which	
have	a	natural	range	which	includes	any	area	in	Great	Britain.		
(2)	References	in	this	Part	to	a	“European	protected	species”	of	animal	
are	to	any	of	those	species.	
	
Protection	of	certain	wild	animals:	offences	
41	
	
(1)	A	person	who	-	

(a)	deliberately	captures,	injures	or	kills	any	wild	animal	of	a	
European	protected	species,	
(b)	deliberately	disturbs	wild	animals	of	any	such	species,	
(c)	deliberately	takes	or	destroys	the	eggs	of	such	an	animal,	or	
(d)	damages	or	destroys	a	breeding	site	or	resting	place	of	such	an	
animal,	

is	guilty	of	an	offence.	
	
(2)	For	the	purposes	of	paragraph	(1)(b),	disturbance	of	animals	includes	
in	particular	any	disturbance	which	is	likely—	

(a)	to	impair	their	ability—	
(i)	to	survive,	to	breed	or	reproduce,	or	to	rear	or	nurture	
their	young,	or	
(ii)	in	the	case	of	animals	of	a	hibernating	or	migratory	
species,	to	hibernate	or	migrate;	

or	
(b)	to	affect	significantly	the	local	distribution	or	abundance	of	the	
species	to	which	they	belong.	
	

(3)	It	is	an	offence	for	any	person—	
(a)	to	be	in	possession	of,	or	to	control,	
(b)	to	transport,	
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(c)	to	sell	or	exchange,	or	
(d)	to	offer	for	sale	or	exchange,	

anything	to	which	this	paragraph	applies.	
	
(4)	Paragraph	(3)	applies	to—	

(a)	any	live	or	dead	animal	or	part	of	an	animal—	
(i)	which	has	been	taken	from	the	wild,	and	
(ii)	which	is	of	a	species	or	subspecies	listed	in	Annex	IV(a)	
to	the	Habitats	Directive;	

and	
(b)	anything	derived	from	such	an	animal	or	any	part	of	such	an	
animal.	
	

(5)	Paragraphs	(1)	and	(3)	apply	regardless	of	the	stage	of	the	life	of	the	
animal	in	question.	
	
(6)	Unless	the	contrary	is	shown,	in	any	proceedings	for	an	offence	under	
paragraph	(1)	the	animal	in	question	is	presumed	to	have	been	a	wild	
animal.	
	
(7)	In	any	proceedings	for	an	offence	under	paragraph	(3),	where	it	is	
alleged	that	an	animal	or	a	part	of	an	animal	was	taken	from	the	wild,	it	is	
presumed,	unless	the	contrary	is	shown,	that	that	animal	or	part	of	an	
animal	was	taken	from	the	wild.	
	
(8)	A	person	guilty	of	an	offence	under	this	regulation	is	liable	on	
summary	conviction	to	imprisonment	for	a	term	not	exceeding	six	
months	or	to	a	fine	not	exceeding	level	5	on	the	standard	scale,	or	to	both.	
	
(9)	Guidance	as	to	the	application	of	the	offences	in	paragraph	(1)(b)	or	
(d)	in	relation	to	particular	species	of	animals	or	particular	activities	may	
be	published	by—	

(a)	the	appropriate	authority;	or	
(b)	the	appropriate	nature	conservation	body,	with	the	approval	of	
the	appropriate	authority.	
	

(10)	In	proceedings	for	an	offence	under	paragraph	(1)(b)	or	(d),	a	court	
must	take	into	account	any	relevant	guidance	published	under	paragraph	
(9).	
(11)	In	deciding	upon	the	sentence	for	a	person	convicted	of	an	offence	
under	paragraph	(1)(d),	the	court	must	in	particular	have	regard	to	
whether	that	person	could	reasonably	have	avoided	the	damage	to	or	
destruction	of	the	breeding	site	or	resting	place	concerned.	
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Appendix	2	-	Church	Times	articles,	published	queries,	published	
letters	and	advertisements	relating	to	bats	and	their	use	of	
church	buildings	in	the	period	between	1863	and	2015	

	

Year_Month_Day 
_Page 

Description of reference (or where 
relevant, selection of text) Notes 

1863_10_10_284 Question: What is the best way of getting rid of 
bats from a church? 

  

1873_01_10_015 Question: What is the best way of getting rid of 
bats from a church? 

  

1880_08_27_548 Question: " Sir - My church is infested with 
bats…can any of your readers kindly tell me how 
to get rid of these pests?" 

  

1880_09_03_563 Suggestion on how to get rid of bats: 
"Incense/Live owl/Turpentine forced into all holes 
and crevices in roof timbers, bats move out or fall 
to the ground stupified by the smell." 

  

1880_09_10_578 Suggestion on how to get rid of bats: "Leave all 
the windows open an hour before dark shutting 
them once the bats have left to forrage for the 
night. Repeat over the course of two or three 
evenings". 

  

1882_08_18_558 Suggestion on how to get rid of bats: Editor 
response citing previous recommendations of 
Incense/Live owl/Turpentine/Exclusion via shut 
windows 

  

1887_02_11_096 Question: What is the best way of getting rid of 
bats from a church? 

  

1892_10_28_1085 Suggestion on how to get rid of bats: Fumigation 
with Sulphur not effective recommended lathes or 
thick cords smeared with bird-lime. 

Article. The Country 
Parson's Care of his 
Church and Sacristy - 
I 

1893_07_21_760 "...how to exterminate bats has often been asked... 
but has never met with a satisfactory answer." 

  

1895_07_12_036 "...how to exterminate bats has often been asked... 
but has never met with a satisfactory answer." 

  

1896_03_27_372 "…we have never heard of a perfectly satisfactory 
method of ridding a church of bats and bees…" 

  

1896_07_17_076 Suggestion on how to get rid of bats: Wire netting 
funnel covered  with muslin leading to a capture 
bag placed over bats point of egress from the 
church. Bats killed once captured. 

Article. Bats in 
Churches. Author 
describes the 
destruction of almost 
300 bats in one 
season and 158 the 
next. 

1896_07_24_088 Suggestion on how to get rid of bats: referred 
readers to 17 July 1896 issue (solution described 
above). 

  

1897_02_19_196 Suggestion on how to get rid of bats: referred 
reader to previous correspondence on the subject 
of "how to get rid of bats in churches". 

  

1897_08_27_212 Suggestion on how to get rid of bats: referred 
reader to 17 July 1896 issue. 
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1897_09_24_316 Suggestion on how to get rid of bats: repeats 
advice given in 17 July 1896 issue. 

  

1898_07_15_064 Suggestion on how to get rid of bats: Notes that 
questions regarding "how to get rid of bats from 
churches" are common and frequent. Repeats 
advice given in 17 July 1896 issue. 

  

1898_09_02_232 Suggestion on how to get rid of bats: repeats 
advice given in 17 July 1896 issue. 

  

1898_09_16_290 Suggestion on how to get rid of bats: Notes that 
questions regarding "how to get rid of bats from 
churches" are common and frequent. Suggests 
owl/incense and also using a net and lantern to 
catch the bats, reports that a church in Swinehead, 
Lincolnshire caught 111 and 57 bats on two 
consecutive nights using this method. 

No details are given, 
but it is assumed that 
the lantern was 
placed to attract 
flying insects and that 
the net was then 
employed to capture 
bats as they swooped 
to feed on the insects 
localised around the 
lantern. 

1900_11_16_558 "Bats especially should be protected, as the light 
cavalry of the air, preying mightily upon harmful 
insects". As part of a book review of Professor 
Davis’ translation of a volume on Agricultural 
Zoology by Dr. Ritzema Bos, Professor in the 
University of Amsterdam. 

  

1901_09_13_276 Suggestion on how to get rid of bats: repeats 
advice given in 17 July 1896 issue. 

  

1901_11_01_496 Repeats advice given in 17 July 1896 issue.   
1902_09_12_276 Suggestion on how to get rid of bats: Notes that 

"There has been no recent correspondence in our 
columns on the subject." then Repeats advice 
given in 17 July 1896 issue.  

  

1905_06_09_748 Suggestion on how to get rid of bats: "A 
correspondent last year stated that he reduced the 
nuisance caused by bats in his church by first 
discovering their means of egress. He then 
fastened at this exit a funnel of butter muslin, 
about a yard in diameter, 'which reached to the 
ground. As the bats came out they fluttered down 
this passage and were destroyed". 

This would appear to 
be a minor variation 
on the approach first 
advised in the 17 July 
1896 issue. 

1906_05_04_592 Suggestion on how to get rid of bats: referred 
reader to 9 June 1905 advice (solution described 
above). 

  

1906_12_21_816 Suggestion on how to get rid of bats: repeats 
advice given in 9 June 1905 issue, with added use 
of a lantern to assist in driving the bats out of the 
church. 

  

1907_05_31_708 Suggestion on how to get rid of bats:  Notes that 
"The difficulty of ridding a country church of the 
nuisance created by bats seems interminable." 
repeats advice given in 9 June 1905 issue, with 
added suggestion that "They may be driven into 
this bag by burning something pungent, as 
sulphur, and as they reach the ground may be 
dispatched". 
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1907_08_16_188 Suggestion on how to get rid of bats: repeats 
advice given in 9 June 1905 issue. 

  

1907_08_23_215 Suggestion on how to get rid of bats: "This 
question, is a hardy annual, Year after year has the 
matter been ventilated in our columns, and 
apparently with no satisfactory result. A 
correspondent in a contemporary now suggests 
poison. Note (he says) where the bats congregate, 
by observing where there is most dirt on the floor. 
Get some poison, such as one uses for rats and 
mice, and by aid of a ladder place it among the 
beams and rafters in the places noted. It may be 
necessary to do it again at another date. - Ed." 

This represents the 
first suggested use of 
poison. The reference 
to a "contemporary" 
suggest that questions 
relating to the 
removal of bats from 
churches appeared in 
publications other 
than just the Church 
Times. 

1907_08_30_243 Suggestion on how to get rid of bats: "To capture 
the habitual denizens of the sacred edifice we took 
daily note of the particular place or places in the 
oak roof where they slept during the day by the 
traces on the floor or seats. Having done this, we 
nailed to that part of the roof the open end, some 
four or five feet in diameter, of   a long white 
butter- muslin cone, the apex of which reached tile 
floor. Starvation will always, prove an effective 
weapon, and must ensue if there is no escape. We 
have two bats left now whose haunts we cannot 
locate at present, but we have practically a clean 
church so far as the bat trouble is concerned." 

  

1907_09_06_273 "Sir, - Your correspondent of Aldeburgh-on-Sea, 
in his letter on this subject in your issue of the 
30th ult., appears to advocate the starvation of 
these useful and harmless little creatures, in the 
“sacred edifice” of a church, by means of an 
improvised muslin trap. Surely the slow, lingering 
death from starvation is one of the most terrible 
deaths which any living thing can suffer, and that 
it should be deliberately inflicted in a place of 
worship, in which worshippers are enjoined, at 
least once a week, if not oftener, to “do no 
murder,” is, to my mind, so incongruous, not to 
use stronger but more appropriate language, that I 
venture to write this letter in the hope that others 
may think twice before allowing their churches to 
be desecrated by the adoption of this refined form 
of cruelty..." 

The letter continues 
and suggest that the 
bats must be present 
in the church because 
large numbers of 
insects are residing 
within and were it not 
for the bats, the 
church would likely 
be overrun by flying 
insects 

1907_09_20_335 Response/rebuttal to above letter "Sir, - A 
sentence in my hurriedly written letter regarding 
“Bats in Churches ” has given offence in several 
quarters. Of course I refer to incipient starvation, 
necessitating a search for food. I should never be 
cruel enough to allow any living thing to starve to 
death if I could prevent it." 

It is interesting to 
note that poisoning, 
trapping, bludgeoning 
etc. are seemingly 
deemed acceptable by 
the readership, but 
that starvation is 
considered cruel. 

1910_07_29_150 Part of larger article on the The Marshland 
Churches of Lincolnshire. "This large church had 
for some time the evil reputation- of being ‘the 
dirtiest church in Marshland and abundant in 
bats'.” 
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1910_09_30_412 Suggestion on how to get rid of bats: repeats 
advice given in 9 June 1905 issue. 

  

1911_09_15_329 Part of a larger article on Rambles in North 
Nottinghamshire. " A dust-pan full of bats’ dung 
could have been readily swept up on the floor at 
the entrance of the chancel. The smell of this 
House of God was naturally of a distinctly foul 
character." 

  

1912_04_19_528 Suggestion on how to get rid of bats: repeats 
advice given in 9 June 1905 issue. With the 
addition that "light taken into the church at night 
time will drive them into the trap, when they can 
be captured, and the hole stopped so as to prevent 
their return". 

It cannot be 
determined if the 
change of language 
from the previously 
used 
"dispatched/destroyed
" to "captured" is 
intentional 

1912_05_24_716 Suggestion on how to get rid of bats: repeats 
advice given in 9 June 1905 issue. With the 
addition that "light taken into the church at night 
time will drive them into the trap, when they can 
be captured, and the hole stopped so as to prevent 
their return". 

The bats are again 
referred to here as 
being "caught" not 
dispatched/destroyed 

1912_09_06_264 Suggestion on how to get rid of bats: repeats 
advice given in 9 June 1905 issue. With the 
addition that "light taken into the church at night 
time will drive them into the trap, when they can 
be captured, and the hole stopped so as to prevent 
their return". 

The bats are again 
referred to here as 
being "captured" not 
dispatched/destroyed 

1912_09_20_328 "We are so constantly replying to the question 
how to get rid of bats in churches that we must 
content ourselves with referring you to the answer 
to “ B.P.P.” in the issue of Sept. 6." shown above. 

  

1912_10_04_404 Suggestion on how to get rid of bats: repeats 
advice given in 9 June 1905 issue. With the 
addition that "light taken into the church at night 
time will drive them into the trap, when they can 
be captured, and the hole stopped so as to prevent 
their return". 

The bats are again 
referred to here as 
being "captured" not 
dispatched/destroyed 

1913_01_31_144 Suggestion on how to get rid of bats: "The only 
way is to get rid of the vermin, and this can be 
done by stopping up all but one of the means of 
ingress, and then driving the bats out by lighting 
up the church at night when the bats should fly out 
of the hole which is left. If this operation be 
repeated until all have flown, the hole should be 
stopped, and the nuisance should cease." 

A change in approach 
based on excluding 
the bats and 
preventing re-entry 
without having to rely 
on capture/trapping 
etc. 

1914_02_06_170 Suggestion on how to get rid of bats: Repeats and 
reverts to the advice given in 9 June 1905. With 
the addition that light and smoke can be used to 
drive the bats "into the trap", where they can be 
captured. also adds that "The introduction of the 
use of incense suggests another and perhaps more 
humane method." 

Although the advice 
has reverted to a 
capture/trapping 
method the 
acknowledgement 
that other "more 
humane" methods 
might be tried is 
interesting. 
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1915_07_02_008 Suggestion on how to get rid of bats: repeats 
advice given in 9 June 1905 issue. 

  

1916_07_28_078 Suggestion on how to get rid of bats: repeats 
advice given in 9 June 1905 issue. 

Bats referred to as 
"being able to be 
caught and 
destroyed". 

1917_12_07_488 Suggestion on how to get rid of bats: "We have 
said, over and over again, that there is no effective 
remedy for getting rid of bats in a church, unless it 
be by fumigation, which cannot always be carried 
out satisfactorily. The only real remedy for this 
nuisance is to wire the windows, etc., so that the 
pests can not enter." 

Interesting that in this 
response there is 
apparently "no 
effective remedy", 
presumably based 
more on the regular 
occurrence of the 
question rather than 
any other form of 
evidence. Effective 
methods of 
"removing bats" one 
year will not prevent 
them from returning 
the next. It seems that 
this response is 
related more to how 
to prevent bats 
inhabiting a church as 
opposed to how to 
remove them. 

1920_07_02_008 "Bats. - This hardy annual makes its appearance 
early this year. The only real remedy for bats in 
churches Is not to let them in." then goes on to 
repeat advice given in 9 June 1905 issue. 

  

1920_09_03_218 Suggestion on how to get rid of bats:  "We must 
have answered this question a hundred times in 
ten years. Stop all the entrances and exits but one, 
and over the mouth of the one remaining place’ a 
long funnel of muslin about a yard wide at the 
mouth and tapering to the ground.' The bats can be 
driven into the net and disposed of." 

  

1922_09_01_204 Suggestion on how to get rid of bats: repeats 
advice given in 9 June 1905 issue. 

Bats referred to as 
"being able to be 
caught and 
destroyed". 

1922_10_06_334 "The correspondent who is about to write to us, as 
a hundred have already done, to ask how to free 
his church from bats, may like to know that one of 
our readers has done so by the use of a pound or 
two of “ sweet incense broken small.” We 
congratulate him upon a success which we know 
to be exceptional." 

  

1923_09_21_301 "...the “ Cathedral of the Marsh ” was overrun 
with bats, and the beautiful church in the horrible 
condition which results from this plague;..." 

From article "On the 
Lincolnshire Coast" 



	 460	

1924_07_04_008 Suggestion on how to get rid of bats: repeats 
advice given in 9 June 1905 issue. 

Bats referred to as 
being able to be 
caught and "disposed 
of". 

1925_07_03_008 "Your question about bats in churches is a 
reminder that summer is upon us. We have tried to 
solve the problem year after year, and the only 
remedy that we find is really effective is to keep 
them 'out' by covering all practical windows and 
doors with wire netting. But the vermin having 
found entrance, the following plan should be tried. 
Stop up all exits and entrances, save one. Over the 
mouth of the one hole remaining place a long. 
Funnel of muslin, about yard wide at the mouth, 
and tapering down to the ground. The bats can be 
driven out into the net and disposed of. When this 
has been done, the hole should be sealed up." 

Interesting to note 
that while access to 
the church might be 
gained through doors 
and windows, bats 
would be able to find 
many other points of 
access and therefore 
those would not 
necessarily be 
effective. 

1927_02_18_186 Suggestion on how to get rid of bats: incense Small reference to 
using incense to 
remove bats in an 
article related to 
Death Watch Beetle. 

1927_04_01_376 Suggestion on how to get rid of bats: repeats 
advice given in 9 June 1905 issue. 

  

1927_08_26_228 Suggestion on how to get rid of bats: repeats 
advice given in 9 June 1905 issue. Also suggest 
wiring windows to prevent return. 

  

1927_10_14_424 Suggestion on how to get rid of bats: repeats 
advice given in 9 June 1905 issue. 

Bats referred to as 
being able to be 
caught and "disposed 
of". 

1928_03_02_244 "We answer your question about once a month. 
Bats in churches can be destroyed if all but one of 
the entrances and exits are stopped, and if over the 
mouth of the one hole remaining a long funnel of 
muslin, about a yard wide at the mouth and 
tapering down to the ground, be placed. The bats 
can be driven out into this net and disposed of. 
When this has been done, the hole should be 
sealed up. We believe that this method has been 
proved to be effective; we know of no other, for 
sulphur fumes, and even incense, have been tried 
and found of no use." 

Sulphur and incense 
stated to be of no use. 

1928_08_10_152 "Perplexed. - We despair of ever finding a 
satisfactory remedy for getting rid of bats in 
churches. Year after year we have ventured to 
suggest an elaborate scheme, but no one has ever 
written to say that it had succeeded." 

  

1929_08_16_184 "We have not known, a summer pass, without 
your question as to the nuisance of bats in 
churches being addressed; to us. The only 
effective remedy is to wire all the window 
openings shut to keep the vermin out." 

It is interesting to 
note a departure from 
advice relating to 
capture/trapping etc. 
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1929_10_04_376 "We have, from time to time, suggested various 
remedies for getting rid of bats from churches, but 
apparently with no result. We noticed the other 
day, in a contemporary the following plan by a 
correspondent, who writes “My remedy, has been 
to find the nests. Two years ago, I discovered four 
nests in our organ dummy pipes, and found fifty-
six bats in them. Last Sunday, while preaching at 
the evening service, I heard the same noise in the 
same region and on the following Tuesday, with 
help, I removed four dummy pipes, and found 
thirty-nine bats in them. It took one-and-a-quarter 
hours to remove and replace the pipes, but we 
have had peace between these two events.” 

The reference to a 
"contemporary" 
suggest that questions 
relating to the 
removal of bats from 
churches appeared in 
publications other 
than just the Church 
Times. 

1930_06_06_716 Suggestion on how to get rid of bats: Same 
response as 16th August 1929 

  

1930_06_27_820 Suggestion on how to get rid of bats: repeats 
advice given in 9 June 1905 issue. Also suggest 
wiring windows to prevent return. 

  

1930_09_05_264 Suggestion on how to get rid of bats: repeats 
advice given in 9 June 1905 issue. Also suggest 
wiring windows to prevent ingress "prevention 
better than cure". 

  

1930_09_26_350 "Year after year, with unfailing regularity, there 
comes to us for solution the problem of how to rid 
a church of bats. It is like the sea-serpent and big 
gooseberry of the secular press. We have, on the 
advice of experts, suggested more than one 
remedy for the nuisance, not excluding the use of 
incense, but those who sought our advice have 
never written to say whether they had met with 
any success. 
Now, however, we see that the problem has found 
its way into the Times, and to our entire 
satisfaction, for no one appears to be any nearer a 
solution of it than we are. The fact is the nuisance 
is only got rid of with much difficulty, as we have 
all along indicated. The real remedy is to keep the 
vermin out by means of wired doors and windows. 
But it has been suggested, apparently as an after-
thought, that bats' are a safeguard from the death-
watch beetle. It may be so. Anyhow, the vicar of 
Saffron Walden denies it, for it seems that his’ 
church is invaded by both." 

Bats in churches 
appear to have also 
been discussed in the 
secular press. 
Interesting to note 
that while the Church 
Times have been 
making 
recommendations on 
how to remove bats 
from churches for 
many years they have 
no knowledge of 
whether the 
initiatives suggested 
are successful. 

1933_08_01_144 "Your problem of how to- rid an old country 
church of bats has been asked of us regularly for 
the past fifty years, and though suggestions have 
been made, no one has ever written to say that any 
one of them had proved successful." Goes on to 
repeat advice given in 9 June 1905 issue. Also 
suggest wiring windows to prevent return. 

Again note that while 
the Church Times 
have been making 
recommendations on 
how to remove bats 
from churches for 
many years they have 
no knowledge of 
whether the 
initiatives suggested 
are successful. 

1933_09_22_320 "We have ceased, to suggest remedies for getting 
rid of bats from churches, for none has apparently 
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proved successful." 

1934_06_22_760 Suggestion on how to get rid of bats: reverts to 
advice given in 9 June 1905 issue. 

  

1934_10_26_440 Reiterates that though suggestions have been 
given in the past, no one has ever written to say 
that any one of them had proved successful. 
Suggests incense. 

  

1935_10_04_352 "We have so often attempted to solve the problem 
of ridding churches of bats, apparently without 
result, that we give it up. The best advice we can 
give is to keep them out by wiring all windows, 
etc." 

  

1936_08_28_220 "As we have often stated in this column, we know 
of no really effective way of ridding a church of 
bats. But we have suggested rat-poison among the 
rafters where the bats are observed to congregate. 
Fine wire guards against the windows, and several 
vaporizing fumigators with concentrated nicotine 
of tobacco is another method. It has been said that, 
in those churches where incense is used, the bats 
do not appear." 

  

1937_09_17_288 Suggestion on how to get rid of bats: reverts to 
advice given in 9 June 1905 issue, also suggest rat 
poison distributed amongst the rafters. 

  

1939_07_07_009 Suggestion on how to get rid of bats: repeats 
advice given in 9 June 1905 issue. 

  

1939_08_04_111 "Sir, - Bats in church are a horrid nuisance, 
but it is not always necessary to kill them. 
They go out in the evening to feed, and in 
most churches their means of entry can be 
closed against them. A little care and 
some wire netting will overcome the 
difficulty." 

Not a letter in support 
of bats in churches, as 
removal is still 
advocated, but 
certainly one that 
questions the need for 
inhumane treatment. 

1939_08_25_174 Suggestion on how to get rid of bats: Suggests that 
incense worked but only temporarily. 

Takes a rather 
comedic tone more an 
opportunity to share a 
funny anecdote 
relating to the CofE 
non use of incense 
e.g. reference to 
"catholic bats" 

1939_09_08_214 Suggestion on how to get rid of bats: Suggests the 
use of incense. 

As above. 

1943_08_20_430 Suggestion on how to get rid of bats: Fumigating 
with concentrated nicotine and use of rat poison 
suggested, also wiring of windows to prevent 
access. 

  

1945_09_21_536 Suggestion on how to get rid of bats: as above.   
1946_08_16_488 Suggestion on how to get rid of bats: as above   
1947_09_12_546 Suggestion on how to get rid of bats: as above, 

incense also suggested 
  

1949_07_01_430 Suggestion on how to get rid of bats:  Contact 
local authority in regard to pest removal. 
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1950_07_21_548 Suggestion on how to get rid of bats: Repeats 
advice given on 12th Sept 1947 

  

1951_06_29_445 Suggestion on how to get rid of bats: Repeats 
advice given on 12th Sept 1947 

  

1951_08_03_527 Suggestion on how to get rid of bats: "A reader 
writes to tell me of an ingenious method of 
dealing with bats (actual) in the belfry. Some 
years ago at St. Mary’s, Dedham, Essex, it was 
found that the bats used only one exit and entrance 
in the tower. So a one-way trap of wire- netting 
was made, which allowed egress but not ingress. 
In a short time they were all gone. This is clever, 
but not so pleasing as a stuffed owl. I should like 
to try a stuffed cat. But perhaps, after all, cats 
don’t eat bats." 

More human 
approach, based on 
the use of a one-way 
vent allowing exit but 
not ingress. 

1951_08_10_540 "Abomination of Bats - We have the authority of 
the book of Leviticus for calling bats abominable, 
but just how troublesome they can be is shown by 
the fact that the Rev. C. H. Welti and his 
congregation have been driven out of St. Peter’s, 
Redmile, Nottingham, into the village school. 
Hundreds of bats were disturbed when workmen 
removed some woodwork, in order to repair 
damage by lightning." 

Interesting in that it 
suggest many bats 
were in residence but 
not known about or 
causing any nuisance 
prior to disturbance 
by building work. 

1951_09_28_664 Suggestion on how to get rid of bats: Repeats 
advice given on 12th Sept 1947 

  

1951_11_16_798 Suggestion on how to get rid of bats: Stuffed Owl.   
1951_12_07_850 Request for stuffed owl in response to above.   
1951_12_21_892 "Experiments to find a suitable method of dealing 

with bats which infest country churches were 
carried a stage further at St. Mary’s, Eccles, 
Norfolk, when a smoke bomb was released in the 
church. 
The doors and windows of the building were kept 
closed for two days while the smoke penetrated 
into the crannies in which bats hibernate at this 
time of the year. The effect will not be known till 
the spring, when the bats emerge again, but it is 
feared that the operation may; have been carried, 
out too late in the year." 

First record of large/ 
industrial scale 
fumigation. 

1952_08_22_603 Suggestion on how to get rid of bats: Use light to 
encourage bats out of open porch door at night 
(shut door to prevent their return). 

Unlikely to be 
effective, as bats will 
return via alternative 
ingress points. 

1953_05_29_404 Suggestion on how to get rid of bats: Repeats 
advice given on 12th Sept 1947 

  

1953_09_11_655 Suggestion on how to get rid of bats: Repeats 
advice given on 12th Sept 1947 

  

1953_09_18_663 Suggestion on how to get rid of bats: Loud 
squeaking of moped horn (rubber compression 
bulb operated type). 

Takes a rather 
comedic tone more an 
opportunity to share a 
funny anecdote.  



	 464	

1954_06_18_479 "BATS IN CHURCHES HALLS, etc. 
quickly eliminated at little cost without risk to 
health or damage to the building. Particulars from 
The British Fumigants Co., Ltd. 
25, SHORT STREET, LONDON, S.E.l." 

First appearance of 
advert for 
commercial bat 
removal services 

1954_08_20_628 as above.   
1954_10_15_780 as above.   
1954_12_17_974 as above.   
1955_01_14_008 as above.   
1955_02_18_012 as above.   
1955_03_18_012 as above.   
1956_07_27_013 Suggestion on how to get rid of bats: Repeats 

advice given on 12th Sept 1947 with additional 
information that "Fumigating lamps may be 
obtained from The British Fumigants Company, 
Ltd.. 25, Short-St., S.E. 1." 

  

1956_08_03_010 Suggestion on how to get rid of bats: Loud noise - 
Lawn mower at dusk for one hour. 

  

1956_08_24_010 "SIR, — Following the correspondence about 
death-watch beetles, I am prompted to ask if any 
of your readers can tell me of a church which 
harbours both bats and the beetle. I ask this 
because it was recently suggested to me that the 
nineteenth- century war on bats may have been 
one of those pieces of ignorant interference with 
the balance of nature so often followed by 
unexpected results. Is it possible that the bats fed 
on the beetles?" 

Interesting that the 
correspondent uses 
the phrase 
"nineteenth-century 
war on bats" 

1956_11_09_009 Article about Death Watch beetle, includes a short 
discussion of the suggestion that bats predate upon 
them concluding that they do not.  

  

1957_03_01_007 Suggestion on how to get rid of bats: Stuffed Owl. Takes a rather 
comedic tone more an 
opportunity to share a 
funny anecdote.  

1960_07_22_013 Suggestion on how to get rid of bats: Repeats 
advice given on 12th Sept 1947 with additional 
information that "Fumigating lamps may be 
obtained from The British Fumigants Company, 
Ltd.. 25, Short-St., S.E. 1." 

  

1964_09_11_010 Suggestion on how to get rid of bats: Stuffed Owl. Takes a rather 
comedic tone more an 
opportunity to share a 
funny anecdote.  

1964_09_25_010 Suggestion on how to get rid of bats: Stuffed owl 
and incense 

  

1965_08_20_017 Suggestion on how to get rid of bats: Stuffed Owl. 
"In the past, he adds, bats have soiled the altar 
linen and damaged furnishings in the church." 
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1966_12_30_013 "The Wellcome Institute of Comparative 
Physiology has recently undertaken a programme 
of research into the behaviour and reproductive 
physiology of British bats, and are offering a good 
home and the run of their teeth to as many bats as 
care to apply. A member of the Zoo staff will visit 
any churches within reasonable distance from 
London to clear out unwanted...If bats are your 
problem, telephone or write to Mr. Paul Racey, 
Wellcome Institute, Regents Park, N.W.I. (Tel. ; 
Primrose 3333.)" 

Beginnings of early 
work into bats by 
Prof. Paul Racey, 
clearly churches are 
seen at this time both 
as a good source of 
bats and very willing 
donors. 

1967_06_23_011 Article "Pillars of the Parish Church. No. 8. The 
Verger" mentions the vexations of bats. 

  

1967_09_15_019 Suggestion on how to get rid of bats: Incense 
suggested 

  

1968_08_30_012  Letter about making churches open to visitors and 
those interested in brass rubbing "Our voluntary 
cleaners work hard to maintain the cleanliness of 
the church in spite of much trouble from bats." 

  

1969_08_29_012 Plea for help to deal with "plague of bats"   
1971_08_27_012 "Flying Mammals" short article describing bat 

biology and ecology. 
  

1983_02_11_008 "BATS — not in the belfry but in the nave, which 
they find more quiet and homely — are in a strong 
position these days, because they have a mention 
all to themselves in the Wildlife and Countryside 
Act. Killing or capturing one, or destroying its 
roosting place, can mean a fine of £1,000 per. bat, 
which is something to think about if anyone has a 
whole colony hanging from the rafters." 

First mention of bats 
post 1981 Wildlife 
and Countryside Act. 

1983_03_04_008 "... both testify that filling the church with incense 
is a sure way of persuading the loveable little furry 
creatures to emigrate. But, in view of the fines for 
upsetting bats these days (February 11), I still 
think it would be prudent to check, first, with the 
Nature Conservancy Council at 19-20, Belgrave 
Square, London, SW1X 8PY." 

Bats still being 
"discouraged" but 
acknowledgement of 
potential fines.  

1985_12_13_008 "...one rejoices for the Greater Horseshoe bats, 
whose ancestors used to squat in three well-known 
cathedrals until they were turfed out by the 
Church authorities. The bats have been given the 
lease of a massive Victorian Gothic mansion in 
Gloucestershire" 

  

1986_02_07_008 “…vainly trying to remove the stains from bats’ 
droppings, which appear to be immune from the 
effects of all abrasives...Can anyone tell me how 
to get bat droppings off church brass?” 

First mention post 
1981 of effects of bat 
droppings and urine 
on fabric 

1986_10_03_008 Stuffed owl suggested to discourage the church’s 
bat population, "which makes a mess and spoils 
the brasses".  
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1986_10_24_008 Further support for the "stuffed owl" solution   
1986_11_07_010 Stuffed owl lost from church, but later recovered   
1986_11_14_008 Report on school bat survey   
1990_07_20_003 Winchester Cathedral reports dry rot in roof 

timbers, but has to be careful what they treat it 
with due to bats in the roof 

  

1991_08_09_018 Article favourable to bats, describing their 
presence as benign and discussing the fact that 
many of the effective treatments available for 
destroying beetle infestations in timbers would 
also  kill bats. 

  

1991_08_30_011 "It seems to me that to say that bats do not 
produce difficulties for a congregation does no 
good at all to the cause of bats. No one here 
doubts their ecological significance and few 
would wish them harm. However, if you have to 
worship in a situation where you are likely to be 
showered with droppings and urine your mind is 
not necessarily prayerful. Last year, through the 
roosting season, it was necessary for us to clean 
the pews immediately before every service. Our 
kneelers are spotted with urine and in spite of 
what Mr Downing says, the church smells of bats. 
Last year, through the roosting season, it was 
necessary for us to clean the pews immediately 
before every service. Our kneelers are spotted 
with urine and in spite of what Mr Downing says, 
the church smells of bats. The local bat group 
agreed that the conditions for us were 
unacceptable. With the help of a leader of the 
group we were able to obtain permission from the 
Nature Conservancy Council to attempt to protect 
the church from the bats. This involved filling, as 
well as we could, the cracks between the main 
roof supporting beams. In this way we 
endeavoured to form contained bat chambers 
above the beams. This has not eliminated the 
problem but it has certainly reduced it to a more 
acceptable level. What we do wish is that those 
interested in bats and their protection would 
recognise that they can and do cause severe 
problems". 

Response to previous 
article disagreeing 
and noting that "bats 
can and do cause 
severe problems" 

1992_01_31_004 Legislation protecting bats discussed and the BCT 
Bats in Churches pilot project announced. 

BCT Bats in 
Churches Project 
announced 

1992_07_10_004 Photo opportunity - Launch of BCT Bats in 
Churches project (BICP). 

  

1992_08_21_001 Catherine Ward Responds to the Bats in Churches 
project citing the damage, smell and 
inconvenience caused " I think senior clergy rather 
agreed to bat conservation without realising the 
problems that would ensue. We should now start a 
movement against bats in churches. I’ve had a 
very positive response to my letters.” 

Concept of MABIC 
raised (Movemant 
Against Bats in 
Churches) 
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1992_08_28_009 Letter in support of Catherine Wards position  
(above) "Let us be blunt. The law has turned our 
ancient parish churches from houses of God to 
bats’ lavatories. An endangered species? Come to 
any Suffolk, church and see. Let the friends of the 
bat have a roost in their own kitchen or living-
room. Why pass the problem to the churches?". 

  

1992_09_04_011 "Merits and drawbacks of bats in churches" in 
Letters to the Editor... "At last someone is 
protesting about the claims of the bat- 
conservation lobby. I thoroughly agree with Mrs 
Ward (News, 21 August) that the droppings and 
urine of bats in churches are a much bigger 
problem than bat conservationists will admit." A 
letter in support of Bats in churches from the 
BICP Project Officer (Gillian Sargeant) is 
included alongside "Sir, - Prudence Fay reports on 
an appeal “for common sense about bats” (News, 
21 August). But it does not appear to be an 
accurate representation of the attitude of 
incumbents to bats in their churches. With 
practical help from experts, many show 
compassion, learning to live companionably with 
these endangered animals, providing a vital 
contribution to their conservation. There is no 
doubt that acute problems sometimes arise 
concerning the droppings and urine of these 
animals in churches. Mrs Ward’s church happens 
to be one of these. In these cases, the leaflet 
requested incumbents to contact English Nature, 
the Government body for nature conservation. 
There is always help available, and free. To 
resolve such problems is one of the principal aims 
of the Bat Conservation Trust’s “Bats in 
Churches” project." 

  

1992_09_11_012 Letter from a Medical Registrar disputing the 
claim made by a correspondent in a previously 
published letter stating that " guano pellets left 
by... whiskered bats contain streptomycin...an 
antibiotic that protects us from colds and chest 
infections”. 

  

1992_10_09_001 "Mabic wishes bats no harm, It says, but feels the 
time has come to declare that they are not 
welcome in some churches and that their presence 
there will be opposed. Its chief aim Is to get the 
present law relating to bats modified, since it 
restricts churches’ right to discourage bats as they 
see fit. MPs, trusts that care for churches, and 
other interested bodies will be alerted to what 
Mabic sees as the serious damage that bat 
droppings can do to church fabric". 

MABIC officially 
launched 

1992_10_16_011 Letter in response to MABIC launch "Sir, — I was 
quite appalled to read (News, 9 October) about the 
anti-bat campaigners led by Catherine Ward. At a 
time when so many terrible things are happening 
in the world, and indeed in our own parishes, it 
seems more than unreasonable that war should be 
declared on innocent bats." 
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1992_10_30_011 Letter in response to above "Sir, — Mrs Nicholls 
(Letters, 16 October) has not appreciated all the 
problems of bats in churches. We accept that we 
must wipe the pews and sweep the floor just 
before every service in the summer. But our little 
Saxon church has some of the finest wall paintings 
in England, and after we had raised and paid 
£12,000 last year to have them renovated, the 
conservators wrote in their report that it was 
ridiculous to allow the bats to ruin them". 

Conservation cost to 
historic fabric 
mentioned 

1993_02_19_003 Report from Synod " CANON Michael Saward 
(London) asked about the plight of churches 
suffering from the unpleasant excretory 
consequences of bats, whose roosts were being 
actively promoted. Amid laughter he complained 
:The biggest trouble of those who do suffer from 
bats is that no one seems able to take it seriously.” 

Bats in churches 
raised at Synod level 

1993_03_19_006 MABIC advertises that it would like to hear from 
churches suffering bat problems 

  

1994_06_17_006 "Southwell: The Revd Alan Mumford, Priest-in-
Charge of All Saints’, Mattersey, is hoping the 
Government will issue an exclusion order to allow 
the removal of the colony of bats roosting in the 
rafters of his 900-year-old church. He fears the 
mess caused by their droppings will drive the 
congregation away, and may lead to the church’s 
closure". 

Bats "driving" 
congregation away, 
first mention of bats 
affecting the spiritual 
viability of a church. 

1994_07_08_008 "BETTY SAUNDERS reports on a Suffolk parish 
where they re-thatched the church roof in a bat-
friendly way. But not every congregation takes the 
same tolerant attitude" Full page article expressing 
views of both sides of the bats in churches debate 
(clearly written to be balanced and fair). 

Open 
acknowledgement 
that bats are a 
"battleground". Full 
page article. 

1994_07_15_010 Short article acknowledging the tensions caused as 
a result of bats in churches and the costs involved.  
"If churches are the last refuge left for bats in 
country areas denuded of other habitats, church 
people may justly ask whose fault that is ? Rural 
conservation cannot solely be the work of the 
parish church. Others can, in the long term, be 
expected to do more to restore woodlands and 
hedgerows. State protection for bats implies state 
help for those who bear the cost, which bat-lovers 
could help to prompt. Further research into the 
habits of bats in churches might be of help to the 
churches themselves. In the mean time, when 
difficulties arise, there seems to be a lack of any 
one authority to keep the needs of both bats and 
rural churchgoers equally at heart. Must one 
species compete for survival with the other?." 

  

1994_07_29_011 "Sir, — I enjoyed reading Betty Saunders’s article 
“Where bats may safely swoop” (Features, 8 July), 
and am grateful that you gave the subject a full 
page. But as for droppings in the chalice: we have 
been careful to say that it missed by six inches." 
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1994_08_05_011 " Sir, — In your leader (15 July), you highlighted 
the potential for conflict between bats using a 
church as their roost and the congregation. In 
addition to the nuisance that bats cause to humans, 
bat excreta also damages the decorative surfaces 
in churches. Research by Stephen Paine suggests 
that there is a reaction between that excreta and 
the pigments used in wall- paintings, and that 
there is a potential reaction between it and other 
materials, for example brass and fabrics, that can 
cause irreversible damage. English Heritage is 
commissioning Stephen Paine to carry out further 
research into bats and their habits, including 
detailed investigation of the 
bat population and its effects on the fabric of six 
selected churches; establishing the extent and 
nature of the problem; and, most importantly, 
investigating the solutions that could be available. 
We are carrying out this work with the full 
knowledge and support of English Nature, and 
will keep in touch both with the Bats in Churches 
Group and with the Movement Against Bats in 
Churches. Although directed specifically towards 
the prevention of irreversible damage to historic 
fabric, some of the results of this research should 
help inform the general debate." 

Conservation cost to 
historic fabric 
mentioned. Research 
work carried out in 
relation to bat related 
damage. 

1995_09_08_014 Your Questions section "My father, who is a vicar, 
gets quite down about bats. What should we do?" 

  

1995_10_06_012 Your Answers section 
" My father, who is a vicar, gets quite down about 
bats. What should we do? 
Parishes are sadly limited in how they can deal 
with the problem of bats in churches. The 1981 
Wildlife and Countryside Act forbids any 
disturbance of bats and their roosts: fines range 
from £100 to £5000. Outside bodies dictate the 
terms, mostly giving unsatisfactory advice. The 
Movement Against Bats in Churches (MABIC) is 
a support group for churches with this problem. 
Damage caused by bat excreta, and possible 
solutions, are being researched by English 
Heritage. This is now a recognised conservation 
conflict, which needs to be resolved. Catherine 
Ward Bale, Fakenham, Norfolk" 

"Conservation 
conflict" term used 

1998_11_20_001 Bats in Churches a Management Guide (English 
Heritage and Natural England)  guidelines 
announced. 

While the article was 
about the publication 
of guidance 
document Bats in 
Churches a 
Management Guide, 
the banner heading 
above the article 
reads "Tide Turning 
against bat vandals" 



	 470	

2004_05_07_010 From Mrs Catherine M. Ward Sir, — The vexing 
problem of bats in churches is perennial. It is now 
12 years since MABIC (Movement Against Bats 
In Churches) was formed. Although it has raised 
awareness of the problems, and has campaigned 
for some amelioration with regard to the law 
protecting bats and their habitat, bats still have the 
upper hand. 

  

2005_10_28_006 Article - additional costs incurred to Church roof 
repairs due to being undertaken in the winter (due 
to bats) 

  

2005_11_11_013 From Catherine Ward (MABIC)   
2006_09_15_024 "Sir, — Sadly, bats are not the only endangered 

species (News, 28 October). Carers of large and 
small country churches in many dioceses are 
finding it increasingly difficult to cope with the 
filthy mess of bat excreta which falls into the 
worship area, and the resulting damage that urine 
and faeces cause to artefacts, woodwork, flooring, 
and soft furnishings. Church carers and their 
communities are already stretched to raise enough 
money for running expenses, the Quota, and repair 
work, in order to keep these buildings of our 
spiritual and historical heritage in good order for 
this and future generations. The situation has 
become ludicrous when bats dictate the timetable 
of repairs, and increase these costs. The bat lobby 
should be made to contribute towards this. Bats 
are constantly looking out for suitable roost sites, 
and have already adapted to modern housing. The 
house of God is a dwelling inhabited by people, 
and should be treated as such by the law, and 
allowed the leniency given to householders. If this 
imbalance continues, bats may well be the sole 
survivors in churches. 

  

2007_06_22_013 "ST ANDREW’S, in Holme Hale, Norfolk, has 
mounted a web-based campaign to bring about a 
change in the law regarding bats in churches. “I’ve 
been here 22 years and the problem has been here 
longer than that,” says the PCC treasurer, Eric 
Evans. Pews, lampshades, and the altars have all 
become caked with bat urine and droppings, and 
parishioners have to clear away that mess — and 
even dead bats — before services. Bats have full 
protection under the Countryside Act of 1981, 
although it is legal to disturb bats in a dwelling 
place if English Nature has been officially 
notified. After exploring several options, including 
obtaining a costly DEFRA licence, Holme Hale 
PCC has decided that its only course of action is 
to seek a change in the law which would give 
churches the same status as dwelling places. “We 
don’t want to break the law, or hurt the bats,” says 
Mr Evans. “We know many parishes have 
encountered similar problems to us, and we would 
like as many people as possible to join our 
campaign.” Nearly 80 parishes in the Norwich 
diocese have already signed up, and the campaign 
is now going nationwide." 
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2007_12_21_063 Letter - relating to feral pigeons, but going on to 
include..."Then, of course, there is the bane of 
many parishes and most archdeacons — the bats. 
These protected delights do considerable damage, 
by the shedding of faeces and urine, to the historic 
fabric and artefacts of our churches. In many of 
my churches, cleaning has to be done by dedicated 
people before any act of worship can take place. 
Protection of a species, conservation of historic 
fabric, and health and safety issues collide with 
each other, and no one except the weary 
parishioner and the frustrated archdeacon will 
accept that we even have a problem". 

  

2007_12_21_064 Article in support of bats describing that in many 
churches they are generally not a nuisance, but 
commenting on the ferocity of the legislation 
protecting them. 

  

2008_04_25_002 Release of an update of Bats in Churches: A 
management 
guide "A NEW GUIDE on bat management, 
which could affect at least 6000 English churches, 
has been 
published this month by the Government’s 
countryside agency, 
Natural England." 

  

2008_05_09_015 Letter 1 "Sir, — You report (News, 25 April) on 
Bats in Churches: A management guide. It appears 
that bats are a protected species because they are 
endangered. May I suggest that they are not the 
only group under threat….In a saner world, the 
people for whom a building is primarily intended 
should have priority over any other species." 
Letter 2 "Sir, — I welcome Natural England’s 
new bat guide. Bats can be a problem, but are also 
an opportunity. Let’s celebrate them with 
colourful displays of the species found in our 
churches…" 

Two letters one in 
support of bats, one 
not 

2009_05_29_028 Question "We have a lovely 1350s church, with 
lime-wash walls, but bats have turned two corners 
of the nave walls a horrible grey. Is there any way 
we can clean up the mess rather than have to pay 
for the whole nave to be re-limewashed? And is 
there a legal method of keeping them out of the 
nave?" 

  

2009_08_14_025 In response to the above MABIC appear to have 
sent a copy of "our Beleaguered Heritage" to the 
Church Times. A response is given in a balanced 
tone "THANK YOU for the booklet you sent me, 
which contained a wealth of information" also 
"Churches affected should strive to find a 
reasonable compromise, advised by the DAC as 
well as English Heritage and Natural England.” 
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2010_09_10_005 Photo caption : Inspecting bats in the belfry: the 
Bishop of Norwich, the Rt Revd Graham James, 
visits All Saints’, Toftree, as part of the Bat 
Project, being hosted by the diocese of Norwich 
for the Church Buildings Council, which seeks to 
study damage caused by colonies of bats 

  

2010_09_17_008 "DAMAGE caused by bats to church buildings is 
“incalculable” and “irreversible”, the Second 
Church Estates Commissioner, Tony Baldry MP, 
said this week. He was responding to a question in 
the House of Commons from George Freeman, the 
MP for Mid Norfolk. Many Norfolk churches are 
affected by damage caused by bats: St Andrew’s, 
Holme Hale, for example, had to pay £2600 to 
clear up mess caused by its resident bats. Mr 
Baldry said that the Church Buildings Council, 
Natural England, and DEFRA are carrying out a 
pilot project to encourage bats to live in boxes on 
church eaves. The results of the project will be 
presented to a conservation conference at Lambeth 
Palace in November." 

  

2010_11_19_006 Report on the “Conservation Forum 2010: The 
Conservation Issues Caused by the Presence of 
Bats in Churches” took place at Lambeth Palace, 
and included presentations from the bat working 
group of the Church Buildings Council (CBC)." 

  

2011_08_19_005 “ST HILDA’s, Ellerburn, near Pickering, in North 
Yorkshire, has been forced to close its doors for 
services because of bats in the building. There 
have been four species of bats roosting in the 
church over the past eight years, but in June the 
damage and smell caused by the creatures became 
so intolerable that the congregation of a dozen 
agreed to suspend services. A churchwarden at St 
Hilda’s, Liz Cowley, said that she believed it was 
the first time since the English Civil War that 
services had been suspended at the Grade II* 
listed building. She described the situation as 
“appalling and heartbreaking”. “Environmental 
Health has said people enter the building at their 
own risk, and suggested we wear masks and 
gloves. The smell is atrocious.” The church did 
have a licence approved by Natural England to 
remove the bats in 2008, but this was revoked the 
following year. It has raised £10,000 to create 
alternative homes for the bats in a nearby barn, 
and in the church’s lychgate. It has now applied 
for a new licence.” 

Church closure due to 
bats 

2011_09_02_010 "Sir, — The situation of the congregation at St 
Hilda’s, Ellerburn (“Bats drive out flock”, News, 
19August) is indeed appalling,…How on earth 
have bats become so venerated by our secular 
authorities? It is time that human beings were 
protected under the Conservation of Habitats and 
Species Regulations 2010, and specifically 
protected from so-called Natural England" 
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2011_12_09_004 AN ANCIENT church that was closed after an 
invasion of bats is to reopen for Advent and 
Christmas services….A five-strong team of 
commercial cleaners took two days — at a cost of 
£3000 — to clear the mess. They removed 13kg of 
droppings. The first service will be held on 
Sunday afternoon, and there will be carols by 
candlelight on 21December. 

  

2012_12_07_009 “MEMBERS of the congregation of St Hilda’s, 
Ellerburn, near Thornton-le-Dale, in north 
Yorkshire, who have spent a decade trying to evict 
a colony of protected bats from the church (News, 
17 August), are facing a second Christmas 
cleanup…Advent services went ahead last year 
only after the government conservation agency 
Natural England funded a £3000 cleanup of bat 
droppings and urine…Worshippers had hoped that 
the problem would be solved this year by a licence 
to block up the bats’ main entrance, and by 
spending £10,000 on specially built heated lofts in 
the church lychgate and a neighbouring barn, but 
the scheme failed At the last count, there were 
about 250 bats in the church.” 

  

2013_03_08_006 Article "Baldry leads salvo against bat laws. BAT 
conservation is costing churches thousands of 
pounds and is unsustainable, a delegation for the 
Church of England, led by Second Church Estates 
Commissioner, Sir Tony Baldry MP, has 
warned..." 

Natural England 
criticised for over 
delegation to the Bat 
Conservation Trust. 

2013_08_16_005 Ostensibly an article about a roost being built for 
Lesser Horseshoe bats that were noted not to have 
caused any damage to the church interior, but used 
as an opportunity to discuss current dissatisfaction 
at the situation of bats in churches 

  

2014_04_04_005 "A TRIAL of a new “lighter-touch” bat licence 
has been judged successful, and is likely to be 
implemented more widely this summer, Natural 
England has confirmed, writes a staff reporter. 
The new licence covers work affecting low-
conservation-status roosts and small numbers of 
the common bat species. It is designed to be 
simpler, reducing administrative and financial 
costs for churches, businesses, and householders." 

  

2014_06_20_006 “Lords debate parish church…. One particular 
threat to the parish church was the bat…Churches 
were not built as nature reserves. The smell, the 
mess which has to be cleared up, puts an 
intolerable burden on parishes, and in some cases 
is making the buildings unusable. . . The 
impression is that the bats matter much more than 
the worshipping community. Bishop James said 
that work to protect churches from bats was taking 
place, but agreed that it remained a serious 
problem…” 
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2014_06_20_017 "From the Revd Dr Helen Hall Sir, - The Anglican 
Society for the Welfare of Animals (ASWA) is 
committed to both animals and the Church, which 
is why we feel compelled to speak about the issue 
of 
bats in church buildings. The debate about how 
best to deal with the 
problem is one that understandably arouses strong 
feelings on all sides; for this reason it is critical 
that the dialogue stays constructive. Statements to 
the effect that churches are more important than 
bats, or that environmental concerns trump 
religious ones, are not helpful...". 

  

2014_06_27_017 From Mrs Catherine M. Ward Sir, - The lobby 
who advocate living amicably with our bats” 
(Letters, 20 June) and offer trite advice simply do 
not appreciate the extent of problems that occur in 
churches when bats have nursery roosts within the 
building. Bat excreta cause untold damage to 
historic artefacts, fabric, and furnishings. Church 
members make huge efforts (financial and 
practical) to keep their churches in good order for 
worshippers and visitors. Grant bodies’ money is 
often wasted when excreta damage occurs. Many 
community events are now taking place in 
churches, especially where village amenities have 
been cut…Bats are wild mammals with natural 
instincts who are constantly seeking new roosting 
sites while they forage. They can adapt to modern 
buildings, and have had an inordinate amount of 
money spent on hotels and other special roosting 
sites for them. Exclusion from a church is not 
going to kill them. The church building should be 
regarded as sui generis in this matter. Until that 
happens, this issue will continue to raise its ugly 
head every decade, and we will be handing down 
a tarnished heritage to future generations, because 
bats have been given the upper hand. Churches 
were not built for this”. 

  

2015_01_23_004 “Bill reignites dispute over bats in churches - A 
bill to exempt churches from regulations covering 
the conservation of bats will return to the 
Commons to complete its Second Reading today. 
The Bill has two clauses: one would prohibit the 
construction of new buildings and wind turbines 
on undeveloped sites with bat habitats, unless an 
artificial roost is constructed near by; the second 
provides the exemption for places of worship.” 
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Appendix	3	-	“Bats	in	Churches	and	how	you	can	help	them”	BICP	

leaflet	
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Appendix	4	–	“Bats	in	Churches”	Poster	
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Appendix	5		-	Preparation	of	oak	and	pine	samples	including	

manufacturers	information	relating	to	applied	coatings	

	

To	reduce	variability	and	allow	a	better	comparison	of	the	effects	of	

experimental	work,	care	was	taken	to	standardize	the	surface	finish	of	

each	material	type	used	in	this	research.		

	

Oak	and	pitch	pine	were	bulk	processed	from	historic	church	pews	

obtained	from	a	specialist	reclamation	company.	The	pew	seats	were	

rough	sanded	then	hand	planed	to	remove	historic	surface	coatings	and	

to	expose	fresh	untreated	wood.		They	were	then	sawn	along	their	length	

to	produce	multiple	lengths	600mm	6mm	X	33mm	presenting	the	radial	

longitudinal	cross	section	as	the	upper	surface.	The	lengths	of	each	wood	

type	were	hand	planed	prior	to	being	sanded	smooth	with	silicon	carbide	

abrasive	paper	in	the	following	grades	P180,	P320,	P400.	Once	a	

consistent	and	uncontaminated	surface	finish	had	been	achieved	surface	

coatings	were	applied	to	selected	lengths	of	oak	and	pitch	pine	as	

described	below.	

	

The	wax	coating	used	on	the	wooden	samples	was	Mylands	Traditional	

Wax	Polish	–	White	Beeswax	16-785-8170	(batch	number	702076).	It	

was	applied	to	the	oak	and	pine	samples	as	per	the	manufacturers	

instruction	i.e.	an	even	film	of	wax	was	applied	to	the	surface	of	the	wood	

with	a	soft	cloth,	it	was	then	left	for	a	few	minutes	prior	to	being	buffed.	

	

Prior	to	applying	the	shellac	coating	proper,	the	surface	of	the	relevant	

lengths	of	pine	and	oak	were	sealed	using	Mylands	2000	Pale	Shellac	

Sealer	Basecoat	00-774-9006	(batch	number	669393)	applied	with	a	half	

inch	Winsor	&	Newton,	Galeria,	One	stroke/Wash	brush.	Two	

applications	of	Mylands	Brushing	French	Polish	01-777-9000	(batch	

number	6826)	were	then	applied	using	a	single	continuous	brush	stroke	

from	left	to	right.		
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Once	surface	coatings	had	hardened	for	24	hours	the	lengths	of	wax	

coated,	shellac	coated	and	untreated	wood	were	cut	into	100mm	lengths	

-	ultimately	giving	a	sample	size	of	100mm	X	6mm	X	33mm.	These	could	

then	be	arranged	to	form	a	square	of	sides	10cm	representing	one	of	each	

of	the	surfaces	as	shown	below.	

	

	
Figure	243:	Coated	and	uncoated	pitch	pine	and	oak	samples	showing	3-in-1	construction	to	
make	a	single	10cm	square	test	sample.	
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Appendix	6		-	Surface	preparation	of	test	samples	for	inclusion	

in	sample	boards	

	

Although	the	majority	of	the	metal	alloy,	alabaster,	marble	and	granite	

samples	were	all	supplied	with	smooth,	flat	pre-polished	surfaces,	

additional	surface	preparation	was	deemed	necessary	in	order	to	

standardise	the	finish	of	all	test	surfaces	prior	to	experimental	work.		

Lead/tin	alloy	samples	with	significant	proportions	of	tin	(Pb/Sn	42/51	

and	29/66)	were	used	as	supplied.	It	was	felt	that	the	distinctive	surface	

finish	of	these	so	called	“spotted	metal”	alloys	should	be	maintained.		

	

Micro-Mesh	MM	abrasive	cloths	were	used	to	first	abrade	all	sample	

surfaces	in	order	to	achieve	a	consistent	start	point	before	polishing	the	

samples	back	to	a	standard	uniform	finish.	Care	was	taken	to	ensure	that	

a	standard	protocol	and	approach	was	used	for	each	sample.	Different	

“sets”	of	abrasive	cloths	were	used	for	each	sample	type	in	order	to	avoid	

cross	contamination	of	the	sample	surfaces.	

	

Micro-Mesh	cloths	were	used	in	the	following	grades	and	order:	

	

1800;	2400;	3200;	3600;	4000;	6000;	8000;12000	

	

Micromesh	sheets	were	placed	on	a	flat	surface	and	secured,	samples	

were	then	moved	vertically	on	the	abrasive	for	a	total	of	40	passes,	the	

sample	was	then	rotated	through	90O	and	the	process	repeated	until	the	

sample	was	in	its	original	orientation	i.e.	160	passes	over	the	abrasive	

sheet.	Once	this	was	completed	the	Micromesh	sheet	was	rotated	through	

90O	and	the	whole	process	repeated,	meaning	that	each	sample	received	

320	passes	over	each	grade	of	abrasive	(2560	passes	in	total	per	sample).	
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Appendix	7	-	Urine	Collection	Protocol	and	pH	testing	guidelines	

for	Bat	Workers	

Dear……….	

Thank	you	for	offering	to	be	involved	in	my	research,	it	is	immensely	

helpful.	

Herewith	all	the	bits	of	kit	you	should	need	to	undertake	urine	collection	

on	my	behalf	and	also	undertake	some	pH	tests	on	fresh	bat	urine.	Your	

parcel	should	contain:	

	

• pH	Indicator	paper	(range	3.5	–	6.8)	
• pH	Indicator	paper	(range	5.0	–	8.0)	
• Bat	urine	pH	record	sheets	
• BenchGuard	–	looks	like	blotting	paper	with	a	shiny	surface	on	

one	side	
• Disposable	plastic	pipettes	
• Disposable	plastic	pipette	tips	
• Sample	vials	
• Polystyrene	block	(to	hold	sample	vials	while	urine	collecting)	
• Permanent	marker	
• Sealable	polythene	bags	
• Stamped	and	addressed	envelope	

	

I	propose	a	period	of	a	week	initially	for	you	to	try	out	the	

equipment/method	and	then	report	back	to	me	on	what	worked	and	

what	didn’t.	Your	bats	should	be	getting	a	bit	sleepy	due	to	the	time	of	

year,	so	urine	yield	will	be	a	bit	low,	my	hope	is	that	we	can	iron	out	any	

wrinkles	in	the	method	now,	and	then	undertake	a	concerted	effort	in	

Feb/March	when	the	bats	are	a	bit	more	active.	

	

If	you	have	any	problems	or	questions	don’t	hesitate	to	let	me	know	

Mobile:	07919491308	
e-mail:	j.hales@ucl.ac.uk	
	

Once	again	many	thanks	for	your	help	thus	far	

	

James	
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Urine	collection	protocol:	

	

Initially	it	will	be	most	useful	to	limit	urine	sampling	to	single	species	of	

bat.	Therefore	set	aside	a	set	of	equipment	(pipette,	sample	container	

etc)	to	use	with	each	species	you	have	(or	at	least	those	that	you	have	in	

large	enough	numbers	to	have	a	good	chance	of	collecting	0.5ml	of	urine	

from).	

	

N.B.	Pipistrelle	species	can	be	considered	as	a	single	species	at	this	stage	

so	no	need	to	separate	out	your	55’s!	

	

• Place	sheet/sheets	of	BenchGuard	in	the	bottom	of	the	bats	

enclosure,	with	the	shiny	side	facing	upwards.	You	can	either	

cover	the	entire	area	of	a	smaller	enclosure,	or	just	pick	a	

particular	area	to	cover	if	you	have	a	very	large	enclosure.	

	

• Wait	for	urine	to	collect	on	the	BenchGuard	e.g	overnight	

	

• Use	a	disposable	pipette	to	pipette	up	the	urine	and	transfer	to	the	

sample	container	(Use	the	marker	pen	to	label	the	sample	

container	with	the	species	you	are	collecting	from).		

	

• You	may	find	you	need	to	attach	one	of	the	plastic	pipette	tips	

onto	the	pipette	in	order	to	suck	up	the	samples	effectively.	

	

• You	will	probably	need	to	“puff”	the	pipette	a	few	times	to	get	the	

sample	out	into	the	sample	container,	this	will	result	in	aspirating	

the	sample	into	lots	of	tiny	droplets	so	it	may	not	look	like	not	

much	has	transferred	into	the	sample	container,	don’t	worry	

about	this!	
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• If	there	is	more	urine	to	collect,	keep	going.	It	may	take	a	number	

of	days	to	collect	the	amount	of	urine	I	need	(0.5ml)	so	feel	free	to	

change	the	BenchGuard	for	clean	at	any	time	you	need	to.		

	

• If	you	can,	avoid	urine	that	is	associated/contaminated	with	

droppings	on	this	first	occasion	that	would	be	good	(this	may	turn	

out	to	be	too	prohibitive	if	we	want	to	get	a	decent	amount	of	

urine	but	we	will	find	out	soon	enough).	

	

• At	the	end	of	each	day	place	any	partially	filled	sample	tubes	in	the	

freezer	(in	a	polythene	bag	is	best	just	in	case	of	spills,	and	so	that	

the	sample	containers	don’t	get	lost	behind	your	frozen	peas).	

Don’t	forget	to	make	sure	the	samples	are	labelled	with	the	

species	you	have	collected	from.	For	the	next	days	round	of	

collecting	use	a	fresh	sample	tube	(I	can	amalgamate	the	samples	

later	at	my	end).		

	

• When	you	have	collected	0.5ml	from	a	single	species	group	and	all	

your	samples	are	in	the	freezer	it	would	be	good	if	you	could	e-

mail	me	that	would	be	great	as	I	am	interested	in	how	long	it	takes	

to	collect	the	requisite	amount	of	urine.	

	

N.B.	0.5ml	is	the	amount	of	urine	I	need	to	run	the	tests	I	am	interested	in	

(in	fact	slightly	more	to	allow	for	wastage	in	sample	transfer).	You	will	

see	that	the	sample	vials	have	graduations	on	the	side,	so	you	should	be	

able	to	see	when	you	have	0.5ml	of	sample.	If	you	have	collected	in	

multiple	tubes	then	just	estimate	and	stop	collecting	when	you	have	a	

total	roughly	equivalent	to	0.5ml.	

	

Urine	pH	Measurement	protocol:	

	

At	any	time	that	is	convenient	to	you	and	you	can	see	a	spot	of	bat	urine	

(that	you	don’t	feel	is	a	prime	candidate	for	urine	collection)	then	please	



	 484	

check	the	pH	using	the	indicator	paper	supplied	and	record	your	result	

on	the	sheets	provided	(I	will	also	e-mail	this	to	you	if	you	prefer	to	fill	it	

out	on	a	computer).		

	

• You	have	two	ranges	of	indicator	paper	I	suspect	that	the	most	

useful	range	will	be	pH	5	–	8,	so	use	this	one	initially.	

• If	you	get	a	result	of	pH	5	then	it	may	be	worth	checking	with	the	

lower	range	paper	to	see	if	the	value	is	actually	below	this.	

• To	use	the	paper	twist	the	lid	anti-clockwise	and	pull	some	out	of	

the	pH	paper.	Now	twist	the	lid	of	the	dispenser	clockwise	so	that	

some	of	the	strip	is	now	covered	up	by	the	plastic	dispenser/reel.	

Tear	of	the	available	paper	and	dip	it	in	to	the	bat	urine.	

• Observe	the	resulting	colour	change	(it	should	develop	almost	

immediately)	and	compare	it	with	the	colour	chart	on	the	side	of	

the	container	to	ascertain	the	pH.	

• Record	the	result	and	any	of	the	extra	information	indicated	on	

the	record	sheet	(don’t	worry	if	you	don’t	have	all	the	information	

suggested	on	the	sheet	–just	put	a	dash	in	any	section	or	leave	it	

blank	if	you	don’t	have	the	information).	

• Throw	the	pH	paper	away	

• Repeat	whenever	you	see	a	different	spot	of	urine	and/or	are	

passing	by	i.e.	at	your	convenience.	

• The	more	urine	spots	you	test,	the	better	(more	reliable)	data	we	

get,	as	such	there	is	no	limit	to	how	many	results	you	can	collect,	

so	you	can	keep	this	up	as	often	as	you	like	until	you	get	

thoroughly	bored!	(although	maybe	just	try	for	a	week	in	the	first	

instance	to	see	how	many	tests	that	yields).	
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Appendix	8	-		Results	of	quantitative	analysis	undertaken	on	bat	

urine	samples	

	

The	following	pages	show	the	original	quantitative	analysis	reports	as	

received	from	The	Royal	Veterinary	College,	in	Hertfordshire.	

	

	

	
	
Figure	244:	Urine	analysis	Myotis	nattereri.	Laboratory	results	from	the	Diagnostic	
Laboratories,	The	Royal	Veterinary	College,	Hertfordshire.	

Owner:

Ref.:

Received: Reported:  15/08/13 14:0715/08/13

HALES

JH

Natt

.Bat  Species unknown.

Unknown age  Unknown sex

Path No:

Clinician:

Institute of Archaeology,
UCL

P239190

James Hales

Dept./Practice:

Diagnostic Laboratories

The Royal Veterinary College

Hawkshead Lane, North Mymms, Herts, AL9 7TA

Tel: 01707 666208  Fax: 01707 661464

Laboratory Results

Biochemistry

RangeResult Units

URINE Detail:1130801437 Myotis NattereriSite:

Test

mmol/lUrinary Sodium =283.00

mmol/lUrinary Potassium =143.40

mmol/lUrinary Chloride =65.00

mmol/lUrinary urea =1841.0

Comment: =Research project at UCL.

Released by Philippa McLaren BVMS(hons) MVS MANZCVS MRCVS
Lecturer in Veterinary Clinical Pathology
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Figure	245:	Urine	analysis	Nyctalus	noctula.	Laboratory	results	from	the	Diagnostic	
Laboratories,	The	Royal	Veterinary	College,	Hertfordshire.	

	
	
Figure	246:	Urine	analysis	Pipistrellus	Spp.	Laboratory	results	from	the	Diagnostic	
Laboratories,	The	Royal	Veterinary	College,	Hertfordshire.		
	

Owner:

Ref.:

Received: Reported:  15/08/13 14:0615/08/13

HALES

JH

Noctule

.Bat  Species unknown.

Unknown age  Unknown sex

Path No:

Clinician:

Institute of Archaeology,
UCL

P239189

James Hales

Dept./Practice:

Diagnostic Laboratories

The Royal Veterinary College

Hawkshead Lane, North Mymms, Herts, AL9 7TA

Tel: 01707 666208  Fax: 01707 661464

Laboratory Results

Biochemistry

RangeResult Units

URINE Detail:1130801436 Nyctalus NoctulaSite:

Test

mmol/lUrinary Sodium =274.00

mmol/lUrinary Potassium =113.90

mmol/lUrinary Chloride =86.00

mmol/lUrinary urea =1777.0

Comment: =Research project at UCL.

Released by Philippa McLaren BVMS(hons) MVS MANZCVS MRCVS
Lecturer in Veterinary Clinical Pathology

Owner:

Ref.:

Received: Reported:  15/08/13 14:0615/08/13

HALES

JH

Pip

.Bat  Species unknown.

Unknown age  Unknown sex

Path No:

Clinician:

Institute of Archaeology,
UCL

P239188

James Hales

Dept./Practice:

Diagnostic Laboratories

The Royal Veterinary College

Hawkshead Lane, North Mymms, Herts, AL9 7TA

Tel: 01707 666208  Fax: 01707 661464

Laboratory Results

Biochemistry

RangeResult Units

URINE Detail:1130801435 Pipistrellus SppSite:

Test

mmol/lUrinary Sodium =431.00

mmol/lUrinary Potassium =243.30

mmol/lUrinary Chloride =214.00

mmol/lUrinary urea =3120.0

Comment: =Research project at UCL.

Released by Philippa McLaren BVMS(hons) MVS MANZCVS MRCVS
Lecturer in Veterinary Clinical Pathology
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Figure	247:	Urine	analysis	Plecotus	Auritus.	Laboratory	results	from	the	Diagnostic	
Laboratories,	The	Royal	Veterinary	College,	Hertfordshire.	
	

	 	

Owner:

Ref.:

Received: Reported:  15/08/13 14:0715/08/13

JH

BLE

Brown Long Eared

.Bat  Species unknown.

Unknown age  Unknown sex

Path No:

Clinician:

Institute of Archaeology,
UCL

P239191

James Hales

Dept./Practice:

Diagnostic Laboratories

The Royal Veterinary College

Hawkshead Lane, North Mymms, Herts, AL9 7TA

Tel: 01707 666208  Fax: 01707 661464

Laboratory Results

Biochemistry

RangeResult Units

URINE Detail:1130801438 Plecotus AuritusSite:

Test

mmol/lUrinary Sodium =464.00

mmol/lUrinary Potassium =228.80

mmol/lUrinary Chloride =181.00

mmol/lUrinary urea =2419.0

Comment: =Research project at UCL.

Released by Philippa McLaren BVMS(hons) MVS MANZCVS MRCVS
Lecturer in Veterinary Clinical Pathology



	 488	

Appendix	9	-	Bat	urine	pH	readings	and	associated	raw	

statistical	data		

	

The	following	pages	show	the	pH	results	recorded	by	bat	workers	on	my	

behalf.	In	total	73	individual	pH	readings	were	recorded.		The	following	

pages	show	the	pH	data	gathered	by	bat	workers	following	the	Urine	pH	

measurement	protocol	outlined	previously.
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Time/date	 Species	 Juvenile		 Adult	 Male		 Female	
pH	
of	

urine	

approximate	
time	since	
last	meal	

Notes	

9.12.12	
Common	
pip	 		

2012	
bat	 		 Female	 5	 24	hours	

Housing	1	(3	
bats)-	no	
faeces	
contamination	

9.12.12	
Common	
pip	 		

2012	
bat	 		 Female	 6.8	 12	hours	

Housing	5	(2	
bats)-	no	
faeces	
contamination	

9.12.12	
	Common	
pip	 		 Adult	 Male		 		 5.6	 12	hours	

Housing	18	(1	
bat)-	no	
faeces	
contamination	

10.12.12	
Common	
pip	 		 Adult	 		 Female	 5.3	 12	hours	

Housing	23	(1	
bat)-	no	
faeces	
contamination	

10.12.12	 BLE	 		 Adult	 Male		 		 5.9	 12	hours	

Housing	25	(1	
bat)	-	no	
faeces	
contamination	

10.12.12	 BLE	 		 Adult	 Male		 		 5.6	 12	hours	

Housing	30	(1	
bat)	-	no	
faeces	
contamination	

10.12.12	
Whiskere
d	 		 Adult	 Male		 		 5.3	 12	hours	

Housing	31	(1	
bat)	-	no	
faeces	
contamination	

15.12.12	 BLE	 		 Adult	 Male		 		 5.9	 4	hours	

Housing	25	(1	
bat)	-	no	
faeces	
contamination	

18.12.12	
Common	
pip	 		

2012	
bat	 		 Female	 5.3	 12	hours	

Housing	1	(3	
bats)-	no	
faeces	
contamination	

20.12.12	
Common	
pip	 		

2012	
bat	 		 Female	 6.2	 12	hours	

Housing	1	(3	
bats)-	no	
faeces	
contamination	

	
Figure	248:	Table	showing	pH	readings	of	bat	urine	as	recorded	by	bat	workers	on	my	behalf
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Age	 Sex	

	 	 	
Time/dat

e	
Specie

s	
Juvenil

e		
Adul
t	

Mal
e		

Femal
e	

pH	
of	
urin
e	

approximat
e	time	since	
last	meal	

Notes	

1550hrs	 BLE	 0	 1	 1	 0	 6.8	 12-16hrs	
bench	
paper	

6.12.12	
2000hrs	 BLE	 0	 1	 1	 0	 6.5	 18-22hrs	 "	

7.12.12	
0945hrs	 BLE	 0	 1	 1	 0	 6.2	 10-12hrs	

bench	
paper	

11.50hrs	 BLE	 0	 1	 1	 0	 5.6	 13-15hrs	 "	

1740hrs	 BLE	 0	 1	 1	 0	 6.5	 14-20hrs	
bench	
paper	

"	 BLE	 0	 1	 1	 0	 5.9	 "	 "	

1830hrs	 BLE	 0	 1	 1	 0	 6.5	 16-20	 "	

"	 BLE	 0	 1	 1	 0	 6.2	 8-10hrs	 "	

1120hrs	 BLE	 0	 1	 1	 0	 5.6	 "	

bench	
paper,	
used	one	
pH	

"	 BLE	 0	 1	 1	 0	 5.6	 "	

"	used	
other	pH	
strip	

1855hrs	 BLE	 0	 1	 1	 0	 6.5	 "	 "	

13.12.12	
0835hrs	 BLE	 0	 1	 1	 0	 6.5	 4-10hrs	 "	

"	 BLE	 0	 1	 1	 0	 6.8	 18-20hrs	 "	

0925hrs	 BLE	 0	 1	 1	 0	 5.9	 10-12hrs	 "	

14.12.12	
1850hrs	 BLE	 0	 1	 1	 0	 6.8	 18-21hrs	

bench	
paper,	
around	
dropping
s	

1840hrs	 BLE	 0	 1	 1	 0	 5.9	 18-20hrs	 "	
 
Figure	248:	Table	showing	pH	readings	of	bat	urine	as	recorded	by	bat	workers	on	my	behalf
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Age	 Sex	

	 	 	
Time/dat

e	
Species	 Juvenil

e		
Adul
t	

Mal
e		

Femal
e	

pH	
of	
urin
e	

approximat
e	time	since	
last	meal	

Notes	

16.12.12	
1900hrs	 BLE	 0	 1	 1	 0	 5.9	 "	 "	

17.12.12	
2010hrs	 BLE	 0	 1	 1	 0	 6.5	 20-22hrs	 "	

0800hrs	 BLE		 0	 1	 1	 0	 6.8	 2-9hrs	 "	

1430hrs	

BLE	
(brown	
long-
eared)	 0	 1	 1	 0	 6.2	 30	mins	

bench	
paper	

2300hrs	

BLE	
(brown	
long-
eared)	 0	 1	 1	 0	 5.9	 4-8hrs	 "	

3.12.12		
1900hrs	

Nattere
r	 0	 1	 1	 0	 5.6	 13-22hrs	

Swabbe
d	from	
clean	
hand	

0740hrs	
Nattere
r	 0	 1	 1	 0	 5.9	 3-9hrs	

off	cling	
film	on	
hand	

0740hrs	
Nattere
r	 0	 1	 1	 0	 6.5	 3-9hrs	

"		other	
male	

2300hrs	
Nattere
r	 0	 1	 1	 0	 6.2	 2-4hrs	 "	

0800hrs	
Nattere
r	 0	 1	 1	 0	 6.2	 2-9hrs	

from	
cling	film	
on	hand	

2015hrs	
Nattere
r	 0	 1	 1	 0	 6.8	 "	 cling	film	

0950hrs	
Nattere
r	 0	 1	 1	 0	 6.5	 "	 cling	film	

1700hrs	
Nattere
r	 0	 1	 1	 0	 6.5	 "	 cling	film	

1950hrs	
Nattere
r	 0	 1	 1	 0	 6.5	 "	 "	

	
Figure	248:	Table	showing	pH	readings	of	bat	urine	as	recorded	by	bat	workers	on	my	behalf	
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Age	 Sex	

	 	 	
Time/dat

e	
Species	 Juvenil

e		
Adul
t	

Mal
e		

Femal
e	

pH	
of	
urin
e	

approximat
e	time	since	
last	meal	

Notes	

1200hrs	
Nattere
r	 0	 1	 1	 0	 6.5	 "	 cling	film	

2100hrs	 Noctule	 0	 1	 1	 0	 6.2	 22-24	 "	

4.12.12			
0730	 Noctule	 0	 1	 0	 0	 6.5	 7-9hrs	 "	

2300hrs	 Noctule	 0	 0	 0	 0	 6.2	 2-4hrs	 "	

5.12.12	
0750hrs	 Noctule	 0	 1	 1	 0	 6.2	 2-9hrs	 "	

0945hrs	 Noctule	 0	 1	 0	 0	 6.2	 "	 "	
8.12.12		
19.30hrs	 Noctule	 0	 1	 0	 0	 5.9	 20-22	

bench	
paper	

10.12.12	
0800hrs	 Noctule	 0	 1	 0	 0	 6.2	 4-10hrs	 "	

"	 Noctule	 0	 1	 0	 0	 6.5	 "	 "	

11.12.12	
0815hrs	 Noctule	 0	 1	 0	 0	 6.5	 8-10hrs	

"		urine	
round	
dropping
s	

12.12.12	
11.15hrs	 Noctule	 0	 1	 0	 0	 6.5	 10-14hrs	

"	round	
dropping
s	

1845hrs	 Noctule	 0	 1	 0	 0	 6.5	 18-20hrs	 "	

14.12.12	
0915hrs	 Noctule	 0	 1	 0	 0	 6.8	 10-12hrs	 "	

2100hrs	 Pip	 0	 0	 0	 0	 5.9	 15-24	

From	
bench	
paper	

2300hrs	 Pip	 0	 0	 0	 0	 5.6	 2-4hrs	 "	

2300hrs	 Pip	 0	 0	 0	 0	 6.5	 2-4hrs	 "	

2000hrs	 Pip	 0	 0	 0	 0	 5.9	 "	 "	

0955hrs	 Pip	 0	 0	 0	 0	 5.9	 6-12hrs	
bench	
paper	

1700hrs	 Pip	 0	 0	 0	 0	 6.5	 14-20hrs	 "	

1945hrs	 Pip	 0	 0	 0	 0	 5.6	 15-22	 "	
	
Figure	248:	Table	showing	pH	readings	of	bat	urine	as	recorded	by	bat	workers	on	my	behalf
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Age	 Sex	

	 	 	
Time/date	 Species	 Juvenile		 Adult	 Male		 Female	

pH	
of	

urine	

approximate	
time	since	
last	meal	

Notes	

9.12.12		
1140hrs	 Pip	 0	 0	 0	 0	 6.5	 6-14hrs	 "	

1820hrs	 Pip	 0	 0	 0	 0	 6.5	 3-10hrs	
bench	
paper	

"	 Pip	 0	 0	 0	 0	 6.2	 6-14hrs	
bench	
paper	

"	 Pip	 0	 0	 0	 0	 6.8	 12-21hrs	 "	

1930hrs	 Pip	 0	 0	 0	 0	 6.2	 12-21hrs	 "	

0920hrs	 Pip	 0	 0	 0	 0	 5.9	 6-12hrs	 "	

"	 Pip	 0	 0	 0	 0	 5.9	 "	 "	

1900hrs	 Pip	 0	 0	 0	 0	 6.2	 15-22hrs	
bench	
paper	

15.12.12	
1525hrs	 Pip	 0	 0	 0	 0	 5.9	 10-18hrs	 "	

0730hrs	 Serotine	 1	 0	 0	 1	 5.3	 3-9	hrs	

"	tiny	
spot	
only	

1150hrs	 Serotine	 1	 0	 0	 1	 6.5	 "	 "	

0820hrs	 Serotine	 1	 0	 0	 1	 5.9	 "	 ""	
	
Figure	248:	Table	showing	pH	readings	of	bat	urine	as	recorded	by	bat	workers	on	my	beh	
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Median	Dq	data	analysis	of	Urine	pH	results	

	

For	the	production	of	the	graph	seen	in	the	text	,	maximum	and	minimum	

values	are	shown	if	they	fall	within	a	range	defined	as	1.5*IQR	above	the	

third	quartile	(Q3)	and	1.5*IQR	below	the	first	quartile	(Q1).	If	the	

Minimum	or	Maximum	values	are	outside	this	range,	then	they	are	shown	

as	outliers.	The	normal	convention	for	box	plots	is	to	show	all	the	

outliers,	but	to	simplify	this	graph,	only	the	Minimum	and	Maximum	

outliers	are	shown.	The	total	number	of	outliers	for	each	data	set	are	

included	for	reference	in	the	table.	
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Min 5.3 5.6 5.6 5.9 5.6 5.3 

Q1 6.2 5.9 6.2 6.2 5.9 5.6 

Median 6.426838235 6.2 6.5 6.35 6.05 5.9 

Q3 6.5 6.5 6.5 6.5 6.5 6.2 

Max 6.8 6.8 6.8 6.8 6.8 6.5 

IQR 0.3 0.6 0.3 0.3 0.6 0.6 

Upper Outliers 0 0 0 0 0 0 

Lower Outliers 7 0 1 0 0 0 

Figure	249:	Table	showing	the	Min,	Max,	Median,	outlier	values	and	IQR	(interquartile	
range),	for	urine	pH.	Calculated	for	five	bat	species	
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Appendix	10	-	Supplier	details,	batch	number	and	reagent	grade	

for	urea	used	in	experimental	work	

	

Fisher	Scientific		

BP169-500	

LOT	104924	

	

Urea	for	Molecular	Biology:	Colorless-to-white	crystals/crystalline	

powder	

	

Specifications	

Absorbance	 0.05	max.	(5M	solution)	at	
280nm	

Biuret	 0.1%	max.	
Copper	(Cu)	 1ppm	max.	
Cyanate	 5ppm	max.	
DNase	 DNase	free	
Identification	 Pass	Test	
Heavy	Metals	(as	Pb)	 5ppm	max.	
Insoluble	Matter	 Pass	Test	
Iron	(Fe)	 2ppm	max.	
Packaging	 Poly	Bottle	
Protease	 Protease	free	
Quantity	 500g	
Vapor	Pressure	 1.25mmHg	at	25°C	
Density	 1.335g/mL	
pH	 7.5	to	9.5	
Color	 White	
Melting	Point	 131°C	/	267.8°F	
CAS	 57-13-6	
Physical	Form	 Solid	
Assay	Percent	Range	 ≥99	%	
Molecular	Formula	 CH4N2O	
Linear	Formula	 NH2CONH2	
Formula	Weight	 60.06g/mol	
Chemical	Name	or	Material	 Urea	
Assay	 99%	min.	
Grade	 Molecular	Biology,	DNase-,	

RNase-	and	Protease-Free	
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Appendix	11	-	Summary	chart	showing	the	relationship	between	
temperature	(oC),	vapour	pressure	(Torr)	and	RH	within	the	
ESEM	chamber,	and	calibration	curves	constructed	to	allow	
greater	precision
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Figure	250:	Temperature	oC	and	vapour	pressure	Torr	required	to	achieve	different	RH	
values	within	the	Philips	XL	30	ESEM	sample	chamber	
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Figure	251:	Calibration	curves	created	from	manufacturers	temperature	and	vapour	
pressure	data	required	to	achieve	different	RH	values	within	the	Philips	XL	30	ESEM	sample	
chamber.	Reproduced	at	33%	original	size.
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Appendix	12	-	Full	transcription	of	observations	made	in	real	

time	throughout	ESEM	analysis	of	urea	stability	zone	

	

ESEM	chamber	conditions	 	 	
Pressure		
Torr	

Temp	
°C	 %	RH	 Time	

Min:sec	 Physical	state	of	Urea	

11.7	 19	 71	 0:00	 Urea	entirely	in	aqueous	
solution	

11.3	 19	 69	 0.30	 Crystals	forming	-	some	liquid	
remains	

11.3	 19	 69	 1.00	 Crystals	forming	-	some	liquid	
remains	

11.2	 19	 68	 1.30	 Solid	-	crystals	fully	formed	
11.2	 19	 68	 2.00	 Solid	-	crystals	fully	formed	

11.3	 19	 69	 2.30	

Dissolution	start	point	-	
lacunae	start	to	appear	on	
crystal	structures	and	areas	
with	high	surface	area	to	
volume	ratio	begin	to	become	
less	distinct.	

11.4	 19	 69.5	 3.00	

Dissolution	mid	point	-	crystal	
structures	become	less	distinct	
and	reduced	in	size.	Solution	
starts	to	form	around	them	but	
equilibrium	appears	to	be	
established.	

11.4	 19	 69.5	 3.30	

Dissolution	mid	point	-	crystal	
structures	become	less	distinct	
and	reduced	in	size.	Solution	
starts	to	form	around	them	but	
equilibrium	appears	to	be	
established.	

11.5	 19	 70	 4.00	

Dissolution	is	increased	with	
lacunae	forming	rapidly	within	
crystal	structures,	resulting	in	
the	conversion	of	crystals	to	an	
increasingly	liquid	phase.	

11.5	 19	 70	 4.30	

Dissolution	is	increased	with	
lacunae	forming	rapidly	within	
crystal	structures,	resulting	in	
the	conversion	of	crystals	to	an	
increasingly	liquid	phase.	

11.5	 19	 70	 5.00	

Dissolution	is	increased	with	
lacunae	forming	rapidly	within	
crystal	structures,	resulting	in	
the	conversion	of	crystals	to	an	
increasingly	liquid	phase.	

11.5	 19	 70	 5.30	

Dissolution	is	increased	with	
lacunae	forming	rapidly	and	
the	eventual	conversion	of	
urea	from	a	crystal/liquid	
phase	to	an	entirely	liquid	
phase.	
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11.5	 19	 70	 6.00	 Urea	entirely	in	aqueous	
solution	

11.4	 19	 69.5	 6.30	 Crystals	forming	-	some	liquid	
remains	

11.4	 19	 69.5	 7.00	 Crystals	forming	-	some	liquid	
remains	

11.3	 19	 69	 7.30	 Crystals	forming	-	some	liquid	
remains	

11.2	 19	 68	 8.00	 Solid	-	crystals	fully	formed	
9	 19	 55	 8.30	 Solid	-	crystals	fully	formed	

11.3	 19	 69	 9.00	 Solid	-	crystals	fully	formed	

11.4	 19	 69.5	 9.30	

Dissolution	start	point	-	
lacunae	start	to	appear	on	
crystal	structures	and	areas	
with	high	surface	area	to	
volume	ratio	begin	to	become	
less	distinct.	

11.5	 19	 70	 10.00	

Dissolution	is	increased	with	
lacunae	forming	rapidly	within	
crystal	structures,	resulting	in	
the	conversion	of	crystals	to	an	
increasingly	liquid	phase.	

11.5	 19	 70	 10.30	

Dissolution	is	increased	with	
lacunae	forming	rapidly	within	
crystal	structures,	resulting	in	
the	conversion	of	crystals	to	an	
increasingly	liquid	phase.	

11.5	 19	 70	 11.00	

Dissolution	is	increased	with	
lacunae	forming	rapidly	within	
crystal	structures,	resulting	in	
the	conversion	of	crystals	to	an	
increasingly	liquid	phase.	

11.6	 19	 70.5	 11.30	

Dissolution	is	increased	with	
lacunae	forming	rapidly	and	
the	eventual	conversion	of	
urea	from	a	crystal/liquid	
phase	to	an	entirely	liquid	
phase.	

11.6	 19	 70.5	 12.00	 Urea	entirely	in	aqueous	
solution	

5	 10	 54	 0.00	 Solid	-	crystals	fully	formed	
5	 10	 54	 0.30	 Solid	-	crystals	fully	formed	
4.1	 10	 45	 1.00	 Solid	-	crystals	fully	formed	
3.2	 10	 35	 1.30	 Solid	-	crystals	fully	formed	
1.8	 10	 20	 2.00	 Solid	-	crystals	fully	formed	
5.5	 10	 60	 2.30	 Solid	-	crystals	fully	formed	
6	 10	 65	 3.00	 Solid	-	crystals	fully	formed	
6.1	 10	 67	 3.30	 Solid	-	crystals	fully	formed	

6.2	 10	 68	 4.00	

Dissolution	start	point	-	
lacunae	start	to	appear	on	
crystal	structures	and	areas	
with	high	surface	area	to	
volume	ratio	begin	to	become	
less	distinct.	
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6.3	 10	 69	 4.30	

Dissolution	mid	point	-	crystal	
structures	become	less	distinct	
and	reduced	in	size.	Solution	
starts	to	form	around	them	but	
equilibrium	appears	to	be	
established.	

6.3	 10	 69	 5.00	

Dissolution	mid	point	-	crystal	
structures	become	less	distinct	
and	reduced	in	size.	Solution	
starts	to	form	around	them	but	
equilibrium	appears	to	be	
established.	

6.3	 10	 69	 5.30	

Dissolution	mid	point	-	crystal	
structures	become	less	distinct	
and	reduced	in	size.	Solution	
starts	to	form	around	them	but	
equilibrium	appears	to	be	
established.	

6.3	 10	 69	 6.00	

Dissolution	mid	point	-	crystal	
structures	become	less	distinct	
and	reduced	in	size.	Solution	
starts	to	form	around	them	but	
equilibrium	appears	to	be	
established.	

6.3	 10	 69	 6.30	

Dissolution	mid	point	-	crystal	
structures	become	less	distinct	
and	reduced	in	size.	Solution	
starts	to	form	around	them	but	
equilibrium	appears	to	be	
established.	

6.3	 10	 69	 7.00	

Dissolution	mid	point	-	crystal	
structures	become	less	distinct	
and	reduced	in	size.	Solution	
starts	to	form	around	them	but	
equilibrium	appears	to	be	
established.	

6.3	 10	 69	 7.30	

Dissolution	mid	point	-	crystal	
structures	become	less	distinct	
and	reduced	in	size.	Solution	
starts	to	form	around	them	but	
equilibrium	appears	to	be	
established.	

6.3	 10	 69	 8.00	

Dissolution	mid	point	-	crystal	
structures	become	less	distinct	
and	reduced	in	size.	Solution	
starts	to	form	around	them	but	
equilibrium	appears	to	be	
established.	

6.4	 10	 70	 8.30	

Dissolution	mid	point	-	crystal	
structures	become	less	distinct	
and	reduced	in	size.	Solution	
starts	to	form	around	them	but	
equilibrium	appears	to	be	
established.	

6.4	 10	 70	 9.00	

Dissolution	mid	point	-	crystal	
structures	become	less	distinct	
and	reduced	in	size.	Solution	
starts	to	form	around	them	but	
equilibrium	appears	to	be	
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established.	

6.4	 10	 70	 9.30	

Dissolution	mid	point	-	crystal	
structures	become	less	distinct	
and	reduced	in	size.	Solution	
starts	to	form	around	them	but	
equilibrium	appears	to	be	
established.	

6.4	 10	 70	 10.00	

Dissolution	mid	point	-	crystal	
structures	become	less	distinct	
and	reduced	in	size.	Solution	
starts	to	form	around	them	but	
equilibrium	appears	to	be	
established.	

6.5	 10	 71	 10.30	

Dissolution	is	increased	with	
lacunae	forming	rapidly	within	
crystal	structures,	resulting	in	
the	conversion	of	crystals	to	an	
increasingly	liquid	phase.	

6.5	 10	 71	 11.00	

Dissolution	is	increased	with	
lacunae	forming	rapidly	within	
crystal	structures,	resulting	in	
the	conversion	of	crystals	to	an	
increasingly	liquid	phase.	

6.5	 10	 71	 11.30	

Dissolution	is	increased	with	
lacunae	forming	rapidly	within	
crystal	structures,	resulting	in	
the	conversion	of	crystals	to	an	
increasingly	liquid	phase.	

6.5	 10	 71	 12.00	

Dissolution	is	increased	with	
lacunae	forming	rapidly	within	
crystal	structures,	resulting	in	
the	conversion	of	crystals	to	an	
increasingly	liquid	phase.	

6.5	 10	 71	 12.30	

Dissolution	is	increased	with	
lacunae	forming	rapidly	within	
crystal	structures,	resulting	in	
the	conversion	of	crystals	to	an	
increasingly	liquid	phase.	

6.5	 10	 71	 13.00	

Dissolution	is	increased	with	
lacunae	forming	rapidly	within	
crystal	structures,	resulting	in	
the	conversion	of	crystals	to	an	
increasingly	liquid	phase.	

6.6	 10	 72.5	 13.30	

Dissolution	is	increased	with	
lacunae	forming	rapidly	and	
the	eventual	conversion	of	
urea	from	a	crystal/liquid	
phase	to	an	entirely	liquid	
phase.	

6.6	 10	 72.5	 14.00	

Dissolution	is	increased	with	
lacunae	forming	rapidly	and	
the	eventual	conversion	of	
urea	from	a	crystal/liquid	
phase	to	an	entirely	liquid	
phase.	

6.6	 10	 72.5	 14.30	
Dissolution	is	increased	with	
lacunae	forming	rapidly	and	
the	eventual	conversion	of	
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urea	from	a	crystal/liquid	
phase	to	an	entirely	liquid	
phase.	

6.6	 10	 72.5	 15.00	

Dissolution	is	increased	with	
lacunae	forming	rapidly	and	
the	eventual	conversion	of	
urea	from	a	crystal/liquid	
phase	to	an	entirely	liquid	
phase.	

6.6	 10	 72.5	 15.30	 Urea	entirely	in	aqueous	
solution	

6.5	 10	 71	 16.00	 Urea	entirely	in	aqueous	
solution	

6.5	 10	 71	 16.30	 Urea	entirely	in	aqueous	
solution	

6.5	 10	 71	 17.00	 Crystals	forming	-	some	liquid	
remains	

6.5	 10	 71	 17.30	 Crystals	forming	-	some	liquid	
remains	

6.5	 10	 71	 18.00	 Crystals	forming	-	some	liquid	
remains	

6.5	 10	 71	 18.30	 Crystals	forming	-	some	liquid	
remains	

6.4	 10	 70	 19.00	 Crystals	forming	-	some	liquid	
remains	

5.5	 10	 60	 19.30	 Solid	-	crystals	fully	formed	
3.7	 10	 40	 20.00	 Solid	-	crystals	fully	formed	
3.9	 5	 60	 0.00	 Solid	-	crystals	fully	formed	
4.2	 5	 65	 0.30	 Solid	-	crystals	fully	formed	
4.3	 5	 66	 1.00	 Solid	-	crystals	fully	formed	
4.4	 5	 67	 1.30	 Solid	-	crystals	fully	formed	

4.5	 5	 68.5	 2.00	

Dissolution	start	point	-	
lacunae	start	to	appear	on	
crystal	structures	and	areas	
with	high	surface	area	to	
volume	ratio	begin	to	become	
less	distinct.	

4.6	 5	 70	 2.30	

Dissolution	mid	point	-	crystal	
structures	become	less	distinct	
and	reduced	in	size.	Solution	
starts	to	form	around	them	but	
equilibrium	appears	to	be	
established.	

4.7	 5	 71	 3.00	

Dissolution	is	increased	with	
lacunae	forming	rapidly	within	
crystal	structures,	resulting	in	
the	conversion	of	crystals	to	an	
increasingly	liquid	phase.	

4.7	 5	 71	 3.30	

Dissolution	is	increased	with	
lacunae	forming	rapidly	within	
crystal	structures,	resulting	in	
the	conversion	of	crystals	to	an	
increasingly	liquid	phase.	

4.7	 5	 71	 4.00	
Dissolution	is	increased	with	
lacunae	forming	rapidly	within	
crystal	structures,	resulting	in	
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the	conversion	of	crystals	to	an	
increasingly	liquid	phase.	

4.8	 5	 73	 4.30	

Dissolution	is	increased	with	
lacunae	forming	rapidly	and	
the	eventual	conversion	of	
urea	from	a	crystal/liquid	
phase	to	an	entirely	liquid	
phase.	

4.8	 5	 73	 5.00	 Urea	entirely	in	aqueous	
solution	

4.9	 5	 75	 5.30	 Urea	entirely	in	aqueous	
solution	

4.7	 5	 71	 6.00	 Urea	entirely	in	aqueous	
solution	

4.6	 5	 70	 6.30	 Crystals	forming	-	some	liquid	
remains	

4.6	 5	 70	 7.00	 Crystals	forming	-	some	liquid	
remains	

4.6	 5	 70	 7.30	 Crystals	forming	-	some	liquid	
remains	

4.6	 5	 70	 8.00	 Solid	-	crystals	fully	formed	
1.7	 5	 26	 8.30	 Solid	-	crystals	fully	formed	
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RH	stability	zone	of	urea	–	Potential	sources	of	error.	

	

When	Establishing	RH	stability	zones	for	urea	the	

dissolution/crystallization	boundary	was	established		by	exposing	urea	

crystals	to	a	cycling	range	of	relative	humidity	values.	This	work	was	

undertaken	using	a	partial	pressure	chamber	and	a	cryo-stage	in	a	Philips	

XL	30	ESEM.	RH	was	controlled	using	a	Peltier	stage	to	control	

temperature	while	water	vapour	partial	pressure	was	adjusted	via	the	

ESEM.	The	experimental	work	undertaken	showed	that	urea	was	found	

to	be	in	crystalline	form	at	relative	humidity	values	of	67%	or	below,	and	

that	at	relative	humidity	values	of	73%	or	above,	urea	was	only	ever	

observed	in	solution.	It	was	therefore	concluded	that	regardless	of	

temperature	the	intermediate	range	of	67	–	73%	RH	represents	the	

phase	transition	zone	at	which	urea	crystals	deliquesce.		

	

Reported	values	for	the	CRH	of	urea	are	commonly	suggested	to	be	

higher	than	this	range.	In	the	available	literature	urea	is	considered	to	

have	a	CRH	of	70	–	75%	at	a	temperature	of	30oC,	increasing	to	80%	as	

temperature	drops	to	15	oC	(Brien,	1948,	Clayton,	1984,	Winston	and	

Bates,	1960).	The	literature	does	not	always	give	consistent	figures	for	

the	CRH	of	urea,	but	the	values	given	are	universally	higher	than	my	

experimental	findings.		

	

Potential	causes	for	this	discrepancy	are	considered	to	be	due	to	the	way	

that	RH	is	controlled	within	the	Philips	XL	30	ESEM.	The	ESEM	manages	

RH	in	part	by	reducing	pressure	inside	the	sample	chamber,	but	also	by	

adjusting	temperature	using	a	peltier	stage.		This	can	create	a	small	

temperature	gradient,	with	the	surface	of	the	stage	and	the	sample	being	

slightly	cooler	than	the	ambient	environment	within	the	sample	chamber.	

The	reduced	temperature	at	the	sample	surface	would	mean	that	the	RH	

experienced	directly	at	the	sample	surface	would	always	be	higher	than	

“set”	in	the	sample	chamber,	thus	deliquescence	of	urea	crystals	would	be	

observed	at	an	apparently	lower	CRH	than	published	values.	Personal	
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communication	with	other	researchers	that	have	conducted	similar	work	

using	the	same	ESEM,	confirmed	that	they	also	recorded	CRH	values	

lower	than	expected	when	conducting	experimental	work	of	this	nature	

(Pers	Comm.	A.	Heritage,	2016).	

	

Analysis	of	ESEM	chamber	parameters	provided	by	the	manufacturer	

regarding	the	relationship	between	temperature,	vapour	pressure	and	

relative	humidity	within	the	sample	chamber,	show	that	a	temperature	

differential	between	the	sample	and	ambient	chamber	conditions	of	only	

1oC,	would	result	in	an	apparent	lowering	of	observed	CRH	values	by	5%	

RH.	Experimental	work	conducted	as	part	of	this	project	used	small	

volumes	of	urea	placed	directly	onto	the	metal	surface	of	the	peltier	stage	

and	it	is	therefore	highly	probable	that	the	samples	were	cooler	than	the	

ambient	chamber	conditions	hence	the	low	CRH	values	observed.	

	

The	ability	for	urea	to	play	a	role	in	deterioration	mechanisms	(due	to	its	

ability	to	regularly	cross	a	dissolution	/crystalisation	boundary)	is	not	in	

dispute,	however	the	experimentally	determined	phase	transition	zone	of	

67	–	73%	RH	is	almost	certainly	lower	than	it	should	be.		

	

Since	undertaking	the	urea	crystalisation	work	being	discussed,	the	

Philips	XL	30	ESEM	used	has	unfortunately	not	been	available.	Had	it	

been	then	it	may	have	been	possible	to	run	a	series	of	experiments	using	

a	range	of	salts	(with	accurately	published	and	experimentally	verifiable	

CRH	values)	to	effect	a	calibration	of	the	manufacturer	supplied	settings.	

As	this	was	not	possible	I	have	chosen	to	present	my	results	as	observed,	

and	include	this	discussion	of	the	possible	source	of	error.		
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Appendix	13	–	Sample	board	construction	materials	and	

specification	

	

Sample	boards	were	designed	to	expose	the	test	materials	horizontally	to	

allow	bat	droppings	and	urine	to	accumulate	on	the	surface,	while	

allowing	a	section	of	each	test	material	to	be	protected	from	deposition.	

In	this	way	an	experimental	control	area	would	be	provided	for	

comparison	that	was	specific	to	each	individual	test	material	and	to	the	

local	environmental	effects	for	a	particular	location.	

	

Sample	boards	were	designed	to	be	deployed	by	a	third	party	quickly	and	

easily	in	order	to	maintain	experimental	consistency	and	also	to	ensure	

minimum	disturbance	should	any	bats	be	present	in	the	roost	at	the	time.	

Considerable	care	was	taken	to	ensure	that	the	design	and	manufacture	

of	the	sample	boards	minimised	any	potential	for	interaction	between	the	

materials	used	in	the	construction	of	the	supporting	boards	and	the	test	

materials,	or	between	the	test	materials	themselves.	

	

The	final	design	for	the	boards	satisfied	the	following	criteria:	

	

• Any	materials	used	in	direct	contact	with	the	test	materials	should	

be	chemically	inert	and	of	archival	quality	to	avoid	any	unwanted	

chemical	interaction.	

• Individual	test	materials	must	not	come	into	direct	contact	in	

order	to	avoid	chemical	interaction,	e.g.	galvanic	corrosion	

between	the	different	metal	alloy	samples.	

• Test	materials	should	be	arranged	in	such	a	way	that	all	surfaces	

stand	an	equal	chance	of	exposure	to	bat	droppings	and	urine	

when	in	situ	and	are	presented	in	the	same	orientation.	

• There	should	be	provision	for	an	area	of	each	test	material	to	be	

protected	from	the	deposition	of	bat	droppings	and	urine	in	order	

to	act	as	a	control	area	for	comparison	with	the	exposed	surface	at	
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the	end	of	the	field	study	period.	The	method	of	protection	should	

not	coat,	alter	or	physically	touch	the	surface	in	any	way	

• There	should	be	provision	for	the	attachment	of	a	data	logger	onto	

each	board	in	such	a	location	as	it	will	not	interfere	with	the	

deposition	of	bat	droppings	and	urine	on	the	test	samples.	The	

data	logger	will	need	to	be	protected	from	bat	droppings	and	

urine	itself,	but	in	such	a	way	that	it	still	records	accurate	data	in	

relation	to	the	local	environmental	conditions	of	temperature	and	

relative	humidity.	

	

Sample	boards	were	prepared	to	the	pattern	shown	below.	Marine	grade	

plywood	was	used	for	the	base,	and	planed	untreated	Scots	pine	(Pinus	

sylvestris)	for	the	perimeter	frame	and	structural	elements.		
	
	

	
Figure	252:	Sample	board	construction:	Wooden	frame	constructed	of	Marine	grade	
plywood	(base)	and	planed	untreated	Scots	pine	(Pinus	sylvestris)	for	the	frame	elements.	
All	joined	using	only	stainless	steel	screws	and	panel	pins,	the	use	of	wood	adhesives	was	
avoided	entirely.	
	



	 509	

		
Figure	253:	Sample	board	lined	with	Plastazote	(archival	quality,	closed	cell	polyethylene	
foam)	secured	with	pH	neutral,	archival	quality,	double-sided	tape.	
	

																							 	
	

Figure	254:	Sample	board	with	test	materials	in	place	
	

All	wooden	aspects	of	the	boards	were	joined	using	only	stainless	steel	

screws	and	panel	pins,	the	use	of	wood	adhesives	was	avoided	entirely	in	

order	to	limit	the	potential	for	corrosion	related	to	volatile	organic	

compounds	emanating	form	the	adhesive.	As	timber	products	are	known	

to	be	a	source	of	organic	acids,	which	can	promote	corrosion	on	copper	

and	lead	alloys	contact	between	the	wooden	elements	of	the	boards	and	

the	sample	materials	had	to	be	avoided,	accordingly	the	boards	were	fully	
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lined	with	Plastazote® 	(archival	quality,	closed	cell	polyethylene	foam)	

secured	with	pH	neutral,	archival	quality,	double-sided	tape.	

	

Plastazote® 	was	also	used	to	maintain	a	consistent	horizontal	elevation	

for	all	sample	surfaces	within	the	board	and	to	form	a	barrier	between	

the	individual	sample	materials	to	prevent	them	making	contact.	
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Appendix	14	-	Preparation	procedure	for	polished	block	cross	

sections	of	samples	

	

This	guide	outlines	the	standard	operating	procedure	used	for	the	

preparation	of	polished	blocks	required	in	this	research	project	for	

quantitative	SEM-EDS	analysis	and	corrosion	profile	examination.			

	

Cutting	the	Samples	

	

Test	samples	were	dry	cut	using	a	Dremel	4000	hand	tool	fitted	with	a	

SpeedClic™	mandrel.	Depending	on	material	type	either	a	SpeedClic™	

diamond	cutting	wheel	(Dremel	2615S545JB),	or		a	SpeedClic™	metal	

cutting	wheel	(Dremel	2615S456JC)	was	used.	Care	was	taken	to	ensure	

that	cutting	did	not	generate	sufficient	heat	to	affect	the	results	of	

experimental	work	or	the	microstructure	of	sampled	materials.	

	

Resin	impregnating		

	

Cut	samples	were	embedded	in	Buehler	EpoThin	2	epoxy	resin*.	Sample	

were	oriented	and	placed	with	a	sample	label	in	Buehler	SamplKup™	

mould	cups	coated	in	release	agent,	the	cups	were	then	filled	with	the	

resin	system	to	a	depth	of	15mm.	Sample	cups	were	placed	in	a	vacuum	

chamber	in	order	to	fully	impregnate	friable	or	porous	areas	of	the	

sample	and/or	remove	air	bubbles	from	the	resin/sample	system.	

Samples	were	left	for	to	cure	for	overnight.	

	

*Clear,	very	low	viscosity	epoxy	system,	9	hr	cure,	<86°F	[30°C]	Peak	

Temperature.	~78	Shore	D	Hardness		

	

Grinding	and	polishing	the	blocks	

	

Once	cured,	resin	blocks	were	removed	from	the	sample	moulds.	

Grinding	to	expose	the	sample	and	to	create	a	flat	surface	on	the	sample	
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material	was	initially	undertaken	using	an	inclined	manual	grinder	with	

silicon	carbide	abrasive	papers	in	the	grit	range	of	P120	-	P600,	and	

completed	with	a	MetaServe	250HS	automatic	rotary	grinder	using	

abrasives	in	the	range	of	P600	-	P4000	grit.		

	

All	sample	blocks	were	washed	in	IMS	in	an	ultra-sonic	bath	in	order	to	

remove	grinding	residues	prior	to	changing	to	a	finer	grade	of	abrasive.	

Samples	were	rotated	by	90o	each	time	abrasive	particle	size	was	

decreased.	

	

Final	polishing	of	samples	was	undertaken	using	a	diamond	polishing	

compound	in	9,	6,	3,	1	and	¼	µm	sizes	applied	to	lap	polishing	cloths	on	

MetaServe	250HS	automatic	rotary	grinders.	Diamond	pastes	were	

distributed	on	the	polishing	cloths	and	lubricated	with	a	small	amount	of	

lapping	oil.	When	polishing	was	complete	samples	were	washed	in	IMS	in	

an	ultrasonic	bath	and	dried	prior	to	carbon	coating	(if	sample	required	

for	analysis).	
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Appendix	15	–	SEM	beam	and	chamber	conditions	used	for	all	

quantitative	analysis	

	

Calibration	to	a	cobalt	standard	was	undertaken	prior	to	analysis,	

calibration	and	beam	condition	were	checked	periodically	throughout	

each	session	of	analysis.	All	analysis	was	conducted	at	a	working	distance	

of	10mm	(consistent	with	the	working	distance	used	during	calibration).	

When	undertaking	EDS	analysis,	a	probe	current	of	20kV	with	5	micron	

spot	size	was	used.	Acquisition	time	was	100	seconds,	plus	processing	

time	(with	a	dead-time	of	38-40%).	

Appendix	16	-	Removal	of	organic	content	from	corrosion	

samples	prior	to	XRD	analysis	

	

In	order	to	remove	organic	content	from	corrosion	samples	prior	to	XRD	

analysis	the	following	procedure	was	undertaken.	The	procedure	was	

based	on	techniques	developed	and	commonly	used	when	preparing	soil	

samples	for	mineralogical	analysis	(Lavkulich	and	Wiens,	1970,	Soukup	

et	al.,	2008).	

	

CAUTION:	Severe	chemical	burns	can	result	if	H2O2	comes	in	contact	

with	the	skin	or	eyes.		Affected	areas	should	be	rinsed	thoroughly	with	

water	immediately	after	contact.	

	

NOTE:	Lab	coat,	nitrile	gloves	and	eye	protection	should	be	worn	when	

working	with	hydrogen	peroxide	including	opening	of	tubes	containing	

solution.			

	

1. Place	corrosion	samples	in	individual	(labelled)	5ml	

microcentrifuge	tubes	(e.g.	Eppendorf	tubes).	

2. Using	a	pipette	add	2ml	of	hydrogen	peroxide	30%.	When	the	

oxidation	of	organic	matter	begins	(indicated	by	frothing)	add	a	
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few	drops	of	acetone	to	control	frothing	and	prevent	the	solution	

overflowing.	

3. Close	cap	of	centrifuge	tube	and	shake	to	distribute	corrosion	

sample.	

4. Repeat	agitation	of	centrifuge	tubes	at	approximately	10	minute	

intervals	for	1	hour	or	until	agitation	does	not	result	in	more	

frothing	*.	

5. Place	tubes	in	microcentrifuge	and	run	at	1500rpm	for	5	minutes.	

6. Using	a	pipette	decant	and	discard	the	clear	supernatant	fluid	

from	the	surface	of	the	corrosion	samples.	

7. Repeat	steps	2-6.	

8. After	repeating	the	process	twice	place	the	centrifuge	tubes	(with	

caps	open)	in	a	drying	oven	overnight.	

9. When	the	sample	are	fully	dried	analysis	can	be	undertaken.	

	

*	You	should	observe	that	in	time	the	initial	frothing	reaction	subsides	to	

moderate	bubbling.		The	bubbling	is	the	result	of	the	thermal	

decomposition	of	H2O2.	
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Appendix	17	-	complete	photographic	record	of	all	64	sample	

materials	from	phase	1	samples	boards		

	

	
Figure	255:	Photographic	record	of	all	sample	materials	from	Board	1.		



	 516	

	
Figure	255:	Photographic	record	of	all	sample	materials	from	Board	1.		
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Figure	256:	Photographic	record	of	all	sample	materials	from	Board	2.		
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Figure	256:	Photographic	record	of	all	sample	materials	from	Board	2.		
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Figure	257:	Photographic	record	of	all	sample	materials	from	Board	3.		
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Figure	257:	Photographic	record	of	all	sample	materials	from	Board	3.		
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Figure	258:	Photographic	record	of	all	sample	materials	from	Board	4.		
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Figure	258:	Photographic	record	of	all	sample	materials	from	Board	4.		
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Appendix	18	-	SEM	Micrographs	and	analytical	data	relating	to	

metal	samples	from	phase	1	sample	boards	

Sample	S1:B1	

	

Figure	259:	Sample	S1:B1,	the	section	of	the	sample	removed	for	preparation	as	a	polished	
cross	section	and	used	for	SEM	analysis	has	been	highlighted	(black	rectangle).		
	

	
Figure	260:	BSE	image	of	sample	S1:B1	at	magnification	x1.00k.	Corrosion	products	other	
than	a	standard	2-3	micron	oxide	layer	(darker	grey	areas)	cannot	be	seen.	
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Sample	S2:B1	

	

Figure	261:	Sample	S2:B1,	the	section	of	the	sample	removed	for	preparation	as	a	polished	
cross	section	and	used	for	SEM	analysis	has	been	highlighted	(black	rectangle).		
	

	
Figure	262:	BSE	image	of	sample	S2:B1	at	magnification	x200.	Corrosion	products	cannot	be	
seen	on	the	surface.	
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Sample	S3:B1	

	

Figure	263:	Sample	S3:B1,	the	section	of	the	sample	removed	for	preparation	as	a	polished	
cross	section	and	used	for	SEM	analysis	has	been	highlighted	(black	rectangle).		

	
Figure	264:	BSE	image	of	sample	S3:B1	at	magnification	x200.	Corrosion	products	cannot	be	
seen	on	the	surface.	
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Sample	S4:B1	

	

Figure	265:	Sample	S4:B1,	the	section	of	the	sample	removed	for	preparation	as	a	polished	
cross	section	and	used	for	SEM	analysis	has	been	highlighted	(black	rectangle).	
	

	
	

Figure	266:	BSE	image	of	sample	S4:B1	at	magnification	x200.	Corrosion	can	clearly	be	seen	
on	the	surface	of	the	copper/zinc	alloy	(darker	grey	layers),	corrosion	has	penetrated	down	
into	the	surface	resulting	in	pitting.		
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Figure	267:	BSE	image	of	sample	S4:B1	at	magnification	x1.00k.	Corrosion	can	clearly	be	
seen	on	the	surface	of	the	copper/zinc	alloy	(darker	grey	layers),	corrosion	has	penetrated	
down	into	the	surface	resulting	in	pitting.		
	

	
	

	
Figure	268:	SEM-EDS	element	map	of	sample	S4:B1.	Zinc	from	the	alloy	is	largely	absent	
from	the	pitted	areas.	
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Processing	option	:	All	elements	analysed	(Normalised)	

	

Element	 O	 Na	 P	 S	 Cl	 K	 Ca	 Cu	 Zn	 Pb	 Total	
	 	 	 	 	 	 	 	 	 	 	 	
Spectrum	

1	 0.93	 	 	 	 	 	 	 61.08	 37.99	 	 100	

Spectrum	
2	 0.75	 	 	 	 	 	 	 61.29	 37.96	 	 100	

Spectrum	
3	 0.77	 	 	 	 	 	 	 61.50	 37.73	 	 100	

Spectrum	
4	 35.29	 2.71	 9.86	 1.22	 0.43	 0.64	 1.41	 28.65	 18.07	 1.72	 100	

Spectrum	
5	 37.23	 	 14.17	 0.33	 0.16	 6.34	 	 8.97	 30.22	 2.58	 100	

Spectrum	
6	 37.56	 	 11.00	 1.16	 0.45	 0.72	 1.71	 26.85	 18.77	 1.78	 100	

All	results	in	weight%	

	
Figure	269:	SEM-EDS	analysis	undertaken	on	S4:B1.	The	image	shows	both	the	analysed	
areas	of	the	sample	and	the	results	of	analysis.	Spectrum	4	and	5	represent	the	same	
corrosion	product,	spectrum	5	indicates	a	different	phase	in	the	corrosion	layers	therefore	
multiple	corrosion	products	are	present.		
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Sample	S5:B1	

	

Figure	270:	Sample	S5:B1,	the	section	of	the	sample	removed	for	preparation	as	a	polished	
cross	section	and	used	for	SEM	analysis	has	been	highlighted	(black	rectangle).	
	

	
	
Figure	271:	BSE	image	of	sample	S5:B1	at	magnification	x200.	Corrosion	can	clearly	be	seen	
on	the	surface	of	the	copper/zinc	alloy	(darker	grey	layers),	corrosion	has	penetrated	down	
into	the	surface	resulting	in	pitting.		
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Figure	272:	BSE	image	of	sample	S5:B1	at	magnification	x1.00k.	Corrosion	can	clearly	be	
seen	on	the	surface	of	the	copper/zinc	alloy	(darker	grey	layers),	corrosion	has	penetrated	
down	into	the	surface	resulting	in	pitting.		
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Processing	option	:	All	elements	analysed	(Normalised)	

Element	 O	 Na	 Mg	 P	 S	 Cl	 K	 Ca	 Cu	 Zn	 Total	
	 	 	 	 	 	 	 	 	 	 	 	
Spectrum	1	 	 	 	 	 	 	 	 	 63.94	 36.06	 100	
Spectrum	2	 0.56	 	 	 	 	 	 	 	 64.14	 35.30	 100	
Spectrum	3	 	 	 	 	 	 	 	 	 64.81	 35.19	 100	
Spectrum	4	 41.68	 	 	 7.90	 1.31	 0.60	 1.27	 	 26.70	 20.53	 100	
Spectrum	5	 38.78	 2.54	 	 10.53	 0.90	 0.53	 1.73	 0.42	 28.35	 16.22	 100	
Spectrum	6	 36.68	 	 0.42	 10.33	 1.20	 0.42	 1.95	 	 29.22	 19.78	 100	
All	results	in	weight%	

	
Figure	273:	SEM-EDS	analysis	undertaken	on	S5:B1.	Multiple	areas	of	analysis	were	selected	
in	order	that	a	representative	sample	of	each	polished	cross	section	was	analysed.	The	
image	shows	both	the	analysed	areas	of	the	sample	and	the	results	of	analysis.	The	
corrosion	layer	is	a	single	phase	i.e.	only	one	corrosion	product	present.	
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Sample	S6:B1	

	

	
Figure	274:	Sample	S6:B1,	the	section	of	the	sample	removed	for	preparation	as	a	polished	
cross	section	and	used	for	SEM	analysis	has	been	highlighted	(black	rectangle).	
	

	
	
Figure	275:	BSE	image	of	sample	S6:B1	at	magnification	x200.	Corrosion	can	clearly	be	seen	
on	the	surface	of	the	copper/zinc	alloy	(darker	grey	layers),	corrosion	has	penetrated	down	
into	the	surface	resulting	in	pitting.		
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The	images	below	show	EDS	element	maps	of	the	same	area	of	sample	

S6:B1	shown	in	figure	275,	the	distribution	of	oxygen,	and	chloride	can	

be	seen	to	closely	correspond	with	the	corrosion	products	on	the	surface,	

zinc	from	the	alloy	can	be	seen	to	be	largely	absent	from	these	areas	

indicating	that	zinc	is	being	preferentially	corroded	from	the	alloy.34	

	
	

	
	
Figure	276:	SEM-EDS	element	maps	of	sample	S6:B1.	The	distribution	of	distribution	of	
oxygen	and	chloride	closely	correspond	with	the	corrosion	products	on	the	surface;	zinc	
from	the	alloy	can	be	seen	to	be	largely	absent	from	these	areas.	
	

	

	 	

																																																								
34	An	explanation	of	corrosion	mechanisms	involving	the	preferential	corrosion	of	alloy	
components	is	given	in	section	7.1.2	
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Sample	S7:B1	

	

	
Figure	277:	Sample	S7:B1,	the	section	of	the	sample	removed	for	preparation	as	a	polished	
cross	section	and	used	for	SEM	analysis	has	been	highlighted	(black	rectangle).	
	

	
	
Figure	278:	BSE	image	of	sample	S7:B1	at	magnification	x200.	Corrosion	can	clearly	be	seen	
on	the	surface	of	the	copper/zinc	alloy	(darker	grey	layers),	corrosion	has	penetrated	down	
into	the	surface	resulting	in	pitting.		
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Figure	279:	BSE	image	of	sample	S7:B1	at	magnification	x1.00k.	The	image	shows	the	sample	
surface	in	greater	detail,	corrosion	can	clearly	be	seen	on	the	surface	of	the	copper/zinc	
alloy	(darker	grey	layers)	and	has	penetrated	down	into	the	surface	resulting	in	pitting.	
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Processing	option	:	All	elements	analysed	(Normalised)	

	

Element	 O	 P	 S	 Cl	 K	 Ca	 Cu	 Zn	 Total	 	
	 	 	 	 	 	 	 	 	 	 	
Spectrum	1	 	 	 	 	 	 	 69.80	 30.20	 100	 	
Spectrum	2	 	 	 	 	 	 	 68.76	 31.24	 100	 	
Spectrum	3	 	 	 	 	 	 	 70.79	 29.21	 100	 	
Spectrum	4	 37.83	 9.36	 0.98	 1.00	 1.76	 0.25	 16.66	 32.17	 100	 	
Spectrum	5	 37.86	 9.28	 1.13	 1.31	 1.84	 0.36	 10.32	 37.89	 100	 	
Spectrum	6	 43.52	 15.70	 0.23	 0.48	 3.96	 0.82	 18.66	 16.64	 100	 	
All	results	in	weight%	

	
Figure	280:	SEM-EDS	analysis	undertaken	on	S7:B1.	Multiple	areas	of	analysis	were	selected	
in	order	that	a	representative	sample	of	each	polished	cross	section	was	analysed.	The	
image	shows	both	the	analysed	areas	of	the	sample	and	the	results	of	analysis.	The	
corrosion	layer	is	a	single	phase	i.e.	only	one	corrosion	product	present.	
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Sample	S1:B2	

	

	
Figure	281:	Sample	S1:B2,	the	section	of	the	sample	removed	for	preparation	as	a	polished	
cross	section	and	used	for	SEM	analysis	has	been	highlighted	(black	rectangle).		
	

	
	
Figure	282:	BSE	image	of	sample	S1:B2	at	magnification	x200.	Corrosion	can	be	seen	to	have	
penetrated	down	into	the	surface.	
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Figure	283:	BSE	image	of	sample	S1:B2	at	magnification	x1.00k.	Corrosion	can	be	seen	to	
have	penetrated	down	into	the	surface	and	corrosion	products	can	be	seen	covering	the	
surface	of	the	sample	(darker	grey	areas).		
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Sample	S2:B2	

	

Figure	284:	Sample	S2:B2,	the	section	of	the	sample	removed	for	preparation	as	a	polished	
cross	section	and	used	for	SEM	analysis	has	been	highlighted	(black	rectangle).	
	

	

	
Figure	285:	BSE	image	of	sample	S2:B2	at	magnification	x200.	Corrosion	products	cannot	be	
seen	on	the	surface.	 	
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Sample	S3:B2	

	

Figure	286:	Sample	S3:B2,	the	section	of	the	sample	removed	for	preparation	as	a	polished	
cross	section	and	used	for	SEM	analysis	has	been	highlighted	(black	rectangle).		
	

	
	
Figure	287:	BSE	image	of	sample	S3:B2	at	magnification	x200.	Corrosion	can	be	seen	to	have	
penetrated	down	into	the	metal	surface.	
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Figure	288:	BSE	image	of	sample	S3:B2	at	magnification	x1.00k.	Corrosion	can	be	seen	to	
have	penetrated	down	into	the	surface	resulting	in	pitting.		
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Sample	S4:B2	

	

Figure	289:	Sample	S4:B2,	the	sections	of	the	sample	removed	for	preparation	as	polished	
cross	sections	and	used	for	SEM	analysis	have	been	highlighted	(black	rectangles).	
	

	
	
Figure	290:	BSE	image	of	sample	S4:B2	(area	A)	at	magnification	x200.	Corrosion	can	clearly	
be	seen	on	the	surface	of	the	copper/zinc	alloy	(darker	grey	layers),	corrosion	has	
penetrated	down	into	the	surface	resulting	in	pitting.		
	



	 543	

	
	
Figure	291:	BSE	image	of	sample	S4:B2	(area	A)	at	magnification	x1.00k.	The	image	shows	an	
area	of	the	sample	surface	in	which	corrosion	has	resulted	in	pitting.	Note	the	more	
granular/powdery	structure	of	the	corrosion	products	at	the	base	of	the	pits	in	comparison	
to	more	uniform	composition	of	the	corrosion	above.		
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The	images	below	show	EDS	element	maps	of	the	same	area	of	sample	

S4:B2	shown	in	figure	291	above,	the	distribution	of	oxygen,	sodium	and	

chloride	can	be	seen	to	closely	correspond	with	the	corrosion	products	

on	the	surface	with	chloride	located	predominately	in	and	around	the	

corrosion	pits.	

	

	
	
Figure	292:	SEM-EDS	element	maps	of	sample	S4:B2.	The	distribution	of	oxygen,	sodium	and	
chloride	can	be	seen	to	closely	correspond	with	the	corrosion	products	on	the	surface;	
chloride	is	located	predominately	in	the	corrosion	pits.	
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Processing	option	:	All	elements	analysed	

Element	 O	 Na	 K	 Cu	 Zn	 Pb	 Total	 	
	 	 	 	 	 	 	 	 	
Spectrum	1	 	 	 	 60.06	 38.05	 1.89	 100	 	
Spectrum	2	 	 	 	 61.34	 37.03	 1.63	 100	 	
Spectrum	3	 	 	 	 59.87	 38.29	 1.84	 100	 	
Spectrum	4	 37.46	 	 0.84	 37.55	 24.15	 	 100	 	
Spectrum	5	 37.06	 1.46	 1.04	 38.54	 21.90	 	 100	 	
Spectrum	6	 33.10	 	 1.33	 41.79	 23.77	 	 100	 	
All	results	in	weight%	

	
Figure	293:	SEM-EDS	analysis	undertaken	on	S4:B2B.	Multiple	areas	of	analysis	were	
selected	in	order	that	a	representative	sample	of	each	polished	cross	section	was	analysed.	
The	image	shows	both	the	analysed	areas	of	the	sample	and	the	results	of	analysis.	The	
corrosion	layer	is	a	single	phase	i.e.	only	one	corrosion	product	present.	
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Sample	S5:B2	

	

Figure	294:	Sample	S5:B2,	the	sections	of	the	sample	removed	for	preparation	as	polished	
cross	sections	and	used	for	SEM	analysis	have	been	highlighted	(black	rectangles).	
	

	
	
Figure	295:	BSE	image	of	sample	S5:B2A	at	magnification	x200.	Corrosion	can	clearly	be	seen	
on	the	surface	of	the	copper/zinc	alloy	(darker	grey	layers),	corrosion	has	penetrated	down	
into	the	surface	resulting	in	pitting.		
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Figure	296:	BSE	image	of	sample	S5:B2A	at	magnification	x1.00k.	The	image	shows	the	
sample	surface	in	greater	detail,	corrosion	has	resulted	in	pitting	and	a	high	degree	of	
disruption	to	the	surface.		
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Processing	option	:	All	elements	analysed	

	

Element	 O	 P	 Na	 S	 Cl	 K	 Ca	 Cu	 Zn	 Total	 	
	 	 	 	 	 	 	 	 	 	 	 	
Spectrum	1	 	 	 	 	 	 	 	 63.80	 36.20	 100	 	
Spectrum	2	 	 	 	 	 	 	 	 98.76	 1.24	 100	 	
Spectrum	3	 	 	 	 	 	 	 	 64.79	 35.21	 100	 	
Spectrum	4	 37.83	 	 9.36	 0.98	 1.00	 1.76	 0.25	 16.66	 32.17	 100	 	
Spectrum	5	 37.86	 	 9.28	 1.13	 1.31	 1.84	 0.36	 10.32	 37.89	 100	 	
Spectrum	6	 43.52	 3.65	 15.70	 0.23	 0.48	 3.96	 0.82	 18.66	 12.99	 100	 	
All	results	in	weight%	

	
Figure	297:	SEM-EDS	analysis	undertaken	on	S5:B2A.	The	image	shows	both	the	analysed	
areas	of	the	sample	and	the	results	of	analysis.	The	corrosion	layer	is	a	multi	phase	i.e.	more	
than	one	corrosion	product	present.	
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SEM-EDS	analysis	undertaken	on	S5:B2	showed	that	chloride	was	

detected	in	significant	quantities	in	corrosion	pits.	The	image	below	

shows	both	the	analysed	area	of	the	sample	and	the	results	of	analysis.	

	

	
Processing	option	:	All	elements	analysed	(Normalised)	

Element	
	

O	 P	 S	 Cl	 K	 Cu	 Zn	 Total	 	

Spectrum	1	 37.99	 0.69	 0.33	 7.20	 	 9.06	 44.73	 100	 	
All	results	in	weight%	

	
Figure	298:	SEM-EDS	analysis	undertaken	on	S5:B2.	The	image	shows	both	the	analysed	area	
of	the	sample	and	the	results	of	analysis.	Chloride	was	detected	in	significant	quantities.	
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Sample	S6:B2	

Figure	299:	Sample	S6:B2,	the	section	of	the	sample	removed	for	preparation	as	a	polished	
cross	section	and	used	for	SEM	analysis	has	been	highlighted	(black	rectangle).	
	

	
	
Figure	300:	BSE	image	of	sample	S6:B2	at	magnification	x500k.	Corrosion	has	resulted	in	
pitting	and	a	high	degree	of	disruption	to	the	surface.	



	 551	

	
	
Figure	301:	BSE	image	of	sample	S6:B2	at	magnification	x1.00k.	The	image	shows	the	sample	
surface	in	greater	detail,	corrosion	has	resulted	in	pitting	and	a	high	degree	of	disruption	to	
the	surface.	
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Processing	option	:	All	elements	analysed	(Normalised)	

Spectrum	 O	 P	 S	 Cl	 K	 Cu	 Zn	 Total	
	 	 	 	 	 	 	 	 	
Spectrum	1	 46.48	 3.47	 1.20	 1.04	 0.97	 34.82	 12.02	 100	
Spectrum	2	 36.49	 0.99	 2.61	 3.55	 0.26	 45.06	 11.03	 100	
Spectrum	3	 31.75	 	 2.46	 5.16	 	 56.58	 4.04	 100	
Spectrum	4	 	 	 	 	 	 89.85	 10.15	 100	
Spectrum	5	 	 	 	 	 	 90.14	 9.86	 100	
All	results	in	weight%	

	

Figure	302:	SEM-EDS	analysis	undertaken	on	S6:B2.	The	image	shows	both	the	analysed	
areas	of	the	sample	and	the	results	of	analysis.	The	corrosion	layer	is	a	multi	phase	i.e.	more	
than	one	corrosion	product	present.	
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Sample	S7:B2	

Figure	303:	Sample	S7:B2,	the	section	of	the	sample	removed	for	preparation	as	a	polished	
cross	section	and	used	for	SEM	analysis	has	been	highlighted	(black	rectangle).	
	

	
	
Figure	304:	BSE	image	of	sample	S7:B2	at	magnification	x200.	Corrosion	can	clearly	be	seen	
on	the	surface	of	the	copper/zinc	alloy	(darker	grey	layers).	
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Figure	305:	BSE	image	of	sample	S7:B2	at	magnification	x1.00k.	Corrosion	can	clearly	be	
seen	on	the	surface	of	the	copper/zinc	alloy	(darker	grey	layers).	
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Processing	option	:	All	elements	analysed	

Element	 O	 P	 S	 Cl	 K	 Ca	 Cu	 Zn	 Total	
	 	 	 	 	 	 	 	 	 	
Spectrum	
1	 	 	 	 	 	 	 70.08	 29.92	 100	

Spectrum	
2	 	 	 	 	 	 	 69.93	 30.07	 100	

Spectrum	
3	 	 	 	 	 	 	 69.86	 30.14	 100	

Spectrum	
4	 44.99	 16.53	 	 0.40	 5.74	 0.48	 4.79	 27.08	 100	

Spectrum	
5	 34.39	 15.96	 1.32	 0.93	 6.22	 1.41	 16.85	 22.92	 100	

Spectrum	
6	 39.58	 2.39	 0.78	 0.62	 	 	 10.29	 46.34	 100	

All	results	in	weight%	

	
Figure	306:	SEM-EDS	analysis	undertaken	on	S7:B2.	The	image	shows	both	the	analysed	
areas	of	the	sample	and	the	results	of	analysis.	The	corrosion	layer	is	a	multi	phase	i.e.	more	
than	one	corrosion	product	present.	
	
	 	



	 556	

Sample	S5:B3	

	

Figure	307:	Sample	S5:B3,	the	section	of	the	sample	removed	for	preparation	as	a	polished	
cross	section	and	used	for	SEM	analysis	has	been	highlighted	(black	rectangle).	
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Processing	option	:	All	elements	analysed	
Element	 O	 Na	 P	 S	 Cl	 K	 Ca	 Cu	 Zn	 Total	
	 	 	 	 	 	 	 	 	 	 	
Spectrum	1	 	 	 	 	 	 	 	 64.26	 35.09	 100	
Spectrum	2	 	 	 	 	 	 	 	 64.42	 35.58	 100	
Spectrum	3	 	 	 	 	 	 	 	 63.85	 36.15	 100	
Spectrum	4	 45.03	 	 0.74	 1.51	 1.24	 0.26	 0.21	 27.72	 23.29	 100	
Spectrum	5	 36.12	 2.52	 0.99	 1.50	 1.36	 	 0.71	 35.27	 21.53	 100	
Spectrum	6	 5.30	 	 0.45	 0.57	 0.67	 	 0.33	 61.35	 31.33	 100	
All	results	in	weight%	
	
Figure	308:	SEM-EDS	analysis	undertaken	on	S5:B3.	The	image	shows	both	the	analysed	
areas	of	the	sample	and	the	results	of	analysis.	The	corrosion	layer	is	a	multi	phase	i.e.	more	
than	one	corrosion	product	present.	
	

	

Sample	S6:B3	

	

Figure	309:	Sample	S6:B3,	the	section	of	the	sample	removed	for	preparation	as	a	polished	
cross	section	and	used	for	SEM	analysis	has	been	highlighted	(black	rectangle).	
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Processing	option	:	All	elements	analysed	

Element	 O	 Mg	 Si	 P	 S	 Cl	 K	 Ca	 Cu	 Zn	 Total	

	 	 	 	 	 	 	 	 	 	 	 	

Spectrum	

1	
	

	 	
	 	 	 	 	 89.73	 10.27	 100	

Spectrum	

2	
	

	 	
	 	 	 	 	 89.61	 10.39	 100	

Spectrum	

3	
	

	 	
	 	 	 	 	 89.84	 10.16	 100	

Spectrum	

4	
45.51	

	 	
11.62	 0.33	 0.39	 1.25	 	 35.69	 5.21	 100	

Spectrum	

5	
42.16	

0.34	 0.64	
11.86	 0.33	 0.36	 1.42	 	 37.18	 5.70	 100	

Spectrum	

6	
36.30	

	 	
14.42	 0.68	 0.61	 1.33	 3.67	 37.50	 5.49	 100	

All	results	in	weight%	

	
Figure	310:	SEM-EDS	analysis	undertaken	on	S6:B3.	The	image	shows	both	the	analysed	
areas	of	the	sample	and	the	results	of	analysis.	Intergranular	corrosion	has	resulted	in	the	
isolation	of	an	area	of	the	alloy.	The	corrosion	layer	is	a	single	phase	i.e.	only	one	corrosion	
product	present.	
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Sample	S4:B4	

	

Figure	311:	Sample	S4:B4,	the	section	of	the	sample	removed	for	preparation	as	a	polished	
cross	section	and	used	for	SEM	analysis	has	been	highlighted	(black	rectangle).	
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Processing	option	:	All	elements	analysed	
	
All	
results	
in	
weight%	
	
Figure	
312:	
SEM-EDS	analysis	undertaken	on	S4:B4.	The	image	shows	both	the	analysed	areas	of	the	
sample	and	the	results	of	analysis.	The	corrosion	layer	is	very	limited	and	single	phase	i.e.	
only	one	corrosion	product	present.	
	

Sample	S7:B4	

	

Figure	313:	Sample	S7:B4,	the	section	of	the	sample	removed	for	preparation	as	a	polished	
cross	section	and	used	for	SEM	analysis	has	been	highlighted	(black	rectangle).	
	

Element	 O	 S	 Cl	 Cu	 Zn	 Pb	 Total	
	 	 	 	 	 	 	 	
Spectrum	1	 	 	 	 59.23	 39.06	 1.71	 100	
Spectrum	2	 	 	 	 60.40	 38.41	 1.19	 100	
Spectrum	3	 	 	 	 59.48	 38.75	 1.77	 100	
Spectrum	4	 6.12	 0.57	 0.84	 77.67	 14.79	 	 100	
Spectrum	5	 8.98	 1.30	 0.33	 74.82	 14.57	 	 100	
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Processing	option	:	All	elements	analysed	
Element	 O	 P	 Cl	 K	 Ca	 Cu	 Zn	 Total	
	 	 	 	 	 	 	 	 	
Spectrum	1	 	 	 	 	 	 70.20	 29.80	 100	
Spectrum	2	 	 	 	 	 	 68.73	 31.27	 100	
Spectrum	3	 	 	 	 	 	 68.96	 31.04	 100	
Spectrum	4	 48.38	 0.73	 0.42	 6.28	 0.32	 14.79	 29.08	 100	
All	results	in	weight%	
	
Figure	314:	SEM-EDS	analysis	undertaken	on	S7:B4.	The	image	shows	both	the	analysed	
areas	of	the	sample	and	the	results	of	analysis.	The	corrosion	layer	is	very	limited	although	
some	pitting	into	the	surface	can	be	seen.	The	gap	between	the	metal	surface	and	the	
corrosion	layer	is	due	to	the	detachment	of	corrosion	products	from	the	surface	during	
sample	preparation.		
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Additional	data	from	SEM	–EDS	analysis	(undertaken	to	inform	XRD)	is	

given	below.	All	elements	were	analysed	and	all	results	are	presented	as	

weight	%	

	

	
Element	 Cu	 Zn	 Pb	 Total	

	 	 	 	 	 	 	
	 	 	 	 	 	 	 	 	 	 	 	 	

S4:B1	 Spectrum	1	 59.88	 38.76	 1.36	 100	
	 	 	 	 	 	 	

Site	1	 Spectrum	2	 59.68	 39.14	 1.19	 100	
	 	 	 	 	 	 	

	
Spectrum	3	 60.72	 38.36	 0.92	 100	

	 	 	 	 	 	 	

	 	 	 	 	 	 	 	 	 	 	 	 	

	
Element	 O	 P	 S	 Cl	 K	 Ca	 Cu	 Zn	 Pb	 Total	

	
	 	 	 	 	 	 	 	 	 	 	 	 	

Site	2	 Spectrum	1	 28.94	 10.04	 0.73	 0.23	 1.00	 0.61	 23.98	 30.61	 3.86	 100	
	

	
Spectrum	2	

	 	 	 	 	 	
61.57	 38.43	

	
100	

	

	 	 	 	 	 	 	 	 	 	 	 	 	

	
Element	 O	 Si	 P	 S	 Cl	 K	 Ca	 Cu	 Zn	 Pb	 Total	

	 	 	 	 	 	 	 	 	 	 	 	 	
Site	3	 Spectrum	1	

	 	 	 	 	 	 	
58.68	 41.32	

	
100	

	
Spectrum	2	 34.60	

	
16.05	

	 	
8.29	 0.37	 7.46	 31.91	 1.32	 100	

	
Spectrum	3	 32.12	 0.82	 9.74	 0.96	 0.28	 0.78	 1.43	 25.26	 25.84	 2.76	 100	

	
Spectrum	4	 30.12	

	
9.28	 0.96	 0.33	 0.86	 0.65	 25.53	 29.42	 2.85	 100	

	 	 	 	 	 	 	 	 	 	 	 	 	

	
Element	 O	 Na	 P	 S	 Cl	 K	 Ca	 Cu	 Zn	 Pb	 Total	

	 	 	 	 	 	 	 	 	 	 	 	 	
Site	4	 Spectrum	1	 35.29	 2.71	 9.86	 1.23	 0.44	 0.64	 1.40	 28.64	 18.08	 1.71	 100	

	
Spectrum	2	 37.23	

	
14.18	 0.34	 0.16	 6.34	

	
8.94	 30.22	 2.59	 100	

	
Spectrum	3	 37.56	

	
11.01	 1.16	 0.45	 0.72	 1.71	 26.84	 18.78	 1.77	 100	

	
Spectrum	4	 0.92	

	 	 	 	 	 	
60.08	 37.33	 1.67	 100	

	
Spectrum	5	 0.75	

	 	 	 	 	 	
59.59	 37.98	 1.68	 100	

	
Spectrum	6	 0.77	

	 	 	 	 	 	
60.15	 37.73	 1.35	 100	

	
Spectrum	7	 0.57	

	 	 	 	 	 	
59.87	 37.71	 1.86	 100	
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S4:B2A	 Element	 O	 Mg	 P	 S	 Cl	 K	 Ca	 Cu	 Zn	 Pb	 Total	

	 	 	 	 	 	 	 	 	 	 	 	 	
Site	1	 Spectrum	1	

	 	 	 	 	 	 	
58.23	 39.77	 2.00	 100	

	
Spectrum	2	

	 	 	 	 	 	 	
60.19	 38.10	 1.71	 100	

	
Spectrum	3	

	 	 	 	 	 	 	
58.25	 39.70	 2.05	 100	

	
Spectrum	4	 39.07	 0.39	 19.34	

	
0.20	 6.93	 0.66	 1.53	 31.87	

	
100	

	
Spectrum	5	 33.65	

	
4.99	

	
5.81	 1.15	

	
4.35	 50.05	

	
100	

	
Spectrum	6	 31.24	

	 	
0.68	 2.28	

	 	
17.26	 48.54	

	

100	

	

	
Element	 O	 P	 S	 Cl	 K	 Cu	 Zn	 Total	

	 	 	

Site	2	 Spectrum	1	 	 	 	 	 	 62.08	 37.92	 100	 	 	 	

	
Spectrum	2	 30.65	

	
0.58	 2.21	

	
19.70	 46.87	 100	

	 	 	

	
Spectrum	3	 31.75	 1.42	 0.48	 7.90	

	
7.53	 50.92	 100	

	 	 	

	
Spectrum	4	 39.81	 20.60	

	 	
7.14	 1.49	 30.96	 100	

	 	 	
	

	 Element	 O	 Mg	 P	 S	 Cl	 K	 Cu	 Zn	
Tot
al	 	 	

	 	 	 	 	 	 	 	 	 	 	 	 	
Site	3	 Spectrum	1	 32.37	 	 	 0.52	 2.47	 	 14.76	 49.88	 100	 	 	

	 Spectrum	2	 30.34	 	 	 0.51	 2.35	 	 17.43	 49.37	 100	 	 	

	
Spectrum	3	 28.96	

	 	
0.48	 2.29	

	
24.61	 43.66	 100	

	 	

	 Spectrum	4	 27.62	 	 1.58	 0.66	 8.64	 	 7.06	 54.43	 100	 	 	

	 Spectrum	5	 29.75	 	 1.43	 0.34	 8.15	 	 6.01	 54.33	 100	 	 	

	
Spectrum	6	 28.46	

	
0.92	 0.50	 8.69	

	
5.12	 56.30	 100	

	 	

	 Spectrum	7	 40.49	 0.38	 20.81	 	 	 6.90	 1.31	 30.11	 100	 	 	

	 Spectrum	8	 38.48	 	 20.53	 	 	 7.31	 1.12	 32.56	 100	 	 	

	
Spectrum	9	 40.77	 0.41	 20.35	

	
0.28	 6.83	 1.15	 30.21	 100	
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	 Element	 O	 P	 S	 Cl	 K	 Ca	 Fe	 Cu	 Zn	 Pb	 Total	
	 	 	 	 	 	 	 	 	 	 	 	 	Site	4	 Spectrum	1	 	 	 	 	 	 	 	 60.32	 37.81	 1.87	 100	

	 Spectrum	2	 	 	 	 	 	 	 	 58.36	 40.00	 1.64	 100	

	
Spectrum	3	

	 	 	 	 	 	 	
59.91	 38.33	 1.76	 100	

	 Spectrum	4	 5.02	 	 	 2.12	 	 	 	 79.33	 13.52	 	 100	

	 Spectrum	5	 5.87	 	 	 2.08	 	 	 	 77.30	 14.76	 	 100	

	
Spectrum	6	 7.06	

	 	
2.29	

	 	 	
75.87	 14.78	

	
100	

	 Spectrum	7	 29.57	 0.83	 0.38	 10.18	 	 	 	 3.55	 55.49	 	 100	

	 Spectrum	8	 29.91	 2.76	 0.33	 8.76	 	 	 	 2.08	 56.16	 	 100	

	
Spectrum	9	 33.29	 11.88	 0.31	 4.02	 3.75	

	 	
2.75	 44.01	

	
100	

	 Spectrum	10	 34.03	 20.59	 	 	 8.11	 0.66	 	 2.25	 34.37	 	 100	

	 Spectrum	11	 34.35	 20.37	 	 	 8.10	 0.67	 	 2.25	 34.27	 	 100	

	
Spectrum	12	 37.31	 20.07	

	 	
7.60	 0.91	

	
2.25	 31.88	

	
100	

	 Element	 O	 Na	 K	 Cu	 Zn	 Pb	 Total	 	 	 	 	

	 	 	 	 	 	 	 	 	 	 	 	 	
S4:B2B	 Spectrum	1	 	 	 	 60.06	 38.05	 1.89	 100	 	 	 	 	
Site	1	 Spectrum	2	

	 	 	
61.34	 37.03	 1.63	 100	

	 	 	 	

	 Spectrum	3	 	 	 	 59.87	 38.29	 1.84	 100	 	 	 	 	

	 Spectrum	4	 37.46	 	 0.84	 37.55	 24.15	 	 100	 	 	 	 	

	
Spectrum	5	 37.06	 1.46	 1.04	 38.54	 21.90	

	
100	

	 	 	 	

	 Spectrum	6	 33.10	 	 1.33	 41.79	 23.77	 	 100	 	 	 	 	
	 	 	 	 	 	 	 	 	 	 	 	 	

	
Element	 O	 Na	 Mg	 P	 S	 Cl	 K	 Ca	 Cu	 Zn	 Total	

	 	 	 	 	 	 	 	 	 	 	 	 	
S5:B1	 Spectrum	1	 	 	 	 	 	 	 	 	 63.94	 36.06	 100	

Site	1	 Spectrum	2	 0.56	
	 	 	 	 	 	 	

64.14	 35.30	 100	

	 Spectrum	3	 	 	 	 	 	 	 	 	 64.81	 35.19	 100	

	 Spectrum	4	 41.68	 	 	 7.90	 1.31	 0.60	 1.27	 	 26.70	 20.53	 100	

	
Spectrum	5	 38.78	 2.54	

	
10.53	 0.90	 0.53	 1.73	 0.42	 28.35	 16.22	 100	

	 Spectrum	6	 36.68	 	 0.42	 10.33	 1.20	 0.42	 1.95	 	 29.22	 19.78	 100	
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S5:B1	 	 	 	 	 	 	 	 	 	 	 	 	

	 Element	 O	 Na	 Mg	 Si	 P	 S	 Cl	 K	 Ca	 Cu	 Zn	 Total 

	 	 	 	 	 	 	 	 	 	 	 	 	  
Site	2	 Spectrum	1	 36.70	 2.87	 0.27	

	
11.75	 1.17	 0.28	 2.82	 0.43	 27.03	 16.68	 100 

	 Spectrum	2	 40.12	 	 	 0.58	 9.73	 1.07	 0.95	 1.35	 0.40	 30.91	 14.89	 100 

	 Spectrum	3	 83.43	 	 	 	 	 	 5.91	 	 	 6.18	 4.48	 100 

	
Spectrum	4	 31.68	 2.45	

	 	
7.97	 1.55	 0.41	 1.00	

	
34.79	 20.15	 100 

	 Spectrum	5	 33.39	 	 	 	 4.84	 3.30	 1.15	 1.35	 	 42.72	 13.25	 100 

	 	 	 	 	 	 	 	 	 	 	 	 	  

	
Element	 O	 Na	 Mg	 P	 S	 Cl	 K	 Ca	 Cu	 Zn	 Total	

	 	 	 	 	 	 	 	 	 	 	 	 	
Site	3	 Spectrum	1	 	 	 	 	 	 	 	 	 64.80	 35.20	 100	

	 Spectrum	2	 	 	 	 	 	 	 	 	 64.72	 35.28	 100	

	
Spectrum	3	 31.03	

	
0.54	 11.31	 1.22	 0.34	 2.39	

	
27.58	 25.59	 100	

	 Spectrum	4	 35.40	 	 	 10.77	 1.13	 0.29	 1.72	 0.35	 30.87	 19.47	 100	

	 Spectrum	5	 34.40	 2.92	 0.27	 11.96	 1.11	 0.30	 2.83	 0.49	 29.01	 16.71	 100	
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	 Element	 O	 Na	 P	 S	 Cl	 K	 Ca	 Cu	 Zn	 Total	 	
	 	 	 	 	 	 	 	 	 	 	 	 	

S5:B2	 Spectrum	1	
	 	 	 	 	 	 	

63.80	 36.20	 100	
	

Site	1	 Spectrum	2	
	 	 	 	 	 	 	

98.76	 1.24	 100	
	

	 Spectrum	3	 	 	 	 	 	 	 	 64.79	 35.21	 100	 	

	
Spectrum	4	 37.83	

	
9.36	 0.98	 1.00	 1.76	 0.25	 16.66	 32.17	 100	

	

	
Spectrum	5	 37.86	

	
9.28	 1.13	 1.31	 1.84	 0.36	 10.32	 37.89	 100	

	

	 Spectrum	6	 43.52	 3.65	 15.70	 0.23	 0.48	 3.96	 0.82	 18.66	 12.99	 100	 	

	 	 	 	 	 	 	 	 	 	 	 	 	

	
Element	 O	 Na	 P	 S	 Cl	 K	 Ca	 Cu	 Zn	 Total	

	
	 	 	 	 	 	 	 	 	 	 	 	 	
	 Spectrum	1	 0.65	 	 	 	 	 	 	 64.26	 35.09	 100	 	

Site	2	 Spectrum	2	 	 	 	 	 	 	 	 64.42	 35.58	 100	 	

	
Spectrum	3	

	 	 	 	 	 	 	
63.85	 36.15	 100	

	

	 Spectrum	4	 45.03	 	 0.74	 1.51	 1.24	 0.26	 0.21	 27.72	 23.29	 100	 	

	 Spectrum	5	 36.12	 2.52	 0.99	 1.50	 1.36	 	 0.71	 35.27	 21.53	 100	 	

	
Spectrum	6	 5.30	

	
0.45	 0.57	 0.67	

	
0.33	 61.35	 31.33	 100	

	

	 	 	 	 	 	 	 	 	 	 	 	 	
	

	 Element	 O	 P	 S	 Cl	 K	 Ca	 Cu	 Zn	 Total	 	 	
	 	 	 	 	 	 	 	 	 	 	 	 	
	

Spectrum	1	 0.50	
	 	 	 	 	

64.16	 35.34	 100	
	 	

Site	3	 Spectrum	2	 0.53	 	 	 	 	 	 64.30	 35.17	 100	 	 	

	 Spectrum	3	 0.56	 	 	 	 	 	 64.05	 35.39	 100	 	 	

	
Spectrum	4	 1.75	 4.35	 2.85	 0.82	

	
0.49	 68.03	 21.71	 100	

	 	

	 Spectrum	5	 2.25	 3.43	 2.36	 0.61	 0.27	 0.66	 67.81	 22.61	 100	 	 	

	 Spectrum	6	 1.59	 3.63	 2.89	 0.81	 0.28	 0.54	 68.37	 21.89	 100	 	 	

	 	 	 	 	 	 	 	 	 	 	 	 	

	 Element	 O	 P	 S	 Cl	 K	 Cu	 Zn	 Total	 	 	 	
	 	 	 	 	 	 	 	 	 	 	 	 	

S6:B1	 Spectrum	1	 	 	 	 	 	 89.67	 10.33	 100	 	 	 	
Site	1	 Spectrum	2	 	 	 	 	 	 89.96	 10.04	 100	 	 	 	

	
Spectrum	3	

	 	 	 	 	
90.19	 9.81	 100	

	 	 	

	 Spectrum	4	 35.27	 2.98	 1.47	 1.62	 0.23	 	 13.02	 100	 	 	 	

	 Spectrum	5	 37.10	 3.22	 1.55	 1.74	 0.22	 	 12.27	 100	 	 	 	

	
Spectrum	6	 33.69	 1.20	 1.80	 3.01	

	
53.10	 7.20	 100	
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	 Element	 O	 P	 S	 Cl	 K	 Cu	 Zn	 Total	 	 	 	
	 	 	 	 	 	 	 	 	 	 	 	 	

S6:B2	 Spectrum	1	 46.48	 3.47	 1.20	 1.04	 0.97	 34.82	 12.02	 100	
	 	 	

Site	1	 Spectrum	2	 36.49	 0.99	 2.61	 3.55	 0.26	 45.06	 11.03	 100	
	 	 	

	 Spectrum	3	 31.75	 	 2.46	 5.16	 	 56.58	 4.04	 100	 	 	 	

	
Spectrum	4	

	 	 	 	 	
89.85	 10.15	 100	

	 	 	

	
Spectrum	5	

	 	 	 	 	
90.14	 9.86	 100	

	 	 	

	 Element	 O	 S	 Cl	 Cu	 Zn	 Total	 	 	 	 	 	
	 	 	 	 	 	 	 	 	 	 	 	 	

Site	2	 Spectrum	1	 	 	 	 89.82	 10.18	 100	 	 	 	 	 	

	
Spectrum	2	

	 	 	
89.88	 10.12	 100	

	 	 	 	 	

	 Spectrum	3	 	 	 	 89.83	 10.17	 100	 	 	 	 	 	

	 Spectrum	4	 0.72	 	 0.07	 89.73	 9.48	 100	 	 	 	 	 	

	
Spectrum	5	 0.41	

	 	
89.89	 9.70	 100	

	 	 	 	 	

	 Spectrum	6	 0.20	 	 	 90.49	 9.31	 100	 	 	 	 	 	

	 Spectrum	7	 3.10	 	 	 87.16	 9.73	 100	 	 	 	 	 	

	
Spectrum	8	 2.43	

	 	
87.97	 9.60	 100	

	 	 	 	 	

	 Spectrum	9	 1.02	 	 	 88.95	 10.03	 100	 	 	 	 	 	

	 Spectrum	10	 29.99	 0.32	 2.04	 59.63	 8.01	 100	 	 	 	 	 	

	
Spectrum	11	 16.92	

	
2.18	 75.09	 5.81	 100	

	 	 	 	 	

	 Spectrum	12	 23.95	 0.23	 1.99	 66.17	 7.66	 100	 	 	 	 	 	

	 Sum	Spectrum	 9.84	 	 0.56	 80.03	 9.57	 100	 	 	 	 	 	
	 	 	 	 	 	 	 	 	 	 	 	 	
	 	 	 	 	 	 	 	 	 	 	 	 		

	
Element	 O	 P	 S	 Cl	 K	 Ca	 Cu	 Zn	 Total	

	 	
	 	 	 	 	 	 	 	 	 	 	 	 	

S7:B1	 Spectrum	1	
	 	 	 	 	 	

69.97	 30.03	 100	
	 	

Site	1	 Spectrum	2	 	 	 	 	 	 	 70.33	 29.67	 100	 	 	

	 Spectrum	3	 	 	 	 	 	 	 70.58	 29.42	 100	 	 	

	
Spectrum	4	 33.81	 14.76	 0.36	 0.76	 6.35	

	
9.11	 34.86	 100	

	 	

	 Spectrum	5	 36.46	 10.41	 1.39	 1.01	 1.02	 0.85	 37.03	 11.83	 100	 	 	

	 Spectrum	6	 34.66	 9.21	 1.44	 0.92	 0.98	 0.47	 38.43	 13.91	 100	 	 	

	 	 	 	 	 	 	 	 	 	 	 	 	

	 Element	 O	 P	 S	 Cl	 K	 Cu	 Zn	 Total	 	 	 	
	 	 	 	 	 	 	 	 	 	 	 	 	
	 Spectrum	1	 	 	 	 	 	 70.04	 29.96	 100	 	 	 	

Site	2	 Spectrum	2	 	 	 	 	 	 70.42	 29.58	 100	 	 	 	

	
Spectrum	3	

	 	 	 	 	
70.34	 29.66	 100	

	 	 	

	 Spectrum	4	 9.34	 1.52	 1.03	 2.84	 0.46	 56.05	 28.76	 100	 	 	 	

	 Spectrum	5	 4.04	 1.25	 0.80	 5.66	 0.41	 72.83	 15.01	 100	 	 	 	

	 	 	 	 	 	 	 	 	 	 	 	 	

	 Element	 O	 P	 S	 Cl	 K	 Ca	 Cu	 Zn	 Total	 	 	
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S7:B2	 Spectrum	1	

	 	 	 	 	 	
70.08	 29.92	 100	

	 	
Site1	 Spectrum	2	

	 	 	 	 	 	
69.93	 30.07	 100	

	 	

	 Spectrum	3	 	 	 	 	 	 	 69.86	 30.14	 100	 	 	

	
Spectrum	4	 44.99	 16.53	

	
0.40	 5.74	 0.48	 4.79	 27.08	 100	

	 	

	
Spectrum	5	 34.39	 15.96	 1.32	 0.93	 6.22	 1.41	 16.85	 22.92	 100	

	 	

	 Spectrum	6	 39.58	 2.39	 0.78	 0.62	 	 	 10.29	 46.34	 100	 	 	

	 	 	 	 	 	 	 	 	 	 	 	 	

	 Element	 O	 P	 S	 Cl	 K	 Cu	 Zn	 Total	 	 	 	
	 	 	 	 	 	 	 	 	 	 	 	 	

Site	2	 Spectrum	1	 37.99	 0.69	 0.33	 7.20	 	 9.06	 44.73	 100	 	 	 	

	 Spectrum	2	 28.60	 3.83	 0.53	 1.06	 0.90	 25.61	 39.47	 100	 	 	 	

	 	 	 	 	 	 	 	 	 	 	 	 	

	 Element	 O	 P	 S	 Cl	 K	 Ca	 Cu	 Zn	 Total	 	 	
	 	 	 	 	 	 	 	 	 	 	 	 	

Site	3	 Spectrum	1	 34.46	 19.24	 1.81	 0.85	 6.91	 1.30	 7.64	 27.77	 100	 	 	

	 Spectrum	2	 31.55	 16.59	 0.28	 0.59	 6.59	 0.46	 7.76	 36.18	 100	 	 	

	
Spectrum	3	 34.33	 16.39	 0.96	 1.24	 7.31	

	
7.87	 31.90	 100	
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Appendix	19	-	Complete	set	of	X-ray	diffractograms	for	each	

corrosion	sample		

	

Note:	The	diffraction	patterns	of	the	corrosion	products	given	below	will	

always	include	the	peak	of	the	underlying	sample	alloy,	in	this	case	a	Zn-

Cu(-Pb)	alloy.	The	position	of	the	main	peak	varies	with	the	alloy	

according	to	the	Zn-Pb	content	and	as	a	result	of	impurities	present	

within	the	alloy	that	modify	the	crystalline	structure.	Broadly	the	main	

peak	for	the	Cu/Zn	sample	alloys	used	in	this	project	appears	at	42.5	2ϑ	

with	some	small	variation	due	to	alloy	composition.	For	consistency,	

when	highlighting	peak	position	in	diffraction	patterns,	the	peak	position	

of	a	64Cu36Zn	alloy	standard	included	in	the	Rigaku,	PDXL	2.1	software	

database	has	been	used	for	all	samples,	and	as	such	may	not	always	

appear	precisely	centred	in	the	Gaussian	distribution	of	Cu/Zn	peaks	for	

some	of	the	alloy	composition	shown.	The	X-Ray	diffractogram	below	

shows	the	main	peak	position	of	the	alloy	used	in	S4	samples	(Cu/Zn/Pb:	

59/39/2)	and	S5	samples	(Cu/Zn	63/37),	while	not	appearing	precisely	

at	42.5	2ϑ,	the	peaks	for	the	S4	and	S5	alloys	are	positioned	very	closely	

on	either	side	(position	42.4	2ϑ	and	42.6	2ϑ	respectively).	
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Figure	315:	X-ray	diffractogram	showing	the	main	peak	position	of	the	alloys	used	in	S4	
samples	(Cu/Zn/Pb:	59/39/2)	and	S5	samples	(Cu/Zn	63/37),	while	not	appearing	precisely	at	
42.5	2ϑ,	the	peaks	for	the	S4	and	S5	alloys	are	positioned	very	closely	on	either	side	
(position	42.4	2ϑ	and	42.6	2ϑ	respectively).	
	

In	addition	to	running	automated	“search	and	match”	protocols	using	

manufacturer-supplied	software35,	XRD	libraries	were	manually	searched	

for	corrosion	products	containing	the	elements	detected	using	SEM-

EDS36.	XRD	diffractograms	for	a	wide	range	of	potential	copper	corrosion	

products	were	used	to	facilitate	identification.	In	addition	to	commonly	

found	copper	corrosion	products,	rarely	seen	corrosion	products	that	

had	been	reported	in	published	literature	(Scott,	2002,	283	-	285,	)	as	

being	formed	due	to	the	presence	of	urine,	were	compared	against	the	

unknown	samples.	A	list	is	given	below.	

	
																																																								
35	Rigaku,	Integrated	X-ray	Powder	Diffraction	Software	PDXL	2.1	
36	Secondary	spectra	treatment	and	qualitative	analysis	were	performed	using	
PANalytical	HighScore	Plus	software	and	the	ICSD	database.	
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Corrosion	products	identified	in	associated	with	urine:		
	
Potassium	copper	acetate	
Ammonium	chloride	
Ammonium	copper	acetate	acetic	acid	
(Scott,	2002,	285	&	Appendix	D	table	17)	
	
Calcium	copper	acetate	hexahydrate	
(Scott,	2002,	282	&	Appendix	D	table	17)	
	
Copper	trihydroxychloride	
(Scott,	2002,	283)	
	
	“verdigris”:	
	
Dicopper	chloride	trihydroxide		 	 	 	
	 Cu2(OH)3Cl.	
copper(II)	carbonate	hydroxide	(malachite)	 	
	 Cu2CO3(OH)2	
copper(II)	carbonate	hydroxide	(azurite)	 	 	
	 Cu3(CO3)2(OH)2	
copper	(II)	acetate		(monohydrate)		 	 	
	 Cu(CH3CO2)2.H2O	
copper	(II)	acetate		(pentahydrate)		 	 											
Cu3(CH3CO2)4(OH)2.5H2O	
	
Standard	chlorides:	
	
Copper(I)	Chloride	 	 	 	 nantokite		 	 CuCl	
Copper(II)	chloride	dehydrate	 	 eriochalcite		
	 CuCl2.2H2O	
Copper(II)	chloride	hydroxide	 	 atacamite	
	 Cu2Cl(OH)3	
Copper(II)	chloride	hydroxide	 	 clinoatacamite
	 Cu2Cl(OH)3	
Copper(II)	chloride	hydroxide	 	 paratacamite	
	 Cu2Cl(OH)3	
Copper(II)	chloride	hydroxide	 	 botallackite	
	 Cu2Cl(OH)3	
	
Sodium,	phosphate	and	Nitrogen	containing	
	
Copper(II)	sodium		
carbonate	trihydrate		 	 chalconatronite
	 CuNa2(CO3)2.3H2O	
Copper(II)	sodium	acetate	carbonate	 	
	 CuNa(CH3CO2)(CO3)	
	
Cacium	copper	(II)	sodium	chloride		
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phosphate	pentahydrate	 	 	 Sampleite
	 CaCu5NaCl(PO4)4.5H2O	
	
Copper	(II)	hydroxide	phosphate	 	 libethenite	
	 Cu2(OH)(PO4)	
	
Copper	(II)	chloride	hydroxide		
sulphate	trihydrate	 	 	 	 Connellite	

										
Cu19Cl4(OH)32(SO4).3H2
O	

	
Coper	(II)	hydroxide	nitrate		 gerhardtite	 	
	 Cu2NO3(OH)3	
X-ray	Diffractogram	for	corrosion	sample	taken	from	S4:B1	

	

(Note	the	low	intensity	of	the	peaks.	Ideally	peak	intensity	would	exceed	

5000,	with	diffractograms	presented	with	a	y	scale	up	to10,000.	Due	to	

low	peak	intensity	the	diffractogram	below	has	been	produced	with	a	y	

scales	of	0-5000).		
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Figure	316:	X-ray	Diffractogram	for	corrosion	sample	taken	from	S4:B1	
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Confirmed	
present	in	
sample	?	

Compound	name	 Mineral	
name	

Chemical	
formula	

Display	
colour	

True	 Copper	zinc	 	 Cu0.64	
Zn0.36	

Yellow	

True	 Copper	zinc	 	 Cu	Zn	 Yellow	
True	 Calcium	acetate	

oxide	
	 C4H6	CaO4	 Gray	

True	 Copper	zinc	
chloride	
hydroxide	

Paratacamite,	
zincian	

(Cu,Zn)2Cl	
(OH)3	

Lime	

True	 Calcium	hydrogen	
phosphate	
hydrate	

	 Ca3	H2(	P2O7	
)2	.4	H2O	

Aqua	

True	 Copper	chloride	
hydroxide	

Paratacamite,	
syn	

Cu2Cl(OH)3	 Fuchsia	

True	 Copper	chloride	 Nantokite,	
syn	

CuCl	 Blue	

	
Figure	317:	Table	showing	mineral	compounds	confirmed	present	in	sample	S4:B1	and	
display	colour	used	on	the	associated	X-ray	Diffractogram.	
	

NB:	Calcium	hydrogen	phosphate	hydrate	and	calcium	acetate	oxide	

peaks	overlay	each	other	in	the	diffractogram,	calcium	hydrogen	

phosphate	hydrate	would	appear	to	have	the	higher	intensity	peaks	

though.	
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X-ray	Diffractogram	for	corrosion	sample	taken	from	S5:B1	

	

	
Figure	318:	X-ray	diffractogram	of	corrosion	sample	collected	from	the	surface	of	sample	
S5:B1.	The	only	significant	and	identifiable	peaks	relate	to	elemental	copper	and	zinc,	the	
exact	peak	positions	for	these	elements	have	been	highlighted	on	the	diffractogram	in	blue	
and	green.	
	

Sample	collected	from	S5:B1	yielded	an	X-ray	diffractogram	in	which	the	

peaks	were	both	too	broad	and	of	too	low	intensity	for	successful	

identification	of	any	corrosion	products	to	take	place.	The	image	above	

shows	the	X-ray	diffractogram	for	sample	S5:B1,	the	only	significant	and	

identifiable	peaks	relate	to	elemental	copper	and	zinc.	
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X-ray	Diffractogram	for	corrosion	sample	taken	from	S4:B2A	

	

	

	

	

	

	

	
Figure	319:	X-ray	diffractogram	of	corrosion	sample	collected	from	the	surface	of	sample	
S4:B2A.		
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Confirmed	
present	in	
sample	?	

Compound	name	 Mineral	
name	

Chemical	formula	 Display	
colour	

True	 Copper	zinc	 	 Cu0.64	Zn0.36	 Yellow	
True	 Copper	sulfate	 	 Cu2SO4	 Blue	
True	 Potassium	copper	

oxide	sulfate	
Fedotovite	 K2Cu3	O(SO4)3	 Aqua	

True	 Copper	chloride	
hydroxide	

Paratacamit
e	

Cu2Cl(OH)3	 Maroo
n	

True	 Sodium	calcium	
copper	chloride	
phosphate	hydrate	

Sampleite	 NaCaCu5(PO4)4	Cl	.	
5	H2O	

Navy	

True	 Potassium	zinc	
phosphate	hydrate	

	 K4	Zn(P3O9)2.4H2O	 Lime	

True	 Copper	chloride	 Nantokite	 CuCl	 Fuchsi
a	

True	 Potassium	phosphate	
hydrate	

	 K4P2O7.3H2O	 Gray	

True	 Phosphorus	chloride	 	 PCl3	 Lime	
	
Figure	320:	Table	showing	mineral	compounds	confirmed	present	in	sample	S4:B2A	and	
display	colour	used	on	the	associated	X-ray	Diffractogram.	
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X-ray	Diffractogram	for	corrosion	sample	taken	from	S5:B2A	

	

	

	
Figure	321:	X-ray	diffractogram	of	corrosion	sample	collected	from	the	surface	of	sample	
S5:B2A.		
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Confirmed	
present	in	
sample	?	

Compound	name	 Mineral	
name	

Chemical	formula	 Display	
colour	

True	 Sodium	calcium	
copper	chloride	
phosphate	
hydrate	

Sampleite	 NaCaCu5(PO4)4	
Cl.5H2O	

Fuchsia	

True	 Sodium	sulfite	 	 Na2SO3	 Gray	
True	 Sodium	lead	

phosphate	
	 Na2PbP2O7	 Aqua	

True	 Potassium	zinc	
phosphate	
hydrate	

	 K4	Zn(P3O9)2.4H2	O	 Olive	

True	 Sodium	sulfate	 	 Na2SO4	 Blue	
True	 Copper	sulfate	 	 Cu2SO4	 Lime	
True	 Copper	sulfate	

hydroxide	hydrate	
	 Cu2.5SO4	

(OH)3.2H2O	
Red	

True	 Potassium	
hydrogen	
phosphate	

	 K2H2P2O7	 Silver	

True	 Sodium	phosphate	
hydrate	

	 NaH2PO4(H2O)	 Black	

True	 Copper	chloride	
hydroxide	

Paratacamite
,	syn	

Cu2Cl(OH)3	 Blue	

True	 Sodium	nitrate	 Libethenite	 NaNO3	 Lime	
True	 Sodium	phosphate	

sulfide	
	 Na3PSO3	 Navy	

True	 Copper	lead	oxide	
chloride	
carbonate	sulfate	
hydroxide	

	 Pb4Cu(CO3)(SO4)2(
OH)2Cl		

Teal	

True	 Sodium	hydrogen	
phosphite	hydrate	

	 Na2H2P2O5.2H2O	 Fuchsia	

True	 Copper	zinc	 	 Cu0.64	Zn0.36	 Yellow	
True	 Copper	phosphate	

hydrate	oxide	
	 Cu3(PO4)2.3H2O	 Red	

True	 Sodium	hydrogen	
phosphate	
hydrate	

	 Na3HP2O7.H2O	 Blue	

True	 Sodium	sulfate	 Thenardite,	
syn	

Na2SO4	 Lime	

	
Figure	322:	Table	showing	mineral	compounds	confirmed	present	in	sample	S5:B2A	and	
display	colour	used	on	the	associated	X-ray	Diffractogram.	
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X-ray	Diffractogram	for	corrosion	sample	taken	from	S4:B2B	

	

	

	
Figure	323:	X-ray	Diffractogram	for	corrosion	sample	taken	from	S4:B2B.	
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Confirmed	
present	in	
sample	?	

Compound	
name	

Mineral	
name	

Chemical	formula	 Display	
colour	

True	 Copper	zinc	 	 Cu0.64	Zn0.36	 Yellow	
True	 Sodium	

zinc	
carbonate	
hydrate	

	 Na2Zn3(CO3)4.3H2O	 Lime	

True	 Copper	
hydrogen	
phosphate	
hydrate	

	 Ca3	H2(	P2O7	)2	.	
4	H2O	

Gray	

True	 Copper	
chloride	
hydroxide	
hydrate	

	 Cu11Cl8(OH)14	.6H2	O	 Maroon	

True	 Copper	
chloride	
hydroxide	
hydrate	

Calumetite	 Cu(OH,Cl)2.2H2O	 Aqua	

True	 Calcium	
chloride	
hydrate	

Antarcticite,	
syn	

CaCl2.6H2O	 Fuchsia	

True	 Sodium	
phosphate	
hydrate	
oxide	

	 Na3PO4.12H2O	 Silver	

True	 Copper	
sulfide	

	 Cu2S	 Red	

True	 Copper	
phosphate	
hydrate	
oxide	

	 Cu3(PO4)2.3H2O	 Blue	

	
Figure	324:	Table	showing	mineral	compounds	confirmed	present	in	sample	S4:B2B	and	
display	colour	used	on	the	associated	X-ray	Diffractogram.	 	
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X-ray	Diffractogram	for	corrosion	sample	taken	from	S5:B2B	

	

(Note	the	low	intensity	of	the	peaks.	Ideally	peak	intensity	would	exceed	

5000,	with	diffractograms	presented	with	a	y	scale	up	to10,000.	Due	to	

low	peak	intensity	the	diffractogram	below	has	been	produced	with	a	y	

scales	of	0-5000).		

	

	
Figure	325:	X-ray	Diffractogram	for	corrosion	sample	taken	from	S5:B2B.	
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Confirmed	
present	in	
sample	?	

Compound	
name	

Mineral	
name	

Chemical	formula	 Display	
colour	

True	 Copper	zinc	 	 (Cu,Zn)	 Yellow	

True	 Sodium	zinc	
carbonate	
hydrate	

	 Na2Zn3(CO3)4.3H2O	 Lime	

True	 Potassium	
copper	
phosphate	
hydrate	

	 KCuPO4.H2O	 Gray	

True	 Calcium	
sodium	
hydrogen	
phosphate	

	 CaNa(H2PO2)3	 Aqua	

True	 Zinc	
hydrogen	
phosphate	
hydrate	

	 Zn2HP3O10.6H2O	 Fuchsia	

True	 Copper	
hydrogen	
phosphate	
hydrate	

	 Ca3	H2(	P2O7	)2	.	
4	H2O	

Black	

True	 Copper	
chloride	
hydroxide	
hydrate	

Calumetite	 Cu(OH,Cl)2.2H2O	 Blue	

True	 Copper	
chloride	
hydroxide	

Paratacamite,	
zincian	

Cu2Cl(OH)3	 Red	

	
Figure	325:	Table	showing	mineral	compounds	confirmed	present	in	sample	S5:B2B	and	
display	colour	used	on	the	associated	X-ray	Diffractogram.	
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X-ray	Diffractogram	for	corrosion	sample	taken	from	S6:B1	

	

(Note	the	low	intensity	of	the	peaks.	Ideally	peak	intensity	would	exceed	

5000,	with	diffractograms	presented	with	a	y	scale	up	to10,000.	Due	to	

low	peak	intensity	the	diffractogram	below	has	been	produced	with	a	y	

scales	of	0-5000).		

	

	

	
Figure	326:	X-ray	Diffractogram	for	corrosion	sample	taken	from	S6:B1.	
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Confirmed	
present	in	
sample	?	

Compound	name	 Mineral	
name	

Chemical	
formula	

Display	
colour	

True	 Copper	zinc	 	 Cu	Zn	 Yellow	

True	 Potassium	
copper	oxide	
sulfate	

Piypite	 K2Cu2O(SO4)2	 Lime	

True	 Copper	
phosphate	
hydrate	

	 Cu3(PO4).22H2O	 Gray	

True	 Zinc	phosphate	
hydrate	

	 Zn3(PO4)2.2H2	
O	

Maroon	

True	 Sodium	calcium	
copper	chloride	
phosphate	
hydrate	

Sampleite	 NaCaCu5(PO4)4	
Cl	.5	H2O	

Aqua	

True	 Potassium	
chloride,	
Sodium	chloride	

Sylvite,	
Halite	

KCl,	NaCl	 Fuchsia	

	
Figure	327:	Table	showing	mineral	compounds	confirmed	present	in	sample	S6:B1	and	
display	colour	used	on	the	associated	X-ray	Diffractogram.	
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X-ray	Diffractogram	for	corrosion	sample	taken	from	S7:B1	

	

(Note	the	low	intensity	of	the	peaks.	Ideally	peak	intensity	would	exceed	

5000,	with	diffractograms	presented	with	a	y	scale	up	to10,000.	Due	to	

low	peak	intensity	the	diffractogram	below	has	been	produced	with	a	y	

scales	of	0-5000).		

	
Figure	328:	X-ray	diffractogram	of	corrosion	sample	collected	from	the	surface	of	sample	
S7:B1.	The	only	significant	and	identifiable	peaks	relate	to	elemental	copper,	the	exact	peak	
positions	have	been	highlighted	on	the	diffractogram	in	blue.	
	

Corrosion	products	were	clearly	visible	on	the	surface	of	sample		

S7:B1,	both	with	the	naked	eye,	and	under	SEM	examination	of	polished	

cross	section	.	The	failure	to	identify	corrosion	products	using	XRD	

therefore	does	not	imply	the	absence	of	corrosion	on	these	samples,	

rather	it	highlights	the	limitations	of	XRD.	
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X-ray	Diffractogram	for	corrosion	sample	taken	from	S6:B2	

	

(Note	the	low	intensity	of	the	peaks.	Ideally	peak	intensity	would	exceed	

5000,	with	diffractograms	presented	with	a	y	scale	up	to10,000.	Due	to	

low	peak	intensity	the	diffractogram	below	has	been	produced	with	a	y	

scales	of	0-5000).		

	
Figure	329:	X-ray	Diffractogram	for	corrosion	sample	taken	from	S6:B2	
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Confirmed	
present	in	
sample	?	

Compound	
name	

Mineral	name	 Chemical	
formula	

Display	
colour	

True	 Copper	
chloride	
hydroxide	
hydrate	

Atacamite,	syn	 Cu7Cl4(OH)10.H2O	 Blue	

True	 Potassium	
copper	
phosphate	
hydrate	

	 KCuPO4.H2O	
	

Lime	

True	 Copper	
chloride	
hydroxide	

Clinoatacamite	 Cu2(OH)3Cl	
	

Gray	

Misidentified	
due	to	overlap	
with	
Clinoatacamite	

Zinc	
carbonate	
oxide	

Smithsonite	 ZnCO3	 Black	

True	 Zinc	
hydrogen	
phosphate	
hydrate	

	 Zn2HP3O10.6H2O	 Fuchsia	

True	 Calcium	
sulfide	
phosphate	

	 Ca10(PO4)6S	 Yellow	

True	 Zinc	
phosphate	
hydrate	

	 Zn3(PO4)2.2H2O	 Red	

True	 Copper	
zinc	

	 CuZn	 Aqua	

	
Figure	330:	Table	showing	mineral	compounds	confirmed	present	in	sample	S6:B2	and	
display	colour	used	on	the	associated	X-ray	Diffractogram.	 	
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X-ray	Diffractogram	for	corrosion	sample	taken	from	S7:B2	

	

(Note	the	low	intensity	of	the	peaks.	Ideally	peak	intensity	would	exceed	

5000,	with	diffractograms	presented	with	a	y	scale	up	to10,000.	Due	to	

low	peak	intensity	the	diffractogram	below	has	been	produced	with	a	y	

scales	of	0-5000).		

	

	

	
Figure	331:	X-ray	Diffractogram	for	corrosion	sample	taken	from	S7:B2	
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Confirmed	
present	in	
sample	?	

Compound	
name	

Mineral	
name	

Chemical	
formula	

Display	
colour	

True	 Copper	
Chloride	
Hydroxide	
Hydrate	

Atacamite,	
syn	

Cu7Cl4(OH)10.H2O	 Gray	

True	 Potassium	
Copper	
Phosphate	
Hydrate	

	 KCuPO4.H2O	 Lime	

True	 Calcium	
Sodium	
Hydrogen	
Phosphate	

	 CaNa(H2PO2)3	 Fuchsia	

True	 Copper	Zinc	 	 Cu0.64	Zn0.36	 Yellow	
True	 Potassium	

Zinc	
Phosphate	
Hydrate	

	 K4	Zn(P3O9)2.	
4H2	O	

Red	

True	 Potassium	
Hydrogen	
Phosphate	
Hydrate	

	 K3H2P3O10.H2O	 Blue	

	
Figure	332:	Table	showing	mineral	compounds	confirmed	present	in	sample	S7:B2	and	
display	colour	used	on	the	associated	X-ray	Diffractogram.	
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Detection	of	corrosion	products	–	potential	sources	of	error	

	

In	this	research	X-ray	diffraction	(XRD)	and	energy	dispersive	X-ray	

spectrometry	(SEM-EDS)	were	the	primary	tools	used	to	identify	

corrosion	products	found	on	copper/zinc	alloy	samples.	X-ray	powder	

diffraction	(XRD)	is	an	analytical	technique	primarily	used	for	phase	

identification	of	crystalline	materials,	it	is	well	suited	to	the	identification	

of	many	mineral	corrosion	products	but	the	technique	does	have	

limitations.	Non-homogenous,	multi	phase	samples	can	yield	

diffractograms	in	which	multiple	overlapping	peaks	make	identification	

of	the	individual	compounds	difficult	or	impossible.	Amorphous	(non	

crystalline	compounds)	are	similarly	poorly	suited	to	XRD	analysis,	

containing	molecules	in	random	orientations	that	produce	a	continuous	

Fourier	spectrum	that	uniformly	spreads	its	amplitude	resulting	in	

greatly	reduced	signal	intensity.	While	the	corrosion	products	detected	

on	the	samples	analysed	were	found	to	be	present	with	a	high	degree	of	

scientific	certainty,	it	is	possible	that	that	some	corrosion	products	might	

have	remained	undetected.	

	

Due	to	the	sample	sizes	required	for	analysis	and	the	mixed	nature	of	the	

corrosion	found	on	the	test	samples,	analysis	undertaken	as	part	of	this	

research	was	complicated.	Removal	of	organic	components	from	samples	

using	hydrogen	peroxide	resulted	in	almost	complete	digestion	of	some	

samples	confirming	that	a	large	proportion	of	the	sample	was	organic.	

While	it	is	assumed	that	this	organic	component	consisted	of	residue	

remaining	from	bat	droppings,	it	is	possible	that	corrosion	products	were	

also	removed.	Copper	forms	a	large	number	of	salts	with	simple	organic	

acids,	but	will	also	form	complex	compounds	with	plant	materials,	resins	

and	proteins,	unfortunately	these	are	extremely	difficult	to	characterise	

(Scott,	2002,	269).	While	extensive	research	has	been	undertaken	on	the	

mechanisms	of	copper	corrosion	and	corrosion	products	formed	in	

external,	museum	and	archaeological	environments	(Costas,	1982,	

Eriksson	et	al.,	1993,	Fjaestad	et	al.,	1995,	Tennent	and	Baird,	1992,	
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Thickett	et	al.,	1998),	very	little	work	has	been	conducted	in	relation	to	

the	effects	of	urine	on	metals.	What	little	there	is	relates	largely	to	the	

study	of	historic	recipes	for	producing	copper	based	corrosion	products	

that	can	be	utilised	as	blue	or	green	pigments,	David	Scott	discusses	the	

fact	that	urine	is	mentioned	in	connection	with	several	historic	pigment	

recipes,	and	goes	on	to	describe	urine	as	having	the	potential	to	“play	a	

complex	role	in	the	formation	of	a	range	of	products”	(Scott,	2002,	280).	

Unfortunately	there	has	been	relatively	little	progress	in	identifying	the	

range	of	corrosion	products	to	which	Scott	alludes.	In	laboratory	

experiments	to	try	and	reproduce	historic	copper	based	pigment	recipes	

such	as	those	described	in	a	fifteenth	century	manuscript	(Wallert,	1995)	

and	the	Mappae	Clavicula,	Scott	found	that	combining	copper	with	urine	

added	considerably	to	the	complexity	of	the	corrosion	products	

produced.	In	all	experimental	work	in	which	urine	was	a	component,	

unidentifiable	corrosion	products	resulted	(Scott,	2002,	283	&	284).	

Attempts	by	researchers	to	replicate	pigment	recipes	containing	animal	

faeces	or	dung	have	similarly	resulted	in	the	production	of	corrosion	

products	that	have	remained	as	yet	unidentified.		
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Appendix	20	-	Technical	specifications	for	TGU-4500,	Tinytag	

Ultra	2	data	loggers	

	

The	data	loggers	used	were	TGU-4500,	Tinytag	Ultra	2	temperature	and	

relative	humidity	loggers	produced	by	Gemini	Data	Loggers.	All	data	

loggers	were	purchased	new	for	the	project	and	as	such	were	calibrated	

by	the	manufacturer;	in	addition,	the	calibration	of	all	units	was	checked	

in-house	prior	to	deployment.	All	units	were	found	to	be	reading	

accurately.	Full	technical	specifications	for	the	data	loggers	used,	

including	details	of	their	accuracy	and	resolution,	can	be	found	below.	
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Appendix	22	-	Complete	photographic	record	of	all	20	samples	

from	the	Phase	2	sample	boards	

	

Figure	333:	Photographic	record	of	all	samples	from	Board	5.	
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Figure	334:	Photographic	record	of	all	samples	from	Board	6.	
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Figure	335:	Photographic	record	of	all	samples	from	Board	7.	
	



	 610	

	
Figure	336:	Photographic	record	of	all	samples	from	Board	8.	
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Appendix	23	-	Images	of	monuments	and	areas	used	in	dropping	

count	experiments	at	St	Nicholas,	Stanford	on	Avon.	

	
	

	
	

Key:	

	
1. The	floor	area	under	the	pipistrelle	roost	site	in	the	south	aisle,	

monitored	area	measured	9m	X	2m.	
2. The	Alan	de	Aslaghby	Tomb,	located	in	the	south	wall	of	the	south	

aisle.	
3. The	monument	to	Sarah	Baroness	Braye	(including	the	floor	area	

inside	the	railing),	located	on	the	west	wall	of	the	south	aisle.	
4. The	Monument	to	Sir	Thomas	Cave	and	Elizabeth	his	Wife,	located	

between	the	nave	and	the	north	aisle.	
5. The	monument	to	Captain	The	Hon	E	V	W	Edgell	(including	the	

floor	area	inside	the	railing),	located	against	the	north	wall	in	the	
north	aisle	adjacent	to	the	north	door.	

6. The	covered	chairs	in	the	south	eastern	corner	of	the	north	aisle,	
monitored	area	measured	2.5m	X	3.6m.	

	
Figure	337:Plan	of	St	Nicholas	Stanford	on	Avon,	showing	positions	of	monuments	and	areas	
used	in	dropping	count	experiments.	
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Figure	338:	Site	1.	The	floor	area	under	the	pipistrelle	roost	site	in	the	south	aisle,	
monitored	area	measured	9m	X	2m.	
	

	

	
Figure	339:	Site	2.The	Alan	de	Aslaghby	Tomb,	located	in	the	south	wall	of	the	south	aisle.	
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Figure	340:	Site	3.	The	monument	to	Sarah	Baroness	Braye	(including	the	floor	area	inside	
the	railing),	located	on	the	west	wall	of	the	south	aisle.	
	

	
Figure	341:	Site	4.	The	Monument	to	Sir	Thomas	Cave	and	Elizabeth	his	Wife,	located	
between	the	nave	and	the	north	aisle.	
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Figure	342:	Site	5.	The	monument	to	Captain	The	Hon	E	V	W	Edgell	(including	the	floor	area	
inside	the	railing),	located	against	the	north	wall	in	the	north	aisle	adjacent	to	the	north	
door.	

	
Figure	343:	Site	6.	The	covered	chairs	in	the	south	eastern	corner	of	the	north	aisle,	
monitored	area	measured	2.5m	X	3.6m.	
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Appendix	24	–	Letter	to	church	cleaners,	and	signage	displayed	in	

St	Nicholas,	Stanford	on	Avon	as	part	of	dropping	count	

experiments.	

	

Bat	Dropping	count	at	St	Nicholas,	Stanford	on	Avon	
August	2011	
	
Dear	Judith	and	church	cleaners	of	St	Nicholas,	Stanford	on	Avon,	
Many	thanks	in	advance	for	your	assistance	during	the	month	of	August,	
while	I	conduct	some	experiments	related	to	my	research	into	the	effect	
of	bat	droppings	and	urine	on	historic	surfaces.		
	
What	will	be	going	on?	
	
Throughout	August,	I	will	be	conducting	work	at	St	Nicholas	to	record	the	
number	of	bat	droppings	deposited	on	a	selection	of	surfaces	within	the	
church	space.	The	areas	I	will	be	looking	at	are:	
	

• The	floor	area	under	the	roost	site	in	the	south	aisle	
• The	Alan	de	Aslaghby	Tomb	
• The	monument	to	Sarah	Baroness	Braye	(including	the	floor	area	

inside	the	railing)	
• The	Monument	to	Sir	Thomas	Cave	and	Elizabeth	his	Wife		
• The	monument	to	the	Hon.	Edmund	Verney	Wyatt	(including	the	

floor	area	inside	the	railing)	
• The	covered	chairs	in	the	eastern	corner	of	the	north	aisle		

	
After	a	preliminary	visit	to	remove	pre	existing	droppings	from	the	
selected	areas,	I	will	then	visit	the	church	on	a	weekly	basis,	to	record	the	
number	of	droppings	deposited	in	each	location	in	the	previous	week.		
Once	counted	these	droppings	will	be	cleared	away	(by	me)	and	the	
process	will	be	repeated.	In	this	way	I	will	be	able	to	get	a	week	by	week	
view	of	the	amount	of	dropping	deposition	St	Nicholas	is	experiencing,	
for	a	one	month	period.	
I	will	be	visiting	St	Nicholas	on	the	following	dates:	
	

2nd,	9th,	16th,	23rd,	30th	August	2011	
	
What	do	you	have	to	do?	
In	short	nothing!	I	will	be	responsible	for	doing	all	the	work	and	for	
replacing	any	sheets	or	coverings	in	the	selected	study	areas.	All	I	ask	is	
that	you	don’t	do	any	cleaning	in	these	areas	yourselves	–	I	need	to	know	
that	I	am	counting	a	complete	weeks	worth	of	droppings	in	each	of	the	
locations.	So,	please	no	cleaning	in	the	following	areas	until	
September:	
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The	covered	floor	area	under	the	roost	site	

in	the	south	aisle	

	

	
	

The	Alan	de	Aslaghby	Tomb	

	

	
	

The	monument	to	Sarah	Baroness	Braye	

(including	the		floor	area	inside	the	railing)	

	

	
	

	

	

	

	

	

	
The	Monument	to	Sir	Thomas	Cave	and	

Elizabeth	his	Wife		

	

	
	

The	monument	to	the	Hon.	Edmund	Verney	

Wyatt	(including	the	floor	area	inside	the	

railing)	

	

	
	

The	covered	chairs	in	the	eastern	corner	of	

the	north	aisle		
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Cleaning	in	parts	of	the	church,	or	of	monuments	that	have	not	been	
specifically	mentioned	above	can	carry	on	as	normal.	
	
Why	August?	
	
As	you	will	all	no	doubt	be	aware	bat	activity	is	greatest	in	the	summer	
months,	in	an	ideal	world,	I	would	be	conducting	this	experiment	over	a	
full	“bat	year”	i.e.	from	May	to	November,	however	it	is	not	appropriate	to	
run	this	kind	of	experiment	at	times	when	the	church	is	used	for	services,	
weddings	etc.	
While	shorter	than	the	ideal	time	period	described	above,	a	period	of	one	
month	allows	an	acceptable	amount	of	data	to	be	gathered	from	which	
conclusions	can	be	drawn	and	extrapolations	made.	We	are	in	the	
fortunate	position	in	August	that	there	is	a	gap	in	the	service	schedule	at	
St	Nicholas,	and	as	such	I	can	conduct	this	experiment	without	impacting	
greatly	on	the	primary	function	of	the	church	as	a	place	of	worship.	
	
Many	thanks	for	your	help	
	
Best	wishes		
	
	
James	
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Signage	will	displayed	in	the	church	as	follows:	
	

Please	do	not	be	concerned	if	this	
monument/part	of	the	church	looks	
unclean!	
	
During	August	2011	an	experiment	is	being	conducted	to	
monitor	the	number	of	bat	droppings	deposited	weekly	in	
certain	areas	of	this	church.	To	this	end	we	are	not	
currently	cleaning	in	this	area.	
	
For	more	information	please	see	the	document	titled	“Bat	
dropping	count	at	St	Nicholas,	Stanford	on	Avon”,	situated	
on	the	table	next	to	the	visitors	book.	
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Appendix	25		-	Natural	England	Technical	Information	Note	
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