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P.0 Introduction

Palseoecology 18 an interdisciplinery science and uses & great variety of
technigues, Lake acidification studies carried gut in the Roval Socisty
Burtarce Water Acidification Praoject {SWAPF) and Department of the Enviranment
{bot} Hegipnal Acidification Frogramme have been especially wide ranging,
involving spetialiste from different laboratories working on material  from
COnRmon sites and common  cores.  In addition, & number of different
laboratorigs have been involved in performing sieilar analyses (eg. diaton
analysist. In these cases a standard approach to key aspects of the work has
been develaoped but wsinor differences betweesn laboratories and hetueen
tountries ewist.

This report introduces and describes the methods used and the analyses
pertoraed upon lake sediment core material obtained from sites in the UK.
ither, non core-based methods, are also briefly deccribed {(Section 131, This
report therefore complements the results-based reports issued separstely in
the DoE and SWAP recearch programess. A list of reports currently available
can be found at the end of this report, MWhere methodes have been altered
these alterations will be identified within the individual site-report
concerned,

2.4 Bgring (PRY University Lollege London; FBA Hindermere)

The longer cores which Comprise the basiz of most of the analyses described
in this paper are taken using a Hackereth mini-corer (Hackereth 19491
operated from an  inflatable boat. In some cases a portable raft ie used so
that additional or longer sediment coreg can be collected by meanzs of a
Livingstone corer. Preliminary and surtace sediment samples are collectsd by
means pf g Kajak corer and/or Eckman grab.

3.0 Core extrusion & routline spesuresments of sediment characteristics
(PRU University {olliege Londony FEA Windermere)

Cores are exiruded in the laboratory and sliced 2% 0.5 gm or | ca intervals,
The slices are then subsamnlied for gercentage dry weight, percentage lozs on
ignitson and wet density measureaments. Marked changes in these parameters
ran indigate catchment disturbance. For example, peatland drainage may
result  in greatly increased loss on ignition wvalues, whereas sub-spil
erosion would increase the wet density and percentage dry weight values.
Bediment bulk density is alse reguired for calculating accumulation rates.
The percentage dry weight 15 obtained by weighing approximately 2 g of wet
sediment from each slice in a pre-weighed crucible, drying the sediaent at
105=C for 24 hours and re-weighing the rcrucible. The percentage loss on
ignition is determined by placing the cruecible containing the dried sedisent
in a muffle furasce at 350=C {for 2 hours. At UCL wet density in g ca™~® is
phtained by $f1lling a pre-weighed Zom ®  container with wet sediment which
is then re-weighed. An alternative method of detersining density is the
volumetric displacement of water by a wet sub-sample. This asthed 1s
employed at the FEA. Results of these analyses are gplotted in the {form
gepicted in Fig. i,
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Fig.1. Example plot of sediment characteristic data {L. Laidon}
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4.0 Diatoms (4. Kreiser, 5. Frite, V.J. Jones, R.J. Flower and E.Y. Hauorth)

In order to assess whether lake acidification has occurred it 18 necessary
to ascertezin the magnitude and rate of change of lake atidity in the pasti.
This information pay be contained to some extent in past chesistry
measuremgents and records of $ishery status although both these sources have
limitations. Lake chemistry records are sither not available or tend to he
inadeguate in that sampling iz often too infrequent to provide a true value
for mean annual pH.  Yhe iampact of the more acidic episodes of precipitation
which gocour during the winter may be missed, particularly if the lake is
remote and difficult to sample. In the longer term inaccuracies in fthe data
may exist due to the less accurate wmethods of pH seasurement used in the
past. Evidence for acidificstion may be found in reports of decliniag fish
cateches although these records should also be interpreted with caultion since
ather factors, such as increased angling pressure or loss of spawning
habital may be responsible.

It has been known for  some time that the structure of diatom communities is
related to water chemistry and in particular to pH {(Hustedt, 1937-1939).
This vrelationship can be qguantified By exanining the diatom cummunities
present in lakes where the oH of the water ig knouwn. The siliceous valves of
the diatom cells have the advantage of being well preserved and abundant in
the =edimpents of aci1d, oligotrophic lakes where silica dissolutioen is

minimal and sediment accumulation slow. When wexamined under a light
microscope sach diatom valve bhaz & distinctive combination of features
characteristic of a particular tawon. [t is therefore possible to use these

preserved diatos assemblages in 2 dated core to reconstruct changes in the
lake water pH in the past. This technigue has advantages over other sources
of water guality histery in  that the record is continuous and the working
methods are vonsistent over the period represented by the sediament. Diatonm
analyses has been periormed primarily by researchers at HEL., In gengral 1t
is the opreparetion and counting technigues used at UCL that are deccribed
helow. Lolleagues in other laboratories employ variations on some of these
technigues. Taxonomic and interpretation methodologies have been harmonised
at workshops at UCL involving all diatomists worling on  the Dok and SWAP
proiecte,

4.t Preparation

Between 0.08 g and G.1 g of dried sedigment 135 weighed into & 250 ml beaker
and ovidised with aporowimately 20 ml of 30% hydrogen peroxide warmed on an
glectric hotplate set at 90°0. The time taken to remove all organic matter
varigs but the process is usually completed in Z-3 hours. The samples are
washed by concentration in a cenrtrifuge set at 1200 rev min™t far four
minutes followed by resuspension in distilled water. This 1i1s repeated at
teast three times. (Loarse mineral material can be removed by decanting off
the diatom and fine wminersl suspension. I+ there is clay present this is
targely removed by keeping the centrifuge tieg to the sinipum required to
separate the diatoms, leaving the clay in suspension. This suspension 1%
chepked with 2 wsicroscope {for fine diatom fragments before being discarded.
Gfter washing the sample is diluted with enough distilled water to produce a
suitable working contentration. fApproximately 0.5 ml of suspension is placed
on a round 19 amm diameter vcover siip and allowed to dry overnight in an
undisturbed location sway from dust sources. The cover slip is mounted on @
glass slide ueing Haphrax or HMikrope 163 mouniing mediunms.
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The method vtilised at the FBEA differs in  that wet sediment {s oxidised
using & chromic acid  and hydrogen peroride mizture. In addition, the
fraction ef the prepared sample wused to make the 4$inal slide is measured
with particular accurasy as this is used to calcylate diatom concentratione.

The diatoms are identified and counted using & research quality amicroscope
with phase contrast and a 160w oil immersion objective, oproviding a
magnification of »1000x. At least 500 wvalves are counted from each sample.
The counts 4or individual taxa are eupressed as percentages of the tetal
count, and plotted for easch zample level douwn the sediment core (Fig. 2%.
Frintigal floras used in tdentification are Hustedt (1530), Hustedt
{1930-1966), Cleve-Euier (1931~1955) and Patrick and Reimer {194&). The
unpublished floras compiled by the USH FPalaececological investigations of
Recent Lake Acidification (PIRLA) Project are also utilised.

4.2 Diastop goncentratign <

if the rate of sedisent accueulation in & lake iz known, then the annual
rate of dratos accumulation can alsoc bhe caleculated provided the
concentration of diatoms in the sedisent is determined. This is useful 1in
assessing  changes in diatom productivity independant of wvariations in
sediment accumulation rate., fAbsclute diatom counts are alsp valuable in the
interpretation of percentage data since they enable real changes in ithe
abundance of & particular tawon fo be distinguished from the apparent
changes caused by fluctuations in pther tfaxa. The concentration of diatowms
in the dry sediment can be determined by the addition of markers of sisilar
size and concentration to the diatosms in the sample preparation procedure
{Battarbee and Kneen 198Z).

The concentration of diatoms in the =zediment i1s calculated by the addition
of a known pumber of 6.4 u polydivinyl benzene wmicrospheres, from a stock
syspension calculated on  a Coulter counter to contain 4.4 x 10* spheres
21, This suspenzign is shaken thoroughly and sonicated for 30 setonds
befare use teo ensure esven digiribution of the spheresz throughout the
suspension., Initially 1.5-2.0 ml of suspension are added tao the prepared
complete sample and & fest slide made to examine the diatom/microsphere
ratio. The two cosponents should be gpresent in roughly equal praportiens.
More microspheres can be added to the sample suspension 1§ required prior to
making up the fipal slides for counting.

The spheres are counted at  the same time as the diataes. They «can be
distinguished from chrysophyte cysts by their denser appearance and lack of
any surface {eatures. The total number of diatoms contained in the sanple
processed can be valculated thus:

Biatoms in sample = total HNo. spheres in sample
Ho. of spheres counted 4 MNo. diatoms counted

f#t the FEA total diatom concentrations are determined by counting the total
number of valves in one transect of  known area and calculating this as a
proportion of the total number of diatoms on the slide. The concentrations
gt tave that are of specific interest are calculated by scanwing the whole
cslide.



Fig.2. Example plot of diatom species counts (L. Laidon]
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4.3 pH reconstructiion

The classitication of diatome by pH preterence was first proposed by Hustedt
(1857 -1939) who allorated diatom tava to one of five pH categories according
to the pH of the water in which they were found growing. These categeories
were gefined as:
1. Alkalibiontic {aibl: ecourring at pH values 7.
2. Alkaliphilous {ali): occurring at pH about 7 with widest dietribution at
pH 7.
Indiftferent f(circumneutral) lindl: egual occurrences on both sides of pH
7.
4. Acidophilous (act): ococurring at  pH about 7 with widest dietribution at
nH {7,
S. Acidobiontic fachl: ocecurring at pH A7, optimum distribution at pH 5.5
and under.

[
4

This classitication forms the basis of most studies of diatom pH preference
ard pH reconstruction,

4.3.1 pH and surface sedigent asspmblanes

Hetore the past pH of a lake can be reconstructed from  the sub-fossil
diatoms it is necessary to guantify the relationship between diatoms and pH.
Thiz cgan egither draw on pH greferences described in the literature or on
studies nof diatom distributions in surface sedisents. The Jjatter involves
the constructian of & data set of suface diatom assesblages and pH values
from as many lakes as possible within the study region. Ideally the dats set
should Bbe wsed to test pH reconstruction technigues on coree taken from
labes within the same region to eliminate any reglonal differences.

4.3.2 Inden B
Based on earlier work by Hygaard (195467 and Merilainen (1967}, (Renberg &
Hellberg (1982} devi=sd an index {Index El whereby the degree of aH

preference in & diatos assemblage iz weighted as follows:

S % Factl 4+ 140 2 Yach!
Z.5 ¥ Yalky + {108 % ZLalb}

indes 8§ = %ind + {
“ind + |

The model was tested on 30 lakes in Srandanavia of known pH and the Leg
Index B was shown to have a linear relatienship with pH:

oH = &.4 - §.8% Log Index B rE o= 0,91

This eqguation has also proved satisfactory in reconstructing core aH in
Galloway (Flower and Battarbee, 1983} and can be used with pH preferences
from literature socurces. However, a grsater degree of accuracy was achieved
by calibrating Inder B with a surtace sediment data set from 34 Galloway
ioche in the Balloway region. The equation was redefined thus:

pH = £.3 ~ 0, B4 log Index B where r® = (.82

based on the regrescsion of indey B with mean summer lake water pH values.
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4.3.% HMultiple regressian

The data set has also been used to carry out a multiple reqgression analysis
of beth preference groups  and individual key tawa against mean susmer pH,
The multiple regression of preference groups against pH in Balloway produces
the eguation:

pH = 7.82 - 0.037%ach - 0.035%act - 0.013%1nd - 0.0G18%alk + O.1%alb.

where v? = (.82
These pH reconstruction methods are currently eaploved at UDL to reconstruct
gl ia both Welsh and Scottish lakes. The surface sample data s=zet 1is

currently being expanded to include lakes from Wales, thus increasing the
accuracy of pH reconstruction.

8.0 Core dating - radiosetric metheds (P.G. fAppleby)

For each site an empirically tested and carefully evaluated chronoclogy of
sedigentation fer at least the past 159 years is constructed. fs far as is
possible these chroneclogies accommedate any evidence for sediment mixing,
sediaent source shifts and post depositional sediment redistribution.

5.1 2'0ph

#roph poceours naturally in lake sediments ag oene of the radiocisotopes in the
228\t decay series. lis half-life nf 22.26 vyears makes it well suited to
dating sedisents laid down over the past 100150 years. The total 219Fp
activity in sedimenis has two cosponents. Supported 2*°PhH is that component
of the activity which derives from in situ decay of the parent isolfope *2*Ra
within individual seil particles. The second cesmponent, called unsupported
288pp,  derives from dissociation of **%Fh drom 22*Ra  and the through
diffusion of the intermediate gasepus isotope 222Rn, Pathways by which
unsupported *1°Fh accunulates in lake sediments are discussed in detail in
Bldfield and dAppleby (19843, In most samples the supported 2*°Fh  can  be
assumed to be in radicactive eguilibrium with #24Ra and the unsupported
artivity at any level 1g pbitained by subiracting the #*22R; activity from the
total 2%Pp, Fig 33 shows the total and supported 2'°Pb activity v depth for
& sediment core from Llyn bLlagi ia north Wales. The unsupported P
activity in the core is shown in Fig. 3b.

#30ph dates for easch sediment core are calculated using both the constant
rate of 2%ph  supply (LRSS} aeodel and  the constant initial zioph
concentration (CIC! model {(Appleby and Oldfield 1978}, The +{irst of these
sadels is perhaps the most widely accepted. It assumes that the *'°Ph supply
iz dominated by direct ateospheric fallouty resulting in a constant rate of
supply of 2'°Ph 4ros  the lake waters to the sediments irrespettive of
changes in the net dry mass accumulation rate. This model will not be valid
where there are interruptions to the *'°Pb supply owing to, for example,
zediment focusing or & sediment hiatus. In these cases dates are calculated
gither by the CIC wmeodel ({where there iz evidence for a constant primary
accumuiation ratel or by using & composite of both models. Factors governing
model choice sre seb out in Appleby and Gldfield (1983Y and {Oid¥ield and
fippleby {19841. Fig 4 shows 2*°Fh dates v depih and dry mass accumulation
rates for Liyn Llagl calculated by the CRE and CIC wmodels. The accumulation
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rate appears to have been reasonably uniform ogver the past 140 years and for
this reason both models give similar chronoclogies.

5.2 ¥37Ce angd ®*i0p dating

TR0 activity in sediments predating the 1986 Chernobyvl aceident derives
mainly from atmospherit weapons testing fallout. Where this isctope 18
strangly adsorbed on to sediments the shape of the activity v depth profile
is presumed to reflect varying fallout rate and the onset of fallout in 1934
and peak fallout in 1943 provide useful additional chronological markers. In
practice many recent studies leg. Davis ef al. 1984) have shown that under
conditions of low pH *=7Cs ig relatively nmobile within the sediment coluaen
with mavimum concentrations too close to the surface to represent 1963 and
residual  values at levels too deep to represent 1954, In these cases **'Qq
meazurements may provide & useful alternative. This isotope also derives
trom noclear weapons fallout and a growing data set from lakes with a wide
range of pH values suggests that it 1s considerably less mobile than *37[0sg,
Fig. 5 shows the '37Cg and ®*'4p profiles for Llyn Llagi. Bath profiles have
a well defined mavinmum at 4.25 cm. This level is dated by 23°Fp to 1965-1%948
and confirms the asepciation of this feature with the 1967 fallout peak.

5.3 Detector svysism

Sedimente from gach core are measured for #'°%Fh, 228Fg, 1370g and 2*'4m by
direct gamma assay using an Orterc HPBe GHL-BOZ210-85 weli-iype coaxial low
background intrinsic germanium detector {(Appleby et? al. 1986). Background
suppression is achieved by means of a 100 pe thick lead castle, a IG5 an
diameter % 305 mm long sedium iodide (Nal(T131 escape supression shield and
a & am thick copper cylinder fitting over the end of the detector and
sample. The configuration is shown in Fig. &. Samples {with masses ranging
fram ¢.5% g to % gi are placed in specially fabricated plastic sample holders
designed to fit inside the well recese of the detector.

Data are acquired using an ADC fanalogue to digital computer) interfaced to
a EBL microcomputer and then transferred to an IBM 3082 computer for
analysis. The system achieves & resplubtion of 1.5 KeV at 100 ¥eV and 2 KeV
at § Mev. Fig. 7 echows a typical gasmma spectrum. Z:°Ph is measured by its
gamma emmissions at 44,3 KeV and #F2%ka hy the 352 KeV ganmma rays emitted by
1ts daughter isatope 214Ph. 3370 and ***Am are measured by their emmicsions
at &62 KeVY and 59,5 KeV respectively. The absolute efficiency of the
detector has been measured using & series of calibrated sources and sediment
samples of known activity. The effect of self-absorbtion of low energy gamma
rays has been estimated by determinations of the relative efficiency at 46.35
Kev and 3I5% Ke¥Y, using samples ot different weights in which 2!°Ph and 22¢4Ra
are  known o be in radicactive egquilibrium. The background counts are
carried out at regular intervals to ensure maintenance of the low backgraound
characteristics.
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4.0 Magnetic smeasurements of lzke sediment (F. Oldfield and $.Fk. Higgite)

Several studies (Oidfield ¢ al. 1978, 1979, 1984; Jonezs 1583; Jonec (98&4;
Thompsen and Oldiield 1784) have confirmed that recent peats accumulating in
mires which have heen dependent entirely on aitmospheric sources for mineral
inputs, contain a record of particulate pelliuetion readily detectable by
means of magneiic measurements. A range of industrial processes, including
iron and steel wmanutacture, solid fuel-fired power generation and
nop-ferrous metal smeiting give rise tp particulate emissions with  high
terrimagnetic concentrations {(Jones 1985, GScanning Electron Microscope
studies confiras that in peats post-dating c¢. (930 AD, the magnetic particles
are predominantly spherical and, in terms of size, shape and surface
patterning wmost are indistinguishable from power station fly ash {(Humt in
prep., Jones 1985). HMagnetic wmeasurements can therefcre contribute to the
reconsiruction of particle emissions associated with wmajor 80z generating
industrial processes.

Far each site a full mineral magnetic ‘characterisatien of the recent
sediments, of the lake catchment and of asitmospheric depocition in the area
iz provided. These studies contribute a preliminary basis +{or core
correlation and for selecting/rejecting cores for further study; evidence
igr shifts in allochthenous sediment sources resulting from  changes 1nm
land use or catchment hydrology; evidence for sediment redistribution,
disturbance or focusing within the lakey and a record of the atmospheric
deposition of magnetic particles resulting from fossil fuel combustion and
industrial processes during the last 200 years. Where fresh undisturbed
cadiment iz available from lake cores in oriented “cubes’, measurements of
natural remnance [(NRM} can bhe ohtained. Where a3 sufficientiy sirong, stable
and repeatable HEM trace i present, it can be used to supplement
chranoleogies based on radiometric methode.

Studies of lake and estuarine sediments at a wide variety of sites (Thomp=on
et al. L1973, Dearing 1979, Higgitt 1983, Cidfield ef al. 198%, Thompson and
Oldfield 1986} show that in many types of geological context, the magpetic
properties of most iate Holocene sediments are dominated by
catchment-derived, erosive input. They can therefore often be used ag
evidence for catchment disturbance and resulting changes in allochthonous
sediment sources. In this way, variations in magnetic mineral concentrations
and assemblages can indigate the effects of human activity within the
catchment.

6.1 Hogise and contamination

Hagnetic characterisation of lake sediment samples has been largely based on
room temperature remanence measurements. This is a response to the problems
posed by variable and often very small sample size {freguently (0.3 g) and
generally low ferrimagnetic concentrations. This combipation precludes
reliable susceptibility wmweasurements, since many of the readings obtained
fall within the same range a5 the noise level on the most sensitive
instruments; moreover they are comparable in magnitude to the diamagnetic
effact of the styrene scsamplie holder plus any included plastic fpam packing,
Susceptibility seasurements have therefore been used only at sites with
relatively high ferrimagnetic concentrations,



Given such small, weakly magneiir saasples, VER  MERSUrING  TEMADNERCES Can
pose  seripus problems of ncise and contamination. During the measuring
provedures, sample holders (10 ml}! and paciing wmaterials {cellophane film
and plastic foam) are inevitably  magnetised along with the sasple:
consequently anv  magnetic contaminstion will contribute to the measured
remanence. In order to minimise thig effgct, all sasple pots and pachking
materials are screened before use by means of ispthermal resanence {(IRM)
measurements carried put after pagnetisation in a field of 300 al7. Only pots
with a total IRM {after washing n distilled water and subsequent
magnetisation) of less than 1 % 10-%Am®, or in the case of sites with the
lpwest sample sizes, less than 0.5 & 107%Am®, are accepted for the project.
In preparation for the sequence af measurements outlined in Fig. B,
sediments are imamcbilised by ‘bedding down’ in 10 ea® peote with plastic
foam. Az & further orecavtion against particle sovement, bearing in mind
that samples were often very small, the sediseats were initially wrapped in
tellophane +ilm. PFacking materials are harder to screen with complste
canfidence than are the sample pots themselves. The cellophane file used to
wrap the sediments has been found to have a consistently negiigible IRM
atter wmagnetisation and is therefore not extensively screened during this
project. However, a 10 ce® pot full of the type of plastic foap used would
typically have en IRM of 1-1.05 # 107*Aa® after being magnetised in a field
of 300 ml. Plastic foam is screensed in pots for each sample and only pots
end foam with a combined [RMesoo w+ below 1.0 % 107%4n® are uced. Isothersal
remanence (IRM and SIRM) measurements are all at least an order of magnitude
shove the mavimus cosbined pot-plus-packing contamination level and betuween
png and two orders of wmagnitude above the noise level of the Minispin
Hagnetometer employed in the study. Anhysteratic remanente (ARM]
measurements pose rather more gompley probless. The AF field of 100 af used
during anhysteretic magnetiszation has the effect of demagnetising virtually
all the ispthersal remanence grown  through the wmagnetisation of  any
impurities during the screening procedoere. Howsver ARM values for actual
samplies are typically pne to two orders of wmagnitude less than [KHMs. #s a
result  of these differences, whereas the effective limits of reliable
detection for [HM meacurements reflect contamination rather than instrument
noise levels, in  the rcase of ARM seasurements the reverse is the rase.
Borecver. the low ARM readings for sany pre-20th  century samples are
actually within the instrument noise rangs. The efdfect of this; especially
on calculated repansnce quotients (S{RHW/ARWY, has limited the significance
pf variations in these values for the spallest and the post weakly magnetic
samples.

4.2 The moasureasnts and their interoretation

Fig. B depicts the procedures which provide the feliowing measurements and
quotients that form the basis {for the main parameter vs depth plots (see eg.
Fig. 91:~ AHM, GSIRM, GSIRM/ARM, I[RM-zowr/SIRM, IRH_asc av/8IRM, IRM_,o0e
mr/SIRM, IRM_-scomy /SIRH.

ARH and SIRM are plotted as L0~ %*8m%kg-*. [RM..a+/5IFH values are graphed as
percentage reverse saturation. Thus 50 is the point at which IRM...+/SIRH is
tern and 100 is the poini at which [RMeaay/8IRKH 15 ~1.

ARM measurements are especially sensitive to ferrisagnetic grains of true
stable single domain dimensions. For magnetite, this implies & diameter ot
between ©. .03 and 0,% um. Previpus experience has shouwn that fine grains
within this narrow size range are more likely to be typical of secondary
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sources (eg. soile and weathering producte! or of authigeritc bacterial
magnetite, than of either primary-bedrock or particulate pollutant-derived
material, SIRM measurements can include significant contributions 4rom the
tull range of remsnence carrying minerals, both ferrimagnetic (eg. magnetite
and maghaemite} ac well as imperfect anti-ferramagnetic {eg, hagmatite and
goethiter., Thus it i1s wvery important to find some convenient way of
characterising the different components and their relative contributions,
This can be done through the IRM-..+/SIRM plots which are closely related to
the cencept of coercivity of remanence - {(Bolgm. In simple terms, as the
plots within the box shift te the right, they reflect the increasing
relative iamportance of magnetic components with a ‘soft’ remanence, eg.
coparse or even very fine {“0.0Z - 0.03 um diameter} ferrimagnets such as
magrnetite. As the plots shift to the left, especially it the shift involves
the [RM-socm+/SIRM curve, they are likely to reflect the increasing relative
importance of the wmagnelic components with a “hard’ remanence eg. fine
grazined heesmatite. In practice the IRM...+/SIRW plots are often both more
cosplex and mpre informative than this and they help to provide a good basis
for a f{first agppraisal of magnetic mineral and grain size variations in the
cample set. SIRM/ARM may reflect the influence of many variables, but in
zample sets whers the magnetic properties are dominated by ferrimagnets, the
quotient will often respond to magnetic grain size variations, with high
quotients indicating relatively higher multidomain vis a vis stable single
domain contributions and vice versa.

8 turther stage in the wse of the data has been the separation of the tuwo
extreme {'soft’ and ‘hard’) comoonents in the S5IRM  and their calculation on
a mass specific basis. This involves calculation of SIRM-IRM_.zomr and SIRM +
[RM-soamt respectivelv. The first may be regarded ac reasonably propertional
tc the total ferrimagnetic ie. ‘magnetite’ concentration in the sample,
although it is likely to favour multidomain components. The second is the
hest indicator of «changing imperfect anti-ferromagnetic {'haematite’;
concentrations available within the data set. These tun components can be
regarded as escentially independent of each other, thus their variations can
be used as rough indications of the changing concentrations of the two
different magnetic mineral types. These same values, like BIRM, can alze be
recalculsted az annual magretic accumulation rates thus giving estimates of
changing net depositicnal fiuxr of magpetic minerals to the lake bed {cf.
Fig. 103,

The data set also provides further options for sample discrimination using
vrose-plots, both normaliced and nan-normalised, between pairs of
measurements or guotienis. These can help to discriminate particular sample
assemblages and source types as well as to infer variations in  the
proportions of the coantributing magnetic mineral types.

& general introduction {o magnetic studies of this type and io the
interpretation of the results, is given in Thpspson and Oldfield (1984)
which also includes a comprehensive glossary and reference list.
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Fig.B. The magnetic measuring sequence
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Fig.8. Magnetic remanence measurements for a core from L. na Achlaise
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Fig.10. Magnetic accumuilation rates for a sediment core from L. na Achlaise. All values are 10° Aa”
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Table 1| Keyv tp Fiog, B, (The magnetic measuring sequence!l

{1} Bamples magnetized in a Molspin Pulse HMagnebtizer with a mavimum field of
00 et

(2} Bamples magnetized in a Holspin AF desagnetizer with ARM attachament
using a peak AF fi1eld of 100 a7 and a DC bias of 0.04 o7,

{3} Measuresents carried out in & Minispin portable siow speed spinner
fluxgate magnetonseter.

t4) Sanmplec magnetized ip a Molspin Pulse Hagretizer with a manimum field of
gither 830 ml or 1000 nmT.

¥ Where possible the sediments are gently ground before packing into
cellophane In the case of samples which are to be used afterwards for
"spot particle’ analysis, sediment fragments are not ground but are
simply wrapped tightly in cellophane.

7.0 Sediment Chemistry (B, Rippey!

7.1 Malor catione and trace metals

Yediment samples are lightly ground and dried overnight at 105°0., Betueen
G.3 and 0.5 g are weighed to 0.0001 g accuracy into teflon heakers, The
beakters are cleaned by scrubbing and soaking in & cleaning miuture {HC1 and

fecon 9413,

In turn 14 sl of bydroflusric acid, 10 al of npitric acid and 8§ al of
perchioric  acid f{all Aristrar gradel are added and evaporated to drynecs,
Occasionally more perchloric acid has to be added to completely digest the
grganie matter., When all the silicates and organic matter bhave bheen
deconposed ! ml of fristrar HLI and some distilled water {Gelman’'s Water I}
are added and the salis dissolved., This is transferred with washings to a 25
ml volumetric flask and made up to volume. The samples are stored in cleaned
polypropylens bottles.

811 metals are determined by flame atomic absorptien spectrophotonetry
{Ferkin-Elmer 2380). Deuterium lamp background correction is used and the
samples are diluted S30-fold with 0.1% lanthanum chloride for the wmajor
cations. Curve correction is wused +or the major cations and zinc. Five
bianks are included with sach core to check {for contamination, This whole
analytical method gives good recoveries and precision {(Rippey et al. 1982},

7.2 ?Dtaé Hulphur

This is detersmined by potassium nitrate/sodium carbonate halt fusion (frant
and Yeung 1971} with the sulphate by turbidity {(Vabatabai 1974). The sample
size is 0.3 g. Before instituting this method 1% was checked for accuracy
anpd preciston.

The accuracy was determined by recoveries. In three trials the mean recovery
was not gignificantly different from 100% {(G.10 ¢ P < 0.05, n=3; 4.60 ¢ P ¢
¢.8B0, n=3: (.40 < F ¢ 0.30, n=8). The precicion ranged from 0.28 to 0.07 mg
8 g~* and the mean value was (.13 mg § g~*,



8.0 Polveyelic fromatic Hydrocarbons (PAM) in lake sediments (B, Hippevy!

The main sources of FAH  at  the earth’'s surface are the coasbustion af
carbonacepus particles, contamination by petroleum or coal and diagenesis of
certarn  biogenic cospounds. Apalysies of PAH in dated lake sediment cores
orovides & record of change in the filux and type of anthropogenic cosbustion
products deposited at the site from the atmosphere. In lakes where there is
ne  input  from urban or industrial sources within the catchment, the
following characterictics in recently deposited sediment are evidence for
cantamination by ctombustion producte: & complex mixture of  FOAH; higher
concentrations in recently deposited sedimentsy and decreasing abundance as
the degree of alkyl substitution increases.

P&H  anralysis is By solvent svtractien and high performance liguid
chromatography (HPLDY? with fluorescence detection. the PAH are removed from
the wet sediment by Saxhlel estraction with dichloromethane for sight hours.
This method removes noa-polar cospounds guantitatively from  sediments
{Eporstel et aif. [I9B3}., The csamples are cleaned wup by adsorption
chromatography using Haters Sep~Fak Alumina with hewang slutian.

The PAM are segarated by HPLD (Bpectra Fhysics B8700) uysing & reverse phase
column {Chrompac FAW) under isocratic conditions (73% acetonitrile and 20%
water;Rathburn solvents) with fluorezcence detection {kontron BFH 257 Das
antd Thomas 19783, Detection i1s at Z280/330 nm changing to 3007400 ng after 11
minutes. Data handling is by a computer integrator{Trivector Triocl. The
identity ot the peaks 1s confirmed by ceoelution with cstandards and their
flunrescence spectra.

9.0 Pollen (4.0, Stevenczon!

Follen analyeis pf sediments allows a long to wmedium term assessment of
vegatation change within the rcatchment., Documentations of such thange i3

important in its own right ~ it is {undemental in investigating the "land
use hypotheses’ of lake acidification of Rosencvist (1978, 1980} and FKrug
and Frink {19831 - and it often indigates whether & conformable seguence of

lake sediment is present in sample cores.
9.1 Hethods

Subsamples from selected levels in each sediment core are prepared for
pollen analysis by KOH digestion foliowed by HF and ‘acetolysis freatments
iBirks and Birks 1980}, The samples are mounted in glycersl jelly and at
tgast S00 grains of land pollen counted for gach sample. Paollen
identifications follow Moore and Webb (197B). In wmost cases pollen
concentration data are obtained by the addition of Lycopodium tablets to a
known dried weight of sediment {Stockmare 1971}, Pollen counts from sample
ievels down the sediment core are espressed as percentages and presented in
the format exemplified 1n Fig. 1.



}

{L. Laidon

species counts

of pollen

Fig.11. Example plot

i UL LREA R A RN

&

S I VI I A ¥ R I S I A
i




ite.0 Chironoeid analysis (Y.HW. Brodind

The Dhirononidae (Dipteral 15 a specigc-rich f{amily of small midges with
larvas living in all types and conditions of asguatic habitats. The species
composition of the benthic chironomid fauna, espectally that of the
profundal zone, 1s generally specific for a particular environeental
condition, This has made chironoaside wusefoul 1p classifying the trophic
status o+ lakes and in this study permite them to be uvsed to indicate and
interpret environmental change caused by aciditication.

Aridification of lakes results in &, well-defined composition of the
chiropnomid fauna and further generally gives rise to: a less diverse tauna;
a vcharacteristic c¢hange in the dominance of different subfamilies and
subgroupings: an increase in relative naumbasrs ef carpivorpus chironomid
sppgies; & characteristic change in the trophic level of the faunay and a
gominance of certain groups of species which may be considered indicators of
acidification.

1.1 Sediment zsagple treatnent, sprting and slide nmreparation

The principal aim of the methods esployed for treating sediment samples is
to provide high gquality larval head capsules of the wmidoe “families
Chironomidae, Ceratopogonidas and Chaoboridee. Samples, each with 3 volume
of about 10 em®, are taken at intervals of 1-2 cm down the sediment cores. A
soplution of gpotassium  hydrowide and dictilled water (KUOH conceptration 3
~10%, depending on sedisent texture) is added and each sample directly
heated at 70-BO®C for 4~B minutes. The digested samples are poured into a
sieve with 2 mesh size of 20 us. The washed samples are then stored in vials
withh 751 ethanol.

fifter the sieving procedure samples are transferred to a sorting dish
containing water. A st{erpomicroscope 15 employed to pick out all forms of
farval insect and mite remains, This technique is employed guantitively only
tor third and fourth larval instars of Chironopidae, Ceratopogonirdas (head
capsules! and Lhaoboridas (mandibles).

ffter sorting, the insect and site remains are itrancferred to baths of 735%
and 985% ethanol and then mounted on microscope slides.

10,72 Tawonaomic identification

The identificatios of different species or species types of the weidge
families Chirononidae, Ceratopogonidas and Chaobpridse is achieved primarily
by comparicspn of laboratory specimens reared to adults with modern taxonomic
literature. Some zgecimens can also be identified directly with reference to
tavonomic iiterature.

15.3 Meassuresents of fauns stability and diversity

A11 galculations of fauna paramelters are based on 30 randomly choszen
sperimens from egach sampling level of the cores. The shannon Weiner
Diversity Index is wused to calculate temporal changes in species diversity
{Gouthwoond 1971k
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The eveness with which the individuals are distributed among the specimens
areg calculated according to Pielou {(1973):
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Tempaoral changes in  the turnover rate of the insect fauna are calculated
using the indew described by Brodin (1985):

k
FE&° = 1L (FB., . + PH, ., + PG, ., + PE_ 1}
4
Where & = number of vategories
FoOu wewens .=z = percentage similarity beiween the species composition

of a particular sample (%) and a sample of its second
closest older {v), closest older (wl, closest vounger
(vt and second closest younger sampling level iz},

1.7 Chrysophyte anelysis (6. Lronberg!

& characteristic feature of chrysophytes is their ability to produce resting
stages in the form of endogencusly formed siliceous cysts. The chrysophyte
cvet 18 characteristic of the =species and even within the same genus
different speciec produce oysts of unigue size, form and witrasiructure.
Chrysophyte cells are covered with loosely attached =i1lica scalees the
gltrastructure of which 13 also tharacteristic of the species. The silica
scales and cysits are well ogoreszerved in lake sediments and as chrysophytes
are  primarily plankionic and possess restricted environmental reguirements,
they can be good indicators of water quality.

11.1 Methods

To date $ull working methods have not been finalised,

12.0 Carbonsceocus particle {(soot) analysis (3. Darley!

When fossil fuels are combusted spherical carbonacesus particles (GCPs! are
emitted ints the atmosphere aleng with other pollutants. The amount released
depends on several factors such az  type of tuel, type of combustion svstenm
and type of emission control procedure. Both coarse and fine particles are
sroduced during combustion. The morpholegy and surface texture, particularly
of coarse particles, are indicative of their origin. #When the particles are
deposited from the atmosphere they accumulate in lake csediments where they
are preserved and form a stratigraphic record of the history of the
deposition of poliutants from tossil fuel combustion.
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i2.1 Sampling and preparation

Sediment 15 subsampled from the relevant core from each study lake. Up to 40
subsamples of 0.2-0.4 g are taken at vregular intervale down the core to a
depth of about 30 £m, which for most cores covers sediment dating fram the
pariy industrial period ~ c. 1B59s.

Each subsample is placed in a <¢lean 250 pl glasc beaker and 16 ml 32% Hz0o
is added to remove organic matter by ownidation. Each beaker is covered with
a plastic lid and left to stand for 24 hours.

For the following two weeks the beakers are kept 1n a warm oven at 35°[0, to
assist guidation and 16 ml Mzl added at regular intervals until sach sample
has received ({0 ml.

Beakers are then removed from the oven and filled with distilled water to
begin a wash process by sedimentation. The beakers arg left to stand for at
least 24 hours to allow the owidised sediment to sebttle, before decanting up
to 66% of the fluid and filling again with <clean distiiled water. this
process 18 repeated four times.

fig much fluid as possible is decanted before transferring the recidue to
pre~weighed 100 ml conical flasks and sealed with stretch plastic tape. A
suspension of 73 @l is ponsidered the appropriate concentration for pouring.

For each sample a subsample of the prepared suspension is poured into a
petri dysh ready for cownting. Each 4iask 13 unsealed, weighed to 0.001 g
and resealed. The suspension is homogenised by vigorous shaking and a small
amount {c. B-1¢ wl! gppured inte & clean gpetri dish placed on a level
syurface. The suspension i3 poured oubt to leave & level, thin laver of
sediment when dry. Each flask is re~weighed to determine the fraction of
suspension  that has been poured sut. The dishes are then lett at roos
temperature for evaporation to take place.

£72.2 Counting

The 80Fs are counted under & stereomicroscope  at  40x  magnification. The
black spherules are geen to stand out agsinst a background of bleached
sediment. Spherules with a diaseter in excess of . 10 um ©an  he
distinguished., The maximum diameter cbserved has been in the range B0-%0 um.
& unifore distribution of sediment iz assumed so that only 30% of the
contente of sach dish are counted. This proportion is determined by placing
a grid beneath the dish. The result for each dish is multiplied by two to
obtain a figure for the subzaeple poured out,

12.3 Calculations

§2.%3.1. Calrulation of SCP concentration:

The results are eupressed in terms of the number of particles per grasme dry
sediment using the formula & - S5CPs g dry sediment=* = g & 24
b.c



whare a = weight of {otal suspension prepared
b = welght of suspension fraction poured out
¢ = weight of dry =ediment prepared
¥ = number of 5LCFs counted in the half dish.

12.3.2. Logs on ignition data:

Results are also expressed in terms of the organic fractisn of the sediment
as determined from loss on ignitien values, using the forpula B -
5CP= ¢ organic fraction of dry sediment=' = § + 10C

L

dry sedisent~® (from formula @)
n ignition value for the appropriate sediment level.

where §
L

i}
pot EEY
]
~¥3
[ gta]

i

Results expressed in thie way are considered to give a more reliable picture
ot SLCF concentrations than values eupressed soley in terms of sediment dry
waight, This is particulaerly the case where the mineral matter input to the
sediment hae been widely variable throuoh time.

Braphs are constructed from the resulis to obtain the S0P patterns which are
gzed in the interpretation of the results {cf. Fig. 121,

12.0 HNan core-based methods

PE2.10 Surveyving and sapping technigques (&, Nichelsan, A. ¥rsiser, 5. Patrichk!

Computer drawn bathymetries and/or core location maps are produced for each
take.

Folar zlidades, sited at fived leocations on the lake shorse, are utiliced to
record the position of an inflatable boat aboard which a graphicasl echo
spunder records lake water depthz. Spat depths are recorded an  the
continuous  echo sound trace and cpoordinated with alidade sightings by means
of citizen band kand radios.

Contour maps end calculations of lake surface area and volumse are produced
using proprietary mapping software (MAPICS 19831, Lake outlines are taken
tros 1310000 maps and enlarged to a2 suitable scale. Surveyed depth and core
points are transposed on to  these oputlines from the polar alidade field
tracings. The following data are digitised for each site: lake woutline,
putline g#% islands {if opresent), core locations and surveyed depihs
inciuding 2 sansple of points froem lake cutlines recorded as zero depth.

The MAPICS graphics system produces high quality bathymetric contour maps of
the lake basins from height-gradient grids interpolated +$rom the surveyed
depths and lake/island putlines. Contour maps are drawn {(cf. Fig. 13} using
2 Hewlett-Packard vector plotter, Surface areas and volumes are estimated
usging MAFILCS grid conversion facilities. Essentislly this process invalves
converting vector information into grig fore of a suitable density. Areas
are then calculated as the nueber of grid cells multiplied by the grid ceill
area. Yolumes are caliculated as the sum opf the individual grid cell volunmes.
Grid density can be adjusted to any suitable rescolution and the volumes and
surface areas ot individual contour levels can be calculated for
hypsographic generation.
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Fig.12. Example of a SCP analysis plot (L. Laidon)
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Fig.13. Example of a bathymetric map generated by MAPICS software, (L. Laidon)
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13.2 Hater chemistry (WHA Llanelli and DAFS Pitlaochry:

A1l water sampies are collected from immediately below the water surface in
the littoral {preferably from the ocutflow! in about 40 ce depth of water.
During sampling care is faken to aveid collecting re-suspended particulate
material,

Samples for water pH  and conductivity measurement are collected in arcid
pre-washed polyprepylene 1 lifire bottles and stored immediately in a dark
plastic sack, CLhesical aralyses are carried out at the Heish WMWater
futhority 's laboratory at bLlanelli and at the DBAFS laboratory in Pitlochry,
The parameters measured are listed in Table Z.

13.3 Catchment land use and managesent and fishery higtories (5. Patrick!

Bocumentary and ethnographic sources are used to pravide background
information about the lakes and their catchments and to examine evidence
that may indicate the influence of acidifying factors other than acid
deposition =~  liming, drainzge, atforestation, mining, changing stocking
densites and burning regimes ete.

The timescale covered by this investigation 1s limited by the availlability
of documentary material and broadly encompassses ithe past 200 vears with the
emphasie on the past century. Certain sources are common bto investigations
in Wales and Scotland -~ large scale Ordnance Survey wmaps, air photographs,
gstate plans and records, annual parish agricultural returns, diaries and
tapographies and land wtilisation surveys., Certain sources are specific to
gach country, notably Tithe Survey documents {(Wales! and the 'Statistical
Account ' editions {(Scotland). The personal evidence, particulariy of farmers
and anglers, provides auch important evidence of more recent change. The
detail with which catchasent and fishery histories can be compiled varies
greatly between lakes and depends primarily on the remoteness of the site
and the intensity with which the catchment rescurces are managed and the
lake fished.
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e 2. Standard water chemistry parameters measured in the Dok and SWAP programmes

“ELSH WATER SUTHCAITY

SAMPLING PDINT HU. = TFJTUZ DBATE F TIME TAKEN J03/03/487 T1:2a
ORIGIRATOR NON-WW4A PURPOST SPECIAL INVESTIGATION
TYPE SPOT =~ MANUAL WEATHER
o o 1 1 o 4 At o 7 o o o e o S 5 G B I R T e 1 2 +
I INVESTIGATIONS TEAM SAMPLES I1 S5QUTH wESTERN DIST i
I I I HAWTHORN RISE I
I I I HAVERFORDWEST I
I I I pYFED 3A61 toP I
i Iz i
e e e T 0 S e O S S D SR AR 0 M A e e e G O R 9ROt S S ke R R +
LOCATION TYPE BUCKET NUMBER
SAMPLER SAMPLERS COMMENTS : LLYN CONWY
LABORATOAY LLANELLI LAR=REF. R2%02 M. RESULTS 26
ANALYSTS COMMEINTS
CODE DETEAMIMAND MWAME REIULT CONSENT
81 PH LA
&2 CONDULTIVITY (2003 LUS/CH} 34.0
&8 TURBIDITY (FTU} 3.5
111 AMMONIACAL NITROSEN (MG/L.HN} Q.03
116 TOTAL CQXIDISED NITROGEN (MG/LLNJ 3.1
T18 NITRITE (ME/L.N} LT G.004
138 TOTAL MHARDNESS (MG/L.LACOZ) 3.5
152 TITAL ALKALINITY (MG/L.CALO3: 1.0
172 CHLORIDE (MGFAL.LLY 4.0
150 JHETHOPHOSPHATE {(MG/L.P} LT 0.92
182 DISSOLYVED SILIEATE (MG/L.3I02} G.2
133 DISSOLYED SULPHATE (MG/L.S504) 3.04
205 DISSOLVED SODIUM (MGFL.NAZ 3.38
209 DISSOLVED POTASSIUY (HMG/L.Y} G.3
213 DISSCLVED (OPPER (MG/L.CUY LT g.002
235 DISSOLVED MAGNESIUM (MG/L.MG) Golidb
239 DISSOLYED CALDIUM [MG/L.CAD 0.78
243 DISSOLVED ZIHC (MG/L.INI g0.029
251 DISSOLVED CADMIUM (HMG/L.CLZ LY G.007
TE5 DISSOLVED ALUMINIUM €MG6/L.ALD D.056
101 BISSOLVED ORGANIC CARBON (MGFAL.E2 2.3
373 DISSOLVED CHACMIUM (MG/L.LCRD LY G.603
H01 DISSOLVED MANGAWESE (HMG/L.MN3 D.0753
¢ £19 DISSOLVED IRON (ME/L.FED g.07
. 427 DISSOLVED MICKEL (MGFL.NID LT 3.003
SLEE ALUSMINIUM SOLUBLE NON-LABILE MG/L 0.021
LT = LESS THAW GT = GREATER THAN

SAMPLE CHECKED AGAINST GUALITY CONTROL

COMMENTS -
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