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EXECUTIVE SUMMARY 
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Critical loads maps of sulphur for UK freshwaters have been developed and published 
using empirical models applied to a dataset of water chemistry collected from sites 
across the country. 

This report explains the approach adopted for this critical loads mapping exercise, and 
describes research undertaken to screen and validate the maps and to aid their 
interpretation. It does not attempt to validate the inherent assumptions made within 
critical loads models. 

Two empirical models have been used for mapping freshwater critical loads in the 
UK, the steady-state water chemistry model and the diatom model. Both require data 
on water chemistry, acidic deposition and rainfall/runoff for their application. 

In contrast to the random sampling programmes undertaken in Scandinavia, with the 
production of summary maps of critical load distributions, the approach in the UK has 
been to produce national maps of the lowest critical loads, and greatest exceedances, 
for each mapping unit in order to highlight regional patterns of vulnerability and 
damage through acidification (Section 1). The standard mapping units used were 10 
kilometre squares in sensitive areas and 20 km squares in the least sensitive regions. 

In order to select sites for sampling and mapping, protocols for the identification of 
the sites most sensitive to acidification were developed (Section 1) using sensitivity 
maps (derived from geology, soils and land-use data) and altitude data. Lakes were 
selected in preference to streams where possible, and 1573 sites were sampled in order 
to create a national mapping dataset of water chemistry from which to calculate and 
map critical loads. 

The first stage in the site screening process included the identification of rogue sites 
where either the water chemistry indicated that reliable critical load or exceedance 
values were unlikely, or where the location of exceeded sites in relation to the 
freshwater sensitivity maps and sulphur deposition maps did not fit the expected 
patterns (Section 2). 22 rogue sites for possible replacement were identified at this 
stage of screening, and their potential substitutes were sampled. 

The second aspect of site screening was to ensure that sites had been selected on a 
uniform basis, and that the most sensitive sites within each grid square according to 
the sensitivity maps were being used for mapping (Section 3). 139 sites were found 
to be "not in the most sensitive class" on the sensitivity maps, and 58 second choice 
sites for which more appropriate replacements existed were identified. In all these 
cases, potential substitute sites were sampled. 

To determine which new sites were to replace the original mapping sites, certain 
criteria were applied (Section 4). Non-rogue sites with smaller critical loads than the 
original site in both SSWC and diatom models were automatically substituted into the 
mapping dataset. As a result of the site screening exercise, 136 substitutions were 
made into the mapping dataset. The number of sites showing critical load exceedance 
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increased by over 10% in the new, final mapping dataset. 

Since only one site per grid square was used in the mapping dataset, a "within-square 
variability study" was carried out to assess how critical loads and exceedances varied 
between sites in each grid square (Section 5). A 10% random subsample was taken 
from the most exceeded squares, stratified by exceedance class. Each of the 311 lake 
sites in these squares was sampled and critical loads and exceedances calculated. In 
one third of squares the most sensitive site had been correctly chosen for mapping 
using the diatom model for sulphur, and in a further third of cases a site with a critical 
load in the same class as the most sensitive site had been selected. However, in the 
remaining one third of cases it was found that the most sensitive site had a critical 
load at least one mapping class smaller than the selected site . For the SSWC model, 
the selected site was in the most sensitive class within the grid square in only one 
half of cases. Therefore the mapping protocols adopted mean that there is some 
overestimation of critical loads compared with the most sensitive sites. 

In some mapping squares, streams were sampled because lake sites were absent or 
deemed inappropriate for critical loads maps. A comparison of critical loads in lake 
inflow streams and lake outflows at 33 sites found that in half of cases the lake 
outflow critical load was the smaller of the two, and in the other half of cases the 
stream critical load was smaller (Section 6). There was no evidence that streams are 
more sensitive overall, and the preference given to lake sites for mapping appears to 
be well founded given the greater temporal stability of their chemistry. 

Overall it is concluded that the final sulphur critical loads maps for freshwaters using 
the empirical diatom and SSWC models provide robust tools for policy makers in 
identifying the most sensitive and most adversely affected areas of the UK in terms 
of sulphur deposition (Section 7). However, there are some issues regarding the 
applicability of the models in specific regions (e.g. the Pennines, north-west Scotland) 
which will necessitate further study. 

The current work programme of the CLAG freshwaters sub-group focuses on critical 
loads for total acidity (sulphur plus nitrogen) and model validation. 
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INTRODUCTION 

For at least the last 15 years, a vast body of international research has been dedicated to 
identifying and explaining the links between anthropogenic emissions of acidifying pollutants 
into the atmosphere, and damage lo soil, forest and freshwater ecosystems through 
acidification (e.g. Battarbee et al., 1990, Last & Watling, 1991, Mason, 1990). With the 
general acceptance of a cause-effect relationship in recent years, scientific and political effort 
has been directed towards the quantification of damage to ecosystems and the development 
of measures to ameliorate the problem. 

By the end of the 1980s, much work had already been done on assessing the sources of acid 
deposition and the extent of the freshwaters acidification problem; in the UK, Review Groups 
on Acid Rain and Acid Waters had been set up by the Department of the Environment (e.g. 
UK RGAR, 1990, UK AWRG, 1988). The international nature of the problem also led to the 
setting up of the Convention on Long Range Transboundary Air Pollution (CLRT AP) by the 
United Nations Economic Commission for Europe, and workshops held under its auspices led 
to further research and publications on the transboundary impacts of air pollution (UN-ECE, 
1988, UN-ECE, 1989). Political lobbying, especially by the Scandinavian countries in which 
the acidification problem was greatest, resulted in intense pressure on those countries 
responsible for the export of acidic SO2 emissions to address the issue. The most obvious 
method for reducing acidic deposition was to stop the problem at source, i.e. reduce emissions 
of SO2• While this approach was adopted in the UK and Aue Gas Desulphurisation (FGD) 
technology was introduced to some power stations, the costs were huge, and methods were 
sought to maximize the efficiency of planned measures for emissions reductions. 

In the 1990s, the approach adopted across most of Europe for emission control has been the 
"critical loads" approach (Bull, 1991). The most frequently used general definition of critical 
loads, adopted by the UNECE, is "a quantitative estimate of exposure to one or more 
pollutants below which significant harmful effects on sensitive elements of the 
environment do not occur according to present knowledge" (CLAG, 1994). A more 
specific definition in the context of acid deposition is that of Nilsson and Grennfelt (1988): 
"a critical load for acid deposition is the highest deposition of acidifying compounds that 
will not cause chemical changes leading to long term harmful effects on ecosystem 
structure and function". Critical loads therefore provide a means of quantifying the 
sensitivity of a receptor, which may be an ecosystem or an organism, to the harmful effects 
of some pollutant input. If pollutant inputs are less than the critical load of a receptor, then 
no significant harmful effects will result. Where pollutant inputs are greater than the critical 
load for a receptor, then significant harmful effects will occur. The degree of damage will, 
in theory, be related to the degree by which pollutant inputs exceed the critical load, i.e. 
damage is proportional to the level of critical load exceedance. 

For the development of effective emissions control policies, policy-makers need to be 
informed about the spatial distribution of vulnerable, "at-risk" ecosystems, the spatial extent 
of damage, the degree of damage, and the requirements for reduction in acidic deposition to 
protect specific receptors in specific areas. With the critical loads approach, it is possible to 
create national or international maps which show where the most sensitive and vulnerable 
areas are in terms of a given receptor. When these critical load maps are compared with maps 
of acidic deposition, it is possible to see where critical loads are currently being exceeded i.e. 
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where the level of acidic deposition is resulting in harmful effects on the selected ecosystem 
or organism. 

At a national level, in order to protect "at-risk" areas, or to reduce pollutant inputs below the 
critical load in areas where damage is currently occurring, critical loads and critical load 
exceedance maps can be used for targeting pollution abatement measures at those areas where 
the need is greatest and the maximum environmental benefit can be attained. For example, 
it might be more efficient and beneficial to reduce acidic emissions from a large power station 
upwind of sensitive and acidified regions, rather than imposing a blanket reduction in 
emissions at all power stations across the country. The emissions from some of these power 
stations will fall on insensitive areas, for example regions of limestone or chalk geology 
where acidic deposition is easily neutralised without any risk of harm to the environment, or 
where emissions are deposited in the sea (Kreiser et al., 1993). 

Internationally, critical loads maps are used in negotiations for agreeing and defining 
nationwide requirements for emissions reductions in order to adhere to UNECE protocols for 
reducing long-range and transboundary pollution. Maps at this scale are presented on the 
EMEP (European Monitoring and Evaluation Programme) 150 km resolution grid, with 
statistically defined critical load classes (Harriman et al., 1995a). 

Critical loads maps are thus a crucial tool in policy formulation for emissions control and 
pollution abatement, and this fact was recognised by the UK Department of the Environment, 
which set up the Critical Loads Advisory Group to coordinate the production of national 
critical loads maps for various receptors. 

Aims of the report 

This report explains the approach adopted in the UK for mapping critical loads of acid 
deposition for freshwaters (Section 1), and details the work carried out in order to "validate" 
these maps. There are two main strands to the report, which are screening and validation of 
the CLAG freshwaters mapping database. 

Site screening 

The CLAG freshwaters database currently holds site information, water chemistry, deposition 
data and various calculated critical loads values for over 2000 freshwater bodies in the UK. 
With such a large database there is much scope for the presence of errors, which can occur 
either through mistakes in data entry or through problems in transfer and handling of the data. 
Methods have been developed for preliminary data screening through restructuring of the 
database and through the comparison of independently calculated critical loads from the 
Environmental Change Research Centre (ECRC) in London and the Freshwater Fisheries 
Laboratory (FFL) at Pitlochry. The screening work described in this report, however , refers 
to the checking of the sites selected for mapping critical loads (Sections 2A). The question~ 
to be addressed in this site screening exercise are twofold: 

2 

.. .. 



l 
[ 

[ 

D 
C 

C 
[ 

n 
C 

D 
0 
D 
D 
D 
D 

D 
C 

0 
C 
L 
r 

l. 

2. 

Are there "rogue" sites within the mapping dataset which are unsuitable for the 
application of critical loads models, e.g. where terrestrial sources of pollution obscure 
the impact of atmospheric sources of acid deposition? (Section 2) 

Have the crileria used for the selection of sites for mapping been rigorously applied? 
(Section 3) 

Since the only sites available for mapping in many parts of the UK have agricultural or urban 
catchments, methods had to be developed for screening out "rogue" sites which suffer 
terrestrial sources of catchment pollution and could generate spurious critical loads and 
exceedances. An example of such a rogue site might be a lake with catchment soils sensitive 
to acidic deposition which has had its catchment limed, or fertiliser added, for forestry or 
agricultural purposes. Such a lake would have disproportionately high levels of, say, calcium 
which would provide a buffer against acidification, but there may be adjacent lakes of a 
similar type which have not been subjected to catchment liming and have suffered from 
acidification. Another example of a rogue site would be a lake subject to acidic minewater 
pollution, which might in its natural state not be vulnerable to acidification through 
atmospheric inputs, but which exhibits a very low pH or very high levels of sulphate deriving 
from sulphide bearing geology. The application of critical loads models to either of these 
types of site would be misleading because none of the assumed relationships between acidic 
deposition, catchment leaching and water chemistry in the models would hold true. The 
identification of these sites is described in Section 2 below. 

Validation 

Once the site data have been screened, a final mapping dataset can be defined (Section 4 ). 
The next stage is then "validation", which here entails a thorough analysis of the methods 
used in compiling critical loads maps for freshwaters in the UK, and the interpretation of 
these maps. The underlying assumptions are stated, and the limitations of the applications for 
which the maps can be used are explained. The reliability of the maps, in terms of 
representing the spatial distribution of critical loads of acidity for UK freshwaters, is 
quantified (Sections 5-6). 

The major questions to be addressed in this validation work are threefold: 

l. Given that site screening has ensured that site selection criteria have been rigorously 
applied, so that there is some measure of uniformity and consistency within the 
mapping dataset, how successful have these criteria been in identifying the sites 
required for mapping? (Section 5) 

2. What are the implications of having to select a single site for each mapping unit, and 
how do these affect the interpretation of the critical loads maps of acidity for 
freshwaters? (Section 5) 

3. Was the decision to select lake sites rather than stream sites, where possible, well 
founded? (Section 6) 
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These three points could be summarized as the following question: 

how often were the site selection criteria succesJful in identifying the most sensitive 
site in a grid square? 

Issues excluded from this report 

It is beyond the scope of this report to test the applicability of the critical loads models 
themselves. Two models have been employed in the UK for mapping critical loads of acidity 
for freshwaters (see Section I); the Henriksen model or steady-state water chemistry model 
(SSWC model: Henriksen et al., I 992, Harriman and Christie, 1995), and the diatom model 
(Battarbee et al., 1995, 1996). These models have been used to set critical loads for a site 
which are based on the chemistry of just a one-off, spot water sample. There is no allowance 
for temporal variations in water chemistry and critical load, or for quantifying the biological 
impacts of a calculated degree of exceedance of these critical loads (see Sections 7-8). 

There are issues of model structure which should be investigated: the Henriksen model's use 
of current water chemistry and empirically derived relationships from pristine areas to 
estimate baseline chemistry and hence critical load, for example. Both the Henriksen and 
diatom models make assumptions about surface waters and catchment soils being in steady
state equilibrium with acidic deposition. The basis of this assumption may be questioned in 
many cases, and testing of whether steady-state conditions exist at a gradient of sites would 
be a very useful exercise. 

These are issues which require consideration, so that critical loads values can be interpreted 
in terms of their biological significance, but they are outside the scope of this report. Only 
the issues of representativeness and problems of site selection are discussed in detail, with a 
summary of the implications for the UK policy of mapping critical loads of the most sensitive 
freshwater ecosystems (section 8). 

This report is therefore intended to describe only the spatial variability in critical loads for 
freshwaters within the UK, at resolutions varying from the catchment level (lakes vs. streams) 
and mapping unit level (10km x 10km square) to regional summaries of the national mapping 
dataset. A further major issue - the temporal variability of critical loads -is to be addressed 
by ongoing work for reporting at a later date. 

Much of the work described in this report was either carried out or planned in the summer 
of 1993 when only critical loads for sulphur were calculated, and 1986-88 deposition and 
rainfall data were in use. Since that time, both of the models used in the UK, the Henriksen 
and diatom models, have been adapted to calculate critical loads and exceedances for total 
acidity, and new rainfall, deposition and runoff data have become available. All these 
developments have implications for the validation of the critical loads maps in the UK, and 
for nitrogen the assumptions of steady-state between deposition and freshwater concentrations 
which may hold true for sulphur cannot realistically be made. The initial site selection criteria 
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were developed with only sulphur deposition in mind, and the tests for "rogue" sites did not 
take account of total acidity calculations. Work is currently ongoing on the problems specific 
to the catchment dynamics of nitrogen and the continued development of new models. Only 
when this new work is complete will it be possible to address some of the inherent problems 
of producing extensive national maps for total acidity from very limited catchment specific 
data. 
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1: MAPPING STRATEGY AND SITE SELECTION 

Critical loads are calculated and mapped for many countries across Europe according to 
conventions set out under the UNECE's Convention on Long Range Transboundary Air 
Pollution. While the national map for the UK has been the empincally derived map for soils, 
the freshwaters map of critical loads is an important case study for UNECE purposes since 
it is based upon actual measurements of selected sensitive freshwaters throughout the UK 
(Harriman et al., 1995a). 

There are various models available for calculating critical loads, and two are employed for 
UK freshwaters, the Henriksen, or Steady-State Water Chemistry model, and the diatom 
model, which both require water chemistry data, acidic deposition data and rainfall/runoff data 
for their application. The methodology for calculating critical loads with these models has 
been described elsewhere (e.g. Battarbee et al., 1995, Harriman and Christie, 1995). 

The Henriksen model uses relationships between current sulphate and base cation 
concentrations in lakewater to define pre-industrial base cation leaching. A steady-state 
situation is then assumed where current deposition inputs are balanced by leaching outputs. 
The method is based on the principle that excess base cation production in a catchment should 
be equal to or greater than the acidic anion input, therefore maintaining acid neutralizing 
capacity (ANC) above a pre-selected level (Harriman and Christie, 1995). The critical load 
is defined as the background level of leaching, minus a predefined "critical" ANC leaching 
for a selected target organism. In the UK a critical ANC of zero has been selected, which 
corresponds to a fifty percent probability of damage to brown trout populations. The critical 
load is therefore equivalent to the pre-industrial base cation leaching, and is exceeded when 
sulphur deposition is greater than this amount. 

For freshwaters it is generally thought that diatoms are the most sensitive ecological indicator 
of change in terms of acidification. In the diatom model, it is therefore assumed that the first 
point of change in the lake sediment diatom record towards a more acidophilous assemblage 
represents the point of critical load exceedance. Using calcium concentration as a measure of 
sensitivity and sulphur deposition data as a measure of acidic inputs, it is possible to carry 
out a logistic regression which provides the optimal separation of acidified and non-acidified 
sites as defined by their sedimentary diatom record. This optimal discrimination occurs where 
the probability of acidification is 50%, with a ratio of 94: I for calcium to sulphur deposition 
(Battarbee et al., 1995). Since diatoms are more sensitive to acidification than brown trout, 
it would be expected that diatom model critical loads are smaller than Henriksen model 
critical loads, and indeed this has been shown to be the case (Battarbee et al., 1996). The "F
factor" used in the Henriksen model for back-calculating pre-industrial base cation leaching 
can be adapted to calculate pre-industrial calcium concentration. The critical load is then the 
pre-industrial calcium concentration divided by the critical ratio of 94: 1. When sulphur 
deposition exceeds this figure the probability of acidification exceeds 50%, according to the 
model. 

In order to use these models for mapping, a mapping dataset is required, and there are 
different ways in which this may be defined. To produce maps of critical loads for 
freshwaters, water chemistry data from a spread of water bodies across the mapping area are 
required. Freshwater critical loads have been calculated and mapped for several countries, 

6 



I 
[ 

C 
[ 

C 
[ 

D 
D 
D 
0 
D 
D 
D 

• 
0 
G 

D 
D 
[ 

D 

notably Norway, Sweden and Finland. The site selection methodologies adopted there were 
inappropriate for the UK for reasons related to background data availability. In Finland and 
Sweden, lake registers were available to facilitate random sampling weighted by lake density 
(Finland) and lake size class (Sweden). Site selection on these bases means that statistical 
methods can be applied to describe the characteristics of the lake populations in those 
countries (Henriksen et al., 1990). In Norway a different approach was taken; lakes were 
selected on the basis of sensitivity, evaluated in terms of water chemistry, topography and 
bedrock geology (Henriksen et al., 1990). In the most impacted areas, previous studies 
provided information on several lakes within each study grid unit, and where wide chemical 
variation was found, a lake in the most sensitive area was selected if it amounted to more 
than 25% of the grid area. The assumption is made that the water chemistry assigned to each 
grid unit is representative for the grid area. 

In all these cases, because of the large grid size employed for mapping and the availability 
of data from randomly selected lakes from within each grid unit, it is possible to produce 
statistical critical loads maps for these countries. Examples of the types of maps produced 
include minimum, 25th percentile and median critical loads maps, and cumulative frequency 
distributions of critical loads and exceedances in each grid square. 

For the UK these methods were inappropriate because there were no data available on 
national lake populations and sizes, and resource limitations did not permit a comprehensive 
national lakes inventory. Also, existing water chemistry data was of inadequate quality and 
consistency for the specific requirements of a national critical loads mapping exercise. It was 
therefore decided to take a pragmatic approach and create a new mapping dataset, by 
embarking on a major programme of water chemistry sampling at freshwater sites selected 
specifically for the purpose of critical loads mapping. 

Although there were no data or resources available for a statistically based random sampling 
programme, there were means available for an approach which would attempt to select the 
most sensitive water body in each grid unit (in the case of the UK, a 10km x 10km grid 
square), in contrast to the ecosystem area based approach of the Scandinavians. The maps 
produced on such a basis would provide critical loads for the most sensitive freshwater body 
in each grid square, so that the protection of the mapping site in a grid square would 
necessarily entail the protection of all freshwater sites within the square. The adoption of this 
conservative approach implies that if the critical load for the selected site is not exceeded, 
then no water body in the square is likely to have acidified. 

Certain criteria were applied in selecting the site which was to be sampled in grid square, 
based on sensitivity, altitude and size (Kreiser et al., 1993)(see Figure 1). The criteria used 
for selecting individual water bodies were as follows: 

1. Catchment 

2. Altitude 

high sensitivity areas were defined using the geological sensitivity map 
of Kinniburgh and Edmunds (1986), the national ( 1 :625,000) map of 
solid geology and, where available, detailed soil and land use maps. 

the waterbody at the highest altitude was selected within the area of 
greatest catchment sensitivity. 
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3. Size a m1mmum size of 0.5 ha was specified and large waterbodies 
extending between grid squares were excluded. 

The sensitivity maps used for site selection were produced by the overlay of geology, soils 
and land-w,c data but were not available for all areas at the time of -;ampling (Figure l ). In 
these areas, the geological sensitivity map only was used. However, freshwater sensitivity 
maps for most of Great Britain were later produced at the Institute of Terrestrial Ecology 
(Hornung et al., 1995), and the final version of these only became available after the CLAG 
sampling programme was already under way, necessitating later screening of the site data 
(described in Section 3 below). Regional exceptions are the Shetlands, the Isle of Man, and 
Northern Ireland, where more limited soils, geology and land-use data meant that the best 
available combinations had to be used in site selection. 

The final version of the freshwater sensitivity map was created with modified geology, soils 
and land-use datasets. The original map of Kinniburgh and Edmunds (1986) allocated 
stratigraphic units to one of four buffering capacity classes based on the mineralogy and 
geochemistry of the dominant rock type (Hornung et al., 1995). For classifying freshwater 
sensitivities, this map was slightly modified in South Wales to take account of the lithological 
variations which can occur within a stratigraphic unit. For example, Namurian sandstones in 
northern England are mainly siliceous and have a low buffering capacity, while sandstones 
of a similar age in south Wales contain arkosic beds which give them a much greater 
buffering capacity (Hornung et al., 1995). 

The soil sensitivity classes used were based on the dominant soil type in each 1km grid 
square, as indicated by the digital 1:250,000 soil maps for England, Wales and Scotland. The 
dominant soil series within the grid square was used to allocate the square to one of three 
buffering capacity classes on the basis of its mean base saturation and pH (Hornung et al., 
1995). 

Soil sensitivity classes were further modified by taking into account land-use likely to have 
a major effect on soil buffering capacity. The land-use correction factor relates to agricultural 
liming only, and was used to reduce the soil sensitivity class in grid squares where the 
predominant land-use was likely to be accompanied by liming (Hornung et al., 1995). No 
attempt was made to incorporate the effects of forestry as a land-use likely to affect 
acidification of freshwaters, so the presence or absence of forests did not figure in the site 
selection. 

The land-use modified soil sensitivity classes were combined on a GIS with the four 
geological sensitivity classes to produce a 5-class freshwater sensitivity map at 11cm resolution 
(Hornung et al., 1995). This was the final map used for site selection and screening, with the 
exception of some areas where the land-use modifier was inappropriate (see Section 3.2). 

Within the most sensitive area defined by the sensitivity map, the water body at the highest 
altitude was selected. The rationale here was that with all other things being equal, the highest 
water bodies would be the most vulnerable and susceptible to acidification because of 
enhanced acidic deposition with altitude (see Fowler et al., 1995). Also, soils are generally 
thinner, sparser and more highly leached at higher altitudes so there is less buffering of acidic 
deposition (INDITE, 1994). 
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Figure 1 a shows a 10 km grid square in which there are 7 lakes catchments wholly contained, 
and 3 more lake sites which straddle the boundary of the square (a, g and i) and are therefore 
excluded from the selection process. Of the 7 included lakes, only 3 have catchments which 
fall entirely within the area of high sensitivity (marked red in Figure 1 d); these are sites e 

(560m),f (470m) and h (490m). The other sites have catchments which fall wholly or partly 
in areas of lower sensitivity. The highest altitude lake site within the high sensitivity area was 
selected in this case, i.e. site e. 

Preference was given to lakes in site selection because streams have an inherently more 
variable chemistry (see Section 3. I). Since only a single spot sample was to be used for 
calculating critical loads, it was more likely that a sample representative of mean conditions 
would be obtained from a lake than from a stream. It was not feasible on a national scale to 
obtain multiple samples from each site in order to take into account the natural temporal 
variability of freshwater chemistry. Lakes, through mixing over a certain residence time, tend 
to average out any variations in the chemistry of their inflow streams. A one-off sample from 
a lake is therefore much more likely to provide a chemistry which approximates to the mean 
annual chemistry of the lake, than if a stream sample were used. However, if no suitable lakes 
were present in a grid square, the highest headwater stream in the most sensitive area was 
selected. 

For lake sites a minimum size of 0.5 hectares was specified. Very small water bodies are 
more likely to have a chemistry either dominated by groundwater composition and very 
localised factors, or to have a very large lake to catchment ratio with a chemistry dominated 
by direct deposition to the lake surface. In either case, the assumptions of the critical loads 
models are likely to be weakened. In addition, they are more likely to be ephemeral and in 
general will be of less value in terms of fisheries, conservation or recreation. 

The maximum size of lake sites for mapping was dictated by the grid square size. Lakes 
extending between grid squares were inappropriate because their catchment could not be 
allocated to a particular grid square for mapping. 

One implication of the strategy of selecting only the most sensitive site in a grid square is that 
the critical loads maps will provide no information on the rest of the water bodies in the grid 
square. If the critical load is not exceeded then we know that all the water bodies should be 
protected. However, if the critical load of the most sensitive site is exceeded, there is no way 
of knowing whether that is the only site suffering damage from acidification, or whether all 
sites in that grid square are being harmed by current levels of deposition. The reality is likely 
to be somewhere between these two situations, with some proportion of the water bodies 
showing exceedance of their critical loads. Since the UK maps of critical loads for freshwaters 
do not take account of spatial variability in critical loads within each grid square, a separate 
study has been carried out to quantify "within-square variability" (Section 5). 
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Figure 1: Derivation of the freshwater sensitivity map (after Hornung et al., 1995) 
and its use for the selection of critical load mapping sites. 

a) Hydrology 

- Contours 

- River network 

• Spot height 
a Lake reference 

c) Soils (land use modified) 

• High sensitivity 

Medium sensitivity 

• Low sensitivity 

Critical Loads Mapping and Data Centre, ITE Monks Wood 

b) Geology 

• High sensitivity 

0 Medium sensitivity 

• Low sensitivity 

• Non-sensitive 

d) Freshwater sensitivity 

• High sensitivity 

D Medium high sensitivity 

• Medium low sensitivity 

• Low sensitivity 
D Non-sensitive 

Data acknowledgement: CLAG Freshwaters sub-group, British Geological Survey, Soil Survey & Land Research 
Centre, Macaulay Land Use Research Institute, Institute of Terrestrial Ecology. 
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2: SCREENING - ROGUE SITES 

The first part of the site screening exercise required for lhe CLAG freshwaters mapping 
dataset is the identification of "rogue" silcs for which lhere is reason to believe that the 
calculated critical loads and cxceedanccs for that ~ite have been affected by terrestrial sources 
of pollution. The use of such sites within the mapping dataset is likely to be inappropriate 
because their critical loads and exceedances will not reflect their sensitivity to acid deposition, 
which is the purpose of the critical loads mapping programme. For example, a lake affected 
by acid mine drainage might show very low critical loads which are exceeded by current 
levels of deposition. However, the effects of acid deposition are irrelevant at such a site and 
if the site is used for mapping, the map will be misleading in its implication that the 
acidification problem in that grid square may be addressed by reducing acid deposition. A 
rogue site of this nature should be replaced by a more appropriate site where acid mine 
drainage does not occur. 

The accuracy of the deposition data falls outside the remit of the CLAG freshwaters group; 
here only the actual critical loads are examined. Rogue sites with very low critical loads are 
likely to show critical load exceedance, which may be misleading if the water chemistry has 
been affected by terrestrial pollution rather than acidic deposition alone. The implication of 
a critical load exceedance is that a freshwater body has acidified because of atmospheric 
inputs of acidity. The most reliable way to ascertain whether a site has acidified or not is to 
take a sediment core and examine the diatom record. This approach would be unfeasible for 
the 1573 CLAG mapping sites because of the time and resource implications. Fortunately, the 
chemical and physical datasets, along with the facility to map various parameters, can be used 
to provide reasonable indicators as to whether calculated critical loads and exceedances are 
likely to be "real" values or not in relation to acidic deposition. Subjective judgements do, 
however, have to be made when examining the database in order to make decisions on the 
plausibility of critical loads. 

This part of the site screening work identifies two groups of sites: 

I. 

2. 

Sites for possible replacement in the mapping dataset. 
These are the true rogue sites which provide an inappropriate and misleading critical 
load for a grid square. 

Sites with "unusual" chemistry and critical loads, which represent prevailing 
conditions within their mapping grid square. 
Sites revealing unusual chemistry which could still be considered "natural", i.e. 
unaffected by terrestrial pollution, or which are representative of a particular land-use, 
e.g. agricultural liming, which is characteristic of a region, are not considered here as 
true rogues, because there would be no point in trying to find a replacement site if the 
original choice reflects real physical or climatic conditions which prevail in an area. 
Instead, these "unusual" groups of sites are noted and discussed, with comments on 
their origins and implications. These sites may highlight weaknesses in the critical 
loads models; for example the Henriksen model was developed in Scandinavia and 
makes assumptions about the relationships between deposition, leaching and water 
chemistry which are unlikely to hold true for very different regions like the British 
lowlands (see discussion in Section 7. I). 
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One group of unusual sites in the north-west of Scotland and the Hebrides shows critical load 
exceedances where none were expected. These sites have been investigated as part of a 
separate study (Allott et al., 1995a, Harriman et al., 1995b), and the likely contributions of 
very high sea-salt inputs to these sites have been discussed elsewhere (see Section 2.2). 

2.1 Identification of rogue site chemistry 

Several different approaches to identifying unusual sites have been employed, but very few 
true rogue sites have been identified. Some of these approaches are described below. 

Comparison of exceedances 

Comparison of the critical load exceedances calculated using two different models (the 
Henriksen and diatom models) reveals two important points. The first is that there are many 
sites where the diatom model critical load is exceeded but the Henriksen model critical load 
is not. These sites are not rogue sites, but represent a real difference in the sensitivity of the 
two critical loads models for detecting the effects of acidification (see Battarbee et al., 1996). 
The diatom model predicts the critical load at which the first measurable change in the most 
sensitive indicator organisms (diatoms) will occur, and hence sets the baseline critical load 
for the site. The Henriksen model calculates critical loads according to a preset ANC value 
which is selected according to the level of protection afforded to a chosen indicator organism. 
In this case, a critical ANC of zero is chosen, at which there is a fifty percent probability of 
damage to brown trout populations (Harriman and Christie, 1995). Given the different 
indicator organisms selected for the two models, it is reasonable to assume that diatom model 
critical loads should be smaller than Henriksen model critical loads. 

The second observation is that over a third of sites have a lower Henriksen critical load than 
diatom critical load. This situation is unexpected because of the greater sensitivity, in theory, 
of the diatom model, as described above. However, very few of these sites are exceeded in 
either critical loads model, and this highlights an important difference in the way critical loads 
are calculated. In the diatom model it is assumed that calcium is the most important and 
dominant base cation, but in well buffered lowland sites there may be very high levels of 
other base cations such as magnesium, in some cases at greater concentrations than calcium. 
At these sites the assumptions of the diatom model are weakest; calcium alone is not a good 
indicator of sensitivity to acidification. However, it also follows that the application of any 
of the critical loads models is least appropriate. This problem is revealed within the models 
by the abandonment of the "F-factor" in the Henriksen model at non-marine base cation levels 
exceeding 400 µeq1"1, or in the diatom model at non-marine calcium levels exceeding 400 
µeql"1 (Harriman and Christie, 1995). Similarly, the F-factor is not applied in either model 
where non-marine sulphate exceeds 500 µeql' 1

• Since these are issues of model applicability, 
further discussion is beyond the scope of this report (but see Section 7 for some discussion 
of the issues). 

Exceedances at high pH. alkalinity and ANC 

A number of sites for which the critical load is exceeded in either model are found to have 
pH>6.5 and high alkalinity (arbitrarily taken as >30 µeql' 1

). Again, these are not true rogue 
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sites in the sense of having to be replaced with more appropriate alternative sites. There is 
no obvious reason to doubt that the chemical data and calculated critical loads for these sites 
are reliable. However, it is also unlikely that sites with such high pH and alkalinity values 
have really acidified, so these sites could be highlighting problems with the models. A more 
important question is posed by the fact that over two thirds of sites which sho w cxcecdance 
in the Henriksen model for sulphur have a positive ANC when calculated either by the 
methods of Cantrell et al. (1990) or as [total non-marine base cations] - [total non-marine acid 
anions), described in Henriksen et al. (1990). Since the Henriksen model in the UK is applied 
with an ANClimit value of zero, this discrepancy requires further investigation. This is again 
a question of model applicability and beyond the scope of the present discussion, but may be 
addressed by future work (see Section 7). 

Non-exceedance at very low pH and alkalinity 

At the other extreme from the problem sites described above are sites with a very low pH 
(less than 5), indicating unusual acidity, and therefore implying acidification, and yet which 
are not found to be exceeded in either of the critical loads models for sulphur. There were 
32 such sites (l 993 data), but in 10 of these cases the low pH can be attributed to low 
calcium levels coinciding with high TOC levels. It has been suggested by R. Harriman (pers. 
comm.) that sites with pH>4.5 having either calcium <200 µeql"1 (a measure of sensitivity) 
or TOC >5 mgl"1 (a measure of organic acidity), or both, could reasonably be reflecting a 
natural pH. The remaining 22 sites in this group are regarded as true rogue sites, with 
chemistry that appears to have been affected by unknown terrestrial sources of pollution (e.g. 
acid mine drainage), and including one exception to the above three criteria with an 
inexplicably high TOC value (Table 1). One of these sites was replaced with data for an 
existing alternative from within the database, and in the remaining 21 cases, a replacement 
site in the 10km grid square was selected and sampled in the validation round of fieldwork. 
A further sample was also taken from the original rogue site in 13 cases where access was 
possible, to assess whether changes in water chemistry had taken place, i.e. to check whether 
temporary pollution was responsible for the rogue chemistry, in which case it might be 
appropriate to use the same site for mapping but with new chemistry data for critical loads 
calculations. 

2.2 Identification of rogues through mapping 

A second approach in highlighting potential rogue sites is to look at the spatial distribution 
of critical load exceedances, and compare this with the spatial distribution of sulphur 
deposition (from Battarbee et al., 1992) and surface water sensitivity (now published as 
Hornung et al., 1995). It is assumed that critical loads should only be exceeded in areas of 
high deposition or high sensitivity. Any obvious outliers can easily be checked for their 
chemistry on the mapping database to see if they are indeed rogues, as defined in the previous 
section, or if they are occurring in geographically isolated areas of high deposition or high 
sensitivity. Using these maps for GIS type overlays it is possible to clas~ify sites accordin g 
to the combination of deposition and sensitivity, and then to investigate the chemistry of these 
"rogue classes" for evidence of true rogue sites. 

Four classes of apparent rogue sites have been identified, using the sensitivity classes of 
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Table 1: Rogue sites with a low pH or alkalinity which are not exceeded in the Henriksen or diatom critical load models. 
Note that a negative value indicates critical load exceedance . 

Sampling Grid o.s. Ca TOC HenEx DiatEx Rogue 

Sitecode date Sq.100 Easting Northing Site name sheet pH (µeqll) (mg/I) (keq/hn/yr) (keq/hn/yr) site? 
CHAO 16-May-90 NB 990 138 Loch a' Chaoruinn 15 4.94 78 3.30 2.37 0.21 N 
CRAN 15-May-92 SU 793 324 Cranmer Pond 186 3.68 312 2.01 2.24 y 

CZHP6 09-Jun-92 HP 633 158 Loomer Shun I 4.55 211 37.40 0.58 0.06 N 
CZHUJ 13-Jun-92 HU 188 555 Sandness Hill Loch 3 4.37 677 5.50 3.76 6.47 y 

CZHU2 13-Jun-92 HU 273 590 Loch 3 4.95 247 5.00 0.02 0.09 N 
CZNB2 07-May-90 NB 229 399 Loch Earraid 8 4.71 80 6.70 0.32 0.02 N 
CZNBS 06-May-90 NB 504 602 Loch Dubh 8 4.98 70 4.40 0.89 0.10 N 
CZNJ04 04-0ct-90 NI 87 448 Lochan a Ghuibhais 27 4.33 79 9.60 0.13 0.34 N 
CZNJ45 03-Oct•90 NJ 454 566 "Fcmking" Bum 28 4.10 83 33.30 0.47 O.D3 y 

CZNNS 03-Oct-90 NN 593 285 Lochan Feurach 51 4.71 138 12.00 1.75 0.27 N 
CZNRI 14-May-90 NR 165 538 Tobar Bun na Beim 60 4.82 336 9.50 0.60 0.86 N 
CZNR2 17-May-90 NR 264 694 Loch an Fhir Mhor 60 4.81 106 6.90 0.06 0.09 N 

CZNSl 29-Sep-90 NS 159 767 "Bishop's Glen" Reservoir 63 4.84 242 5.00 2.09 1.23 y 

CZNS9 10-0ct-90 NS 952 567 "Bye Law" Loch 65 4.09 135 16.80 1.08 0.00 y 

CZNS9 10-0ct-90 NS 945 634 Bickerton Bum 65 4.90 5315 6.80 113.81 55.68 y 

CZNU0 04-May-91 NU 12 276 Coldmartin Lough 75 4.24 218 19.60 2.31 1.24 y 

CZNXO l9-Feb-90 NX 86 705 Lake Superior 76 4.16 443 13.40 5.03 3.80 y 

CZNZ5 0l-May-91 NZ 563 174 "Eston Moor" Pond 93 3.81 662 1.80 4.59 5.16 y 

CZNZ7 0l-May-91 NZ 776 117 Tranmire Pond 94 4.16 448 8.80 2.70 3.05 y 

CZSE20 22-May-91 SE 222 48 Royd Moor Reservoir 110 4.82 617 4.50 1.59 3.38 y 

CZSE63 30-Apr-91 SE 664 376 "Skipwith Common" Pond 105 3.70 719 1.20 3.41 5.90 y 

CZSE90 27-Scp-92 SE 939 61 Gull Ponds 112 3.17 6810 40.72 70.09 y 

CZSK2 19-Nov-91 SK 282 768 Barbrook Reservoir 119 4.07 410 1.60 1.68 1.94 y 

CZSK8 27 Sep-92 SK 861 997 Green Howe 112 3.06 24130 149.45 255.14 y 

CZSNS 28-Mar-91 SN 569 151 Llyn LLech Owen 159 4.48 140 5.90 0.12 0.03 y 

CZSP93 27-Aug-92 SP 939 347 Apslcy pond 165 4.18 962 3.60 7.09 9.16 Y* 
CZSU2 l8-Apr-92 SU 204 13 Whitton Pond 195 4.83 173 13.70 0.54 0.95 N 
CZSU9 14-May-92 SU 935 535 Henleypark Lake 186 4.30 758 4.82 6.98 y 

CZSW7 08-Nov-91 SW 747 423 Goon Gumpas Ponds 204 2.88 1500 1.60 20.78 15.36 y 

CZSY8 l 1-Nov-91 SY 835 920 Lake 194 4.66 989 5.80 7.36 10.51 y 

CZTQ0 26-Sep-92 TQ 57 158 Wiggonbolt Common pool 197 4.97 225 75.80 1.32 1.51 y 

PLIT 27-Aug-92 SU 936 864 Littlcworth Common Pond 175 4.14 273 1.50 1.47 0.22 y 

Key HenEx I DiatEx: Henriksen / Diatom model critical load excecdance (kcq ha I yr 1) 

Rogue site?: Y = rogue site; new site selected 
N = not a rogue site; no new site selected 
v· = rogue site; new site found within existing database 
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Hornung et al. (1995) and mapped sulphur deposition classes in Battarbee et al. ( 1992), listed 
in Table 2 below. These classes identify cases where critical load exceedances occur in 
combination with classes of deposition and sensitivity which are unexpected. 

Table 2: 

Rogue Type 

Type l 

Type 2 

Type 3 

Type 4 

Types of apparent rogue exceedance sites, classified according to land-use 
modified sensitivity class (from Hornung et al., 1995) and 1986-88 sulphur 
deposition data (from UK RGAR, 1990) 

Sensitivity and Deposition Classes for Exceeded Sites 

non-sensitive catchment (grey), 
high sulphur deposition (>1.0 keg ha-1 yr-1

) 

low sensitivity catchment (blue - green), 
high sulphur deposition (> 1.0 keq ha·1 y( 1

) 

high sensitivity catchment (red - yellow), 
low sulphur deposition ( <1.0 keq ha-1 yr·1

) 

low sensitivity catchment (blue - green), 
low sulphur deposition (<1.0 keg ha-1 yr-1) 

Sites occurring in these apparent rogue classes have been considered individually for evidence 
of true rogue status as defined in the introduction to Section 2. 

Type 1 rogues 
Of the 10 type l rogues identified (1993 data), eight can be ruled out through consideration 
of the sensitivity maps (see 3.2 later). Because of the way in which land-use correction factors 
are applied to the freshwater sensitivity maps at ITE, certain sensitive lowland areas are 
classified as being used for crops, and in some cases it appears that lowland forestry has been 
grouped in with lowland arable crops, leading to the overall designation of some afforested 
areas as having non-sensitive freshwaters. In areas like the New Forest, the Brecklands and 
Ashdown Forest, where acid waters have been recognised, this designation is obviously 
incorrect (see Hornung et al., 1995, also data for Old Lodge stream in Patrick et al., 1995). 
It is therefore more appropriate in these areas to employ freshwater sensitivity maps without 
the land-use modification (Figure 2), i.e. overlaying geological and soil sensitivity only (see 
Fig.2 in Hornung et al., 1995). If these unmodified maps are considered for lowland areas, 
then 8 of the type 1 rogues do fall in sensitive areas, and their critical load exceedance 
becomes quite reasonable in such areas of high sulphur deposition (Figure 2, Table 3.1 ). 

An example of the effect of the land-use correction factor on freshwater sensitivity maps is 
provided in Figure 2. Several of the sites in Figure 2a (e.g. in grid squares SX 27, SX 88) fall 
in the grey (non-sensitive) area, but if the land-use correction is not applied (Figure 2b) they 
are found to be located in the most sensitive part of the grid square. It is appropriate in the 
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Figure 2: The effect of the land-use correction factor on the freshwater 
sensitivity maps, and the implications for site selection. 

Sensitivity • High • Medium low D Non-5ensitive 

• Medium high • Low + CLAG sites 

a) Freshwater sensitivity map modified by land use 

+ 

+ 

0 1 2 3 4 5 6 7 8 

b) Freshwater sensitivity map not modified by land use 

0 1 2 3 4 5 6 7 8 

Critical Loads Mapping and Data Centre, ITE Monks Wood 
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Data acknowledgement: CLAG Freshwaters su~oup, British Geological Survey, Soil Survey & Land Research 
Centre, Macaulay Land Use Research Institute, Institute of Terrestrial Ecology. 
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area mapped in Figure 2 to use the sensitivity maps without the land-use correction, because 
it is known that in the area shown (Dartmoor, Bodmin Moor) acid waters do occur and liming 
is not a widespread prnctice. 

The two remaining Lypc l sites do occur in supposedly non-sensitive areas and must therefore 
be considered as potential true rogues, to be replaced by new selections (Table 3.1). These 
2 sites were also identified in the sensitivity study as being "not most sensitive" for their 
associated 10km squares (see Section 3.2). 

Type 2 rogues 
18 sites were originally listed in the type 2 rogue category (Table 3.2). In areas of very high 
sulphur deposition, even sites with low sensitivity catchments can acidify. This group cannot 
therefore be considered true rogue sites, but simply highlight some of the areas of highest 
deposition (e.g. Pennines, Lake District). 

Type 3 rogues 
Type 3 rogues occur in areas of high sensitivity but very low deposition, so the exceedance 
of critical loads at these sites is unexpected, at least in terms of recognised problem areas for 
atmospheric pollution. 65 such sites were identified ( I 993 data), and all but 6 of these occur 
near the coast in the far north and north-west of Scotland (Table 3.3). Most of the Scottish 
coastal sites in the type 3 category show very high levels of anions and cations which are 
thought to be derived from marine sources, and a separate study into these "sea-salt" sites has 
been carried out, with detailed analysis of diatoms from sediment cores, water chemistry, 
inflow chemistry and macroinvertebrate samples (see Allott et al., 1995a, Harriman et al., 
1995b). 

There are two possible explanations for the presence of these sites on the exceedance maps. 
The first possibility is that they have indeed acidified, and are extremely sensitive to acid 
deposition, so that even the low levels of sulphur deposition in this region are sufficient to 
have caused exceedance of critical loads. The alternative hypothesis is that the exceedance 
values are false and these sites have not really acidified, the false exceedance values being 
caused by the major influence of sea-salts. Allott and co-workers ( 1995a), using diatom based 
pH reconstructions from sediment cores, concluded that the majority of their study sites in 
north-west Scotland which show exceedance have indeed acidified, although the shift in pH 
inferred from the diatom reconstruction is very small. In a separate study, Harriman and co
workers ( 1995b) highlighted the problems associated with catchments which have been 
"conditioned" by high levels of sea salt deposition over long timescales, and concluded that 
for the Henriksen model, false exceedances can be found in high sea-salt areas due to 
catchment retention of sulphur deposition. This region therefore provides an interesting case 
study for comparing the applicability of the diatom and Henriksen models, but it is not yet 
possible to say which of the "rogues" in the area have really acidified and which are in fact 
showing false exceedance. In addition, biological surveys (e.g. of fish and macroinvertebrates) 
have shown little evidence of biological damage even at the sites where critical load 
exceedancc was confirmed by diatom pl-I reconstruction. 

Type 4 rogues 
Exceedance sites which genuinely occur in areas of low sensitivity and low sulphur deposition 
are true rogues for which some explanation is required. Initial inspection of the database 
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reveals 22 of these type 4 sites ( 1993 data), but ten of these sites turn out to be located in 
sensitive areas where the land-use correction factor discussed for Type 1 rogues above has 
been incorrectly applied (see earlier). Inspection of the chemical data for these sites reveals 
that they can all be regarded as acceptable CLAG sites because none of them have rogue 
chemistries as defined in Section 2.1, and most can be linked to sensitive areas through their 
catchments, even where the actual site falls in an area of lower sensitivity. There are a few 
which have high pH and alkalinity and should therefore not be exceeded, but these fall into 
the same category as the "high pH rogues" described in Section 2.1 above. 

One of the main problems with any attempt to define a rogue site on the basis of the mapped 
data is that of data resolution. Deposition data are mean estimates for each 20 km square, and 
the freshwater sensitivity maps are compiled from national, low resolution datasets. Both are 
unlikely to highlight small areas of sensitive or acidic freshwaters because the original 
national data sources Jack this level of detail. 

It must be stressed that sites were only reselected to replace rogues which appeared to have 
unnatural chemistry due to non-atmospheric sources of pollution and were therefore not valid 
sites for application of the critical loads models. None of these apparent rogue sites justify 
reselection and replacement on this basis. 
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Table 3.1: Type 1 rogue sites (non-sensitive catchment, high sulphur deposition) 

Sampling Grid OS ToLS dep 
Sitccodc date Sq.100 Easting Northing Sltename sheet 86-88 Hen Ex Diat Ex Resamplc? 

CZNS49 24-May-90 NS 406 929 Blair Bum 56 1.09 -0.09 -0.39 y 
CZNY12 16-May-91 NY 166 239 Hope Beck 89 1.50 1.56 -0.51 N 
CZNZ911 02-May-91 NZ 909 25 Fylingdales Moor Pond 94 1.25 -1.25 -1.24 N 
CZSD54 05-May-91 SD 517 488 The Tam 102 1.41 -1.03 -1.08 y 
CZSD95 06-May-91 SD 997 547 Embsay Reservoir 103 1.71 0.25 -0.45 N 
CZSE22 0I-May-91 SE 291 249 Ardsley Reservoir 104 2.23 -1.50 -l.16 N 
CZSE25 OI-May-91 SE 232 535 Scargill Reservoir 104 1.43 -0.49 -1.27 N 
CZSE89 02-May-91 SE 821 918 Dundale Pond 100 1.39 -1.04 -0.98 N 
CZSE99 01-May-91 SE 947 981 Bloody Beck IOI 1.39 -1.39 -1.38 N 
CZSS79 26-Mar-91 ss 777 981 Reservoir 170 1.37 0.58 -0.23 N 

NB The two sites for reselection were sampled under the sensitivity study described in Section 3.2. 

Table 3.2: Type 2 rogue sites (low sensitivity catchment, high sulphur deposition) 

Sampling Grid OS ToLS dep Reselect 
Sitccodc Date Sq.100 Easting Northing Sitename map 86-88 Hen Ex Diat Ex Site? 

CZNN34 24-May-90 NN 368 447 Lochan a' Chreachain 50 I.I I -0.40 -0.76 N 
CZNT80 06-May-91 NT 894 64 Linsheils Lake 80 1.14 0.19 -0.28 NMS 
CZNY41 13-May-91 NY 451 108 Blea Water 90 1.92 0.30 -0.72 N 
CZNYSI 19-May-91 NY 550 115 Wet Sleddale Reservoir 90 1.92 0.61 -0.58 N 
CZNY72 18-May-91 NY 730 282 Great Rundale Tam 91 1.34 -1.06 -1.13 N 
CZNY77 06-May-91 NY 762 795 Blackabum Lough 86 1.12 -0.56 -0.67 N 
CZNY82 18-May-91 NY 842 287 Cronkley Pool 91 1.45 -0.70 -0.90 N 
CZNY85 08-May-91 NY 805 522 Black Hill Pond 87 1.18 -0.80 -0.89 N 
CZNY92 10-May-91 NY 930 292 Hardberry Hill Pool 92 1.45 -0.71 -0.88 N 

•• CZSD78 20-May-91 SD 792 877 Widdale Great Tam 98 I.SO -1.57 -1.59 N 
CZSD79 20-May-91 SD 744 921 East Tams 98 I.SO -1.74 -1.73 N 
CZSD88 21-May-91 SD 882 821 Oughtershaw Tam 98 I.SI -1.37 -1.51 N 
CZSD89 21-May-91 SD 819 936 Cotter End Tam 98 1.81 -1.46 -1.50 N 
CZSD98 21-May-91 SD 907 815 Middle Tongue Tam 98 1.81 -1.59 -1.66 N 
CZSH85 23-May-91 SH 852 592 Cefn Rhudd Pool 116 1.41 -0.68 -1.12 NMS 
CZSJ24 26-May-91 SJ 269 478 Cae Llwyd Reservoir 117 1.64 -0.82 -0.68 N 
czsooo 06-Scp-91 so 78 98 Pitwellt Pond 160 1.37 -0.24 -0.57 N 
DEVOKE 15-Mav-9I SD ['i9 970 Devol<,. Water 96 1.11 -0.22 -0 17 NMS 

NB None of these sites justify replacement as rogues, but 3 were sampled as part of the sensitivity study described in Section 3.2; these are labelled NMS (Not in the Most Sensitive Class) 
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Table 3.3: Type 3 rogue sites (highly sensitive catchments, low sulphur deposition) 

Sampling Grid OS Tot.S dcp 
Sitccodc date SqlO0 Easting Northing Sitename Map 86-88 Hen Ex Dint Ex 

CADH 28-May-90 NC 682 183 Lochan Dubh Cadhafuaraich 16 0.40 -0.10 -0.01 

CORN 17-May-90 NC 208 282 Lochan Bealach Comaidh 15 0.74 -0.19 -0.41 
CZHP50 09-Jun-92 HP 520 27 Kussa Water 1 0.41 -0.19 -0.05 

CZHP51 09-Jun-92 HP 584 125 Heimar Water 1 0.41 -0.41 -0.36 

CZHU46 l 1-Jun-92 HU 491 645 Ollas Water 2 0.45 -0.19 -0.08 

CZHU47 IO-Jun-92 HU 425 736 Loch of Bordigarth 2 0.45 -0.45 -0.44 
CZNB0l 04-May-90 NB 46 121 Loch Braigh Bheagharais 13 0.54 0.07 -0.14 
CZNB03 07-May-90 NB 96 306 Loch a' Phealuir Mor 13 0.47 0.08 -0.05 

CZNBl0 04-May-90 NB 122 68 Loch Brunaval 13 0.54 0.17 -0.07 
CZNBll 05-May-90 NB 181 109 Loch nan Learg 14 0.54 -0.54 -0.49 
CZNB13 07-May-90 NB 180 324 Loch Aird 13 0.47 -0.18 -0.28 
CZNB21 08-May-90 NB 284 118 Loch Raoinabhat 14 0.41 -0.30 -0.28 
CZNB24 07-May-90 NB 218 424 Loch Airigh a' Chreagain 8 0.34 1.66 -0.33 
CZNB32 06-May-90 NB 337 298 Loch Tana 8 0.37 -0.24 -0.20 
CZNB33 06-May-90 NB 315 310 Loch Bcinn nan Surrag 8 0.37 -0.17 -0 17 

CZNB34 06-May-90 NB 390 418 Loch na Brathan Mor 8 0.34 0.49 -0.19 
CZNB43 06-May-90 NB 405 399 Loch Tom an Risha( 8 0.26 0.18 -0.10 
CZNll4" 05-May-90 NB 495 437 Loch Beinn Lobheir 8 0.40 0.17 -0.27 

. " II CZNB55 05-May-90 NB 531 515 Loch nan Luig 8 0.40 0.12 -0.13 
CZNClO 16-May-90 NC 129 96 Loch Fhionnlaidh 15 0.44 -0.42 -0.36 
CZNC24 22-May-90 NC 245 458 'Loch nan' 'Cro' 9 0.71 -0.30 -0.43 
CZNC25 23-May-90 NC 254 595 Loch Coir a Phris 9 0.71 0.21 -0.17 
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Table 3.3 continued 

Sampling Grid OS Tot.S dep 
Sitccodc date Sq.100 Easting Northing Sitename Map 86-88 Hen Ex Diat Ex 

CZNC26 23-May-90 NC 268 632 Loch a Phuill Bhuidhe 9 0.47 -0.07 -0.13 

CZNC27 Ol-Jan-01 NC 280 727 Loch na Seamraig 9 0.47 -0.03 -0.01 

CZNC30 21-May-90 NC 397 74 Loch na Faic 16 0.58 0.07 -0.12 

CZNC31 01-Oct-91 NC 353 122 Loch Meall a Bhuirich 15 0.58 0.02 -0.14 

CZNC34 23-May-90 NC 326 448 Lochan ml Faoileige 9 0.71 -0.63 -0.61 

CZNC35 23-May-90 NC 369 588 Loch na Seilg 9 0.71 0.06 -0.27 

CZNC36 23-May-90 NC 344 640 'Loch' 'Akie' 9 0.47 -0.22 -0.21 

CZNC44 24-May-90 NC 496 486 An Gonn Loch 9 0.62 -0.25 -0.31 

CZNC56 24-May-90 NC 526 644 Lochan nam Breac Buidhe 10 0.34 -0.25 -0.21 

CZNC85 30-May-90 NC 873 563 Loch a Mhuilinn JO 0.51 -0.44 -0.39 

CZNC86 30-May-90 NC 873 613 Lochan Coulbackie JO 0.30 -0.18 -0.10 

CZNC91 27-May-90 NC 946 164 'Loch a' 'Chasg' 17 0.41 0.31 -0.27 

CZNC94 30-May-90 NC 984 425 Loch Eun 1 l 0.51 -0.34 -0.28 

CZND03 29-May-90 ND 37 321 Lochan nam Bo Riabhach 17 0.53 -0.33 -0.27 

CZNF71 02-May-90 NF 788 159 Loch na Brathad 31 0.36 -0.12 -0 .08 

CZNF85 03-May-90 NF 857 567 Loch Caravat 22 0.36 -0.11 -0.08 

CZNGI9 05-May-90 NG 195 995 Loch Braigh na h-Imrich 14 0.41 -0.04 -0 06 

.... II CZNG60 17-May-90 NG 624 96 Loch an Tuim 32 0.61 0.27 -0.02 

CZNG62 17-May-90 NG 690 209 Loch a' Mhullaich 32 0.53 -0.38 -0.38 

CZNG77 14-May-90 NG 765 709 Lochan na Glaic Gille 19 0.29 -0.23 -0.19 

CZNG85 13-May-90 NG 835 525 Loch Nan Eun 24 0.62 -0.48 -0.49 

CZNG95 15-May-90 NG 970 525 Lochan Uaine 25 0.62 -0.61 -0.57 
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Table 3.3 continued 

Sampling Grid OS TolS dep 
Sitecode Date Sq.100 Easting Northing Sitename Map 86-88 Hen Ex Dial Ex 

CZNG96 12-May-90 NG 943 606 Loch Coire Mhic Fhearchair 19 0.55 -0.46 -0.45 

CZNG97 14-May-90 NG 920 795 Loch an Gaineamh 19 0.55 0.22 -0.14 

CZNG98 14-May-90 NG 909 883 Loch Beinn Dearg Bheag 19 0.38 -0.24 -0.21 

CZNH09 15-May-90 NH 60 939 Loch a' Bhealaich 19 0.47 -0.09 -0.21 

CZNH28 28-May-90 NH 258 837 Lochan a' Chnapaich 20 0.61 0.10 -0.16 

CZNI-146 19-May-90 NH 476 694 Loch a' Choire Mhoir 20 0.39 -0.06 -0.11 

CZNH56 19-May-90 NH 505 690 Loch Misirich 20 0.39 -0.18 -0.16 

CZNJOO 09-Oct-90 NJ 46 48 Lochan Bhainne 36 0.61 -0.47 -0.50 

CZNJlO 23-Oct-90 NJ 148 37 Lochan nan Gabhar 36 0.61 -0.10 -0.18 

CZNJ14 23-Sep-90 NJ 124 443 East Loch of the Cowlatt 28 0.39 -0.29 -0.25 

CZNN88 14-Oct-90 NN 849 865 Loch 'Lorgaidh' 43 0.69 -0.26 -0.50 

CZNN99 13-Oct-90 NN 959 980 Lochan Uaine 43 0.69 -0.23 -0.36 

CZNR34 13-May-90 NR 383 484 Loch na Beinne Brice 60 0.61 0.11 -0.21 

CZNR44 14-May-90 NR 401 491 Lochan Sholum 60 0.52 -0.25 -0.18 

CZNR45 14-May-90 NR 405 505 Loch Uigeadail 60 0.52 -0.34 -0.26 

CZNR46 16-May-90 NR 507 667 Loch a' Bhaile-Mhargaidh 61 0.77 -0.06 -0.20 

CZNR69 16-May-90 NR 679 959 Loch Glas-bheinn 61 0.88 -0.19 -0.33 

•• II CZNR73 13-May-90 NR 713 355 Loch Amide 68 0.84 0.07 -0.01 

HAIR 15-May-90 NH 103 924 Loch na H' Airbhe 19 0.47 -0.22 -0.28 

LODU 16-May-90 NC 3 108 Lochan Dubh 15 0.44 2.53 -0.0• 

SAID 22-May-90 NC 450 360 Loch Coire na Saidhe Duibhe 16 0.62 -0.11 -0.25 
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Table 3.4: Type 4 rogue sites (low sensitivity catchments, low sulphur deposition) 

Sampling Grid OS Tot.S dep Landuse 
Sitccode date Sq.100 Easting Northing Sitename Map 86-88 Hen Ex Dint Ex Modifier 

CZHY32 25-May-92 HY 362 237 Looma Shun 6 0.42 -0.38 -0.39 4 
CZNC96 30-May-90 NC 923 616 Caol- Loch ll 0.30 -0.05 -0.11 3 
CZNG24 31-Oct-91 NG 221 410 Ollisdal Lochs 23 0.55 -0.40 -0.40 4 

CZNG42 16-May-90 NG 429 209 Loch an Fhir-bhallich 32 0.77 0.35 -0.19 3 
CZNM34 21-Aug-91 NM 393 477 'Loch' 'Beinn an Lochain' 48 0.43 -0.42 -0.35 3 
CZNM45 21-Aug-91 NM 472 537 Lochan's Airde Beinn 47 0.15 -0.12 -0.32 4 
CZNM53 24-Aug-91 NM 557 370 'Loch' 'Clachaig' 48 0.85 1.30 -0.03 3 
CZNM62 22-Aug-91 NM 634 292 'Loch' 'Coir Odhar' 49 0.97 0.22 -0.48 3 
CZNM73 22-Aug-91 NM 717 337 'Lochan an' 'Doire Dharaich' 49 0.97 2.13 -0.04 4 
CZNR58 15-May-90 NR 592 806 Loch Braigh a Choire 61 0.57 -0.10 -0.05 4 
CZSH23 23-May-91 SH 277 363 Cefn Madryn Stream 123 0.58 -0.53 -0.55 2 
CZSUIO 18-Apr-92 SU 199 22 Burbush Pool 195 0.58 -0.16 -0.21 

CZSU21 19-Apr-92 SU 273 180 Plaitford Pool 184 0.65 0.02 -0.17 2 
CZSU30 l9-Apr-92 SU 383 52 Pool 196 0.65 -0.07 -0.27 2 
CZSU40 19-Apr-92 SU 413 40 Stoneyford Pond 196 0.92 -0.08 -0.17 
CZSX17 08-Nov-91 SX 143 717 Cardingham Lake 200 0.65 -0.12 -0.25 2 
CZSX18 08-Nov-91 sx 145 835 Crowdy Reservoir 200 0.56 -0.08 -0.08 2 
CZSX56 IO-Nov-91 sx 564 644 Stream 202 0.74 -0.35 -0.48 2 .... II CZSX65 I0-Nov-91 sx 658 596 Spurrells Cross Pool 202 0.66 0.38 -0.42 3 
CZSX68 15-Apr-92 sx 636 841 North Teign River 191 0.73 -0.10 -0.35 3 
CZSZ39 l9-Apr-92 sz 351 998 Beaulieu Heath Pond 196 0.53 -0.21 -0.27 2 
LON 17-Jul-87 ND 204 759 Long Loch Dunnet Head 12 0.44 -0.23 -0.08 
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3: SCREENING - SITE LOCATION AND SENSITIVITY 

After screening of the mapping dataset for rogue sites (Section 2, above), the second aspect 
of site screening is aimed at ensuring that the site selection criteria have been correctly 
applied, so that there is consistency within the mapping dataset. This is particularly important 
within the UK because each mapping unit, a 10km grid square, is represented by just one site 
which has been specifically selected for the purpose of mapping. The criteria for site selection 
were designed to identify, as far as possible using the best available information, the site 
within each grid square which is likely to be the most sensitive to acidic deposition (Section 
1 above). The maps produced using the data from these sites will only provide a real 
representation of regional spatial variation in critical loads if the sites have been selected on 
a consistent basis. 

Since site selection was purely a desk exercise, there is no means of knowing at the time of 
selection whether each selected site is indeed the most sensitive. The only way to ascertain 
whether a site is the most sensitive is to carry out a survey of all sites within a grid square 
and compare their chemistry. This approach to validation of the maps forms the basis of the 
within-square variability study described in Section 5 of this report. It is only possible to 
quantify the success of site selection criteria, via the within-square variability study, if these 
criteria have been meticulously applied. 

This part of the site screening programme is therefore aimed specifically at ensuring that a 
rational and consistent approach to site selection has been adopted. 

3.1 Lakes and streams - the change in emphasis 

The large scale maps of freshwater sensitivity created at ITE Monks Wood in summer 1993 
(Hornung et al., 1995) provided a useful tool for checking that CLAG site selection criteria 
had been rigorously applied in the initial survey. After looking at these maps it soon became 
apparent that in many grid squares the chosen sites did not lie in the most sensitive part of 
the square. There were several possible reasons for this: 

there were no suitable sites in the most sensitive area; 
sites in the most sensitive area were inaccessible; 
the most appropriate site was not chosen in the original selection exercise; or 
sites were selected before the sensitivity maps became available (e.g. in Scotland, see 
Kreiser et al., 1995). 

A major reason for the selection of certain sites which do not lie in the most sensitive area 
derives from an ambiguity in the original selection criteria. The emphasis of the critical loads 
for freshwaters programme has always been placed on lakes, because of their more stable 
chemistry from which to calculate critical loads. The original approach was to choose the 
most sensitive lake in the square, and streams were only chosen where no lakes were presen l 
in the square. Inspection of the site data as part of the screening work in summer 1993 
revealed that there were some cases where a lake site had been selected in non-sensitive areas 
or areas of low sensitivity which were likely to have a much higher critical load than streams 
in the most sensitive part of the grid square where lakes were absent. This approach to site 
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selection results in an inconsistent map of critical loads. The most sensitive lake had been 
identified for each square where lakes were found, but for squares without lakes, the most 
sensitive stream was selected. The resultant map only shows the critical load for the most 
sensitive freshwater where the lake falls in the most sensitive area, or where lakes are absent 
altogether and the most sensitive stream was sampled. 

It was therefore agreed by the CLAG sub-group that the absolute priority should be placed 
on site sensitivity, and a modified approach to site selection was required. This alternative 
approach is to always select a site in the most sensitive part of the square, giving priority to 
lakes in this area. The difference here is that a stream site will be chosen if lakes are absent 
from the most sensitive area, even if less sensitive lakes are present in the square. A screening 
exercise was therefore carried out in 1993 to identify those grid squares where more sensitive 
sites could be sampled, and is described in Section 3.2 below. 

Another problem in site selection had been the non-availability of freshwater sensitivity maps 
for Scotland. For the first period of CLAG fieldwork in Scotland there were no sensitivity 
maps available for freshwaters, and site selection was therefore carried out using only the 
geological sensitivity map of Kinniburgh and Edmunds (1986). By the time the Scottish 
fieldwork had been completed, ITE had released freshwater sensitivity maps for the whole 
country except Northern Ireland, the Isle of Man and the Shetlands (Hornung et al., 1995). 
It therefore became possible to use the large scale sensitivity maps for freshwaters to check 
that the most sensitive sites had been selected, especially for Scotland where the maps were 
not initially available. These maps formed the basis of the following studies of site location 
and sensitivity. 

3.2 Sites with more sensitive alternatives 

For reasons explained above, many of the CLAG freshwater mapping squares were 
represented by a site which did not lie within the most sensitive area of the square as defined 
by the freshwater sensitivity maps of Hornung et al. (1995). In order to identify these sites, 
a desk study was carried out in the summer of 1993 to screen the data using LaserScan GIS, 
and large scale maps were produced as validation tools. The purpose of this exercise was to 
assess the extent of this problem and its significance, and to identify priority areas where site 
replacement was required. The aim was therefore to provide a consistent mapping dataset of 
sites selected on a uniform basis. 

The largest scale maps of freshwater sensitivity used were plotted at a scale of 1 :625,000. The 
maps were created by the overlay of 1km square soils data (derived from 1:250,000 soils 
maps), 1km square land-use correction data (derived from the ITE Land Classification 
Database), and the digitised 1: 1,250,000 geological sensitivity data of Kinniburgh and 
Edmunds (see Hornung et al., 1995). At this scale the digitised geological data can only be 
assumed to be accurate to perhaps 1 km, which is c. 0.8mm on the digitising board (Jane Hall, 
pers. comm.). The 1 km squares on the overall sensitivity maps were easily identifiable and 
the CLAG freshwater mapping sites were marked accurately (Figure 3). It was therefore 
straightforward to check by eye whether a site lay on the most sensitive part of a 10km 
square. A preliminary examination of these maps revealed that there were 344 squares out of 
approximately 1300 sampled on the CLAG grid (excluding Northern Ireland, Isle of Man and 
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Figure 3: Freshwater sensitivity map modified using the ITE Land 
Classification map. The area shown is the OS 100km grid square SH 
(north-west Wales). 
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Critical Loads Mapping and Data Centre, ITE Monks Wood 
Data acknowledgement: CLAG Freshwaters sub-group, British Geological Survey, Soil Survey & Land Research 
Centre, Macaulay Land Use Research Institute, Institute of Terrestrial Ecology. 
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the Shetlands) which appear not to be the most sensitive choice (1993 data). Although it was 
possible to check the exact location of sites on these maps, it was necessary to refer back to 
the l :50,000 O.S. maps in order to locate the total catchment areas of lakes or streams which 
would ultimately determine their sensitivity. Since it would have been an enormous task to 
check each individual site and its catchment in relation to the sensitivity maps, it had to be 
assumed that sites which were themselves located in the most sensitive area could be ignored 
in this exercise, regardless of where the catchment may lie. Maximum effort could then be 
directed into explaining the 344 sites for which there was preliminary evidence of 
inappropriate location. 

For the 344 initial sites a series of checks were carried out. From the sensitivity maps, the 
first step was to identify more sensitive areas, and the number of sensitivity classes difference 
between the optimal location and the actual site location. This was a simple visual exercise, 
with the classes selected for these maps as follows: 

Grey 
Blue 
Green 
Yellow 
Red 

non-sensitive 
low sensitivity 
medium sensitivity 
medium-high sensitivity 
highest sensitivity 

Sites which were Not in the Most Sensitive class (NMS) could then be ranked in terms of the 
number of classes difference. A site located on a blue area in a square which also contains 
a red area of high sensitivity (i.e. 3 classes difference) is obviously more unsuitable than if 
the square only contained alternative green areas of medium sensitivity (which would make 
only 1 class difference). Extra weighting was given to the difference between grey (non
sensitive) areas and other classes, because in theory there is no possibility of acidification in 
grey areas whereas sites in blue areas may acidify with very high sulphur deposition levels 
(Hornung et al., 1995; see Section 2.2). 

Of the 344 NMS sites, 68 were exceeded in at least one of the two critical loads models and 
these were of the highest priority; the effects of greater sensitivity in areas where the sampled 
site is merely close to exceedance could not be quantified. The first sites to be discounted for 
replacement at this stage were those having very large critical loads and for which there was 
only a greater sensitivity of one class within the grid square. In these cases the chance of a 
slightly more sensitive site than the one sampled exceeding its critical load is very remote. 

The next step was to consult the 1:50,000 O.S. maps, firstly to check that the catchment of 
the sampled site did not lie in another sensitivity class, and secondly to look for alternative 
sites in the most sensitive areas. In the selection of more sensitive sites, the resolution of the 
sensitivity data had to be taken into account. For example, there would have been little point 
in selecting a new site within a 1km red square which lay in an otherwise non-sensitive grey 
area. In such a case it was highly unlikely that the site catchment would lie wholly within the 
1 km red square, and even if it did, there is still the question of the accuracy of the digiti sed 
data. Sites were only reselected for further sampling if it could be shown for certain that their 
catchments lay in a more sensitive area. The error margin on the digitised data dictated a 
minimum distance of 1km by which a new site must lie inside the higher class. The minimum 
size unit of higher sensitivity which could be considered was therefore 2x2km square if a new 
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site lay at the centre. Such an example is shown in the 10km square SH 45 (Figure 3), where 
the CLAG site lies in the non~sensitive grey area, but the mapped area of greater sensitivity 
(red and green) is so small that site replacement was not deemed appropriate. 

For those original sites which lay only a short distance outside the area of greatcc;t scn~itivity, 
O.S. maps had to be consulted and a judgement made on the significance of this distance. If 
a stream or lake lay on the boundary of, say, red and green areas, then its catchment had to 
be carefully considered e.g. 10km square SH 77 in Figure 3. If tributaries to the site flowed 
from the red area, then it was likely that a new site well within this area would show little 
difference to the original site chemistry. If the opposite was the case and tributaries flowed 
from the less sensitive side of the boundary, then it was more appropriate to select a new site 
well inside the more sensitive area with a catchment which was also more sensitive. The 
circumstances for all such borderline sites were considered individually, and a judgement 
made on the squares for which there was the greatest chance of obtaining smaller critical 
loads. In this case, the O.S. 1:50,000 map showed that most of the catchment of the site in 
grid square SH 77 was located in the red (most sensitive) part of the square, so there was no 
need to replace the site. 

The product of these exercises was a list of sites for which there was a more sens1t1ve 
alternative shown on the O.S. map, and for which there was the possibility of a new or 
increased exceedance. From this list the priority sites for reselection were determined in 
summer 1993. Sites were automatically chosen for reselection if their cdtical load was within 
1.0 keq ha·1 yr"1 of exceedance, or if there was a difference of 3 or more sensitivity classes 
between actual and proposed sites. For all other sites the decision to resample was taken on 
a case by case basis. 

The same process was also carried out for the sites in Northern Ireland, the Isle of Man and 
the Shetlands, using the geological sensitivity map of Kinniburgh and Edmunds ( 1986) instead 
of the overall freshwater sensitivity map. In these areas the site selection criteria had never 
changed, so as expected, there were no sites which had to be resampled on the basis of 
sensitivity. Note that at the time of writing, freshwater sensitivity maps are being prepared 
for Northern Ireland using recently released soils maps, geology maps and CORINE land 
cover data (M. Hornung, pers. comm.) - see Section 7. 

The final "Not in the Most Sensitive class" site reselection list consisted of 139 sites in 
Wales, Northern England, Galloway, Argyll and Eastern Scotland (Table 4) . There were no 
NMS sites for north-west Scotland because of the uniform high sensitivity in the region. One 
hundred of the NMS sites were lakes which were to be replaced by streams, and had been 
reselected because of the shift in emphasis away from lakes and towards sensitivity. Most of 
the other 39 NMS sites were reselected in areas for which no sensitivity maps were originally 
available. 

3.3 Replacement of second choice sites 

Another category of sites which were not in the most sensitive area of a grid square, as 
defined by the sensitivity maps of Hornung and co-workers (1995) were the "second choice" 
sites sampled in the original CLAG survey. This group of sites was generated by the failure 
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Table 4: Sites which are Not in the Most Sensitive Class (NMS sites) according to the freshwater sensitivity map of Hornung and 
co~workers (1995) and their proposed replacements for the mapping dataset. 

Grid OS RcplmL 
Sitccodc Sq.100 East North Sitename mnp Sitecode East North Replacement Sitenamc Notes 

CZNC21 NC 213 192 Loch na Faoileige 15 SNC21 284 178 "Lochan Beinn nan Cnaimhaig" 

CZNC23 NC 239 353 "Loch Brisle" 15 SNC23 293 313 Lochan Feith an Leothaid"east" * 
CZNCJS NC 369 588 Loch na Seilg 9 SNC35 385 520 Loch Bad na h-Achlaise 

CZNCS0 NC 543 92 Allt Leacach 16 SNCS0 518 78 "Lochan na Caillich" + 

CZNC96 NC 923 616 Caol- Loch 11 SNC96 963 616 "Beinn Ratha Burn" NS 

CZND0S ND 90 573 Loch Olginey II SND0S 18 513 Un-named burn NS 

CZND14 ND 189 424 Loch Stemster 11 SND14 117 455 Allt Chaiteag NS 

CZNJ20 NJ 299 13 "Lochan Dalnabo" 37 SNJ20 286 51 Burn of Tornahaish NS 

CZNJ43 NJ 478 392 Glen Burn 28 SNJ43 485 395 Collonach Bum 

CZNJSl NJ 525 155 Strow Burn 37 SNJSl 503 195 "Glenlogie Burn" 

CZNJ61 NJ 618 159 Whilehouse Burn 37 SNJ61 640 104 "Redwell Bum" 

CZNJ64 NJ 675 443 Bum 29 SNJ64 631 414 "Newton Burn" 

POLI NJ 754 75 Policy Loch 38 SNJ70 707 27 "Greymore Burn" NS 

CZNM62 NM 634 292 "Loch Coir Odhar" 49 SNM62 666 277 Abhainn a Bhail Uir NS 

CZNM80 NM 813 59 Loch na Beisle 55 SNM80 820 85 "Lcrgicchoniemore Burn" NS 

CZNM90 NM 926 12 Loch a' Bhcalaich 55 SNM90 995 37 Loch Arrigh na Creige 

CZNN21 NN 291 173 Lochan Beinn Damhain 56 VNN2102 253 191 Un-named loch # 

RUSK NN 615 35 Loch Rusky 57 SNN60 696 83 "Waterside Burn" NS 

CZNO03 NO 43 390 Robin's Dam 53 SNO0J 15 381 Garry Burn NS 

CZNO18 NO 190 809 Loch Kander 43 SNO18 164 878 "Dearcaige Bum" NS 

HHHH NO 653 909 Pitdelphin Loch 45 SNO69 652 972 "Bog Loch Burn" NS 

SAUG NO 676 790 Loch Saugh 45 SNO67 628 784 Burn of Garrol NS 
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Table 4 continued 

Grid OS Replmt. 
Sitccode Sq.100 East North Sitename Map Sitccode East North Replacement Silename Notes 

STOM NO 191 423 Stonnont Loch 53 SNO14 137 486 "Cochrage Burn" NS 

CZNR35 NR 332 537 Loch Dhomhnuill 60 SNR35 392 563 "Lochan Beinn Bhan" 

CZNR36 NR 325 654 Loch Sibhinn 60 SNR36 330 692 Loch a Bhealaich Aird * 
CZNR61 NR 648 179 K.illypole Loch 68 SNR61 606 155 "Cnoc Moy Burn" NS 

CZNR79 NR 793 913 Loch Bamluasgan 55 SNR79 753 913 "Lochan Barbae Dounie" 

CZNR86 NR 814 655 Lochan Liath 62 SNR86 885 632 Loch na Machrach Moire 

CZNR89 NR 863 978 Lochan Add 55 SNR89 875 924 "Craig Murrail Burn" NS 

CZNR99 NR 956 974 "Loch Feorlin" 55 SNR99 905 989 Lochan Anama 

CZNS06 NS 65 636 Greenan Loch 63 SNS06 40 686 "Muirton Burn" NS 

CZNS07 NS 35 747 Milton Burn 63 SNS07 48 785 Lochan na Leirg * 
CZNS35 NS 358 582 Barr Loch 63 SNS35 318 593 Kilbanes Burn NS 

CZNS40 NS 415 28 Baing Loch 77 SNS40 474 4 "Beach Burn" NS 

CZNS42 NS 436 218 Trabboch Lochs 70 SNS42 462 281 Parkmill Burn NS 

CZNS49 NS 406 929 Blair Burn 56 SNS49 413 954 Cam Allt 

CZNS57 NS 578 736 Bardowie Loch 64 SNS57 506 768 "Craigton Loch" 

CZNS72 NS 756 285 Glenbuck Loch 71 SNS72 701 244 Garpel Water NS 

CZNS91 NS 939 124 Peden Reservoir 78 SNS91 901 140 "Lowthers Bum" NS 

CZNS99 NS 960 915 Bluther Burn 58 SNS99 913 983 Daiglen Burn 

CZNT34 NT 339 432 Glentres Burn 73 SNT34 301 496 "Kipps Burn" 

CZNT41 NT 454 191 Shielswood Loch 79 SNT41 428 194 Todrig Burn NS 
CZNT43 NT 437 394 "Loch Windydoors" 73 SNT43 416 307 "Broomy Law Burn" NS 

CZNT45 NT 428 586 Fala Flow Loch 73 SNT45 437 548 "Hartside Bum" NS 
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Table 4 continued 

Grid OS Rephnt. 
Sitecode Sq.100 East North Sitename Map Sitccode East North Replacement Sitcnamc Notes 

CZNT70 NT 757 94 Long Burn 80 SNT70 728 26 Chattlehope Burn 

CZNT71 NT 745 198 Whitton Loch 80 SNT71 798 110 Buckham's Walls Burn NS 

CZNT80 NT 894 64 Linsheils Lake 80 SNT80 859 39 Wilkwood Burn NS 

CZNT81 NT 810 166 Heatherhope Loch 74 SNT81 899 177 Usway Burn NS 

CZNT82 NT 803 280 Yetholm Loch 74 SNT82 870 262 Trowup Bum NS 

CZNT90 NT 917 43 Harbottle Lake 80 SNT90 920 92 Kidlandlee Bum NS 

ARTH NX 905 689 Loch Arthur 84 SNX96 955 649 Glen Burn NS 

CZNX06 NX 17 683 Loch Connell 82 SNX06 81 687 Claddy House Bum NS 

CZNX18 NX 197 831 Black Loch 76 SNX18 153 817 Scurran Bum NS 

CZNX27 NX 244 763 Loch Martie 76 SNX27 208 725 Ring Bum NS 

CZNX29 NX 261 975 Penwhapple Reservoir 76 SNX29 289 925 Dinmurchie Loch 

CZNX46 NX 446 656 Bruntis Loch 83 SNX46 478 664 Mill Bum NS 

CZNX55 NX 580 590 Loch Ornockenoch 83 SNXSS 542 591 Glen Burn NS 

CZNX57 NX 517 747 Lillies Loch 77 SNX57 501 718 "Craignarget Burn" NS 

CZNX65 NX 663 557 Loch Culcraigie 83 SNX65 623 585 Barlay Bum NS 

CZNX67 NX 688 757 Craig Loch 77 SNX67 614 730 Mid Bum NS 

CZNX75 NX 758 505 Fellcroft Loch 84 SNX75 790 538 Troudale Bum NS 

CZNX87 NX 854 723 "Barfil Loch" 84 SNX87 803 757 Lochenkit Loch 

CZNX88 NX 883 816 Loweberry Loch 78 SNX88 823 830 Collieston Bum NS 

CZNX89 NX 839 963 Clonhie Loch 78 SNX89 808 973 "Wet Wood Bum" NS 

CZNX97 NX 921 705 Lochabcr Loch 84 SNX97 921 781 "Sec Morris Bum" NS 

CZNX99 NX 945 938 Loch Ettrick 78 SNX99 973 973 Bran Burn NS 
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Table 4 continued 

Grid OS Rcplmt. 
Sitccodc Sq.IOU East North Sitcnamc Map Sitccodc East North Replacement Sitcnamc Notes 

HOWi NX 697 834 Loch Howie 77 SNX68 652 888 Lags Strand NS 

SKE NX 605 682 Loch Skerrow 83 WHIN 629 609 Loch Whinyeon 

CZNYOO NY 46 46 Lingmore Tarn 89 SNYOO 89 70 "Blengdale Burn" NS 

CZNYOS NY 20 820 High Dam 78 SNYOS 53 823 "White Hill Burn" NS 

CZNY21 NY 288 110 Greenup Tam 89 SNY21 208 185 "Robinson Beck" NS 

CZNY40 NY 480 34 Skeggles Water 90 SNY40 491 53 Stockdale Beck NS 

CZNY42 NY 420 293 Berrier End 90 SNY42 428 226 "Priest's Crag Beck" NS 

CZNY62 NY 640 275 Blackleascs Pond 91 SNY62 687 257 "Dufton Beck" NS 

CZNY82 NY 842 287 Cronkley Pool 91 SNY82 879 224 "Low Bink Moss Beck" NS 

CZNY91 NY 967 107 Seven Hills Pool 92 SNY91 918 141 Black Beck NS 

CZNY95 NY 990 560 Slaley Pond 87 SNY95 981 534 Potter Burn NS 

CZNZ02 NZ 49 267 Rowley Beck 92 SNZ02 26 296 Cloudlam Beck 

CZNZ09 NZ 12 947 Fallowlees Lough 81 SNZ09 7 973 Chartner Bum NS 
CZNZlO NZ 113 92 Dalton Pond 92 SNZlO 107 64 "Gayles Moor Stream" NS 
CZSD28 SD 290 845 Lowick Common Pools 96 SSD28 255 843 "Kirkby Moor Pool" 

CZSD54 SD 517 488 The Tarn 102 SSDS4 563 493 River Calder NS 
CZSDSS SD 526 574 Damas Gill 102 SSDSS 589 557 Tamsyke Clough NS 
CZSD56 SD 525 648 Addington Lake 97 SSD56 567 617 Foxdale Beck NS 
CZSD61 SD 678 135 Smith Hills Reservoir 109 SSD61 666 179 "Belmont Burn" NS 
CZSD64 SD 609 449 Stream 103 SSD64 605 499 Bleadale Water 

CZSD66 SD 695 668 Stonegrove Stream 98 S5D66 687 605 "Great Harlow Beck" 

CZSD68 SD 603 854 Kitmere 97 SSD68 650 878 Luge Gill NS 
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Table 4 continued 

Grid OS RcplmL 
Sitccodc Sq.JOO East North Sitcnamc Map Sitecodc East North Replacement Sitename Notes 

CZSD71 SD 720 175 Turton and Entwistle Reservoir 109 SSD71 766 195 Alden Brook NS 

CZSD74 SD 702 474 Browsholme Moor 103 SSD74 793 403 Pendle Water NS 

CZSD89 SD 819 936 Cotter End Tarn 98 SSD89 847 999 Great Sleddale Beck NS 

CZSD97 SD 922 759 Birks Tarn 98 SSD97 982 799 Walden Beck NS 

DEVOKE SD 159 970 Devoke Water 96 SSD19 135 905 Buckbarrow Beck NS 

CZSE18 SE 181 881 Thornton Reservoir 99 SSE18 121 806 House Gill NS 

CZSE58 SE 503 832 Gonnire Lake 100 SSE58 554 801 "Wass Stream" NS 

CZSE59 SE 510 908 North moor Lake 100 SSE59 597 926 Bogmire Gill NS 

CZSE79 SE 787 906 Elleron Lake 94 SSE79 714 936 Loskey Beck NS 

CZSH70 SH 776 46 Cligwyn Lake 135 SSH70 739 89 "Ty'n-y-Ceunant Stream" NS 

CZSH85 SH 852 592 Ccfn Rhudd Pool 116 SSH85 829 557 "Bryn Gwnog Stream" NS 

CZSH90 SH 935 75 Llyn Gwyddior 125 SSH90 910 16 "Diosg Stream" NS 

CZSH96 SH 957 603 Nant y Fleiddiast 116 SSH96 964 665 Nani y Terfyn 

CZSH97 SH 968 713 Plas-Uchaf Reservoir 116 SSH97 914 708 "Garthewin Stream" NS 

CZSJll SJ 173 127 Llyn Du 125 SSJll 127 166 "Moelfronllwyd Stream" NS 

CZSJ40 SJ 424 60 Broompatch Pond 126 SSJ40 414 17 "Cothercott Stream" NS 

CZSJ96 SJ 978 635 Turners Pool 118 SSJ96 963 687 "Piggford Brook" NS 

CZSJ97 SJ 973 752 Lamaload Reservoir 118 SSJ97 987 757 Todd Brook NS 

CZSK0S SK 75 524 Stream 119 SSK0S 44 518 "Blackbrook" 

CZSKI8 SK 175 824 Lake 110 SSK18 137 893 "Dean Hill Clough" NS 

CZSK29 SK 230 905 Strincs Reservoir llO SSK29 216 957 "Middle Moss Clough" NS 

CZSN13 SN 197 332 Afon Taf Pool 145 SSN13 162 322 "Crug-y-Hwch Stream" 
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Table 4 continued 

Grid OS Replmt. 
Sitccode Sq.100 East North Sitenamc Map Sitecode East North Replacement Sitcnamc Notes 

CZSN45 SN 489 506 Gorsgoch Lake 146 SSN45 444 503 "Rhyd-sais Stream" NS 
CZSN52 SN 532 282 Stream 146 SSN52 554 286 Afon Sannan 

CZSN54 SN 569 499 Dderigoch Lake 146 SSN54 588 607 Wern Beck NS 

CZSN56 SN 582 695 Stream 135 SSN56 571 618 Afon Arth 

CZSN63 SN 633 332 Abbey lake 146 SSN63 621 306 "Cwmdu Stream" NS 

CZSN72 SN 735 279 Mandinam Lake 160 SSN72 785 282 "Rhyblid Stream" NS 

CZSN79 SN 740 932 Llyn Conach 135 SSN79 784 907 "Hydggen Stream" NS 

CZSN95 SN 952 501 Garth Pond 147 SSN95 924 566 Nant y Gath NS 

CZSN96 SN 947 690 Trcheslog Lake 147 SSN96 914 617 Nant Rhyd-goch NS 

czsooo so 78 98 Pitwellt Pond 160 ssooo 36 16 "Cefn-pennar-uchaf Stream" NS 

czsoos so 45 541 Cwmbach Llechrhyd Lake 147 ssoos 94 507 Milo Brook NS 

CZSO08 so 38 836 Lake 136 ssoos 9 824 "Cwm Stream" NS 

CZSO12 so 132 265 Llangorse Lake 161 SSO12 167 253 "Blaen-y-Cwm Stream" NS 

CZSO18 so 117 808 Gwenlas Stream 136 SSO18 176 873 "Cefngolog Stream" 

CZSO26 so 245 634 Kinnerton Pond 148 SSO26 211 613 "Knowle Hill Stream" NS 

CZSO28 so 273 835 Stream 137 SSO28 264 874 "Churchtown Stream" * 
CZSO34 so 315 457 Turners Boat Lake 148 SSO34 302 432 "Scotland Bank Stream" NS 

CZSO37 so 348 713 Heathy Park Lake 148 SSO37 309 736 "Stowe Stream" NS 

CZSO39 so 334 979 Flenny Pool 137 SSO39 367 938 "Norbury Brook" NS 

CZSO57 so 586 737 Hope Court Pool 137 SSO57 584 778 "Tittcrstonc Stream" NS 

CZSO67 so 688 707 Sodington Lake .. 138 SSO67 605 753 "Clcehill Stream" NS 

CZSO68 so 607 807 Bromdon Lake 138 SSO68 621 869 "Woofers Wood Stream" NS 
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Table 4 continued 

Grid OS Replmt. 
Sitecode Sq.100 East North Sitenamc Map Silccode East North Replacement Silcnamc Notes 

CZSS88 ss 853 857 Nant Craigyrader 170 SSS88 830 898 "Cwm Sychbant Stream" 

CZST09 ST 27 966 St Gwynno Forest Pond 170 SST09 9 986 "Cwmaman Beck" NS 
CZST19 ST 180 940 Sirhowy River 171 SST19 163 904 "Cwm-y-Bwch Stream" * 
CZST29 ST 215 915 Pant yr Eos Reservoir 171 SST29 271 987 "Cwm Lickey Lake" 

CZSX59 sx 560 910 Meldon Reservoir 191 SSX59 593 933 Moor Brook NS 

CZSX67 sx 685 709 Venford Reservoir 202 SSX67 663 783 "Pizwcll Brook" NS 

CZSX68 sx 636 841 North Teign River 191 SSX68 626 811 East Dart River 

Notes: NS = potential New .§.tream site 
* = 2nd choice site (sec Section 3.3) 
# = covered in within-square variability study (sec Section 5) 
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to sample the most sensitive selected site for one of several possible reasons. Some of the 
first choice sites, selected in the original desk study, turned out to be inaccessible in the field. 
They may have been too remote or in impenetrable terrain, or they may have been located 
on private land for which no access was pennitted. In some instances the first choice site 
could not be found; it may have been situated in dense forest or have dried up. The 
constraints of time and finance during the major CLAG survey may have deterred some 
fieldworkers from sampling the more remote sites. Therefore, this component of the validation 
work was aimed at assessing the extent of the second choice sites problem, in terms of their 
impact on the consistency of site selection, and to propose sites for replacement where 
necessary. 

The first step in this part of the validation work was to identify the "class 2" sites listed in 
the mapping database. These sites were by definition "not most sensitive" sites, since they 
replaced the original most sensitive choice, although they may have been located in the most 
sensitive area of the grid square. The next step was then to consult the O.S. maps in 
conjunction with the sensitivity maps to check that the original selection was indeed the most 
sensitive, because there was inevitably some overlap with the NMS sites described in Section 
3.2 above. If the sampled second choice site was not in the most sensitive area, this should 
have been picked up in the NMS exercise, and so these sites could be removed from the 
checklist. Where the first choice did appear to be the most appropriate, it was useful to 
ascertain why it was not sampled in the first place. It was possible to refer back to the 
original field report sheets which were filled in on-site to check whether any reason was given 
for the failure to sample the first choice site. In some cases it was stated that the first choice 
site had dried up, or that permission for access was refused. In these cases there would have 
been little point in attempting to revisit the original choice of site, so the second choice, if 
made correctly, was deemed to suffice. Unfortunately the fieldworkers were rarely equipped 
with sensitivity maps in the field, so that new selections were not always th~ most 
appropriate. Again, second choice sites falling outside the most sensitive area woul<l have 
been picked up by the NMS study. However, there was another dimension to site selection 
in these cases, because where the second choice site fell within the same sensitivity class as 
the correct original choice, the difference in altitude had to be considered. 

The selection criteria for CLAG sites state that, all other things being equal. the site at the 
highest altitude should be selected. Acidic deposition may be enhanced by various processes 
at higher altitudes, so that sites are more vulnerable to acidification. The freshwater sensitivity 
maps could not be used to check that the highest site was chosen for the original CLAG 
survey, so the altitudinal dimension only came into the NMS study in the reselection criteria 
for new sites. For the second choice sites study, however, it was necessary to consider the 
altitudes of first choice, second choice and alternative sites, as well as sensitivity classes. 

In summer 1993 an exercise was undertaken to draw up a list of second choice sites and their 
corresponding first choices, and the differences in sensitivity class and altitude. Sites were 
then prioritised in terms of the greatest difference between first and second choices for 
inclusion in the validation sampling programme. Initial inspection of the database found that 
140 of the sampled sites were listed as second choice. Three criteria were then applied in 
choosing new sample sites in these cases: 

1. second choice in less sensitive area (these sites should have been picked up in the 
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2. 
3. 

NMS study above); . 
second choice at least 1 00m lower than first choice; and 
second choice streams sampled instead of first choice lakes. 

A second choice site was therefore only to be replaced if it met one or more of these criteria. 
Consideration was also given to alternative sites where the original first choice no longer 
appeared to be the most sensitive site (when located on the new sensitivity maps). The 100m 
altitude difference was chosen arbitrarily to identify situations with a significant altitude 
difference between sites. The final second choice site replacement list consisted of 64 new 
sample sites which were either the original first choice selection where it was thought that 
access would be possible with greater time and effort, or new selections made with the latest 
available sensitivity information (Table 5). Six of these sites had already been identified as 
"not in the most sensitive class" (Section 3.2) so the actual number of new sites for 
resampling was 58. By their nature, these sites were often remote (the reason they were not 
sampled in the first place) and some required a whole day to sample on foot. 

During the validation sampling fieldwork in autumn 1993 it became apparent that the field 
time requirements were greater than had originally been estimated, and the second choice site 
replacements were scrutinised closely with a view to reducing the number of sample sites. 
Professor David Fowler (Institute of Terrestrial Ecology) was contacted about the likely 
effects of altitude on vulnerability to acidification through seeder-feeder enhancement of 
deposition, and was able to provide the following general guidelines: 

I. seeder-feeder effects are less important at a distance greater than 100km from the 

2. 
3. 

4. 

coast; 
within 60km of the coast, seeder-feeder effects will be large; 
at more than 10km from the coast, differences in altitude occurring below 30Qm will 
probably be insignificant in terms of deposition; and 
300m is an approximate threshold for enhanced deposition, with another process 
threshold occurring at around 400m. Any increases in altitude above 300m will 
therefore have a significant effect on deposition enhancement, with even greater 
effects above 400m. 

In the light of this new information, the 100m difference cutoff used in site reselection was 
perhaps not ideal, but some cutoff did nevertheless have to be used. It was found to be likely 
that at altitudes over 300m, a difference of much less than 100m between first and second 
choices would be significant in terms of deposition. However, given the large fieldwork 
undertaking so far, a compromise was necessary due to resource constraints, so it was decided 
to continue with the current site list for replacing second choice sites (which included over 
half of the total number identified - Table 5) and the need to reduce numbers was offset with 
the greater weighting to be attached to altitude. 
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Table 5: Second choice sites with proposed more sensitive replacements 

Grid OS Replmt. 
Sitccode SqlO0 East North Sitename map Sitecodc East North Replacement Sitcnume Notes 

CNAM NG 973 38 Loch Coirc nan Cnamh 33 SNG90 905 54 Lochanan Mcall nan Eun y 

CZNBll NB 181 109 Loch nan Lcarg 14 SNBll 123 116 Loch Stuladale YVN 

CZNB45 NB 403 537 Loch Maravat 8 SNB45 465 527 "East" Loch a Chlachain y 

CZNClO NC 129 96 Loch Fhionnlaidh 15 SNClO 190 3 Lochan Sgreadich y 

CZNC12 NC 153 217 Loch Bad an t-Sluic 15 SNC12 180 213 Un-named loch y 

CZNC13 NC 130 314 Lochan Fearna 15 SNC13 195 315 Lochan na Saile y 

CZNC33 NC 330 344 "Loch Lice" 15 SNCJJ 386 391 Lochan a Bhealaich y 

CZNC42 NC 412 279 Suil a' Ghriama 16 SNC42 466 298 Un-named loch y 

CZNC52 NC 566 294 Loch Nan Uan 16 SNC52 583 279 Loch an Fhuarain y 

CZNC54 NC 590 459 Loch na Beiste 10 NCCS36 584 492 Loch na Creige Riabhaich y 

CZNC84 NC 882 465 "Lochan Ewe" 10 SNC84 812 440 "Crocach" Lochan y 

CZNC92 NC 912 214 "Allt Baile an Or" 17 SNC92 963 244 Loch Scalabsdale y 

CZNG73 NG 743 379 Lochan an t- Sagairt 24 SNG73 760 389 Lochan Gobhlach y 

CZNH32 NH 362 277 Loch Comhnard 26 SNH32 371 230 Loch na Leirisdein y 

CZNH33 NH 361 308 Loch Riabhachain 26 SNHJJ 322 354 Loch Coir'an Uillt Ghiubhais y 

CZNH34 NH 391 423 Loch na Bciste 26 SNH34 367 467 Loch Beag y 

CZNH40 NH 453 99 Loch nan Eun 34 SNH40 449 54 Lochan a Choire Ghlais y 

CZNH42 NH 463 278 Loch Dubh 26 SNH42 444 228 Lochan "Glas-bheinn Mhor" y 

CZNH44 NH 433 439 Loch nan Cuilc 26 SNH44 419 490 Loch a Mhadaidh y 

CZNHSl NH 502 155 Loch nan Losganan 35 SNH51 552 155 Lochan Mam na Guaille y 

CZNH81 NH 879 121 Lochan Dubh 35 SNH81 816 116 Loch a Choin Duibh y 
.. -

CZNH82 NH 815 294 Alli na Fcithe Sheilich 35 SNH82 885 295 Loch Braigh Bhruthaich y 

CZNJ22 NJ 230 224 "Clashnoir Burn" 36 SNJ22 298 240 Loch of Allt na Gaoibhe-caorina y 
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Table 5 continued 

Grid OS Replmt. 
Sitecode SqlOO East North Sitename map Sitecode East North Replacement Sitcname Notes 

CZNJ42 NJ 476 201 Linthaugh Bum 37 SNJ42 419 235 Burn of Craig y 

CZNJ65 NJ 680 558 Rosy Burn 29 SNJ65 679 533 "Mountblairy" Loch y 

CZNM66 NM 641 635 Loch Laga 40 SNM66 630 650 Lochan Loisgte y 

CZNM67 NM 674 749 Loch na Draipe 40 SNM67 693 757 Lochan na Cloiche Sgoihe y 

CZNM77 NM 724 738 Loch nam Paitean 40 SNM77 741 755 Lochan "a Sgurr Dhomhuill Beag" y 

CZNM79 NM 720 956 Loch Eireagoraidh 40 SNM79 779 973 "Upper"Loch Bhraomisaig y 

CZNM86 NM 845 659 Bellsgrove Loch 40 SNM86 877 636 Loch Coire na Creiche y 

CZNM88 NM 803 842 Lochan Ghobhainn 40 SNM88 844 835 Lochan "Dearg" y 

CZNN00 NN 76 86 "Loch Coille-bhraghad" 56 SNN00 11 44 Un-named loch y 

CZNN04 NN 83 470 Airigh nan Lochan 50 SNN04 75 493 Lochan Cairn Dearg y 

CZNN0S NN 14 583 'Allt' 'Kentallen' 41 VNN0S06 26 562 Un-named loch YVN 

CZNN07 NN 57 708 Alli Goirtean a' Chladiach 41 SNN07 29 715 Lochan na Cruaich y 

CZNN16 NN 146 684 Allt Coire a Mhusgain 41 SNN16 142 662 Lochan "A Choire Dheirg" y 

CZNN18 NN 163 833 Allt Coire Chraoible 34 SNN18 112 892 Loch Briobaig y 

CZNN44 NN 457 432 Allt Phubuill 51 SNN44 487 449 Lochan nan Cat y 

CZNN53 NN 544 347 Burn 51 SNN53 524 336 Lochan nan Damh y 

CZNN59 NN 545 927 Loch Crunachdan 35 SNN59 569 987 Lochan a Choire y 

CZNN72 NN 729 292 Burn 52 SNN72 701 291 Lochan Mhaoil na Meidhe y 

CZNN74 NN 710 467 Lochan Crcag a Mhadaidh (o/f) 51 SNN74 708 459 Lochan Creag a Mhadaidh y 

CZNO66 NO 687 655 Gallery Burn 45 SNO66 648 609 Dun's Dish y 

CZNR37 NR 312 719 Killinallan River 60 SNR37 335 714 Loch a Mhala y 

CZNR47 NR 475 717 Lochan Gleann Astaile 61 SNR47 494 759 Loch an Oir y 
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Table 5 continued 

Grid OS ReplmL 
Sitecodc SqlOO East North Sitename map Silecode East North Replacement Sitename Notes 

CZNR58 NR 592 806 Loch Braigh a Choire 61 SNR58 545 872 "North Shian" Loch y 

CZNR68 NR 622 862 Loch Shiffin 61 SNR68 618 888 Lochan "Maol nan Damh" y 

CZNR75 NR 778 517 Loch a Ghatha 62 SNR75 785 507 Loch "Laoighscan" y 

CZNR97 NR 948 738 "Craignafeoch Reservoir" 62 SNR97 966 739 "Allt Mor" Reservoir y 

CZNS09 NS 33 908 Kilbridemore Burn 55 SNS09 30 945 Garbhallt Lochain y 

CZNY94 NY 999 484 Feldon Burn 87 SNY94 941 457 Burnhead Dam y 

CZNY99 NY 980 950 Bum 81 SNY99 980 968 Darden Bum y 

CZSH65 SH 618 551 Llyn Glas 115 AR26A 637 585 Llyn y Cwn YVN 

CZSO30 so 324 95 River Usk 161 SSO30 305 72 "Yewtree Farm" Stream y 

CZSO61 so 608 109 Lake 162 SSO61 630 128 "Beechenhurst" Lake y 

CZST21 ST 273 189 Stream 193 SST21 224 139 "Upper" Otterhcad Lake y 

CZST84 ST 809 497 Stream 183 SST84 850 422 Shear Water y 

SMUR NN 448 607 Lochan Sron Smeur 42 VNN4601 453 642 Lochan Mcoigeach YVN 

Notes: Y = potential replacement selected 
YVN = potential replacement selected, but sampled in within-square variability study (see Section 5) 

N.B. 6 sites falling into the second choice category for replacement were identified as "Not in the Most Sensitive class" and are listed in Table 4, but omitted from this table. 

The proposed replacement for CZNB 11, sitecode SNB 11 (Loch Stuladale) had already been sampled as a "NMS" site but was resampled during the within-square variability 
study. The remaining 3 NMS sites which occur in "within-square variability study" grid squares were not sampled during the sensitivity study fieldwork, but were sampled 
later at the same time as the other sites within the same squares. 
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4: SITE SUBSTITUTION FOR FINAL MAPPING DATASET 

The purpose of the site screening exercise was to ensure, as far as possible. that the site 
selection criteria set out at the start of the freshwaters programme had been consistently 
adhered to, and that the chemistry of sites sampled did not appear to have been adversely 
affected by major catchment derived sources of pollution. The screening fieldwork was 
completed in May 1994, and was followed by site substitution, which in tum enabled the 
within-square variability study to be completed. 

4.1 Criteria for site substitution 

The chemistry for the sites sampled under the two strands of the screening programme was 
used to calculate critical loads in both the Henriksen and diatom models. The database was 
then used to identify the cases where the new proposed site had a smaller critical load than 
the original site in either or both of the two models. Since both the Henriksen and diatom 
models for critical loads for sulphur are used for mapping in the UK, it was decided that a 
new site would only be automatically substituted for the old mapping site where the two 
following criteria were met: 

1. The chemistry of the new site was not judged to be affected by catchment sources of 
pollution i.e the new site is not a "rogue" site (see Section 2). 

2. The critical load values calculated for both the Henriksen and diatom models for 
sulphur were smaller than the critical loads for the original site selected i.e the new 
site was more sensitive according to both models. 

' Where these two criteria were not met, the decision to substitute a site may still have been 
taken, but on an individual site by site basis, depending on various factors described in 
Sections 4.2 and 4.3 below. 

4.2 Substitution of "rogue" sites 

Screening for sites with rogue chemistry (Section 2.1) generated a list of 21 potential 
replacement sites. In 13 cases, the original site was also resampled during validation fieldwork 
where it was judged that the site looked appropriate (i.e. no visible source of pollution to the 
lake) and that the "rogue" chemistry may have been due to some form of temporary 
catchment pollution. 

Only 2 rogue sites were identified through the mapping study in Section 2.2, and these were 
covered in the sensitivity study described in Section 3. 

Of the 21 rogue site replacements sampled, only 10 were found to be more suitable for 
critical loads mapping than the original rogue sites, according to the general criteria in Section 
4.1 (see Table 6). In over half of the rogue cases, the unusual chemistry is therefore probably 
due to some regional catchment pollution problem, and at some sites the pollution was visibly 
due to minewater contamination or runoff from spoil tips. One extreme example was Goon 
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Table 6: Selected chemistry and critical loads for sulphur at true rogue sites and their potential replacement sites. The sites/samples 
substituted into the mapping dataset arc indicated. 

Sampling Alk 2 Na K Mg Ca Cl N03 SO4 TOC Site 
Silccodc Dale pH µcq/1 µcq/1 µcq/1 µcq/1 µcq/1 µcq/1 µcq/1 µcq/1 mg/I HcnCL HcnEx DiatCL DiatEx Used 

CZSW74 08-Nov-91 2.88 -3281 380 9 980 1500 466 44 18744 1.6 21.20 20.78 15.77 15.36 

RSW74 14-Dcc-93 6.87 358 1005 51 562 831 1248 192 593 1.4 I0.03 9.61 8.35 7.93 New 

CZNX07 19-Fcb-90 4.16 457 30 101 443 678 7 124 13.4 6.01 5.03 4.78 3.80 

RNX07 0J-Oct-93 7.41 377 485 19 293 339 45S 4 257 1.3 6.86 5.89 2.47 1.49 New 

CZNS17 29-Scp-90 4.84 -14 365 6 83 242 586 8 124 5 3.10 2.09 2.24 1.23 

CZNS17 24-May-94 6.4 44 317 5 113 111 345 2 96 3.1 2.17 1.15 0.97 -0.04 Res 

RNS17 24-May-94 6.35 87 329 5 129 141 351 0 79 5.5 3.19 2.18 1.40 0.38 

CZSNSI 28-Mar-91 4.48 -40 339 8 75 140 413 17 177 5.9 0.93 0.12 0.83 0.03 Old 

CZSNSl 14-Apr-94 4.99 -3 282 13 69 151 330 3 137 6.4 1.38 0.58 1.13 0.32 

RSNSI 14-Apr-94 7.96 2149 316 52 350 2288 364 98 172 12 37.97 37.17 27.36 26.55 

CZNS95 IO-Oct-90 4.09 -93 289 11 I 12 135 173 I 237 16.8 1.69 1.08 0.61 0.00 

CZNS95 09-May-94 5.27 19 243 25 93 136 304 0 133 6.5 I.I I 0.50 1.04 0.43 Res 

RNS95 09-May-94 7.44 665 292 20 321 921 330 4 284 7 9.57 8.96 9.19 8.58 

CZNS96 10-Oct-90 4.9 -11 1468 367 5435 5315 397 55 14750 6.8 114.52 113.81 56.39 55.68 

CZNS96 09-May-94 4.16 -103 2208 587 11815 9952 473 29 22538 4.2 226.76 226.05 105.69 104.98 

RNS96 09-May-94 7.11 1235 247 17 638 1499 365 4 517 2.3 19.37 18.67 15.80 15.10 New 

CZNJ45 03-Oct-90 4.1 -84 301 25 133 83 316 0 151 33.3 0.98 0.47 0.54 0.03 

CZNJ45 14-May-94 6.77 180 510 31 170 207 540 13 86 2.5 2.56 2.04 2.24 1.73 

RNJ45 14-May-94 7. 12 295 581 37 214 . "292 574 5 119 3 3.81 3 .30 3. 19 2.68 New 
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Table 6 continued 

Sam11llng Alk 2 Na K Mg Ca Cl N03 S04 TOC Site 

Silccodc Dale pH JU!C(n µc11n µcc1/l µc11/l µcc1/I µe11/J µcc1n µc11n mg/1 HcnCL HcnEx DiatCL DiatEx Used 

CZSY89 I I-Nov-91 4.66 -27 372 22 88 989 488 0 152 5.8 7.94 7.36 11.09 I0.51 Old 

RSY89 17-Dcc-93 6.39 108 7146 96 483 !057 7600 176 453 8.9 12.22 11.65 10.76 10.19 

CZNU0l 04-May-91 4.24 -75 783 94 375 218 879 I 637 19.6 3.04 2.31 1.97 1.24 

CZNU02 08-May-94 4.25 -61 754 85 275 166 850 2 215 25 1.68 0.95 1.12 0.39 Res 

RNU0l 08-May-94 7.74 732 397 35 409 !050 507 140 260 4.4 8.74 8.01 11.25 10.52 

CZHU15 13-Jun-92 4.37 -37 2124 51 486 677 2864 0 303 5.5 4.44 3.76 7.16 6.47 Old 

RHU15 30-Scp-93 7.73 707 3690 50 896 828 4273 5 422 7 5.66 4.97 8.51 7.83 

CZSK27 19-Nov-91 4.07 -I 12 515 26 198 410 639 22 697 1.6 3.86 1.68 4.11 1.94 

CZSK27 07-Jan-94 4.21 -68 350 21 107 181 384 7 361 3.6 0.08 -2.09 0.03 -2.14 

RSK27 07-Jan-94 4.13 -81 264 12 125 178 289 1 358 3.4 0.15 -2.03 0.01 -2.16 New 

CZSE20 22-May-91 4.82 -17 514 55 28 617 733 214 518 4.5 4.48 1.59 6.28 3.38 

CZSE20 07-Jan-94 5.44 12 517 51 212 336 587 82 361 7.2 1.73 -1.16 1.22 -1.67 Res 

RSE20 07-Jan-94 6.35 346 1060 79 591 972 1028 221 840 3.4 11.09 8.20 9.94 7.04 

CZNZ51 OI-May-91 3.81 -232 884 99 476 662 1134 0 1612 1.8 6.02 4.59 6.60 5.16 

CZNZ51 04-May-94 5.61 25 606 163 206 174 735 I 207 15 1.86 0.42 1.22 -0.21 Res 

RNZSI 04-May-94 4.1 -90 765 45 446 416 875 133 1117 3 4.40 2.97 4.08 2.65 

CZSE63 30-Apr-91 3.7 -267 568 106 336 719 876 3 1436 1.2 4.81 3.41 7.30 5.90 

CZSE63 09-Jan-94 4.02 -105 377 73 172 252 647 2 359 6.1 0.56 -0.84 0.57 -0.83 Res 

RSE63 09-Jan-94 3.56 -354 660 185 443 650 1087 7 1374 50 5.13 3.73 6.49 5.09 
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Table 6 continued 

S:impling Alk 2 Na K Mg Ca Cl NOJ SO4 TOC Site 
Sitccodc Date pH µcq/1 µcq/1 µeq/1 µcq/1 µc,1/1 µcq/1 µeq/1 µcq/1 mg/I HenCL HcnEx DiatCL DiatEx Used 

CRAN 15-May-92 3.68 -256 491 33 165 312 562 2 l013 2.86 2.01 3.10 2.24 Old 

RSU73 IO-Apr-94 8.03 2672 389 53 168 4246 538 124 881 4.8 33.89 33.03 44.96 44.IO 

CZNZ71 0I-May-91 4.16 -97 654 14 229 448 732 0 713 8.8 4.13 2.70 4.48 3.05 

RNZ71 04-May-94 6.83 500 497 15 321 581 528 8 284 2.5 5.83 4.41 5.10 3.67 New 

CZSK89 27-Sep-92 3.06 -16IO 809 219 3284 24130 680 28 38453 150.74 149.45 256.43 255.14 

RSK89 06-Jan-94 7.32 1636 524 87 1613 3306 1065 517 1653 12 25.74 24.45 34.75 33.46 New 

CZSU95 14-May-92 4.3 -60 629 78 258 758 799 0 1179 5.59 4.82 7.75 6.98 

CZSU95 09-Apr-94 4.65 -21 487 66 214 463 559 0 650 3.1 3.79 3.02 4.71 3.94 

RSU95 09-Apr-94 5.12 1 319 43 143 197 299 0 366 3.2 0.64 -0.13 0.13 -0.64 New 

PLIT 27-Aug-92 4.14 -80 236 192 249 273 275 0 910 1.5 4.05 1.47 2.80 0.22 

PLIT 12-Apr-94 4.36 -38 457 41 440 263 661 2 563 6 3.61 1.04 2.54 -0.04 

RSU98 12-Apr-94 7.62 908 1036 67 523 2180 1069 168 1444 5.2 16.59 14.01 22.77 20.19 New 

CZSE90 27-Scp-92 3.17 -1028 480 202 976 6810 701 2 10845 42.80 40.72 72.17 70.09 

CZSE90 06-Jan-94 4.32 -52 369 249 284 1176 614 2 1806 13 8.47 6.39 12.27 10.19 

RSE90 06-Jan-94 6.5 699 489 161 453 2343 805 21 1511 26 15.05 12.97 24.61 22.53 New 

CZTQOl 26-Scp-92 4.97 19 856 91 95 225 1034 3 119 75.8 2.12 1.32 2.31 1.51 Old 

RTOOl 10-A(!r-94 8.02 4036 499 55 190 5690 618 475 533 1.8 42.10 41.30 60.29 59.49 

Key: HenCL / HenEx Henriksen model critical load and excccclance for sulphur (keg/ha/yr) 
DiatCL / DiatEx Diatom model critical load and excecdancc for sulphur (keg/ha/yr) 
Site used New = new site subbed in, Old = old site/sample left in, Res = rcsamplc from old site subbed in to mapping dataset. 



C 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
n 

Gumpas Ponds (sitecode CZSW74), which had a pH of 2.88, a sulphate concentration of over 
18700 µeq1'1, and a calcium concentration of 1500 µeql' 1 (see Tables 1 and 6). The critical 
loads models abandon the F-factor where measured sulphate exceeds 500 µeqr 1 and use 
current measured base cations (Henriksen model) or calcium (diatom model) in critical load 
calculations, rather than estimated pre-industrial concentrations, to avoid deriving improbably 
low values (CLAG, 1994 ). This policy may be appropriate for high alkalinity lowland sites 
where high levels of sulphate coincide with correspondingly high levels of all base cations 
and anions, but fails to account for sites contaminated by catchment sources of strong acids, 
as in the above example. This site had a very high critical load despite its very low pH, and 
was completely inappropriate for critical loads mapping. It was visibly contaminated by 
adjacent spoil tips when revisited during the validation fieldwork, and as a result was not 
resampled to check whether the chemistry had changed. The site chosen to replace it in the 
mapping dataset (sitecode RSW74) has a much higher pH and lower, though still high, critical 
loads, but its chemistry is much more consistent with other sites in the region and there was 
no visible evidence of catchment pollution at the site. 

Four of the 10 new sites (including the example above) were substituted in despite having 
higher critical loads in one or both models than the samples from the original sites. Their 
sitecodes are RNJ45, RNX07, RNZ71 and RSU98 (Table 6). In these cases, the sample with 
the higher pH and alkalinity, consistent with other similar sites in the region, was selected in 
order to avoid generating spuriously low critical loads and exceedances. 

In 6 cases, new samples from the original rogue sites were found to show chemistry which 
no longer classified the site as a rogue under the definition provided in Section 2.1, while the 
proposed alternatives were found to be rogue sites. Five of these (sitecodes CZNS17, 
CZNU02, CZNZ51, CZSE20, CZSE63; 1994 samples in Table 6) also fulfilled the general 
site substitution criteria outlined in Section 4.1 above, and these new samples were substituted 
into the mapping dataset along with the 10 new sites. The sixth (CZNS95, 1994 sample) has 
a higher diatom model critical load than both the new site and the old sample from the 
original site, but is not classed as having rogue chemistry, and was substituted in on this 
basis. 

The remaining 5 cases (sitecodes CRAN, CZHU15, CZSN51, CZSY89, CZTQ0l) showed 
more inappropriate chemistry at both the new site and for the new sample from the original 
site, so the old rogue samples and sites were left in the mapping database. "Inappropriate 
chemistry" is used here to describe sites with very high levels of particular ions which are not 
of the same order of magnitude as similar sites in the region. These sites exemplify the 
difficulty in selecting sites for critical loads mapping in lowland areas where agricultural or 
other land-use practices may lead to catchment pollution. In some cases, the location of sites 
in chalk or limestone areas produces very large critical loads which have little numerical 
meaning, except to highlight areas which are completely insensitive to acid deposition. 
Despite these problems, which are issues of model applicability, the impacts for critical load 
mapping are not significant when sites fall into the least sensitive critical load class (>2 keq 
ha·• yf 1

) and are not exceeded by current deposition. 

The results of the rogue site substitution exercise are summarized in Table 7 below. 
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Table 7: Summary of rogue site substitutions 

Number of rogue sites identified for replacement 21 

Number of potential replacement sites sampled 21 
Number of original sites resampled 13 
Total number of new samples 34 

New sites/samples substituted into mapping dataset 10 
New samples from original sites substituted in 6 
Original sites/samples left in mapping dataset 5 
Total number of rogue site substitutions 16 

4.3 Substitution of "sensitivity study 11 sites 

The criteria outlined in section 4.1 were applied in order to decide which new sites were to 
be substituted into the mapping dataset. 

Sites which are "not in the most sensitive class" 

139 sites were identified as being "not in the most sensitive class" (NMS) by the desk study, 
and 139 proposed replacements were sampled as part of the validation programme (Table 4). 
Six of these were also classed as second choice sites but are omitted from the sitelist for that 
study (Table 5), and one was sampled in the within-square variability study (Section 5). 

Second choice replacements 

After taking into account the overlap with the "NMS" site study above, 58 new sites were 
sampled as potential replacements for second choice sites (Table 5). Four of these were 
sampled as part of the within-square variability study (Section 5). 

Since the two groups of sites described above both occur in grid squares which were not 
being represented by the most sensitive site as defined by the initial site selection criteria, the 
groups of sites were considered together as "sensitivity study" sites in order to determine 
which were to replace the original sites in the mapping dataset (Table 8). 

On the basis of the site substitution criteria in Section 4.1, 120 sites have been substituted into 
the mapping dataset, including 5 from the within-square variability study. 

Five exceptions to the general substitution criteria were made, relating to the sites which fell 
within both the sensitivity study and the within-square variability study (labelled • in Table 
8). Firstly. three of these five sites were substituted into the mapping dataset for reasons other 
than sensitivity. Two of the original sites, Llyn Glas (CZSH65) and Loch nan Learg 
(CZNB 11) were found during the site screening exercise to be smaller than the minimum size 
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Table 8: Sensitivity study sites (n=197) and selected replacements 

Sampling Replmt. Sampling 
Sitccode date Ty11e HenCL HenEx DiatCL DiatEx Sitccodc Dale Type HenCL HcnEx DiatCL DiatEx Subbed 

ARTH 01-Jan-0I L 4.54 3.58 2.98 2.03 SNX96 06-Oct-93 s 1.68 0.73 0.67 -0.28 y 

CNAM 19-May-90 L 0.47 -0.41 0.25 -0.64 SNG90 17-Nov-93 L 0.57 -0.31 0.15 -0.74 

CZNBll 05-May-90 L 0.00 -0.54 0.04 -0.49 SNBll 27-Oct-93 L 0.46 -0.08 0.30 -0.23 y• 

CZNll45 06-May-90 L 2.70 2.31 0.84 0.44 SND45 27-Oct-93 L 0.14 -0.25 0.16 -0.24 y 

CZNClO l6-May-90 L 0.02 -0.42 0.08 -0.36 SNCIO 22-Oct-93 L 0.97 0.54 0.71 0.27 

CZNCI2 l7-May-90 L 2.00 1.63 1.78 1.41 SNC12 23-0cl-93 L 2.45 2.08 1.77 1.39 

CZNC13 l7-May-90 L 1.97 1.60 1.50 1.13 SNC13 22-Oct-93 L 2.69 2.32 1.35 0.98 

CZNC21 17-May-90 L 1.35 0.76 0.87 0.29 SNC21 23-Oct-93 L 0.43 -0.15 0.16 -0.42 y 

CZNC23 17-May-90 L 2.02 1.28 1.04 0.30 SNC23 24-Oct-93 L 0.10 -0.64 0.10 -0.64 y 

CZNC33 22-May-90 L 5.25 4.51 2.26 1.52 SNC33 21-Oct-93 L 0.73 0.00 0.42 -0.31 y 

CZNC35 23-May-90 L 0.77 0.06 0.45 -0.27 SNC35 20-Oct-93 L 0.11 -0.60 0.06 -0.65 y 

CZNC42 22-May-90 L 0.83 0.21 0.63 0.01 SNC42 21-Oct-93 L 0.53 -0.10 0.26 -0.36 y 

CZNCSO 22-May-90 s 8.21 7.80 6.08 5.66 SNCSO 19-Oct-93 L 0.28 -0.13 0.16 -0.25 y 

CZNC52 24-May-90 L 0.91 0.29 0.67 0.05 SNC52 l9-Ocl-93 L 0.51 -0.11 0.15 -0.47 y 

CZNC54 24-May-90 L 1.71 1.09 1.27 0.65 NCCS36 l8-Oct-93 L 0.80 0.18 0.34 -0.28 y 

CZNC84 30-May-90 L 0.17 -0.34 0.21 -0.31 SNC84 16-Oct-93 L 0.17 -0.34 0.20 -0.32 y 

CZNC92 29-May-90 s 5.86 5.37 3.74 3.24 SNC92 12-Oct-93 L 0.32 -0.18 0.15 -0.35 y 

CZNC96 30-May-90 L 0.25 -0.05 0.19 -0.11 SNC96 16-Oct-93 s 0.44 0.14 0.47 0.17 

CZNDOS 29-May-90 L 8.56 8.02 7.67 7.14 SNDOS 16-Oct-93 s 0.07 -0.47 0.01 -0.52 y 

CZND14 29-May-90 L 12.08 11.54 11.96 11.43 SND14 17-Oct-93 s 1.20 0.67 0.93 0.39 y 

CZNG73 14-May-90 L 2.53 2.00 1.56 1.03 SNG73 07-Nov-93 L 2.99 2.46 I.I I 0.58 

CZNH32 0I-Jun-90 L 3.50 3.05 2.26 1.81 SNH32 08-Nov-93 L 0.61 0.16 0.40 -0.04 y 

CZNH33 31-May-90 L 16.68 16.23 10.30 9.86 SNHJJ IO-Nov-93 L 1.07 0.63 0.56 0.12 y 

CZNH34 31-May-90 L 1.62 1.15 1.10 0.63 SNH34 09-Nov-93 L 1.18 0.71 0.52 0.05 y 

CZNH40 07-Oct-90 L 1.84 1.33 1.42 0.91 SNH40 I l-Nov-93 L 0.89 0.38 0.57 0.06 y 

CZNH42 0I-Jun-90 L 1.70 1.39 1.85 1.53· SNH42 08-Nov-93 L 1.43 1.12 1.34 1.03 y 

CZNH44 3I-Mav-90 L 1.22 0 .97 1.60 1.34 SNH44 09-Nov-93 L 0.78 0.52 1.01 0.75 y 
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Table 8 continued 

Sampling Rcplmt. Sampling 
Silccodc date Type HenCL HenEx DiatCL DiatEx Sitecode Date Type HenCL HenEx DialCL DiatEx Subbed 

CZNHSl 07-Oct-90 L 2.24 1.73 1.50 0.99 SNHSl l 1-Nov-93 L 1.21 0.70 0.50 -0.01 y 

CZNH81 08-Oct-90 L 1.91 1.48 2.29 1.86 SNH81 06-Nov-93 L 0.50 0.08 0.35 -0.08 y 

CZNH82 08-Ocl-90 s 1.82 1.46 2.00 1.63 SNH82 06-Nov-93 L 0.69 0.32 0.47 0.11 y 

CZNJ20 20-May-90 L 7.22 6.64 6.83 6.25 SNJ20 16-May-94 s 9.44 8.86 10.34 9.76 

CZNJ22 08-Oct-90 s 28.20 27.64 30.83 30.27 SNJ22 16-May-94 L 1.93 1.37 1.04 0.47 y 

CZNJ42 08-Oct-90 s 4.31 3.73 4.71 4.13 SNJ42 14-May-94 s 2.59 2.01 1.45 0.87 y 

CZNJ43 03-Oct-90 s 5.52 4.94 3.66 3.07 SNJ43 14-May-94 s 15.39 14.81 14.96 14.38 

CZNJSl 03-Jun-90 s 1.87 1.31 1.68 1.12 SNJ51 14-May-94 s 3.80 3.24 3.45 2.89 

CZNJ61 03-Jun-90 s 6.34 5.75 4.93 4.33 SNJ61 13-May-94 s 2.76 2.17 2.07 1.48 y 

CZNJ64 0l-Oct-90 s 6.97 6.45 8.58 8.06 SNJ64 14-May-94 s 10.33 9.80 10.65 10.12 . 
CZNJ65 02-Oct-90 s 6.09 5.56 7.05 6.52 SNJ65 14-May-94 L 2.54 2.02 1.91 1.39 y 

CZNM62 22-Aug-91 L 1.19 0.22 0.49 -0.48 SNM62 18-Nov-93 s 4.80 3.83 1.54 0.58 

CZNM66 22-May-90 L 1.66 0.89 0.95 0.18 SNM66 19-Nov-93 L 4.36 3.58 1.43 0.66 

CZNM67 2I-May-90 L 1.68 0.91 0.96 0.19 SNM67 16-Nov-93 L 3.20 2.43 I.II 0.34 

CZNM77 22-May-90 L 1.02 0.25 0.56 -0.21 SNM77 16-Nov-93 L 1.96 1.18 0.56 -0.21 

CZNM79 20-May-90 L 9.39 8.80 1.27 0.68 SNM79 17-Nov-93 L 1.79 1.20 0.66 0.07 y 

CZNM80 20-May-90 L 7.48 6.27 3.81 2.60 SNM80 26-Nov-93 s 15.04 13.83 5.38 4.17 

CZNM86 23-May-90 L 3.69 2.56 1.18 0.06 SNM86 18-Nov-93 L 3.19 2.06 0.84 -0.28 y 

CZNM88 20-May-90 L 1.43 0.42 0.33 -0.69 SNM88 16-Nov-93 L 1.67 0.65 0.38 -0.64 

CZNM90 21-May-90 L 5.71 4.50 2.94 1.73 SNM90 23-May-94 L 2.59 1.38 1.03 -0.18 y 

CZNNOO 30-Scp-90 L 2.61 1.18 1.27 -0.15 SNNOO 23-May-94 L 11.60 IO.IS 3.92 2.50 

CZNN04 22-May-90 L 1.69 0.42 0.74 -0.54 SNN04 l5-Nov-93 L 1.37 0.09 0.26 -1.01 y 

CZNNOS 06-Jun-90 s 1.69 0.42 0.61 -0.67 VNN0506 28-May-94 L 1.07 -0.20 0.38 -0.90 y• 

CZNN07 24-May-90 s 8.46 7.52 3.36 2.42 SNN07 14-Nov-93 L 2.03 1.09 0.66 -0.28 y 

CZNN16 24-May-90 s 2.16 1.22 1.03 0.08 SNN16 15-Nov-93 L 1.44 0.50 0.35 -0.59 y 

CZNN18 08-Oct-90 s 3.32 2.51 1.48 0.6'f SNN18 l4-Nov-93 L 3.18 2.38 0.82 0.02 y 

CZNN21 05-Dcc-90 L 1.15 -0 .74 0.47 -1.42 VNN2102 25-Mav-94 L 1.58 -1 .31 0.26 -1.62 y• 
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Table 8 continued 

Sampling Rcplmt. Sampling 
Silecodc date Type HcnCL HcnEx DiatCL DlatEx Sitccodc Date Type HenCL HcnEx DiatCL DialEx Subbed 

CZNN44 06-Ocl-90 s 2.49 1.62 1.33 0.46 SNN44 23-Nov-93 L 2.90 2.03 1.15 0.28 

CZNN53 03-0ct-90 s 4.42 3.22 2.01 0.81 SNN53 24-Nov-93 L 1.49 0.29 0.61 -0.59 y 

CZNN59 08-Ocl-90 L 1.09 0.51 0.73 0.15 SNN59 12-Nov-93 L 1.95 1.37 0.88 0.30 

CZNN72 04-Ocl-90 s 4.35 3.41 2.75 1.81 SNN72 24-Nov-93 L 4.86 3.92 2.58 1.63 

CZNN74 06-Ocl•90 s 2.65 1.99 2.20 1.54 SNN74 23-Nov-93 L 2.80 2.14 2.15 1.49 

CZNO03 12-Aug-91 A 3.19 2.67 2.80 2.27 SNO03 17-May-94 s 6.79 6.26 6.20 5.67 

CZN018 25-Aug-90 L 1.41 0.75 0.80 0.14 SN018 12-May-94 s 1.57 0.92 0.85 0.19 

CZNO66 29-May-90 s 20.50 19.86 25.97 25.33 SNO66 13-May-94 L 34.05 33.41 42.09 41.46 

CZNR35 14-May-90 L 3.08 2.47 3.09 2.48 SNR35 27-Nov-93 L 0.59 -0.02 0.35 -0.26 y 

CZNR36 17-May-90 L 1.44 0.84 1.17 0.56 SNR36 27-Nov-93 L 0.62 0.02 0.21 -0.39 y 

CZNR37 17-May-90 s 4.99 4.38 4.67 4.07 SNR37 27-Nov-93 L 1.16 0.55 0.31 -0.29 y 

CZNR47 15-May-90 L 1.31 0.54 1.01 0.25 SNR47 28-Nov-93 L 0.86 0.10 0.15 -0.61 y 

CZNR58 15-May-90 L 0.46 -0.10 0.52 -0.05 SNR58 28-Nov-93 L 1.47 0.90 0.34 -0.23 

CZNR61 12-May-90 L 7.12 6.34 5.16 4.39 SNR61 25-Nov-93 s 4.20 3.42 2.50 1.72 y 

CZNR68 16-May-90 L 0.88 0.00 0.66 -0.23 SNR68 28-Nov-93 L 0.75 ·0.14 0.09 -0.79 y 

CZNR75 18-May-90 L 1.22 0.52 1.20 0.50 SNR75 25-Nov-93 L 1.22 0.51 0.73 0.03 y 

CZNR79 20-May-90 L 8.83 7.95 6.05 5.17 SNR79 26-Nov-93 L 9.15 8.27 5.06 4.18 

CZNR86 19-May-90 L 2.07 1.07 1.48 0.47 SNR86 26-Nov-93 L 2.03 1.03 0.63 -0.37 y 

CZNR89 20-May-90 L 16.76 15.59 8.98 7.80 SNR89 23-May-94 s 14.47 13.30 6.90 5.73 y 

CZNR97 29-Scp-90 A 2.10 1.10 1.50 0.49 SNR97 24-May-94 A 3.89 2.88 1.87 0.86 

CZNR99 20-May-90 L 10.87 9.70 5.27 4.10 SNR99 23-May-94 L 4.02 2.85 2.07 0.90 y 

CZNS06 29-Scp-90 L 20.64 19.63 12.19 I 1.18 SNS06 24-May-94 s 7.79 6.77 3.77 2.76 y 

CZNS07 29-Scp-90 s 2.93 1.92 2.10 1.09 SNS07 24-May-94 L 1.55 0.53 0.80 -0.21 y 

CZNS09 30-Scp-90 s 8.70 7.15 4.06 2.51 SNS09 23-May-94 L 5.15 4.20 2.06 0.51 y 

CZNSJS 06-Ocl-90 L 10.95 9.37 5.62 4.04 SNS35 17-May-94 s 17.21 15.63 7.87 6.29 .. 
CZNS40 04-Dcc-90 L 4.51 3.54 2.74 1.77 SNS40 I0-May-94 s 6.54 5.56 3.52 2.54 

CZNS42 06-Oct-90 A 28.09 26.97 18.73 17.61 SNS42 I0-Mav-94 s 26 86 25 .74 16 31 15.19 y 
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Table 8 continued 

Sampling 
Silccode dale Type HenCL HcnEx DialCL DialEx 

CZNS49 24-May-90 s 1.00 -0.09 0.70 -0.39 

CZNSS7 21-Sep-90 L 10.58 8.60 8.60 6.62 

CZNS72 01-Oct-90 L 41.45 40.51 23.63 22.69 

CZNS91 IO-Oct-90 A 6.63 5.53 3.63 2.53 

CZNS99 09-Oct-90 s 23.18 21.59 16.54 14.95 

CZNT34 30-Scp-90 s 9.08 8.28 7.18 6.37 

CZNT41 0I-Oct-90 L 18.08 17.17 16.44 15.53 

CZNT43 29-Scp-90 A 8.93 8.21 8.10 7.38 

CZNT45 30-Scp-90 L 2.92 2.IO 1.52 0.70 

CZNTIO 04-May-91 s 27.64 26.55 19.68 18.58 

CZNT71 04-May-91 L II.OS 9.98 9.00 7.91 

CZNT80 06-May-91 A 1.33 0.19 0.86 -0.28 

CZNT81 04-May-91 A 10.10 8.97 7.71 6.58 

CZNT82 04-May-91 L 19.27 18.45 21.39 20.57 

CZNT90 06-May-91 L 0.50 -0.64 0.37 -0.76 

CZNX06 18-Feb-90 L 16.54 15.56 11.93 10.95 

CZNX18 18-Fcb-90 L 1.52 0.84 1.20 0.52 

CZNX27 24-Nov-90 L 0.61 -0.47 0.44 -0.64 

CZNX29 18-Fcb-90 A 9.17 7.92 5.39 4.14 

CZNX46 19-Fcb-90 L 10.99 9.59 5.49 4.09 

CZNXSS 07-Fcb-90 L 13.05 12.19 10.31 9.46 

CZNX57 03-Dcc-90 L 2.34 0.94 1.31 -0.09 

CZNX65 07-Fcb-90 L 12.13 11.19 9.14 8.20 

CZNX67 03-Dcc-90 L 8.33 7.25 5.46 4.39 

CZNX75 20-Nov-90 L 8.99 8.04 6.43 5.49 

CZNX87 20-Nov-90 L 29.61 28.66 21.01 20.05 

CZNX88 04-Dcc-90 L 10.87 9.92 6.90 5.94 

t=] c:::i c::::J C=::J c:::J 

Rcplml. Sampling 
Silccodc Date Type HcnCL 

SNS49 18-May-94 s 2.30 

SNSS7 18-May-94 L 1.53 

SNS72 10-May-94 s 27.58 

SNS91 10-May-94 s 8.99 

SNS99 17-May-94 s 10.39 

SNT34 09-May-94 s 9.73 

SNT41 08-May-94 s 25.78 

SNT43 09-May-94 s 9.74 

SNT45 09-May-94 s 21.72 

SNTIO 08-May-94 s 8.60 

SNT71 07-May-94 s 22.56 

SNT80 07-May-94 s 9.74 

SNT81 07-May-94 s 6.85 

SNT82 08-May-94 s 10.58 

SNT90 07-May-94 s 14.22 

SNX06 03-Oct-93 s 2.80 

SNX18 03-Oct-93 s 2.19 

SNX27 05-Oct-93 s 2.51 

SNX29 03-Oct-93 L 0.40 

SNX46 08-Oct-93 s 1.12 

SNXSS 08-Oct-93 s 15.96 

SNX57 08-Oct-93 s 1.12 

SNX65 09-Ocl-93 s 9.19 

SNX67 08-Oct-93 s 0.60 

SNX75 09-Oct-93 s 1.64 

SNX87 06-Oct-93 A 5.29 

SNX88 07-Oct-93 s 3.89 

c::J CJ 

HenEx DiatCL 

1.21 1.00 

-0.44 0.79 

26.64 19.22 

7.88 4.39 

8.80 8.82 

8.93 6.74 

24.87 22.00 

9.02 8.72 

20.90 17.75 

7.51 5.69 

21.47 15.44 

8.61 8.91 

5.71 4.87 

9.11 9.25 

13.09 9.99 

1.82 0.72 

1.51 0.63 

1.44 0.62 

-0.85 0.11 

-0.28 0.31 

15.11 10.09 

-0.29 0.33 

8.24 6.31 

-0.48 0.27 

0.69 0.95 

4.33 2.81 

2.94 I.SO 

c:::i 

DlatEx 

-0.09 

-1.18 

18.28 

3.29 

7.23 

5.94 

21.09 

7.99 

16.92 

4.60 

14.35 

7.77 

3.73 

8.43 

8.85 

-0.26 

-0.05 

-0.45 

-1.13 

-1.09 

9.24 

-1.07 

5.36 

-0.80 

0.00 

1.85 

0.84 

CJ 

Subbed 

y 

y 

y 

y 

y 

y 

y 

y 

y 

y 

y 

y 

y 

y 

y 

~ r--
1, 
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Table 8 continued 

Sampling Rcplml. Sampling 

Sitccodc dale Type HenCL HenEx DialCL DialEx Silccode Dale Type HenCL HenEx DialCL DiatEx Subbed 

CZNX89 06-Fcb-90 L 8.75 7.80 4.84 3.89 SNX89 06-Oct-93 s 8.21 7.26 4.42 3.47 y 

CZNX97 22-Nov-90 L 6.82 5.87 4.78 3.82 SNX97 06-Oct-93 s 48.04 47.09 33.73 32.77 

CZNX99 06-Fcb-90 L 3.04 2.09 1.78 0.83 SNX99 06-0cl-93 s 3.44 2.49 1.53 0.58 

CZNYOO 15-May-91 A 27.58 25.94 14.90 13.26 SNYOO 03-Mar-94 s 3.54 1.90 1.48 -0.16 y 

CZNY08 04-Oct-90 A 30.47 29.57 21.25 20.36 SNY08 06-Oct-93 s 16.09 15.19 9.64 8.75 y 

CZNY21 14-May-9I L 0.64 -2.01 0.33 -2.32 SNY21 06-May-94 s 2.11 -0.55 0.46 -2.20 

CZNY40 19-May-9I L 12.99 11.06 6.04 4.12 SNY40 06-May-94 s 4.83 2.90 1.74 -0.18 y 

CZNY42 13-May-9I A 3.18 2.13 2.96 1.91 SNY42 06-May-94 s 14.84 13.79 13.44 12.39 

CZNY62 18-May-91 L 37.12 35.78 26.20 24.86 SNY62 05-May-94 s 21.65 20.31 12.29 10.95 y 

CZNY82 18-May-91 L 0.75 -0.70 0.54 -0.90 SNY82 05-May-94 s 8.98 7.53 5.24 3.80 

CZNY91 I l-May-91 L 0.42 -1.02 0.32 -1.13 SNY91 05-May-94 s 0.20 -1.24 0.21 -1.23 y 

CZNY94 06-Scp-92 s 3.20 2.02 2.56 1.39 SNY94 05-May-94 A 0.46 -0.72 0.36 -0.82 y 

CZNY95 08-May-9I L 10.96 9.78 8.48 7.31 SNY9S 05-May-94 s 1.60 0.43 0.80 -0.37 y 

CZNY99 06-May-91 s 13.02 11.95 13.48 12.41 SNY99 07-May-94 s 0.27 -0.81 0.22 -0.85 y 

CZNZ02 13-May-9I s 9.08 8.08 7.73 6.74 SNZOZ 05-May-94 s 2.02 1.02 1.61 0.61 y 

CZNZ09 06-May-91 L 0.49 -0.47 0.59 -0.37 SNZ09 07-May-94 s 0.35 -0.61 0.38 -0.58 y 

CZNZlO l1-May-91 A 17.44 16.39 19.16 18.11 SNZlO 04-May-94 s 12.16 11.11 12.21 11.16 y 

CZSD28 l5-May-91 L 7.39 5.61 4.11 2.33 SSD28 03-Mar-94 A 16.90 15.11 7.80 6.01 

CZSD54 05-May-91 L 0.38 -1.03 0.33 -1.08 SSDS4 01-May-94 s 2.53 I. I 2 1.15 -0.26 

CZSDSS 05-May-91 A 1.23 -0.18 0.63 -0.78 SSDSS 01-May-94 s 1.05 -0.36 0.48 -0.93 y 

CZSD56 14-May-91 A 18.40 17.12 16.03 14.74 SSD56 01-May-94 s 2.55 1.26 1.33 0.05 y 

CZSD61 l8-Nov-91 A 0.00 -2.57 0.09 -2.49 SSD61 11-Jan-94 s 0.62 -1.96 0.36 -2.22 

CZSD64 05-May-91 s 22.17 20.15 14.13 12.11 SSD64 01-May-94 s 5.33 3.31 2.23 0.21 y 

CZSD66 20-May-91 s 11.24 9.59 6.79 5.15 SSD66 0l-May-94 s 0.78 -0.86 0.31 -1.33 y 

CZSD68 20-May-91 L 3.12 1.32 2.09 0.29 SSD68 02-May-94 s 7.64 5.84 3.70 1.89 

CZSD71 18-Nov-91 A 3.64 1.07 3.45 0.87. SSD7l 11-Jan-94 s 0.70 -1.88 0.24 -2.33 y 

CZSD74 05-Mav-91 L 0.32 -1.70 0.23 -1.79 SSD74 30-Anr-94 s 1.35 -0.67 0.44 -1.58 
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Table 8 continued 

Samplin~ Rcplml. Samplin~ 
Silccudc chi le 'J'y1>c llcnCL llcnEx UialCL Uiamx Silccoclc Date Type llcuCL llc11Ex DialCL DialEx Subbccl 

CZSD89 21-May-91 L 0.34 -1.46 0.31 -1.50 SSD89 02-May-94 s 10.84 9.03 6.09 4.28 

CZSD97 28-Apr-91 L 0.74 -1.15 0.28 -1.61 SSD97 03-May-94 s 22.62 20.73 12.89 11.00 

CZSE18 28-Apr-91 A 26.89 25.60 29.01 27.72 SSE18 02-May-94 s 4.38 3.09 2.44 1.15 y 

CZSE58 30-Apr-91 L 3.66 2.34 4.86 3.53 SSE58 03-May-94 s 34.80 33.47 47.70 46.37 

CZSE59 30-Apr-91 L 20.70 19.38 28.76 27.43 SSE59 04-May-94 s 15.70 14.38 21.61 20.28 y 

CZSE79 02-May-91 A 15.33 13.86 18.50 17.03 SSE79 04-May-94 s 0.05 -1.43 0.06 -1.42 y 

CZSH65 25-May-91 L 4.21 2.00 1.55 -0.66 AR26A 23-Apr-94 L 2.08 -0.13 0.66 -1.55 y• 

CZSH70 29-May-91 A 3.02 1.74 1.40 0.12 SSH70 19-Apr-94 s 1.92 0.64 0.86 -0.42 y 

CZSHSS 23-May-91 L 0.73 -0.68 0.29 -1.12 SSH85 24-Apr-94 s 7.13 5.72 3.96 2.55 

CZSH90 28-May-9I L 1.71 0.26 0.78 -0.67 SSH90 18-Apr-94 s 6.47 5.01 2.07 0.62 

CZSH96 23-May-91 s 4.18 3.22 3.69 2.72 SSH96 24-Apr-94 s 10.38 9.42 8.48 7.52 

CZSH97 24-May-91 A 11.95 10.99 11.45 10.48 SSH97 24-Apr-94 s 7.65 6.69 5.16 4.79 y 

CZSJll 28-May-91 L 18.48 17.43 13.59 12.54 SSJll 18-Apr-94 s 15.28 14.23 11.14 10.08 y 

CZSJ40 21-Nov-9I L 21.77 20.91 29.93 29.07 SSJ40 18-Apr-94 s 6.39 5.53 7.39 6.53 y 

CZSJ96 19-Nov-91 L 17.23 15.61 18.56 16.94 SSJ96 10-Jan-94 s 4.30 2.68 2.42 0.80 y 

CZSJ97 19-Nov-91 A 5.13 3.51 5.11 3.49 SSJ97 10-Jan-94 s 2.95 1.33 1.36 -0.26 y 

CZSKOS 02-Oct-92 s 38.87 36.33 44.31 41.77 SSKOS IO-Jan-94 s 1 I.OJ 8.47 11.28 8.73 y 

CZSK18 30-Apr-91 A 87.88 84.84 55.18 52.13 SSK18 07-Jan-94 s 2.19 -0.85 0.40 -2.65 y 

CZSK29 29-Apr-91 A 1.06 -1.94 0.15 -2.85 SSK29 07-Jan-94 s 0.30 -2.70 0.21 -2.79 

CZSN13 0I-Jun-91 s 12.20 11.44 8.84 8.08 SSN13 14-Apr-94 s 6.25 5.49 3.34 2.59 y 

CZSN45 l l-Scp-91 L 4.73 4.00 0.87 0.14 SSN45 15-Apr-94 s 6.01 5.28 3.07 2.34 

CZSNS2 IO-Scp-91 s 3.69 2.80 0.96 0.08 SSNS2 14-Apr-94 s 4.27 3.38 2.34 1.46 

CZSN54 11-Scp-91 L 9.71 8.98 3.17 2.44 SSNS4 14-Apr-94 s 3.14 2.41 1.89 1.16 y 

CZSNS6 0I-Jun-91 s 9.58 9.02 10.20 9.64 SSNS6 15-Apr-94 s 4.01 3.45 3.19 2.63 y 

CZSN63 09-Scp-91 L 9.94 9.05 6.96 6.06 SSN63 14-Apr-94 s 3.59 2.69 1.97 1.08 y 

CZSN72 09-Scp-91 L 13.19 12.29 8.75 7.85 SSN72 14-Apr-94 s 4.00 3.10 1.90 1.01 y 

CZSN79 28-Mav-91 A 0,44 -0.60 0.35 -0.70 SSN79 18-Anr-94 s 1.64 0.59 0.49 -0.55 
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Table 8 continued 

Sampling Replmt. Sampling 
Sitecode date Type HenCL HenEx DiatCL DialEx Sitecodc Date Type HcnCL HenEx DialCL DialEx Subbed 

CZSN95 08-Scp-91 L 11.04 9.89 6.57 5.42 SSN9S 16-Apr-94 s 2.03 0.89 0.73 -0.42 y 

CZSN96 31-May-91 L 1.69 0.48 1.09 -0.12 SSN96 16-Apr-94 s 2.02 0.81 0.76 -0.45 

czsooo 06-Scp-91 A 1.13 -0.24 0.79 -0.57 ssooo 13-Apr-94 s 1.43 0.06 0.40 -0.97 

czsoos 1 l-Jun-92 A 9.80 8.93 8.36 7.48 ssoos 16-Apr-94 s 17.93 17.05 15.91 15.03 

czsoos 30-May-91 L 0.30 -0.59 0.24 -0.65 ssoos 17-Apr-94 s 5.82 4.93 4.05 3.16 

CZSO12 07-Scp-91 L 33.98 33.02 31.30 30.34 SS012 13-Apr-94 s 16.56 15.59 14.68 13.72 y 

CZS018 30-May-91 s 18.16 17.27 17.59 16.71 SSOI8 17-Apr-94 s 6.00 5.11 3.62 2.73 y 

CZSO26 11-Jun-92 L 11.61 10.68 12.91 11.99 SSO26 16-Apr-94 s 24.38 23.46 26.34 25.41 

CZSO28 I 1-Jun-92 s 13.78 12.91 16.54 15.67 SSO28 17-Apr-94 s 15.10 14.23 18.41 17.54 

CZS030 06-Scp-91 s 28.19 27.13 25.32 24.26 SSO30 13-Apr-94 s 15.10 14.05 13.57 12.52 y -
CZSO34 I l-Jun-92 L 11.04 10.27 13.20 12.42 SSO34 16-Apr-94 s 38.99 38.21 50.17 49.39 

CZSO37 21-Nov-91 L 6.73 5.80 6.74 5.81 SSO37 16-Apr-94 s 17.20 16.27 17.41 16.48 

CZSO39 21-Nov-91 L 6.57 5.70 5.41 4.55 SSO39 17-Apr-94 s 5.00 4.13 4.85 3.98 y 

CZSOS1 22-Nov-91 L 37.71 36.88 48.60 47.77 SSOS1 17-Apr-94 s 15.97 15.14 21.38 20.55 y 

CZSO61 28-Scp-92 L 36.45 35.62 31.71 30.88 SSO61 13-Apr-94 L 4.86 4.03 3.27 2.44 y 

CZSO67 22-Nov-91 L 24.46 23.55 33.98 33.08 SSO67 17-Apr-94 s 17.51 16.60 16.38 15.47 y 

CZSO68 22-Nov-91 A 29.84 28.88 38.32 37.35 SSO68 17-Apr-94 s 22.69 21.73 30.80 29.83 y 

CZSS88 02-Jun-91 s 11.26 9.97 5.03 3.75 SSS88 14-Apr-94 s 1.10 -0.19 0.32 -0.97 y 

CZST09 02-Jun-91 A 6.66 5.49 2.90 1.72 SST09 13-Apr-94 s 8.74 7.56 1.82 0.64 

CZST19 05-Scp-91 s 74.95 73.77 34.00 32.82 SST19 13-Apr-94 s 13.10 11.92 4.88 3.70 y 

CZST21 0I-Scp-92 s 45.73 45.16 51.13 50.56 SST21 17-Dcc-93 A 14.09 13.52 16.83 16.26 y 

CZST29 05-Scp-91 A 23.67 22.70 14.66 13.69 SST29 13-Apr-94 A 0.51 -0.46 0.31 -0.67 y 

CZST84 27-Scp-92 s 41.06 40.40 58.07 57.41 SST84 17-Dcc-93 A 16.08 15.43 23.87 23.22 y 

CZSX59 15-Apr-92 A 0.58 -0.17 0.32 -0.43 SSX59 16-Dcc-93 s 1.43 0.68 0.85 0.10 

CZSX67 16-Apr-92 A 0.57 -0.37 0.25 -0.69 .. SSX67 14-Dcc-93 s 2.73 1.79 1.58 0.64 

CZSX68 15-Apr-92 s 0.63 -0.IO 0.38 -0.35 SSX68 IS-Dcc-93 s 0.29 -0.44 0.23 -0.50 y 

DEVOKE 15-Mav-91 L 0.91 -0.22 0.96 -0.17 SSD19 03-Mar-94 s 1.46 0.33 0.71 -0.41 
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Table 8 continued 

Sampling 
Silccodc dale Type HcnCL HcnEx DialCL 

HHHH I 1-Scp-89 L 3.53 2.75 3.15 

HOWi 27-Nov-90 L 1.87 0.64 1.21 

POLI 13-Aug-89 L 8.40 7.81 9.95 

RUSK 21-Aug-91 L 4.27 3.20 2.93 

SAUG 12-Aug-90 L 5.02 4.39 4.35 

SKE OI-Jan-01 L 1.21 0.13 0.59 

SMUR 23-Jun-86 L 0.70 -0.1 I 0.47 

STOM 20-AUll-89 L 6.95 6.37 6.36 

Key: 

HenCL / Hen Ex Henriksen model critical load/ excccdancc (kC{l/ha/yr) 
DiatCL / DiatEx Diatom model critical load / cxcccdancc (keg/ha/yr) 

Type 

Subbed 

L = lake 
A = Artificial 
S = Stream 

Y = new site substituted into dataset 

CJ r=:i 

ReplmL 
DialEx Silecode 

2.37 SNO69 

-0.02 SNX68 

9.36 SNJ70 

1.85 SNN60 

3.71 SNO67 

-0.49 WHIN 
-0.35 VNN4601 

5.79 SN014 

• denotes within-square variability study sites; different substitution criteria 

c::J c:J [:=:J r:-J CJ C'"J [7 i=:i ·::-7 ,--

Sampling 
Dale Type HenCL HcnEx DiatCL DiatEx Subbed 

13-May-94 s 8.56 7.79 7.63 6.85 

04-Ocl-93 s 4.05 2.82 1.45 0.22 

13-May-94 s 0.99 0.39 0.56 -0.03 y 

17-May-94 s 12.85 11.78 6.96 5.89 

13-May-94 s 3.65 3.01 2.94 2.30 y 

09-Ocl-93 A 6.15 5.08 3.97 2.90 

21-Nov-93 L 1.08 0.27 0.39 -0.42 y• 

12-Mav-94 s 4.18 3.61 2.77 2.20 y 
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of 0.5 hectares specified in the site selection criteria (Section 1). They were therefore 
automatically replaced by the alternative "most sensitive" sites identified in the sensitivity 
study. These new sites were then used for the comparative exercise in the within-square 
variability study (Section 5). The replacement site for Llyn Glas (Llyn y Cwn, sitecode 
AR26A) was found to be more sensitive, while the replacement for Loch nan Learg (Loch 
Stuladale, SNB 11) was less sensitive than the original site, but was still substituted in for 
mapping on the basis of size. 

A third site, "Allt Kentallen" (CZNN05), was a stream site occurring in a less sensitive part 
of the grid square than alternative lake sites. This site therefore did not meet the criterion of 
using lake sites for mapping where they existed within the most sensitive part of a square 
(Section 1), and so was automatically replaced within the mapping dataset by the most 
sensitive lake identified using the standard site selection criteria. In this case, as for the two 
undersized sites described above, the original mapping site was not resampled during the 
within-square variability study so the replacement was used for comparative work within the 
grid square. 

For the remaining 2 sites sampled during the within-square variability study, contemporary 
chemistry data were available for all the other sites within their respective grid squares . It was 
therefore possible to compare the critical loads for the original site and the proposed new site, 
which had been calculated using contemporary chemistry. This was not possible for any of 
the other I 95 sites in the sensitivity study because resources were not available to take 
contemporary samples from the original mapping sites to compare with all the new proposed 
sites (see discussion below). In both cases, the proposed new site turned out to be more 
sensitive than the original site according to the contemporary chemical data, and was therefore 
substituted into the mapping dataset. 

The final figures for site substitutions within the sensitivity study are summarized in Table 
9 below. 

Table 9: Summary of site substitutions from sensitivity study 

Number of sites which are "not in the most sensitive class" (NMS) 139 
Number of "second choice" sites 58 
Total number of sensitivity study sites 197 

Number of NMS sites replaced in mapping dataset 79 
Number of second class sites replaced in mapping dataset 41 
Total number of site substitutions in sensitivity study 120 
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4.4 Final mapping dataset 

The product of the rogue site and sensitivity studies described above was a list of sites for 
which more appropriate replacements existed for critical loads mapping. By applying the site 
substitution criteria described in Section 4.1 above and replacing the original sites with new 
ones where the criteria were met, it was possible to generate a new list of screened mapping 
sites. This new mapping dataset was screened to ensure, as far as possible within the resource 
constraints of the mapping programme, that the most appropriate sites had been selected 
which met the predefined aims of mapping critical loads at the most sensitive sites within 
each mapping unit. The screened maps of critical loads should therefore show the values for 
critical loads at the most sensitive site within each of the 1573 10km grid squares sampled 
across the UK, as defined by the selection criteria employed. The screened maps are the best 
available representation of minimum critical loads across the UK, assembled with stringently 
applied methods. The actual success rate of these methods in identifying the most sensitive 
sites has been quantified in the within-square variability study in Section 5. 

The changes to the original "draft" mapping dataset are described in Tables 10 - 12 below. 
The new mapping dataset was finalised in early 1994 and replaced the draft mapping dataset 
in the summer of that year. The new dataset was used as the basis of the within-square 
variability study described in Section 5. 

Table 10: Substitutions into mapping dataset under site screening programme 

Number of sites (in 10km grid squares) in mapping dataset 1573 

Number of new sites identified for possible replacement 218 
Number of original rogue sites revisited 13 
Total number of sites sampled in screening programme 231 

Number of sites substituted using general criteria 121 
Number of sites substituted on an individual basis 9 
Number of new samples from original sites substituted 6 
Total number of substitutions in mapping dataset 136 

The substitution of 130 sites in the mapping dataset has resulted in changes to the different 
types of sites for mapping. The change in emphasis from mapping the most sensitive lakes 
to mapping the most sensitive sites, with preference for lakes where present (Section 3.1) has 
resulted in a net increase in the number of stream sites in the mapping dataset (Table 11). 
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Table lla: Changes in site type for each of the screening studies 

Screening Study: Original sites: Replaced by: Number: Net change: 

Lake Stream 4 Lakes -4 
Rogue sites Artificial Stream 2 Artificial -2 

Streams +6 

Lake Stream 36 
Not in the most Artificial Stream 15 Lakes -34 
sensitive class Lake Artificial 1 Artificial -15 
(NMS) Artificial Lake 1 Streams +49 

Stream Lake 2 

Second choice Stream Lake 11 Lakes +I 1 
sites Stream Artificial 3 Artificial +3 

Streams -14 

Table lib: Total changes of site types in new mapping dataset (1573 sites) 

Draft mapping dataset Screened mapping dataset Change in site types 

Lakes 969 Lakes 942 Lakes -27 

Artificial 331 Artificial 317 Artificial -14 

Streams 273 Streams 314 Streams +41 

The effects of these substitutions on the critical load and exceedance maps for sulphur, broken 
down by critical load class and exceedance class, are shown in Figures 4-5, and summarized 
in Table 12. 
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Figure 4: Changes in the steady-state water chemistry model critical load 
and exceedance maps for sulphur, using pre-and post-screening data ~ets 

a) Critical load -pre-screening 

.f 

c) Exceedance -pre-screening 

.f 

Critical load 
+ -I -I 

(keg H ha year ) 

• <=0.2 
• 0.2-0.5 

• 0.5-1.0 
• 1.0-2.0 

• >2.0 

Exceedance 
+ -I -I 

(keg H ha year ) 

• Not exceeded 

• 0.0-0.2 
0 0.2-0.5 

• 0.5-1.0 

• >1.0 

Critical Loads Mapping and Data Centre, ITE Monks Wood 
Data acknowledgement CLAG Freshwaters su~roup . 

b) Critical load -post-screening 

.f 

d) Exceedance -post-screening 
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Figure 5: Changes in the diatom model critical load and exceedance maps 
for sulphur, using pre~ and post-screening data sets 

a) Critical load -pre-screening 

.f 

c) Exceedance-pre-screening 

.f 

Critical load 
+ -I -I 

(keq H ha year ) 

• <=0.2 

• 0.2-0.5 

• 0.5-1.0 

• 1.0-2.0 

• >2.0 

Exceedance 
+ -I -I 

(keq H ha year ) 

• Not exceeded 

• 0.0-0.2 

• 0.2-0.5 

• 0.5-1.0 

• >LO 

Critical Loads Mapping and Data Centre, ITE Monks Wood 
Data acknowledgement: CLAG Freshwaters sub-group. 

b) Critical load -post-screening 
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d) Exceedance -post-screening 



l 

r· 
I, 

D 
D 
D 
D 
D 
C 
D 
D 

Table 12: The number of sites within each critical load (for sulphur) mapping class 
for the pre- and post-screening mapping datasets. 

Mapping class: Blue Green Yellow Red Black TOTAL 

Henriksen Draft map 1023 200 189 108 53 1573 

Critical Final map 983 213 202 117 58 1573 

Load Difference -40 13 13 9 5 -
Henriksen Draft map (1289) 72 104 52 56 284 

Model Final map (1258) 81 115 59 60 315 

Exceedance Difference -31 9 11 7 4 31 (11 %) 

Diatom Draft map 904 180 198 213 78 1573 

Critical Final map 854 179 210 238 92 1573 

Load Difference -50 -1 12 25 14 -
Diatom Draft map (1169) 88 128 107 81 404 

Model Final map (1117) 96 145 122 93 456 

Exceedance Difference -52 8 17 15 12 52 (13%) 

D Key: 

D 
D 
D 
D 
D 
D 
D 
D 
f 

Class Critical load (keg/ha/yr} 
Blue >2.0 
Green 
Yellow 
Red 
Black 

>1.0 and<= 2.0 
>0.5 and <= 1.0 
>0.2 and <= 0.5 
<= 0.2 

Exceedance (keg/ha/yr) 
<= 0.0 (not exceeded) 
>0.0 and <= 0.2 
>0.2 and <= 0.5 
>0.5 and <= 1.0 
>1.0 

Note that critical loads and exceedances are calculated using 1986-88 rainfall and sulphur 
deposition data. The use of different deposition and rainfall data for 1989-92 on the current 
( 1996) maps will change the numbers in these tables. Runoff is calculated as rainfall/1.15. 

Note also that on critical load and exceedance maps (Figures 4-5), the blue class covers those 
grid squares which were not sampled (low sensitivity areas) as well as squares containing 
sampled sites (number in brackets in the above tables). On exceedance maps, blue indicates 
non-exceeded sites or non-sampled squares. Blue squares are therefore excluded from the total 
count of exceeded squares in the table. 
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4.5 Discussion 

It was noted at the outset of the site screening project that resources were not available for 
resampling all the original sites where a new non-rogue or more sensitive site had been 
proposed, since this would have entailed sampling an extra 231 sites. However, in a few cases 
( 13 rogue sites, 5 sites from the within-square variability study) the original choice of site was 
sampled at the same time as the new site. In the majority of cases therefore, the comparison 
of critical loads is made between samples taken at different times from different sites, 
sometimes separated by 3-4 years. This comparison is only valid if it is assumed that the 
critical load for a site is fairly constant. As discussed elsewhere (see Sections 5 and 7), this 
assumption would appear to be justified for lakes, but is less likely to hold true for stream 
sites. 

The value of the above screening exercise is demonstrated by the figures in Table 12. Even 
this fairly simplistic checking of the database has revealed that the number of exceeded sites 
in the final mapping dataset for both models is over 10% greater than on the early provisional 
critical loads maps. The mapping dataset is now screened and can be regarded as finalised. 
It would doubtless be possible to carry out more sophisticated analyses of the chemical data 
and identify a further number of sites where "rogue" critical load values are found, 
particularly in certain areas where critical load exceedances correspond with very high pH and 
alkalinity values. However, these are issues of model validation requiring further theoretical 
and modelling work, and as such are beyond the scope of this spatial screening and validation 
programme. A preliminary discussion of the issues is provided in Section 8. 

It is the final screened mapping dataset described above which has been used as the basis for 
the within-square variability study in the next section. 
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5: VALIDATION - WITHIN SQUARE VARIABILITY 
' 

An important aspect of the validation work is the assessment of the reliability of the site 
selection methods used, i.e. how often the most sensitive site has been chosen to represent 
a 10km grid square. A simple way of estimating this proportion is to sample all the water 
bodies in a grid square and see if the selected site has the smallest critical load. This method 
is only really feasible for lake sites; streams are temporally much more variable, and critical 
loads reflect flow conditions (see Section 6.1 later). 

This section describes the within-square variability study, which was designed to address the 
issue of variations in critical load across a mapping square, and to quantify the success rate 
of the site selection criteria (Section 1) in identifying the most sensitive site. 

5.1 Random square selection 

The methods for the selection of study squares are fully described in Curtis et al. (1995). 

The study dataset represents a random ten percent subsample of grid squares which fall into 
the three highest exceedance classes of the diatom model for sulphur, stratified by exceedance 
class. The sites in these squares are of the greatest interest and importance because they are 
the most heavily impacted group in the UK national mapping dataset, and critical loads 
calculated in the diatom model are generally lower than values derived from the Henriksen 
model (Section 1). Grid squares containing only streams, or just one lake site, were excluded 
from this study; in the latter case the most sensitive lake must have been selected by default. 

The initial random square selection was carried out in 1993 using partially screened data, 
but after completion of the site substitution exercise, the only change to the 10% subsample 
was that an extra yellow square was added to the list. 

The final selection of 32 squares (8 black - exceeded by > 1.0 keq H+ ha·1 yr°1
, 11 red -

exceeded by >0.5 and <=1.0 keg H+ ha·1 yr·1
, 13 yellow - exceeded by >0.2 and <=0.5 keg 

H+ ha·1 yr"1) contains 311 lakes in total with a surface area greater than 0.5 hectares (the 
minimum size specified for the original national survey). All these lakes, regardless of origin 
or location, were dip sampled (at the outflow, if present) during autumn or spring between 
September 1993 and November 1994. For any one 10 x 10 km square, all sites were sampled 
within 48 hours of each other, and usually on the same day, to ensure comparable deposition 
and hydrological conditions at related sites. The 0.5 litre samples were sent within a week to 
the Scottish Office Freshwater Fisheries Laboratory, Pitlochry, for chemical analysis according 
to the methodology described previously in Harriman et al. (1990). Critical loads were then 
calculated for all sites, using both the diatom and Henriksen models for sulphur and total 
acidity. 

5.2 Results 

The results of the within-square variability study can be expressed in terms of the success rate 
in identifying and selecting the most sensitive site (Table 13, Figures 6-7). 
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Table 13: Success of site selection strategy according to comparison of critical loads 
at site selected for mapping against most sensitive site in grid square 

DIATOM MODEL HENRIKSEN MODEL 
CRITICAL LOAD CRITICAL LOAD 

ATTRIBUTES OF 
SELECTED SITE: SULPHUR TOTAL SULPHUR TOTAL 

ACIDITY ACIDITY 

Best sites chosen /32 (%): 12 (37.5) 12 (37.5) 11 (34.4) 11 (34.4) 

In same class as lowest /32 (%): 21 (65.6) 19 (59.4) 16 (50) 17 (53.1) 

Within I class of lowest /32 (%): 28 (87.5) 28 (87.5) 27 (84.4) 27 (84.4) 

Within 2 classes of lowest /32 (%): 32 (100) 32 (JOO) 31 (96.9) 31 (96.9) 

Mean difference from lowest value 
(keg ha·• yr' 1

) 

All 32 squares: 0.188 0.182 0.444 0.421 

"Black" exceedance squares only: 0.245 0.223 0.464 0.416 

"Red" exceedance squares only: 0.195 0.190 0.474 0.448 

"Yellow" exceedance squares only: 0.146 0.150 0.4IO 0.402 

Source: Curtis et al. ( 1995) 

The most important findings of this work were that in only a third of selected grid squares 
was the most sensitive site correctly chosen according to the diatom model for sulphur (Figure 
7). However, a site in the most sensitive class was chosen in two thirds of cases, and :in only 
a third of cases would the mapped class change. The figures are worse for the SSWC model; 
only a half of selected sites fall in the same class as the most sensitive site. 

In the diatom model for sulphur, the mean difference across the 32 study squares in critical 
loads between mapped and most sensitive sites was 0.188 keq ha·• yr·•. For the SSWC model, 
the figure was much larger, at 0.444 keq ha·• yf 1

• These figures are significant when related 
to the class boundaries used for critical loads mapping, and for the SSWC model, large 
enough to account for a difference of up to two classes e.g. a change from 0.100 keq ha·• yr"' 
(black) to 0.544 keq ha·1 yr·• (yellow). Square number 1 in Figure 6 shows just such an 
example for the diatom model; the selected site (marked•) falls in the yellow critical load 
band, while the minimum critical load within the square (bottom of vertical line) falls in the 
black (most sensitive) critical load band. The details of within square differences in critical 
load are provided in full in Appendix 1 on a square by square basis. 

It is difficult to translate these findings onto the national critical load maps for three reasons. 
Firstly, only the most sensitive areas, as defined by the classes of greatest critical load 
exceedance, were included in the study. It has been assumed in this study that the variation 
in critical loads in areas of low sensitivity (defined by low exceedance values or non
exceedance) is less important because the magnitude of damage will be very slight at the 
exceeded sites. and in mapping terms the class boundaries are wider so there is less chance 
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Figure 6: 

Figure 7: 

The within-square variability of diatom model critical loads for sulphur. 
Vertical lines show the range of critical loads;• marks the critical load al the 
selected site, • marks the mean critical load within the square. 
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of misclassification. It is therefore not possible to predict the success rate of the selection 
criteria in the blue and green areas of the exceedance maps. Secondly, grid squares containing 
only streams or just one lake were excluded from the study. 315 (20%) of the 1573 mapping 
sites are streams, and 2 of the initial random list of 32 squares contained only 1 lake site 
(6.25%). Since blue and green exceedance classes account for over three quarters of the 
mapping dataset, the majority of mapping sites are therefore excluded from the study, while 
a significant minority of squares contain only one lake site and so by default will be 
represented by the most sensitive lake. The third reason for the problems in scaling up the 
findings of the study to the national maps is that it is not currently possible to predict which 
squares contain a site which is more sensitive than the mapped site, but it is known that in 
a third of the most sensitive cases the correct site has already been chosen. It is therefore not 
appropriate to simply subtract the mean overestimate nationally, because this would distort 
the true pattern of critical loads and introduce further overestimates and underestimates into 
the maps. 

5.3 Discussion 

Consideration of the individual grid squares reveals several interesting points about the 
problems inherent in selecting the most sensitive sites with very limited background 
information. The use of 1:50,000 maps for site selection introduces an immediate problem in 
that the map may fail to provide any indications of a site's general suitability. A site may 
look like a natural lake on the map but turn out to be a treatment pond or industrial supply 
when visited on the ground (e.g. square 10 in Appendix le). Catchment sources of pollution 
will not always be apparent from maps, even when the land-use overlays are used. For 
example, forestry activities may generate pollution through fertiliser or other applications, or 
through earthworks. Forestry is not, however, directly incorporated into the freshwater 
sensitivity maps because of the difficulties in predicting where catchments are being disturbed. 
There are several cases in this study where forestry activities appear to be affecting the 
relative sensitivity of sites (e.g. Appendix 1: squares 12, 21, 31). 

Another complicating factor is the unquantified effect of sea-salt inputs, where the marine 
source of ions may be orders of magnitude greater than anthropogenic sources. Study square 
26 in the Shetlands (Appendix 1) provides an example of such sites, where sensitivity may 
be determined by factors which cannot be quantified from any mapped information. This 
problem is a specific example of the general issue of resolution. There are other variations, 
for example in soil and geology, which are partially accounted for in the sensitivity maps but 
which can vary over such small spatial scales that the resolution of the original geological, 
soil and land-use data is inadequate. There are several examples in Wales and especially 
Scotland where there are variations in water chemistry and sensitivity which appear to be 
related to soils or geology and yet which are shown to be occurring in areas of uniform high 
sensitivity (e.g. squares 16, 18, 20, 21, 23, 24 in Appendix 1). In a related case (square 18, 
Isle of Arran) the inaccuracy of the digitised 1: 1,250,000 geology data is such that it is not 
possible to say which side of a geological boundary certain sites fall on. 

For mapping purposes, the significance of minor differences in sensitivity between very 
similar sites is determined by the proximity of a calculated critical load to a class boundary, 
since a very small chemical difference could result in a class change and hence a colour 
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change for a mapped square. There is therefore a random element in defining where the 
relevant differences occur. 

It might be hypothesized that the chances of selecting the most sensitive site are inversely 
proportional to the number of sites within a grid square, but if the magnitude of the range of 
critical loads within a grid square is plotted against the number of sites sampled in the square, 
there is no obvious relationship, and if anything the converse appears to be true (Figure 8). 

Figure 8: 

... 
0 

The relationship between the range of critical loads and the number of 
sites in each of the 32 study squares, for four critical load models. 
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The squares with very large numbers of sites are confined to areas with very flat, boggy 
terrain i.e. the Shetlands (grid squares 26 and 30), Harris/Lewis (square 20) and Halladale 
(square 28) - see Appendix 1 for details. In these areas, most of the sites are clustered 
together with very similar catchments which are often hydrologically linked, and the land use 
is generally unmanaged deer forest. These sorts of sites are so closely influenced by 
groundwater that they are almost contiguous water bodies and as such, tend to have very 
similar chemistries and critical loads (e.g. square 26, Appendix le). Grid squares with very 
low numbers of sites, however, occur in all regions and have no characteristic pattern of land 
use, so sites may be very different and variations in land use within the catchments may have 
a major influence on calculated critical loads (e.g. square 25, Appendix le). 
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While the presence of a great density of lakes in an area often indicates a relatively small 
variation in critical load. it does however present difficulties in choosing the most sensitive 
site because such areas are generally of uniform high sensitivity on the freshwater sensitivity 
maps and have low relief. This problem is mitigated by the fact that the differences in critical 
load between sites are small, so that it is only significant if critical loads fall very close to 
either side of a mapping class boundary. 

Another supposition might be that the site selection strategy will have been less successful 
for critical loads of total acidity than for critical loads of sulphur. because of the importance 
of catchment processes (uptake, denitrification, immobilization etc.) which affect nitrogen 
leaching. The concern is that the most sensitive sites to sulphur deposition might not be the 
most sensitive to total acid deposition. and the critical loads maps of total acidity cannot 
therefore be assumed to be showing the distribution of critical loads at the most sensitive 
sites. Table 13 shows that this problem does not appear to be significant, because the mean 
difference in critical loads between the mapped and most sensitive sites for the 32 study grid 
squares is actually slightly smaller for total acidity models. Consideration of the ranking of 
mapped sites when compared with critical loads at other sites within each grid square shows 
that there is no significant difference between models for sulphur and for total acidity (see 
Appendix lb). 

It may be concluded therefore that the catchment specific nature of nitrogen processes does 
not reduce the success rate of the site selection strategy designed for sulphur critical loads 
when applied to total acidity critical loads, and that the reliability of the empirical critical 
loads maps (diatom and Henriksen models) is not decreased for total acidity compared with 
sulphur maps. There is, however, a significant increase in the median difference between 
mapped and minimum critical load from the diatom model for sulphur to the model for total 
acidity in grid squares where the most sensitive site was not selected (T=38, P<0.025, 
Wilcoxon's test for matched pairs). The fact that this statistic shows the oppositd to the 
difference in means in Table 13 means that differences between the maps for the sulphur and 
total acidity models must therefore be marginal, and the direction of the difference depends 
on the statistics used. 

Interpretation of maps 

The within-square variability study has quantified the success rate of site selection methods 
in identifying the most sensitive sites. Since around one third of all the mapped squares in 
the most impacted regions of the UK are known to be misclassified in terms of critical load 
exceedance, the maps under-represent the extent of damage to the most sensitive sites in these 
areas. In another third of cases, the mapped class is correct but exceedance values at the most 
sensitive sites are greater than those used for mapping. While these cases do not affect current 
maps, they will have an impact on future scenario modelling. Greater reductions in deposition 
will be required to bring exceedance values down to the target levels, so that the extent of 
exceeded areas under the various modelled scenarios (e.g. for the situation in 2005 under 70% 
reduction in S deposition; see CLAG 1994, Allott et al., 1995c) will be greater than 
previously predicted. 

The utility of the national maps for highlighting regional problem areas for acidification is 
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not diminished by the findings of this study. Also, since the maps are not intended for use 
on a site specific basis, there are few implications for the local interpretation of the maps. It 
must simply be recognised that the maps represent the critical load class of the most sensitive 
sites in two thirds of cases in the most exceeded areas using the diatom model for sulphur, 
and in a half of all cases using the SSWC model. There is no reason to expect that the 
relative reliability of the maps will be very different in the less impacted areas excluded from 
the study (blue and green areas on the exceedance maps) because the distribution of mapped 
exceedance classes is as much a function of deposition as of catchment properties i.e. the 
types of lakes and catchments in these areas should not be significantly different from those 
in the study squares. Even in the non-sensitive lowland areas, which were completely 
unrepresented in the within-square variability study due to the lack of exceedances there, the 
effects of failing to select the most sensitive site is likely to be insignificant as none of the 
sites are likely to be vulnerable to acidification. 

This study does demonstrate that for more local and site specific applications there is a need 
for a more catchment based approach to mapping critical loads, and given the rising 
importance of nitrogen deposition, catchment processes take on a more important role and 
affect the criteria which determine the sensitivity of a catchment to acidification (Allott et al., 
1995b ). In order to address these increasingly important issues, work is ongoing on the 
development and application of new models, for example the First-Order Acidity Balance 
Model (Posch, 1995), nationally in the UK. 
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6: VALIDATION - STREAMS VERSUS LAKES 

6.1 Problems with stream validation work 

The critical loads for freshwaters programme has always placed a greater emphasis on lake 
sites than on streams, for purely practical reasons. Lakes tend to integrate in space and time 
the chemistry of surface waters passing through a catchment, while streams are inherently 
more variable, both spatially and temporally. In theory, headwater streams should be the most 
sensitive water bodies in a catchment, having the least contact time with the soils and solid 
geology and therefore most closely reflecting the chemistry of precipitation to the catchment. 
Their critical loads will reflect flowrates, with the lowest critical load at peak flow when the 
influence of precipitation chemistry is greatest (Harriman and Christie, 1993). Ideally, then, 
where a stream site is to represent a grid square, the highest headwater stream on the most 
sensitive catchment should be sampled at peak flow, which introduces great practical 
difficulties. If a validation programme for the within-square variability of streams were to be 
carried out along the same lines as the lakes validation work, then all headwater streams in 
a grid square would have to be sampled at peak flows. This is clearly an implausible task, if 
only because peak flow cannot be predicted and different sites could not be sampled under 
exactly the same conditions. Without the facility for continuous monitoring of headwater 
streams, other ways of looking at the available data will therefore have to be developed. 

6.2 Lake inflow-outflow study: site selection 

A separate issue from the question of temporal variation within streams is the relationship 
between lake chemistry, as reflected in its outflow stream, and the chemistry of its inflow 
streams. This is much easier to address through a limited sampling programme than the 
temporal question. : 

In order to determine whether a lake inflow is more sensitive than the lake outflow, a simple 
comparison of their chemistry can be made. For the validation project it was decided to 
sample a randomly selected number of sites according to the criteria described below. 

Sites were initially selected from the same random list used for the generation of CLAG 
validation squares (Section 5.1 above), and were stratified by diatom exceedance class. The 
33 inflow sample sites were divided between the black, red and yellow exceedance squares 
only, producing the following numbers: 

Class Number 

Black 12 
Red I I 
Yellow IO 

TOTAL: 33 

The lake inflow study (to be reported separately) includes a biological component, with 
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epilithic diatom samples from both the inflow and outflow, and macroinvertebrates from the 
inflow streams. The suitability of the sites generated for invertebrate sampling of the inflow 
was therefore assessed by a desk study of the I :50,000 O.S. maps. Since there were no 
available data on the size or suitability of the inflows, the following criteria were applied: 

a) lakes having no inflow streams shown on the map were rejected; 

b) for lakes with more than one inflow stream on the map, the longest tributary from 
the highest catchment within the grid square was suggested as a suitable site (although 
final choice of inflow was at the discretion of the fieldworker). 

Since the randomly sorted site list covers all exceedance sites, rejected sites were replaced 
by simply moving down the list. It was recognized that there are obvious limitations in 
assessing the suitability of inflow streams from a map. The absence of inflow streams on the 
map does not necessarily mean that no suitable streams are present in the field. Conversely, 
the chosen inflows on the maps may be found to have dried up in the field . In fact when 
sampling was carried out in the autumn of 1993, 2 sites were found to be unsuitable in the 
field, and adjacent or nearby replacements were sampled instead. These replacement sites will 
not necessarily have critical load exceedances in the same class as the original selected sites. 

6.3 Results 

Water samples were taken in autumn 1993 and analyzed for the full range of chemical 
determinands. Critical loads and exceedances in both the Henriksen and diatom models for 
sulphur were calculated using 1989-92 deposition data, and runoff was calculated as 
rainfall/l.15. The difference in critical load between the inflow stream and lake outflow was 
calculated for each site, and the class change noted. The results are summarised in Table 14 
and Figure 9 below, but are presented in full in Appendix 2. 

Table 14: Comparison of critical load classes at lake inflow stream and outflow 

II Critical loads model 

Observation SSWC (Sulphur) Diatom (Sulphur) 

Sites with more sensitive inflow 15 (45%) 16 (48%) 

Inflow in more sensitive class 7 (21%) 7 (21 %) 

Outflow in more sensitive class 9 (27%) 10 (30%) 

Outflow and inflow in same class 17 (52%) 16 (49%) 

TOTAL: 33 (100%) 33 (100%) 

70 



I 
[ 

[ 

C 
[' 

0 
L 
0 
C 

• 
• 
• 
• 
D 
D 
D 

• 
~ 

0 
[ 

[ 

Figure 9: 

2l 
.Sl 

3.5 

] 2 
:l 
.: 
u 
~ 
~ 1.5 ., 
:l 
0 

~ .s 

0.5 

Comparison of diatom model critical loads for sulphur at inflow streams 
and Jake outflows for the 33 study sites 

0.5 1~ 2 as 3 3.5 
Inflow slream critical load (keq/ha/yr) 

Figure 9 shows that there is no significant bias to either side of the 1: 1 line, i.e. there is no 
evidence for either Jake outflow or inflow streams being more sensitive. A similar pattern is 
also found for the SSWC model for sulphur . 

6.4 Discussion 

These results show that in nearly half of all cases, lake inflows have a smaller critical load 
than their corresponding lake outflows. At around half of the sample sites, critical loads for 
the inflow to a lake site and for the lake outflow fall in the same critical load class. For the 
Henriksen model, only 21 % of lake inflow streams are in a more sensitive class than the lake 
outflows, and in less than 10% of cases is the inflow more sensitive by greater than one class. 
These results are also reflected in the diatom model, but there are fewer cases where the 
inflow is more sensitive by more than one class . In both models there are more cases where 
the outflow sample shows a smaller critical load than the inflow sample. 

Although there are problems in making a direct comparison between the inflow and outflow 
chemistry of one-off samples because of time lags (residence time), other unsampled inflows 
and in-lake processes, these results do indicate that the decision to give priority to lake 
sampling rather than streams was well founded. There is no evidence from this study that 
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inflow streams, which were assumed to be more sens1t1ve, would provide significantly 
different results from the choice of lake slles. However, some caution is needed in interpreting 
these results. It is known that stream chemistry is temporally more variable than lake 
chemistry, and a repeat of this study at a different time of year might reveal very different 
results. Furthermore, if a stream site were to be selected as the most sensitive site in a grid 
square, then a first order headwater stream would be most appropriate and not necessarily a 
stream at the point of inflow to a lake, as in this study, which might be higher order and 
further down the catchment. 

In the final mapping dataset, 315 of the 1573 sites are streams. In these grid squares, the 
question of whether the most sensitive stream site was selected remains unresolved. No 
practicable method for assessment of the within-square variability of critical loads in streams, 
both spatially and temporally, has yet been agreed. A study of the temporal variation of 
critical loads, in both lake and stream sites, does however form part of the ongoing CLAG 
work. 
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7: CONCLUSIONS AND FUTURE WORK 

7.1 Conclusions 

Given the size and extent of the critical loads for freshwaters programme, it was accepted 
from the start that certain assumptions and approximations would have to be made. The 
national map required well over 1500 sites to be sampled, plus more than 500 validation sites, 
totalling in excess of 2000 sites. With such a large fieldwork requirement, it was only 
possible to take a single water sample and assume that it would provide representative 
chemical data for that site. The published critical load maps therefore assume that: 

I. a representative sample, approximating the mean water chemistry of a site, is used to 
calculate critical loads; 

2. the most sensitive site has been selected for mapping in each grid square; 
3. the critical load model has been correctly applied and provides a true value; and 
4. deposition data are reliable and therefore critical load exceedances reflect true 

acidification in the freshwater ecosystem. 

As far as is possible, assumption 1 has been addressed by sampling sites only during autumn 
or spring so that lake sites are well mixed and outflow chemistry best reflects that of the lake 
body. Data screening has to a limited degree ensured that selected sites do not suffer 
catchment sources of pollution which makes them unrepresentative or which renders the 
application of critical loads models invalid. There is inevitably a temporal variability in 
critical loads which cannot be assessed in a survey of this kind (Harriman et al., 1995a: see 
Section 7 .2). 

Rigorous site screening and application of site selection criteria has ensured that sit~s have 
been selected in a uniform manner which provides the best available means of identifying the 
most sensitive site. The number of exceedance sites was increased by over 10% as a result 
of the screening exercise. It then became possible to carry out the within-square variability 
study which revealed that the selection criteria were successful in identifying sites in the most 
sensitive critical load class in two thirds of cases, and in one third of cases the best possible 
site had correctly been chosen. However, just over a third of mapped sites have critical loads 
outside the most sensitive class for their grid square, which means that between four and five 
hundred mapped squares could be over-estimating critical loads. It is therefore known that 
assumption 2 is only approximately true for two thirds of mapped sites. Only with further 
national catchment based work would it be possible to identify those areas where, due to 
catchment specific factors like land-use, this assumption is weakest. 

The applicability of the critical loads models nationally in the UK has still to be addressed 
for some parts of the country. Since the steady-state water chemistry model was developed 
in Scandinavia and contains certain empirically derived values from that region (Henriksen 
et al., 1992; Brakke et al., 1990), it cannot necessarily be assumed that it is entirely 
appropriate to apply it in its existing form across regions of the UK which have freshwaters 
of a \'ery different type to the upland, oligotrophic sites which predominate in large areas of 
Scandinavia. The wide variations in geology, soils, population density and land use across the 
UK result in a very variable population of water bodies which can only be characterised on 
a regional rather than national basis. Problem regions of the UK include the Pennines, 
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lowland England and north-west Scotland, and it is in these areas that assumption 3 may be 
weakest. 

In the Pennines, acid deposition reaches some of the highest levels found in the UK, and has 
been occurring at persistently high levels over the lifetime of many of the reservoirs found 
in that area. Some of these reservoirs show high levels of calcium, up to 200 or 300 µeqi-1

, 

concurrent with very low alkalinities and pH. The applicability of critical loads models to 
these sites needs to be assessed in a regional sense, especially given the prevalence of acid 
minewaters and sulphide bearing strata across large parts of the region (see Environment 
Agency, 1996). Catchment sources of acidity are not accounted for in the critical load models, 
so where abandoned coal mines (Pennines, South Wales) and metal mines (mainly south west 
England and South Wales) are common, great care has to be taken in the application of the 
models so that acidification is not wrongly attributed to atmospheric sources (see example in 
Section 4.2). 

The agricultural lowlands of Britain, and especially England, contain water bodies which are 
almost universally impacted by activities within their catchments, whether agricultural liming 
or fertiliser application, or urban runoff and domestic or industrial effluents (see Environment 
Agency, 1996). It is therefore extremely difficult to isolate the atmospheric component of 
anthropogenic pollutants in these areas. One assumption of the critical loads models, that 
chloride provides a reasonable measure of sea-salt inputs, is very unlikely to hold true in 
lowland catchments where there are many other sources of chloride inputs to surface waters. 
This problem is offset by the fact that over most of these areas the freshwaters are well 
buffered and insensitive to acidic deposition, so that even without catchment sources of 
pollution there would be no detectable change in surface water acidity. In these highly 
buffered waters the application of critical loads models is unlikely to provide meaningful 
results, but does at least show that very high critical loads are obtained and confirms that 
there is little or no risk of acidification. : 

Another problem region is the north-west of Scotland, discussed in Section 2.2 above. The 
effects of long term and episodic sea-salt inputs to coastal catchments are poorly understood 
but ongoing work is addressing the issues (Allott et al., 1995a; Harriman et al., 1995b). The 
critical loads models may have to be adapted in this area to account for catchment retention 
processes and the problems of applying sea-salt correction factors to obtain non-marine 
concentrations of base cations and acid anions where there is a difference of perhaps orders 
of magnitude between marine and non-marine inputs. 

The fourth major assumption of the critical loads work is that the deposition data can be used 
to provide critical load exceedance values and thereby provide some measure of the level of 
change. It is recognised that the current deposition data are very approximate, because they 
are modelled on a 20x20 km grid while catchments are generally up to only a few square 
kilometres in size. This mismatch in resolutions is significant because it is known that various 
processes can enhance deposition of acidic species over a very small spatial scale, so that 
there may be a big difference in deposition between the top and bottom of a large hill. Studies 
on the uncertainties in deposition have suggested values of ±80% for sulphur inputs per 20km 
square in Wales and western Scotland, and uncertainty in the areas exceeded on critical loads 
for soils maps of ±40% (Smith et al., 1995). This figure is likely to be even larger for 
freshwaters because the catchments generally occupy only a fraction of a 10 km square so 
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there is an extra, unquantified uncertainty associated with local variations in deposition. The 
critical load exceedance maps do, however, show regional patterns of acidification which are 
supported by other independent data, for example from palaeoecological studies and biological 
surveys. These maps do therefore provide useable tools for planning and modelling the effects 
of abatement strategies, and as such are of value to policy makers. Their utility for local 
catchment based studies is currently limited, but ongoing and future work is likely to improve 
the spatial resolution of deposition data and in conjunction with new GIS based catchment 
work, it should be possible to greatly reduce some of the uncertainties in interpretation of the 
critical loads and exceedance maps. 

These major regional differences in geology, soils, deposition and freshwater chemistry across 
the UK make it difficult to obtain meaningful summary statistics for the national dataset. It 
is therefore equally difficult to quantify the uncertainties in the mapped critical load and 
exceedance values beyond the validation exercises described above. These problems are 
compounded by the unquantified temporal variability in critical load, but the future work 
programme has been designed to address many of the relevant issues. 

7.2 Temporal variation in critical loads 

The critical loads mapping programme relies on the assumption that if a lake is sampled at 
the right time of year, during autumn or spring overturn, then a fairly representative chemical 
sample can be obtained. This assumption has formed the basis of freshwaters work in 
Scandinavia and has been stated explicitly in Forsius et al. (1992): 

"concentrations for a lake sampled during a representative season are equal to the 
volume-weighted annual average concentration, and can be multiplied by the :amzual 
runoff to give the annual flux" 

In addition: 

"leaching of nitrogen species is of minor importance" 

It has been demonstrated by Harriman et al. (1995a) that temporal variability of critical loads 
for sulphur is likely to be less pronounced in lakes than in streams, and therefore the choice 
of lake sites rather than stream sites to represent steady-state chemistry is probably well 
founded. 

However, it is known from ongoing work that nitrogen leaching is becoming a regionally 
important problem in the UK, and in addition to the temporal variations in freshwater 
chemistry which are independent of biological catchment processes, there is a catchment 
regulated seasonality in nitrogen leaching (Allott et al., 1995a, Harriman et al., 1995c). In 
view of the increasingly important role of nitrogen and the unresolved questions about 
temporal variations in both streams and lakes, there is an obvious need for further research 
in these areas. An ongoing study into the temporal variation of critical loads for acidity is 
being carried out at a network of 13 sites across Great Britain, and this should provide vital 
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information about the issues raised above which will be used in conjunction with data from 
other projects (for example the UK Acid Waters Monitoring Network) to attempt to evaluate 
the seasonality and short term variations in critical loads for sulphur and total acidity. 

7.3 Future work programme 

It is currently not possible to use the critical loads and exceedance maps to estimate the 
critical load or exceedance at individual sites other than the mapping site, or to quantify the 
level of damage resulting from the exceedance of critical loads. Quantitative descriptions of 
the national population of lakes cannot currently be provided, so the "ecosystem area" 
approach to critical loads mapping in use throughout Europe (Henriksen et al., 1990) has not 
been applied to freshwaters in the UK. The future work programme of the CLAG freshwaters 
sub-group has been designed to address many of the issues regarding these problems of 
validation and interpretation of the critical loads maps. 

7.3.1 Validation of models 

While it is not possible to validate certain aspects of the critical loads models, for example 
the calculated baseline base cation, calcium or sulphate concentrations, it is necessary to 
assess the statistical uncertainties in the calculated critical loads values. Uncertainties in the 
model parameters need to be quantified, and a sensitivity analysis performed on the models 
as a whole to provide estimates of the errors associated with both critical loads and 
exceedances at individual sites. 

7.3.2 Alternative mapping approaches 

In Section 1 the difference in mapping approaches between the UK and Scandinavia was 
described, and the limitations of having only one site per mapping unit chosen on the basis 
of predicted sensitivity were highlighted. While the UK maps can be used to identify problem 
areas for acid deposition (where critical loads are currently exceeded) they cannot currently 
be used to identify "stock at risk", since there is no inventory of lakes or known relationship 
between critical loads at selected mapping sites and other sites within a grid square. However, 
a new project co-ordinated by NIV A (Norwegian Institute for Water Research) has recently 
been completed, in which random lake surveys were carried out in Scandinavia, Russia, 
Scotland and Wales (Henriksen et al., 1996). The results of these surveys are in press, but it 
may be possible to define statistical relationships between random critical load distributions 
and current mapping critical load distributions for Wales and Scotland. This would facilitate 
an assessment of the quantitative mapping approach favoured in Scandinavia. 

7.3.3 Catchment modelling 

A recognised limitation of the SSWC and diatom model critical loads maps is that they are 
based on single sample calculations and take no account of short and longer term variations 
in water chemistry and critical load. They are purely empirical models and are reliant on the 
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co11ection of a sample representative of mean conditions and steady-state. This approach is 
inadequate for modelling critical loads for total acidity, since the nitrogen species deposited 
in a catchment are affected by various biological processes which occur over wide-ranging 
timescales. Process-based models are therefore being developed to take account of the cycling 
of nitrogen within catchments. 

An example of the type of work being undertaken is the development of catchment based 
models of critical loads which can be applied nationally, e.g. the FAB model (Posch, 1995) 
and a model to predict critical loads from catchment characteristics (Kernan, 1995). Similarly, 
work is under way on improvements in the modelling of deposition data so that catchment 
specific estimates or "probability fields" of deposition can be provided. A national digitizing 
programme is well under way and will provide a vital tool for these developments. 

7.3.4 Relatine: critical load exceedance to chemical and biological change 

Currently mapped critical loads for freshwaters in the UK are based on the likelihood of 
change to biological communities. The SSWC model uses an ANC1;m;, value of zero which 
corresponds with a 50% probability of damage to brown trout populations. If the critical load 
is exceeded then it is assumed that there is at least a 50% chance that brown trout populations 
have been adversely affected by acidification. Similarly, the diatom model is based on a 50% 
probability of acidification as indicated by changes in the diatom community. A regression 
equation can be used to calculate the probability of acidification of a site when both lakewater 
calcium concentration and sulphur deposition are known. Again, when a site's critical load 
is exceeded in the diatom model, the likelihood of a change having occurred in the diatom 
community exceeds 50%. 

What is currently unquantified for sites at which the critical load is exceeded, is the: degree 
of damage to the freshwater biota. The probability of some damage can be estimated, but the 
implications in terms of changes in populations and community composition, i.e. the effects 
of exceedance on ecosystem structure and function, have not been quantified. 

There are two aspects to the uncertainty in what a critical load exceedance means. The first 
relates to the assumption that biological change is proportional to exceedance. so that at sites 
where acid deposition only marginally exceeds critical load, the biological change will be 
minimal, and where acid deposition is much greater than the critical load, very serious 
biological change would be expected. The relationship between the degree of exceedance and 
biological impact needs to be quantified. The second aspect of the problem relates to the 
spatial variations in critical load and exceedance, i.e. does the same numerical exceedance 
imply the same degree of change or damage in different areas? For example, a site with a 
very low critical load will show exceedance with very low deposition, while another site with 
a relatively high critical load may show the same exceedance with much higher acid 
deposition. It has been argued that the effects of these exceedances on, in this case, fish 
populations, will be very different, so that in fact the critical ANC should be set according 
to the level of deposition (Henriksen et al., 1995). 

Although some biological studies have been done, e.g. for the setting of critical ANC values 
for fish and other organisms, there is a clear need for further work if it is to become possible 

77 



C 

C 
[ 

D 
D 

n 
0 
D 
D 

D 
D 

• 
0 
C 

D 

• 
0 
D 

to interpret the biological significance of critical load exceedances. Ecotoxicological and lake
manipulation work are required if the ecological impact of acid deposition is to be assessed 
in the UK. Ongoing work at the CLAG nitrogen network sites (macroinvertebrate samples and 
monthly diatom samples) wiU be used in conjunction with other biological data from within 
CLAG and elsewhere to build on the statistical models describing biological/chemical 
relationships. 

7.4 Summary 

In view of the limitations associated with the empirical modelling approach for critical loads 
of sulphur and acidity to freshwaters described above, it is apparent that the increasing 
importance of nitrogen deposition demands a new strategy for mapping UK critical loads for 
freshwaters. The adoption of a catchment based approach and the application and development 
of process-oriented models, both steady-state (FAB) and dynamic (MAGIC, MAGIC-WAND) 
forms the backbone of this new strategy. The main task now is the development, collation and 
analysis of the various datasets required for these models: digital catchment, lake and stream 
data, derived soil, geology, land-use and land-cover data, and improved deposition estimates 
on a catchment basis. If these data can be used together, alongside further field, laboratory 
and literature review based work carried out to improve the input parameters to the process
oriented critical loads models, then it will be possible to produce much more sophisticated, 
reliable and useful estimates of critical loads with a much greater range of local, as well as 
regional, applications. 
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APPENDIX la: THE 32 WITHIN-SQUARE VARIABILITY STUDY AREAS 

Site 10km Original Number Region 
No. square Ex.class of sites 

1 SE 01 Black 13 Huddersfield/Rishworth, South Pennines (N.W. England) 
2 SD 81 Black 19 Rochdale/Whitworth, South Pennines (N.W. England) 
3 SD 82 Black 7 Bacup/Rossendale, South Pennines (N.W. England) 
4 NN 31 Black 5 Western Trossachsfl..och Lomond (S.W. Scotland) 
5 SD72 Black 11 Accrington/Haslingden, South Pennines (N.W. England) 
6 NN 21 Black 7 Glen Fyne (S.W. Scotland) 
7 SH 44 Black 3 Lleyn Peninsula (North Wales) 
8 SH 55 Black 12 Snowdon - west (North Wales) 
9 SJ 25 Red 5 West of Wrexham (N.E. Wales) 
10 sx 66 Red 3 Dartmoor (S.W. England) 
11 NN 03 Red 4 Loch Etive (S.W. Scotland) 
12 SH 71 Red 6 Cadair Idris (North Wales) 
13 08 55 Red 2 The Sperrins (Northern Ireland) 
14 NY 41 Red 6 Hawes Water and Eastern Lake District (N.W. England) 
15 NN05 Red 6 Ballachulish (Western Scotland) 
16 SH 65 Red 13 Snowdon - Glyder Fawr (North Wales) 
17 06 54 Red 6 Gortin Glen, Co. Tyrone (Northern Ireland) 
18 NR93 Red 6 Isle of Arran (Western Scotland) 
19 SN 65 Red 2 Tregaron, Powys (Mid-Wales) 
20 NB 11 Yellow 24 North Harris and West Lewis, Outer Hebrides (N.W. Scotland) 
21 NM 97 Yellow 3 Cona Glenfl..och Eil (Western Scotland) 
22 13 47 Yellow 3 The Mournes (Northern Ireland) 
23 NG 94 Yellow 15 Glen Carron (Western Scotland) 
24 NG 96 Yellow 15 Beinn Eighe (Western Scotland) 
25 SD 95 Yellow 4 Skipton and the Yorkshire Dales (Northern England) 
26 HU 38 Yellow 41 Ronas Hill/North Roe, Shetland (Northern Scotland) 
27 NN 55 Yellow 4 Bridge of Gaur, Southern Rannoch Forest (Central Scotlapd) 
28 NC 85 Yellow 27 Western Halladale (Northern Scotland) 
29 NN 46 Yellow 7 Loch Ossian to Loch Ericht, Rannoch Forest (Central Scotland) 
30 HU44 Yellow 23 Lerwick and Bressay, Shetlands (Northern Scotland) 
31 SH 72 Yellow 4 Llanelltyd/Coed y Brenin Forest, north of Dolgellau (North Wales) 
32 NJ 14 Yellow 5 Knockando, Strath Spey (Eastern Scotland) 
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SQUARE 
NUMBER 
AND 
CODE 

1. SE OJ 

2. SD 81 

3. SD 82 

4. NN 31 

5. SD 72 

6. NN 21 

7. SH 44 

8. SH 55 

9. SJ 25 

JO. sx 66 

11. NN 03 

12. SH 71 

13. 08 55 

14. NY 41 

15. NN 05 

16. SH 65 

17. 06 54 

18. NR 93 

19. SN 65 

20. NB 11 

21. NM 97 

22. 13 47 

23. NG 94 

24. NG 96 

25. SD 95 

26. HU 38 

27. NN 55 

28. NC 85 

29. NN .i6 

30. HU·'-' 

JI. SH 72 

32. NJ 14 

BEST: 

DIATOM MODEL CRITICAL LOAD 

SULPHUR TOTAL ACIDITY 

Rank Clns.s Rank Class 
Difference DIITcrcncc 

4 / 13 2 (0.40) 6/13 1 (0.34) 

4 I 19 0 (0.20) 3 / 19 1 (0.16) 

I/ 7 0 (0) 1 / 7 0 (0) 

I / 5 0 (0) 1 / 5 0 (0) 

2/11 2 (1.36) 3 / 11 2 (1.28) 

I I 1 0 (0) l / 7 0 (0) 

I / 3 0 (0) l / 3 0 (0) 

2 / 12 0 (0.00) 2 / 12 0 (0.00) 

31 5 I (0.60) 3 / 5 t (0.49) 

3 / 3 0 (0.13) 3 / 3 0 (0.12) 

2 / 4 I (0.25) 2 / 4 I (0.28) 

2 / 6 0 (0.14) 2 / 6 0 (0.14) 

2 / 2 0 (0.04) 2 / 2 0 (0.05) 

I/ 6 0 (0) I/ 6 0 (0) 

I/ 6 0 (OJ I/ 6 0 (0) 

8/ 13 2 (0.55) 8 / 13 2 {0.54) 

I I 6 0 (0) I/ 6 0 (0) 

4 / 6 2 (0.44) 4 / 6 2 (0.47) 

I / 2 0 (0) 1 / 2 0 (0) 

13 / 24 I (0.34) 13 / 24 2 (0.35) 

2 / 3 0 (0.22) 2 / 3 0 (0.23) 

1 / 3 0 (0) I / 3 0 (0) 

5 I 15 I (0.23) 5 I IS I (0.24) 

7 /15 I (0.16) 6 I 15 I (0.16) 

I / 4 0 (0) I I 4 0 (0) 

23 / 41 I (0.25) 22 / 41 I (0.24) 

I / 4 0 (0) I/ 4 0 (0) 

I/ 27 0 (0) I/ 27 0 (0) 

2 / 7 0 (0.04) 2 I 1 0 (0.04) 

2 / 23 0 (0.02) 2 / 23 0 (0.02) 

2 / 4 I (0.50) 2 / 4 I (0.53) 

3 / 5 0 (0.14) 31 S I (0.14) 

12 / 32 21 /32 12 / 32 19 / 32 
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HENRIKSEN MODEL CRITICAL LOAD 

SULPHUR TOTAL ACIDITY 

Rank Class Rank Closs 
DlfTcrcncc DilTercncc 

4 I 13 I (0.55) 4 / 13 1 (0.40) 

5 / 19 I (0.35) 5 / 19 0 (0.19) 

1 / 7 0 (0) I / 7 0 (0) 

I / 5 0 (0) I / 5 0 (0) 

4 / 11 3 (2.76) 4/11 3 (2.66) 

l / 7 0 (0) I / 7 0 (0) 

I/ 3 0 (0) I / 3 0 (0) 

4 I 12 0 (0.05) 4/12 0 (0.08) 

31 5 2 (0.59) 31 5 2 (0.51) 

3 / 3 2 (0.93) 3 / 3 2 (0.86) 

2 / 4 0 (0.13) 2 / 4 0 (0.18) 

2 / 6 I (0.66) 2 / 6 I (0.63) 

2 / 2 I (0.18) 2 / 2 I (0.19) 

I/ 6 0 (0) 1 / 6 0 (0) 

I/ 6 0 (0) I / 6 0 (0) 

8/ 13 2 (1.91) 1 I 13 2 (1.74) 

I/ 6 0 (0) I/ 6 0 (0) 
: 

3 I 6 2 (0.81) 4 / 6 2 (0.82) 

I / 2 0 (0) I/ 2 0 (0) 

13 / 24 I (0.96) 14 / 24 I (0.96) 

2 / 3 I (1.28) 2 / 3 I ( 1.28) 

I / 3 0 (0) I/ 3 0 (0) 

5115 I (0.85) 5 I 15 I {0.85) 

9 I 15 I (0.98) 9 I 15 I (0.96) 

I/ 4 0 (0) I I 4 0 (0) 

14 / 41 0 (0.10) 15 / 41 0 (0.08) 

I / 4 0 (0) I / 4 0 (0) 

5 / 27 0 (0.08) 5 / 27 0 (0.07) 

2 / 7 0 (0.12) 2 / 7 0 (0.10) 

2 / 23 I (0.13) 2 / 23 I (0.1 I) 

2 / 4 I (0.S7) 2 / 4 I (0.S9) 

3 / 5 I (0.22) 3 / 5 t (0.22) 

11 / 32 16 / 32 11 / 32 17 / 32 
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APPENDIX le: CRITICAL LOAD V ARIA TI ON IN lOxlOkm SQUARE 

The 10 km grid squares for the within-square variability study were selected at random from 
the three greatest exceedance classes in the diatom model for sulphur, stratified by exceedance 
class. A 10% random-stratified subsample of 10 km squares generated a list of 32 squares 
after taking into account the replacement of sites in the first phase of the validation and 
screening work. Three of these squares occur in Northern Ireland, and since mapping is done 
on the extended GB grid, then these grid squares and not the Irish O.S. 10km squares were 
used to define the study units. 

The 32 squares are considered in turn below, with summary tables of critical loads and 
exceedances followed by a brief explanation of why selected sites may have differed in 
sensitivity to other sites within that square . 

The Original site was the site chosen at random from the pre-screening critical loads database, 
and the Original Diatom Model Exceedance Class was the original class calculated at that 
time. In the post-screening database, both of these may have changed. 

In the earlier site screening exercise it was checked that the most sensitive site, according to 
the latest freshwater sensitivity maps and altitude, had been selected to represent the grid 
square. In some of the 32 validation squares, a new site may therefore have been selected 
where the original was deemed to be less sensitive than other sites present in the square. 
Where this was the case, the new sitecode and sampling date will be shown. 

In addition, the data used for calculating critical loads have changed since the validation 
squares were selected. At the time of selection, 1986-88 deposition and rainfall data were 
used in the calculation of critical loads and exceedances, with runoff derived as rainfall/1.15. 
These were the only data available at the time and were therefore used despite the fact that 
they refer to a period before the original critical loads sampling programme was undertaken. 
The diatom model exceedance class for sulphur calculated from these "old" data is shown at 
the top of the page. 

Now that more appropriate data are available (1989-92 deposition and rainfall, and IH derived 
runoff data) both the critical loads and exceedances will have changed for any given chemical 
dataset. The critical loads and exceedances calculated using these new data are summarised 
in the tables below. The first column in each table shows which sample was used to derive 
the critical load and exceedance: 

Old: Sample obtained in original CLAG survey before any validation or screening work 
commenced. Note that 1989-92 deposition and rainfall data have been used here. 

NEW: Sample obtained during within-square variability study for the site selected to 
represent the grid square. The site may be different from the one for which "Old" 
critical loads and exceedances are shown above if the site screening exercise revealed 
a more sensitive alternative according to ITE sensitivity maps. 

Min: Sample obtained during within-square variability study for which the minimum critical 
load was calculated in that square. The site from which the sample was taken may 
differ between models. It should be noted that for total acidity models, the minimum 
critical load may not correspond with the greatest exceedance because N deposition 
is not simply subtracted from the critical load in the way that S deposition is 

85 



I 
[ 

C 
D 
D 
0 
D 

• 
D 
C 

• 
0 
D 

• 
• 

D 

• 
D 
L 
r 

APPENDIX le: CRITICAL LOAD VARIATION IN lOxlOkm SQUARE 

subtracted. 

Max: Sample obtained during within-square variability study for which the maximum critical 
load was calculated in that square. The site from which the sample was taken may 
differ between models. It should be noted that for total acidity models, the maximum 
critical load may not correspond with the smallest exceedance because N deposition 
is not simply subtracted from the critical load in the way that S deposition is 
subtracted. 

Mean: The mean value for all the sites sampled in a square during the validation exercise. 

In some cases, the calculated critical load and exceedance at the original sites may have 
changed enough with the use of the more recent deposition, rainfall and runoff data to result 
in a change in exceedance class for those sites. A comparison of the given Original Diatom 
Model Exceedance Class for a site with the Old exceedance class in the "Diatom Model for 
Sulphur" table will reveal where this is the case (e.g. see square 5, SD 72). 

A comparison of Old with NEW in the tables will therefore show how critical loads have 
changed through time at a site, except where NEW refers to a different site (see top of each 
page). 

The most important comparison is between NEW and Min in the tables; these figures show 
the difference (if any) between the currently mapped critical loads and exceedances, and the 
values for the most sensitive site. 
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APPENDIX le: CRITICAL LOAD VARIATION IN lOxlOkm SQUARE 

1. SE 01: Huddersfield/Rishworth, South Pennines (N.W. England) 

Original site: CZSE0l (21/May/91) 
Site resampled on: 22/Nov/94 
Original Diatom Model Exceedance Class: Black 
Number of sites in square: 13 

Diatom Model for Sulphur 

Value Critical Class Exceedance Class 
Load 

Old .32 Red • 2.15 Black 

NEW .57 Yellow • 1.90 Black 

Min .17 Black • 2.30 Black 

Max 8.51 Blue 6.04 Blue 

Mean 1.52 Green • .95 Red 

I Diatom Model for Total Acidity 

Cr itical Class Exceedance 
Load 

.05 Black • 2.76 

.44 Red • 2.31 

.10 Black • 2.59 

8.99 Blue 5.55 

1.35 Green • 1.46 

Class 

Black 

Black 

Black 

Blue 

Black 

Henriksen Model for Sulphur I Henriksen Model for Total Acidity 

Value Critical Class Exceedance Class Critical Class Exceedance Class 
Load Load 

Old .38 Red • 2.09 Black .JO Black • 2.71 Black 

NEW .94 Yellow · 1.53 Black .74 Yellow -1.95 Bl?tk 

Min .39 Red • 2.08 Black .34 Red • 2.35 Black 

Max 11.11 Blue 8.64 Blue 11.11 Blue 7.08 Blue 

Mean 2.60 Blue .13 Blue 2.35 Blue • 0.50 Red 

I 

I 

In this square there are between 3 and 5 sites which are more sensitive than the selected one, March Haigh Reservoir, 
depending on the model considered . Although lhere are 13 reservoirs in this square, they are mostly located within 
agricultural catchments with farms and woodlands. The more sensitive moorland sites arc very similar to the selected site 
in terms of altitude, chemistry and catchment soils but tend to have more restricted catchments . With smaller catchments, 
sensitivity could be more strongly related to direct inputs to the lake surface and less interaction of precipitation with 
catchment soils. The most important factors could therefore be lake:catchmcnt ratio and residence time, which have not been 
calculated for these sites. 
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APPENDIX le: CRITICAL LOAD V ARIA TI ON IN lOxlOkm SQUARE 

2. SD 81: Rochdale/Whitworth, South Pennines (N.W. England) 

Original site: CZSD81 (18/Nov/91) 
Site resampled on : 17 /Nov/94 
Original Diatom Model Exceedance Class: Black 
Number of sites in square : 19 

Diatom Model for Sulphur 

Value Critical Class Exceedance Class 
Load 

Old .24 Red • 2.05 Black 

NEW .45 Red - 1.84 Black 

Min .25 Red - 2.04 Black 

Max 16.93 Blue 14.64 Blue 

Mean 5.44 Blue 3.15 Blue 

I Diatom Model for Total Acidity 

Critical Class Exceedance 
Load 

.06 Black - 2.53 

.32 Red • 2.25 

.16 Black - 2.30 

17.49 Blue 15.01 

5.53 Blue 3.02 

Class 

Black 

Black 

Black 

Blue 

Blue 

Henriksen Model for Sulphur I Henriksen Model for Total Acid ity 

Value Critlcal Class Exceedance Class Critic al Class Exceedance Class 
Load Load 

Old .52 Yellow - 1.77 Black .29 Red - 2.27 Black 

NEW 1.02 Green - 1.28 Black .81 Yellow - 1.69 Black 

Min .77 Yellow - 1.52 Black .62 Yellow - 1.84 Black 

Max 14.15 Blue 11.86 Blue 14.15 Blue 11.02 Blue 

Mean 5.09 Blue 2.80 Blue 4.92 Blue 2.36 Blue 

I 

I 

There arc between 2 and 4 sites which are more sensitive than Scout Moor Reservoir, the selected site for this square. They 
are all very similar to the chosen site in terms of chemistry, catchment soils and altitude, the main difference being that the 
more sensiti\e sites are all larger. Sensitivity might therefore be related to residence time. With 19 sites in total, most of the 
less sensiti\'e water bodies occur at lower altitudes with more agricultural activity within their catchments. 
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APPENDIX le: CRITICAL LOAD VARIATION IN lOxl0km SQUARE 

3. SD 82: Bacup/Rossendale, South Pennines (N.W. England) 

Original site: CZSD82 (22/May/91) 
Site resampled on: 12/Jan/94 
Original Diatom Model Exceedance Class: Black 
Number of sites in square: 7 

Diatom Model for Sulphur 

Value Critical Class Excccdance Class 
Load 

Old .33 Red - 1.84 Black 

NEW .63 Yellow - 1.54 Black 

Min .63 Yellow - 1.54 Black 

Max 19.57 Blue 17.41 Blue 

Mean 5.91 Blue 3.74 Blue 

I Diatom Model for Total Acidity 

Critical Class Excccdance 
Load 

.02 Black - 2.53 

.40 Red • 2.13 

.40 Red • 2.13 

20.55 Blue 18.30 

5.97 Blue 3.58 

Class 

Black 

Black 

Black 

Blue 

Blue 

Henriksen Model for Sulphur Henriksen Model for Total Acidity 

Value Critical Class Exceedance Class Critical Class Excecdance Class 
Load Load 

Old .62 Yellow • 1.54 Black .23 Red • 2.37 Black 

NEW 1.55 Green • .62 Red 1.19 Green • 1.33 Black 

Min 1.55 Green • .62 Red 1.19 Green - 1.33 Biack 

Max 18.76 Blue 16.60 Blue 18.66 Blue 16.40 Blue 

Mean 7.48 Blue 5.31 Blue 7.24 Blue 4.75 Blue 

I 

The most sensitive site, Cowpe Reservoir, was successfully chosen to represent this square. It has the highest catchment with 
the greatest proportion of moorland and peat soils. 
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APPENDIX le: CRITICAL LOAD VARIATION IN l0xl0km SQUARE 

4. NN 31: Western Trossachs/Loch Lomond (S.W. Scotland) 

Original site: CZNN31 (9/Nov/91) 
Site resampled on: 25/May/94 
Original Diatom Model Exceedance Class: Black 
Number of sites in square: 5 

Diatom Model for Sulphur 

Value Critical Class Exceedance Class 
Load 

Old .29 Red - 1.29 Black 

NEW .24 Red - 1.33 Black 

Min .24 Red - 1.33 Black 

Max: 1.00 Green - .58 Red 

Mean .54 Yellow - 1.04 Black 

I Diatom Model for Total Acidity 

Critical Class Exceedance 
Load 

.30 Red - 1.28 

.25 Red - 1.71 

.25 Red - 1.71 

1.06 Green - .52 

.56 Yellow - 1.12 

Class 

Black 

Black 

Black 

Red 

Black 

Henriksen Model for Sulphur I Henriksen Model for Total Acidity 

Value Critical Class Ex:cecdance Class Critical Class Exceedance Class 
Load Load 

Old .52 Yellow - 1.06 Black .52 Yellow - 1.06 Black 

NEW .77 Yellow - .81 Red .73 Yellow - 1.04 Black 

Min .77 Yellow - .81 Red .73 Yellow - 1.04 Black 

Max 2.50 Blue .92 Blue 2.50 Blue .92 Blue 

Mean 1.61 Green .03 Blue 1.60 Green - .03 Green 

I 

I 

In this square the most sensitive site, Lochan a' Chaisteil, was successfully selected, being at a significantly greater altitude 
than the other sites which nearly all occur on similar soils with very similar moorland catchments. 
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APPENDIX le: CRITICAL LOAD VARIATION IN lOxlOkm SQUARE 

5. SD 72: Accrington/Haslingden, South Pennines (N.W. England) 

Original site: CZSD72 (18/Nov/91) 
Site resampled on: 16/Nov/94 
Original Diatom Model Exceedance Class: Black 
Number of sites in square: 11 

Diatom Model for Sulphur 

Value Critical Class Exceedance Class 
Load 

Old 1.07 Green •. 64 Red 

NEW 1.79 Green .09 Blue 

Min .43 Red • 1.28 Black 

Max 34.70 Blue 32.99 Blue 

Mean 7.97 Blue 6.26 Blue 

I Diatom Model for Total Acidity 

Critical Class Excecdance 
Load 

.87 Yellow · 1.02 

1.65 Green · .21 

.37 Red · 1.43 

36.65 Blue 34.82 

8.17 Blue 6.32 

Class 

Black 

Yellow 

Black 

Blue 

Blue 

Henriksen Model for Sulphur I Henriksen Model for Total Acidity 

Value Critical Class Exceedance Class Critical Class Exceedance Class 
Load Load 

Old 1.01 Green • .70 Red .81 Yellow • 1.12 Black 

]'l,'E\V 3.25 Blue 1.54 Blue 3.06 Blue 1.17 Bl_ue 

Min .49 Red • 1.22 Black .40 Red • 1.42 Black 

Max 30.73 Blue 29.02 Blue 30.73 Blue 28.35 Blue 

Mean 8.03 Blue 6.32 Blue 7.85 Blue 5.86 Blue 

I 

I 

This square shows the greatest discrepancy between the selected site, Calf Hey Reservoir, and the most sensitive site, "Great 
Hameldon" Reservoir. with a critical load 3 classes (over 2.6 µeq ha·• yr·'} smaller in the latter. "Great Hameldon" Reservoir 
has only half the magnesium and calcium of Calf Hey, but a similar level of sulphate. rt is much smaller than Calf Hey and 
has only a moorland catchment, whereas Calf Hey Reservoir has a 30% wooded catchment with grassy moorland. "Great 
Hameldon" Reservoir is a real outlier within this square in terms of its sensitivity. The other 2 sites which have a lower 
Henriksen critical load are also different. One is a reservoir containing water which has been standing for several months 
according to North West Water staff. The second is just IOOm metres downstream of the chosen site but may be bypassed 
by its outflow and has its own moorland tributary with no woodland. These two sites have a much more similar chemistry 
to the selected site and the critical load falls in the same class. The rest of the sites in this square arc less sensitive and ha\'e 
either agricultural or urban catchments, in the laucr cases being mainly pumped storage reservoirs holding water from 
unknown sources and for unknown periods. 
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APPENDIX le: CRITICAL LOAD VARIATION IN lOxlOkm SQUARE 

6. NN 21: Glen Fyne (S.W. Scotland) 

Original site: CZNN2 l (5/Dec/90) 
New site selected in screening: VNN2102 (25/May/94) 
Original Diatom Model Exceedance Class: Black 
Number of sites in square: 7 

Diatom Model for Sulphur I 
Value Critical Class Exceedancc Class Critical 

Load Load 

Old .47 Red - I.I I Black .48 

NEW .26 Red - 1.31 Black .28 

Min .26 Red - 1.31 Black .28 

Ma.~ 1.27 Green - .31 Yellow 1.32 

Mean .56 Yellow - 1.02 Black .59 

Diatom Model for Total Acidity 

Class Excccdance 

Red - 1.26 

Red - 1.30 

Red - 1.30 

Green - .47 

Yellow - 1.07 

Class 

Black 

Black 

Black 

Yellow 

Black 

Henriksen Model for Sulphur I Henriksen Model for Total Acidity 

Value Critical Class Exceedance Class Critlcal Class Excecdance Class 
Load Load 

Old 1.10 Green - .48 Yellow 1.08 Green - .61 Red 

NEW 1.51 Green - .06 Green 1.51 Green · .06 Green 

!\Un 1.51 Green - .06 Green 1.51 Green - .06 Green 

!\lax 4.43 Blue 2.85 Blue 4.35 Blue 2.63 Blue 

Mean 2.32 Blue .74 Blue 2.30 Blue .68 Blue 

I 

I 

The most sensitive site was correctly chosen to represent this square, being a small peaty loch at the highest altitude with 
a pH lower by almost a full unit than the next most sensitive site. In this case, the data screening exercise prior to validation 
had correctly identified a more sensitive site than the one originally sampled. This square also demonstrates the change over 
time of critical loads which can occur. The original site, now replaced, showed a marked cxceedance of Henriksen critical 
loads in 1990, but when rcsampled in 1994 was no longer exceeding its Henriksen critical load, although it was still showing 
exceedance in the diatom model. 
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APPENDIX le: CRITICAL LOAD V ARIA TI ON IN lOxlOkm SQUARE 

7. SH 44: Lleyn Peninsula (North Wales) 

Original site : CZSH44 (23/May/91) 
Site resampled on : 22/Apr/94 
Original Diatom Model Exceedance Class: Black 
Number of sites in square: 3 

Diatom Model for Sulphur 

Value Critical Class Exceedance Class 
Load 

Old .28 Red • .62 Red 

NEW .39 Red • .52 Red 

Min .39 Red • .52 Red 

Max 10.18 Blue 9.28 Blue 

Mean 5.38 Blue 4.47 Blue 

I Diatom Model for Total Acidity 

Critical Class Exceedance 
Load 

.27 Red - 1.25 

.38 Red · .82 

.38 Red · .82 

10.75 Blue 9.85 

5.62 Blue 4.55 

Class 

Black 

Red 

Red 

Blue 

Blue 

Henriksen Model for Sulphur Henriksen Model for Total Acidity 

Value Critlcal Class Exceedance Class Critical Class Exceednnce Class 
Load Load 

Old .22 Red • .69 Red .18 Black · .99 Red 

NEW .80 Yellow · .10 Green .74 Yellow · .35 Yellow 

Min .80 Yellow .. to Green .74 Yellow · .35 Yellow 

Max 11.67 Blue 10.77 Blue 11.67 Blue 10.77 Blue 

Mean 6.41 Blue 5.50 Blue 6.34 Blue 5.33 Blue 

I 

Of the 3 sites in this square, Llyn Cwm Dulyn, lhe most sensilive, was successfully chosen. The other two sites are high 
alkalinity lowland ponds with rough grassland catchments on loamy soils, while Llyn Cwm Dulyn is an acid upland site with 
a Calluna moor catchment and some peat soils. 
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APPENDIX le: CRITICAL LOAD V ARIA TI ON IN lOxlOkm SQUARE 

8. SH 55: Snowdon - west (North Wales) 

Original site: LCSU ( 14/May/87) 
Site resampled on: 22/Apr/94 
Original Diatom Model Exceedance Class: Black 
Number of sites in square: 12 

Diatom Model for Sulphur 

Value Critical Class Excccdancc Class 
Load 

Old .28 Red · .62 Red 

NEW .22 Red · .69 Red 

Min .22 Red · .69 Red 

Max 19.13 Blue 18.22 Blue 

Mean 2.15 Blue 1.24 Blue 

I Diatom Model for Total Acidity 

Critical Class Exccedance 
Load 

.30 Red •. 60 

.22 Red · .85 

.22 Red · .91 

20.12 Blue 19.18 

2.24 Blue 1.18 

Class 

Red 

Red 

Red 

Blue 

Blue 

Henriksen Model for Sulphur I Henriksen Model for Total Acidity 

Value Critical Class Exceedance Class Critical Class Exceedance Class 
Load Load 

Old 2.02 Blue 1.11 Blue 2.02 Blue I.I I Blue 

NEW 1.22 Green .31 Blue 1.17 Green .10 ll_luc 

Min 1.17 Green .26 Blue 1.09 Green - .12 Green 

Max 40.09 Blue 39.19 Blue 39.95 Blue 38.90 Blue 

Mean 5.07 Blue 4.17 Blue 4.99 Blue 3.90 Blue 

I 

I 

Llynnau Cwm Silyn Bach (upper) was selected to represent this square west of Snowdon, but of the 12 sites present, one 
is more sensitive according to the diatom model, and three are more sensitive in the Henriksen model. Of these three sites, 
the one which is more sensitive than Llynnau Cwm Silyn Bach in both models is just 50m downstream of it (Llynnau Cwm 
Silyn - lower) with almost identical chemistry. The difference in critical load between the two lakes is negligible, but with 
a fractionally smaller value in the downstream site. 

The other two more sensitive sites in the Henriksen model are at higher altitudes with similar wet moorland catchments 
extending some 300m higher (to the summit of Snowdon) than at Llynnau Cwm Silyn Bach. They have similar chemistries 
to the selected site, and slightly higher pH, but their critical loads are very slightly lower. 

Overall there is very little difference in critical loads between Llynnau Cwm Silyn Bach and the more sensitive sites. and 
all occur within the same critical loads class. 
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APPENDIX le: CRITICAL LOAD VARIATION IN lOxlOkm SQUARE 

9. SJ 25: West of Wrexham (N.E. Wales) 

Original site: CZSJ25 (26/May/91) 
Site resampled on: 24/Apr/94 
Original Diatom Model Exceedance Class: Red 
Number of sites in square: 5 

Diatom Model for Sulphur 

Value Critical Class Exceedancc Class 
Load 

Old .73 Yellow - .18 Green 

NEW .98 Yellow .06 Blue 

Min .38 Red - .53 Red 

Max 25.36 Blue 24.45 Blue -

Mean 7.82 Blue 6.90 Blue 

I Diatom Model for Total Acidity 

Critical Class Excccdance 
Load 

.61 Yellow - .37 

.89 Yellow - .09 

.40 Red - .51 

26.79 Blue 25.83 

8.10 Blue 7.11 

Class 

Yellow 

Green 

Red 

Blue 

Blue 

Henriksen Model for Sulphur I Henriksen Model for Total Acidity 

Value Critical Class Exceed a nee Class Critical Class Exceedance Class 
Load Load 

Old .43 Red - .48 Yellow .35 Red - .66 Red 

NEW .77 Yellow - .14 Green .69 Yellow - .31 Yellow 

Min .18 Black - .73 Red .18 Black - .73 Red 

Max 12.99 Blue 12.07 Blue 12.99 Blue 11.92 Blue 

Mean 4.04 Blue 3.13 Blue 3.96 Blue 2.94 Blue 

I 

I 

The site selected to represent this square, Llyn Cyfynwy, is less sensitive than two of the other four sites in the grid square. 
Llyn Cyfynwy is a storage reservoir with a piped inflow from an unknown source, but has a dry moorland catchment on 
loamy soils. The most sensitive site is a small pool on blanket peat at a slightly lower altitude, while the other more sensitive 
site is a higher altitude reservoir within conirer plantation on wet peaty and loamy soils. The two reservoirs actually have 
very similar chemistries , but the peaty pool has a much lower pH and alkalinity and has a critical load which is over 0.5 
ueq/ha/yr lower than the selected site, corresponding to 1-2 critical load classes. 
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APPENDIX le: CRITICAL LOAD VARIATION IN l0xl0km SQUARE 

10. SX 66: Dartmoor (S.W. England) 

Original site: CZSX66 ( I 6/ Apr/92) 
Site resampled on: 16/Dec/93 
Original Diatom Model Exceedance Class: Red 
Number of sites in square: 3 

Diatom Model ror Sulphur 

Value Critical Class Exccedance Class 
Load 

Old .09 Black - .80 Red 

NEW .37 Red · .53 Red 

Min .24 Red - .66 Red 

Max .37 Red - .53 Red 

Mean .29 Red - .61 Red 

I Diatom Model for Total Acidity 

Critical Class Exceedance 
Load 

.10 Black - .80 

.37 Red • .81 

.25 Red - .81 

.37 Red - .70 

.29 Red • .75 

Class 

Red 

Red 

Red 

Red 

Red 

Henriksen Model for Sulphur I Henriksen Model for Total Acidity 

Value Critical Class Exceedance Class Critical Class Excecdance Class 
Load Load 

Old .26 Red - .63 Red .26 Red - .63 Red 

NEW 1.40 Green .51 Blue 1.33 Green .26 Blue 

Min .47 Red - .42 Yellow .47 Red - .46 Yellow 

Max 1.40 Green .51 Blue 1.33 Green .26 Blue 

Mean .84 Yellow - .05 Green .81 Yellow - .17 Green 

I 

I 

In this I 0km grid square the selected site turned out to be the least sensitive of the three choices. The more sensitive sites 
have very similar chemistries despite physical differences. The most sensitive site, "Ugborough" Lake, is a small artificial 
pond of industrial origin and is physically very similar to the chosen site Red Lake, which occurs on the same blanket peat 
plateau although in a different soil map unit (101 lb• Winter Hill. compared with 1013b- Crowdy 2 at the former). The third 
site, which resembles "Ugborough" Lake in terms of chemistry, is a large water supply reservoir at a lower altitude, with 
more loamy. well drained soils on granite. The differences between the two plateau sites are difficult to explain. except in 
that their original purpose is unknown, and the associated earthworks and concrete structures may affect their water 
chemistry. The selected site differs from the other two in having a higher pH (one run unit), calcium and nitrate but lower 
sodium. chloride and sulphate. Ironically. the least sensitive site in this square would probably be the most appropriate site 
to represent the square for critical loads mapping, since the other sites arc disturbed and may be unsuitable for applying 
critical loads models. This square exemplifies one of the problems involved in selecting the most sensitive site from maps 
alone. 
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APPENDIX le: CRITICAL LOAD VARIATION IN l0xl0km SQUARE 

11. NN 03: Loch Etive (S.W. Scotland) 

Original site: CZNN03 (23/May/90) 
Site resampled on: 29/May/94 
Original Diatom Model Exceedance Class: Red 
Number of sites in square: 4 

Diatom Model for Sulphur 

Value Critical Class Exceedance Class 
Load 

Old .47 Red • .77 Red 

NEW .54 Yellow · .70 Red 

Min .29 Red • .96 Red 

Max 3.52 Blue 2.28 Blue 

Mean 1.30 Green .06 Blue 

I Diatom Model for Total Acidity 

Critical Class Exceedance 
Load 

.50 Yellow • .74 

.57 Yellow · .67 

.29 Red • 1.39 

3.72 Blue 2.48 

1.37 Green .02 

Class 

Red 

Red 

Black 

Blue 

Blue 

Henriksen Model for Sulphur Henriksen Model for Total Acidity 

Value Critical Class Exceedance Class Critical Class Exceedance Class 
Load Load 

Old .74 Yellow • .50 Red .74 Yellow • .50 Red 

NEW 1.23 Green • .01 Green 1.23 Green • .01 Green 

Min 1.10 Green • .14 Green 1.05 Green • .39 Yellow 

Max 6.50 Blue 5.26 Blue 6.50 Blue 5.26 Blue 

Mean 2.77 Blue 1.53 Blue 2.76 Blue 1.47 Blue 

I 

The site selected to represent this square. Lochan Bealach Carra, is less sensitive than one of the other three sites, "Coire 
Lochan", which has much lower concentrations of all the measured ions except nitrate. The most sensitive site occurs at 
620m altitude compared with 420m at the chosen site. The higher site is 5km from the marine Loch Etive, while Lochan 
Bealach Carra is only 3km away. The subalpinc soils which cover the whole of the catchment of "Caire Lochan" only occur 
in the upper catchment of Lochan Bealach Carra; the rest of the catchment of the !alter comprises humus-iron podzol soils. 

The reasons for the failure to select the most sensitive site, for which the critical load is one class lower than at Lochan 
Bealach Carra, were probably its borderline size (very small) and its relative inaccessibility. 
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APPENDIX le: CRITICAL LOAD VARIATION IN lOxlOkm SQUARE 

12. SH 71: Cadair Idris (North Wales) 

Original site: CZSH71 (27/May/91) 
Site resarnpled on: 19/Apr/94 
Original Diatom Model Exceedance Class: Red 
Number of sites in square: 6 

Diatom Model for Sulphur 

Value Critical Class Exceedance Class 
Load 

Old .49 Red - .54 Red 

l"l'EW .42 Red - .61 Red 

Min .28 Red - .75 Red 

Max 4.21 Blue 3.18 Blue 

Mean 1.53 Green .50 Blue 

I Diatom Model ror Total Acidity 

Critical Class Exceedance 
Load 

.47 Red - 1.10 

.41 Red -1.00 

.27 Red - 1.00 

4.33 Blue 3.11 

1.55 Green .30 

Class 

Black 

Black 

Black 

Blue 

Blue 

Henriksen Model for Sulphur I Henriksen Model for Total Acidity 

Value Critical Class Exceedance Class Critical Class Exceedance Class 
Load Load 

Old 1.05 Green .02 Blue .93 Yellow - .51 Red 

l"l'EW 1.27 Green .24 Blue 1.16 Green • .18 Green 

Min .61 Yellow - .42 Yellow .53 Yellow - .83 Red 

Max 7.67 Blue 6.64 Blue 7.49 Blue 6.29 Blue 

Mean 3.04 Blue 2.01 Blue 2.91 Blue 1.64 Blue 

I 

I 

Of the six sites in this 10km square, only one is more sensitive than the selected site Llyn y Gadair. below the summit of 
Cadair Idris. The more sensitive site is a forestry reservoir 200m lower than Llyn y Gadair. Its catchment is completely 
afforested, and the shallow reservoir is largely overgrown with very dense stands of J11ncus b11lbosus and aquatic Spltagnw,1 
sp. The selected site is a tam lake with a rocky moorland catchment dominated by shallow peaty soils, while the forest 
catchment has loamy soils wilh a wet peaty surface horizon. 

According 10 the freshwater sensitivity map (Hornung et al., 1995) the selected site should occur in the most sensitive area, 
with the forest site occupying an area of medium-high sensitivity. However, the sensitivity maps take no account of the 
effects of afforestation on water chemistry, which may be significant in this case. The critical load is one class lower in the 
Henriksen model for the forest site, but there is less difference within the diatom model. The main chemical differences arc 
significantly greater sodium, chloride and especially sulphate concentrations at the forested site. 
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APPENDIX le: CRITICAL LOAD VARIATION IN l0xlOkm SQUARE 

13. 08 55: The Sperrins (Northern Ireland) 

Original site: CZH79 (8/Dec/91) 
Site resampled on: 7/Dec/94 
Original Diatom Model Exceedance Class: Red 
Number of sites in square: 2 

Diatom Model for Sulphur 

Value Critical Class Exceedance Class 
Load 

Old .25 Red - .44 Yellow 

NEW .16 Black • .53 Red 

Min .12 Black - .56 Red 

Max .16 Black - .53 Red 

Mean .14 Black - .54 Red 

I Diatom Model for Total Acidity 

Critical Class Excecdance 
Load 

.26 Red - .51 

.17 Black - .68 

.12 Black - .75 

.17 Black - .68 

.15 Black - .72 

Class 

Red 

Red 

Red 

Red 

Red 

Henriksen Model for Sulphur I Henriksen Model for Total Acidity 

Value Critical Class Exceedance Class Critical Class Exceedance Class 
Load Load 

Old .33 Red - .36 Yellow .32 Red - .40 Yellow 

NEW .54 Yellow - .14 Green .53 Yellow - .21 Yellow 

Min .36 Red - .32 Yellow .34 Red - .47 Yellow 

Max .54 Yellow - .14 Green .53 Yellow - .21 Yellow 

Mean .45 Red - .23 Yellow .44 Red - .34 Yellow 

I 

I 

There are only two sites in this extended GB grid square, but the chosen site is the less sensitive. Lough Ouske, the selected 
site, occurs at IOOm greater altitude than the more sensitive Lough Patrick. Both ha\'e peaty moorland catchments, but Lough 
Patrick has a catchment dominated by Calluna, while Lough Ouske has a more grassy catchment with Erica sp. and Ca/Irma 
occurs only near the top of its catchment. 

The two sites have similar chemistry and pH, but the selected site has a slightly lower alkalinity, lower sulphate and a higher 
TOC concentration, giving it a higher ANC. The differences in critical load arc small. but as borderline sites in the Henriksen 
model, these differences result in a class change between the two sites. 
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APPENDIX le: CRITICAL LOAD V ARIA TI ON IN toxtokm SQUARE 

14. NY 41: Hawes Water and Eastern Lake District (N.W. England) 

Original site: CZNY41 (13/May/91) 
Site resampled on: 6/May/94 
Original Diatom Model Exceedance Class: Red 
Number of sites in square : 6 

Diatom Model for Sulphur 

Value Critical Class Exceedance Class 
Load 

Old 1.21 Green • .69 Red 

l\"EW 1.44 Green • .46 Yellow 

Min 1.44 Green • .46 Yellow 

Max 3.01 Blue 1.11 Blue 

Mean 2.32 Blue .42 Blue 

I Diatom Model for Total Acidity 

Critical Class Exceedance 
Load 

1.13 Green · 1.58 

1.39 Green -1.10 

1.39 Green • I.to 

3.06 Blue .85 

2.35 Blue .17 

Class 

Black 

Black 

Black 

Blue 

Blue 

Henriksen Model for Sulphur I Henriksen Model for Total Acidity 

Value Critical Class Exceedance Class Critical Class Exceedance Class 
Load Load 

Old 2.33 Blue .43 Blue 2.05 Blue • .38 Yellow 

l\"EW 3.37 Blue 1.47 Blue 3.08 Blue .77 Blue 
' 

Min 3.37 Blue 1.47 Blue 3.08 Blue .77 Brue 

Max 6.92 Blue 5.02 Blue 6.68 Blue 4.55 Blue 

Mean 5.31 Blue 3.41 Blue 5.11 Blue 2.99 Blue 

I 

I 

The most sensitive site, Blea Water. was successfully chosen to represent this square. It is the highest site in the square with 
the highest catchment, and occurs in an area of uniform sensitivity according 10 the ITE map, although the soils do vary 
across the square. 

The other tarn lakes in the square have higher calcium and alkalinity values despite occurring in very similar catchments . 
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APPENDIX le: CRITICAL LOAD VARIATION IN lOxlOkm SQUARE 

15. NN 05: Ballachulish (Western Scotland) 

Original site: CZNN05 (6/Jun/90) 
New site selected in screening: VNN0506 (28/May/94) 
Original Diatom Model Exceedance Class: Red 
Number of sites in square : 6 

Diatom Model for Sulphur I 
Value Critical Class Exceedance Class Critical 

Load Load 

Old .61 Yellow - .67 Red .64 

!\"EW .38 Red · .89 Red .40 

:\lln .38 Red - .89 Red .40 

~fax 14.41 Blue 13.14 Blue IS.IS 

:\lean 4.41 Blue 3.14 Blue 4.65 

Diatom Model for Total Acidity 

Class Exceedancc 

Yellow • .70 

Red · .87 

Red - .87 

Blue 13.83 

Blue 3.37 

Class 

Red 

Red 

Red 

Blue 

Blue 

Henriksen Model for Sulphur Henriksen Model for Total Acidity 

Value Critical Class Exceedance Class Critical Class Exceedance Class 
Load Load 

Old 1.38 Green .11 Blue 1.38 Green .08 Blue 

!\"EW .8S Yellow - .42 Yellow .85 Yellow • .42 Yellow 

~tin .85 Yellow - .42 Yellow .85 Yellow • .42 Yellow 

~lax 39.59 Blue 38.31 Blue 39.45 Blue 38.04 Blue 

~lean 12.99 Blue 11.72 Blue 12.97 Blue 11.68 Blue 

I 

This square was to be revisited anyway as part of the screening and validation work because the original stream site was 
not the most sensitive and had been sampled only because of access problems. A new site, an un-named lochan at 770m on 
the ridge of Sgorr Dhonuill, was selected to represent this square before it was randomly chosen as a within-square variability 
study area. This new site did tum out to be the most sensitive, and is also more sensitive than the stream site previously 
representing the square. A nearby site on the same ridge but at lower altitude is the most similar in terms of chemistry and 
catchment but has a slightly higher pH, alkalinity and critical load. These two most sensitive sites occur on subalpine soils 
over granite. ,, hile another two sensitive sites occur on peaty and subalpine soils over schists. The remaining two non
scnsiti\'e sites are a heavily disturbed and drained forest reservoir, and a flooded quarry. 
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APPENDIX le: CRITICAL LOAD VARIATION IN lOxlOkm SQUARE 

16. SH 65: Snowdon - Glyder Fawr (North Wales) 

Original site: CZSH65 (25/May/91) 
New site selected in screening: AR26A (23/Apr/94) 
Original Diatom Model Exceedance Class: Red 
Number of sites in square: 13 

Diatom Model for Sulphur I 
Value Critical Class Exceedance Class Critical 

Load Load 

Old 1.55 Green .02 Blue 1.58 

NEW .66 Yellow - .87 Red .65 

Min .11 Black - 1.42 Black .11 

Max 1.13 Green - .40 Yellow 1.15 

Mean .63 Yellow - .90 Red .64 

Diatom Model ror Total Acidity 

Class Exccedance 

Green • .14 

Yellow - 1.67 

Black - 1.67 

Green - .66 

Yellow - 1.20 

Class 

Green 

Black 

Black 

Red 

Black 

Henriksen Model for Sulphur Henriksen Model for Total Acidity 

Value Critical Class Exceedance Class Critlcal Class Exceedance Class 
Load Load 

Old 5.24 Blue 3.71 Blue 5.08 Blue 3.30 Blue 

NEW 2.63 Blue 1.10 Blue 2.44 Blue .39 Blue 

Min .72 Yellow - .80 Red .70 Yellow - .98 Red 

Max 4.24 Blue 2.71 Blue 4.08 Blue 2.28 Blue 

Mean 2.53 Blue 1.00 Blue 2.42 Blue .61 Blue 

I 

The site originally chosen to represent this square was found during data screening to be too small and at 100m lower altitude 
than possible alternatives. However, the new site selected to represent the square turned out be one of the less sensitive sites 
of the 13 in the square, with seven sites having lower critical loads. There is no immediately obvious reason for the greater 
sensitivity of the other sites, except that some of them may have more deep peat in their catchments and two of them have 
afforested catchments. The most sensitive site is by a disused quarry halfway up the south ridge of Snowdon, which has a 
much lower pH and alkalinity than Llyn y Cwn, the chosen site on Glyder Fawr. The other more sensitive sites have similar 
chemistries to Llyn y Cwn but slightly lower alkalinities. These small differences are likely to be due to the varying soil 
types in the area, which have different proportions of peat and bare rock, for example, despite falling into a uniform class 
of freshwater sensitivity on the ITE maps. The difficulty in assessing the relative effects of altitude compared with local soil 
variability is illustrated well in this grid square. 
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APPENDIX le: CRITICAL LOAD V ARIA TI ON IN l0xl0km SQUARE 

17. 06 54: Gortin Glen, Co. Tyrone (Northern Ireland) 

Original site: CZH48 (8/Dec/91) 
Site resampled on: 7/Dec/94 
Original Diatom Model Exceedance Class: Red 
Number of sites in square: 6 

Diatom Model for Sulphur 

Value Critical Class Exceed a nee Class 
Load 

Old .20 Red • .41 Yellow 

NEW .14 Black • .48 Yellow 

Min .14 Black . .48 Yellow 

Max 2.83 Blue 2.22 Blue 

Mean .96 Yellow .34 Blue 

I Diatom Model for Total Acidity 

Critical Class Exceedance 
Load 

.20 Red • .59 

.14 Black • .65 

.14 Black • .65 

2.85 Blue 2.07 

.98 Yellow .24 

Class 

Red 

Red 

Red 

Blue 

Blue 

Henriksen Model for Sulphur I Henriksen Model for Total Acidity 

Value Critical Class Exceedance Class Critical Class Exceedance Class 
Load Load 

Old .36 Red - .26 Yellow .33 Red • .42 Yellow 

NEW .36 Red •. 25 Yellow .34 Red • .41 Yellow 

Min .36 Red - .25 Yellow .34 Red • .41 Yellow 

Max 3.98 Blue 3.37 Blue 3.81 Blue 3.02 Blue 

Mean 1.53 Green .92 Blue 1.49 Green .78 Blue 

I 

I 

Fallagharin Lough was successfully chosen as the most sensitive site in this square. Of the five other sites, three are of 
similar or slightly lower pH but have a greater ANC due to higher levels of TOC. All the sensitive sites occur in peaty 
moorland catchments. The other two sites have much higher alkalinities. one of them in a mixed woodland, and the other 
in a recreation area by a main road. 
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APPENDIX le: CRITICAL LOAD VARIATION IN lOxlOkm SQUARE 

18. NR 93: Isle of Arran (Western Scotland) 

Original site: CZNR93 (7 /Oct/90) 
Site resampled on: l l/May/94 
Original Diatom Model Exceedance Class: Red 
Number of sites in square: 6 

Diatom Model for Sulphur 

Value Critical Class Excecdance Class 
Load 

Old .33 Red • .48 Yellow 

NEW .59 Yellow - .22 Yellow 

Min .15 Black - .66 Red 

Max 1.36 Green .55 Blue 

Mean .60 Yellow - .21 Yellow 

ll Diatom Model for Total Acidity 

Critical Class Exceedance 
Load 

.35 Red . .49 

.62 Yellow •• 23 

.15 Black · .81 

1.40 Green .52 

.62 Yellow · .29 

Class 

Yellow 

Yellow 

Red 

Blue 

Yellow 

Henriksen Model for Sulphur I Henriksen Model for Total Acidity 

Value Critical Class Exceedance Class Critical Class Exceedance Class 
Load Load 

Old .39 Red - .42 Yellow .38 Red - .44 Yellow 

NEW 1.16 Green .35 Blue 1.15 Green .32 Blue 

Min .35 Red - .46 Yellow .33 Red - .61 Red 

Max 3.11 Blue 2.30 Blue 3.04 Blue 2.15 Blue 

Mean 1.30 Green .49 Blue 1.27 Green .37 Blue 

I 

I 

The soils and geology of the area of Arran covered by this square are very variable, and this is renected in the chemistry 
of the freshwaters found there. The only standing waters occur in the nonh-west comer of the square around Glen lorsa. 
which divides the granitic massif of the north from the central bell of schists and old red sandstone. The selected site, Loch 
Nuis, ranks only fourth out of six in terms of sensitivity. Its catchment contains a high proponion of peat soils, and lies on 
the very edge of the granite with schists in its upper catchment. The most sensitive site, Loch Sail Chalmadale, lies well 
within the area of granite, with a catchment of peaty gley and peat soils. The other two more sensitive sites lie within Glen 
lorsa on the peaty podzols and peats which overlie morainic material. The only sites which are less sensitive than Loch Nuis 
are a pool in Glen lorsa which is actually fed by Loch Nuis, and a peaty pool on the schistose grits of Beinn Lochain, which 
is the least sensitive site in the square. This square shows the limitations of the freshwater sensitivity maps where the 
geological component was digitised from I :625,000 scale maps. The cluster of lakes around the very edge of an area of 
granitic intrusion results in local variations of groundwater sensitivity which are unlikely to be represented accurately on 
small sea le maps. 
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APPENDIX le: CRITICAL LOAD V ARIA TI ON IN lOxlOkm SQUARE 

19. SN 65: Tregaron, Powys (Mid-Wales) 

Original site: CZSN65 (1 l/Sep/91) 
Site resampled on: 15/Apr/94 
Original Diatom Model Exceedance Class: Red 
Number of sites in square: 2 

Diatom Model for Sulphur 

Value Critical Class Exccedance Class 
Load 

Old .36 Red - .65 Red 

NEW .36 Red · .65 Red 

Min .36 Red - .65 Red 

Max 4.87 Blue 3.86 Blue 

Mean 2.62 Blue 1.60 Blue 

I Diatom Model for Total Acidity 

Critical Class Excccdance 
Load 

.38 Red · .66 

.38 Red · .65 

.38 Red - .65 

5.10 Blue 4.04 

2.74 Blue 1.69 

Class 

Red 

Red 

Red 

Blue 

Blue 

Henriksen Model for Sulphur I Henriksen Model for Total Acidity 

Value Critical Class Excecdance Class Critical Class Exceedance Class 
Load Load 

Old .24 Red • .77 Red .24 Red - .79 Red 

NEW .41 Red • .61 Red .40 Red · .62 Red 

Min .41 Red - .61 Red .40 Red - .62 Red 

Max 5.03 Blue 4.02 Blue 4.99 Blue 3.94 Blue 

Mean 2.72 Blue 1.71 Blue 2.70 Blue 1.66 Blue 

I 

I 

There are only two lake sites in this square, and the more sensitive of the two was correctly chosen to represent the square. 
Llyn y Gwaith, the selected site, is a forestry reservoir with a catchment which is around fifty percent afforested and fifty 
percent grassy moorland. It has a pH of around 5.0 and a very low alkalinity. The less sensitive site is an artificial lake at 
300m lower altitude in an area of improved grassland, with likely inputs of farm runoff. It has a pH of 7.45 and a very high 
alkalinity. 
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APPENDIX le: CRITICAL LOAD VARIATION IN lOxlOkm SQUARE 

20. NB 11: North Harris and West Lewis, Outer Hebrides (N.W. Scotland) 

Original site: CZNB I I (5/May/90) 
New site selected in screening: SNB 11 (9/Oct/94) 
Original Diatom Model Exceedance Class: Yellow 
Number of sites in square: 24 

Diatom Model ror Sulphur I 
Value Critical Class Exceedance Class 

Load 

Old .04 Black · .64 Red 

NEW .49 Red · .20 Yellow 

Min .15 Black • .54 Red 

Max 1.03 Green .34 Blue 

Mean .51 Yellow · .18 Green 

Diatom Model for Total Acidity 

Critical Class Exceedance 
Load 

.04 Black · .82 

.51 Yellow · .17 

.16 Black . 1.18 

1.08 Green .40 

.53 Yellow • .29 

Class 

Red 

Green 

Black 

Blue 

Yellow 

Henriksen Model for Sulphur Henriksen Model for Total Acidity 

Value Critical Class Exceedance Class Critical Class Exceedance Class 
Load Load 

Old .00 Black · .69 Red .00 Black · .70 Red 

NEW 1.57 Green .88 Blue 1.57 Green .88 Blue 

Min .61 Yellow · .08 Green .61 Yellow · .08 Green 

Max 3.24 Blue 2.55 Blue 3.24 Blue 2.55 Blue 

Mean 1.68 Green 1.00 Blue 1.68 Green .99 Blue 

I 

The preliminary data screening exercise indicated that the site originally chosen to represent this square was probably too 
small to meet the minimum area requirement of 0.5 hectares, and was unlikely to be the most sensitive, at over I OOm lower 
altitude than other sites in the square. Therefore a new site, Loch Stuladale, was selected to represent the grid square. It was 
sampled as a replacement site on 27th October 1993 and was substituted into the mapping dataset along with this sample's 
chemistry on the basis of size. Later sampling of the 24 sites in the square revealed Loch Stuladale to rank just below 
halfway in terms of sensitivity. Although the variations in chemistry and sensitivity are not great for such .a large number 
of sites, there is a distinct spatial pattern which appears to relate mainly to the soils. The geology is all undifferentiated 
gneiss across the study area, but the more sensitive sites are clustered on soil map unit 394 of the Lochinver Association, 
consisting of peaty g\cys and peat with some peaty podzols and peaty rankers. The least sensitive sites occur to the cast of 
Loch Langa\'at, on soil map units 392 and 397, the former having more peat and the latter being made up or sub.alpine 
podzols .and peat. This square would provide an interesting study area for investigating the more subtle relationships between 
soil type and water chemistry, since there are obvious differences which are not picked up in the existing freshwater 
scnsiti\'ity maps. 
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APPENDIX le: CRITICAL LOAD V ARIA TI ON IN lOxlOkm SQUARE 

21. NM 97: Cona Glen/Loch Eil (Western Scotland) 

Original site: CZNM97 (19/May/90) 
Site resampled on: 28/May/94 
Original Diatom Model Exceedance Class: Yellow 
Number of sites in square: 3 

Diatom Model for Sulphur I 
Value Critical Class Excecdance Class 

Load 

Old .65 Yellow - .45 Yellow 

NEW .44 Red - .66 Red 

Min .22 Red - .88 Red 

Max .99 Yellow - .II Green 

Mean .55 Yellow • .55 Red 

Diatom Model for Total Acidity 

Critical Class Exceedance 
Load 

.69 Yellow - .42 

.47 Red •. 64 

.24 Red - .87 

1.05 Green - .06 

.58 Yellow • .52 

Class 

Yellow 

Red 

Red 

Green 

Red 

Henriksen Model for Sulphur I Henriksen Model for Total Acidity 

Value Critical Class Exccedance Class Critical Class Exceedance Class 
Load Load 

Old 1.99 Green .88 Blue 1.99 Green .88 Blue 

NEW 1.83 Green .72 Blue 1.83 Green .72 Blue 

Min .55 Yellow - .56 Red .55 Yellow • .56 Red 

!\fax 3.39 Blue 2.29 Blue 3.39 Blue 2.29 Blue 

Mean 1.92 Green .82 Blue 1.92 Green .82 Blue 

I 

I 

The site selected to represent this grid square, Lochan Dubh Torr an Tairbeart, ranks second in sensitivity out of the three 
sites present. and was selected mainly for its size and accessibility; the other two sites are both very small and difficult to 
reach. The most sensitive site is a small loch in the middle of very dense conifer plantation, with a completely afforested 
catchment. The selected site has a catchment which is afforested only in its lower half, its upper catchment extending up 
to over 600 metres despite the lake's location at near sea level. Interestingly, the least sensitive site, Lochan nan Stob, which 
occurs on the ridge between Glen Scaddle and Cona Glen, lies at 500m altitude with a moorland catchment , and is the site 
which should have been selected to represent the square. It was only overlooked because of its borderline size and remote 
location 12km up Glen Scaddle. Again, the complicating effects of forestry in predicting freshwater sensitivity arc 
exemplified. 
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APPENDIX le: CRITICAL LOAD V ARIA Tl ON IN lOxlOkm SQUARE 

22. 13 47: The Mournes (Northern Ireland) 

Original site: CZ1347 (24/Jun/92) 
Site resampled on: 8/Dec/94 
Original Diatom Model Exceedance Class: Yellow 
Number of sites in square: 3 

Diatom Model for Sulphur I 
Value Critical Class Exceedance Class 

Load 

Old .25 Red - .47 Yellow 

NEW .16 Black - .56 Red 

Min .16 Black - .56 Red 

Max 9.23 Blue 8.51 Blue 

Mean 3.33 Blue 2.61 Blue 

Diatom Model ror Total Acidity 

Critical Class Exceedance 
Load 

.26 Red - .46 

.16 Black • .63 

.16 Black - .63 

9.66 Blue 8.08 

3.45 Blue 2.32 

Class 

Yellow 

Red 

Red 

Blue 

Blue 

Henriksen Model for Sulphur I Henriksen Model ror Total Acidity 

Value Critical Class Exceedance Class Critical Class Exceedance Class 
Load Load 

Old .67 Yellow - .05 Green .67 Yellow - .OS Green 

NEW .25 Red - .47 Yellow .25 Red • .51 Red 

Min .25 Red • .47 Yellow .25 Red • .51 Red 

Max 10.36 Blue 9.64 Blue 10.28 Blue 9.48 Blue 

Mean 3.84 Blue 3.12 Blue 3.76 Blue 2.89 Blue 

I 

I 

The three sites in this square are very different, and the most sensitive was successfully chosen to represent the square. The 
selected site is a small peaty pool in a very boggy area below the summit of Shanlieve. The two less sensitive sites are 
artificial lakes at much lower altitudes, one in a country park and the other in the private gardens of a country house. The 
latter is the least sensitive . having a very high alkalinity and critical load. Although the selected site is undoubtedly in the 
most sensiti\'e area, it is so small and shallow as to be little more than a boggy pool which perhaps has a large area of 
surface water during very wet periods . For this square it would have been more appropriate to have chosen a stream site 
close to the original site, since the lower sensitivity of the other two lakes would have been easy to predict. 
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APPENDIX le: CRITICAL LOAD V ARIA TI ON IN lOxl0km SQUARE 

23. NG 94: Glen Carron (Western Scotland) 

Original site: CZNG94 (15/May/90) 
Site resampled on: 12/Oct/94 
Original Diatom Model Exceedance Class: Yellow 
Number of sites in square: 15 

Diatom Model for Sulphur I 
Value Critical Class Exceedance Class 

Load 

Old .16 Black • .62 Red 

NEW .37 Red - .41 Yellow 

Min .14 Black - .64 Red 

Max 1.17 Green .39 Blue 

Mean .58 Yellow • .20 Yellow 

Diatom Model for Total Acidity 

Critical Class Exceedance 
Load 

.16 Black - .70 

.39 Red · .43 

. 15 Black • .91 

1.24 Green .46 

.61 Yellow - .23 

Class 

Red 

Yellow 

Red 

Blue 

Yellow 

Henriksen Model for Sulphur I Henriksen Model for Total Acidity 

Value Critical Class Exceedance Class Critical Class Exceedance Class 
Load Load 

Old .14 Black •. 64 Red .14 Black • .66 Red 

NEW 1.52 Green .74 Blue 1.51 Green .71 Dlue 

Min .67 Yellow - .11 Green .66 Yellow •. 20 Yellow 

Max 3.22 Blue 2.44 Blue 3.22 Blue 2.44 Blue 

Mean 1.97 Green 1.19 Blue 1.97 Green 1.17 Blue 

I 

I 

Fifteen lochs fall within this 10km square around Strathcarron, an area of mixed geology. The northern half of the square 
is dominated by sedimentary fonnations, mainly Torridonian sandstone with a band of Cambrian quartzites and grits running 
through the centre of the square from east to west. The selected site, Loch a' Bhealaich Mhoir, lies on the Torridonian 
sandstone and ranks fifth out of fifteen in all the critical load models. The most sensitive sites appear to lie on the Cambrian 
rocks to the west, and these lochs show a pH of around 5.0 compared with a pH of around 6.0 on the Torridonian sandstones. 
There is also a clear split between this sensitive group of lochs. and the less sensitive lochs to the south of Strathcarron 
which lie on metamorphic quartz-feldspar-granulile of the Moine series. These sites have much higher levels of calcium and 
show pH values in the 6.2-6.5 range. The northern soils are mostly subalpine and alpine, with areas of peaty podzols and 
peat on morainic deposits. The soils overlying the metamorphic rocks to the south are generally peats , peaty gleys and peaty 
podzols. Despite these differences in both soils and geology. which have an important effect on surface water chemistry, all 
the sites are shown 10 occur in one sensitivity class ("red") on the ITE freshwater sensitivity maps. This area provides yet 
another example of the problems of resolution and oversimplification on the maps used for site selection. 
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APPENDIX le: CRITICAL LOAD VARIATION IN lOxlOkm SQUARE 

24. NG 96: Beinn Eighe (Western Scotland) 

Original site: CZNG96 ( l 2/May/90) 
Site resampled on: l 0/Oct/94 
Original Diatom Model Exceedance Class: Yellow 
Number of sites in square: 15 

Diatom Model for Sulphur 

Value Critical Class Excccdance Class 
Load 

Old .11 Black - .52 Red 

NEW .29 Red - .34 Yellow 

Min .13 Black - .50 Red 

Max 1.10 Green .47 Blue 

Mean .44 Red - .20 Yellow 

Diatom Model for Total Acidity 

Critical Class Exceedance 
Load 

.11 Black - .93 

.30 Red - .42 

.14 Black - .65 

1.16 Green .53 

.46 Red - .19 

Class 

Red 

Yellow 

Red 

Blue 

Green 

Henriksen Model for Sulphur I Henriksen Model for Total Acidity 

Value Critical Class Exceedance Class Critical Class Excecdance Class 
Load Load 

Old .13 Black - .50 Red .13 Black - .58 Red 

NEW l.87 Green 1.24 Blue 1.85 Green 1.15 Blue 

Min .89 Yellow .26 Blue .89 Yellow .18 Blue 

Max 4.15 Blue 3.52 Blue 4.15 Blue 3.52 Blue 

Mean 1.95 Green 1.32 Blue 1.95 Green 1.30 Blue 

I 

This square 10 the nonh of Beinn Eighe is close to the previous square NG 94 and has the same geological variation, though 
it is far more dominated by the sedimentary formations. Loch Caire Mhic Fhearchair, a high corrie loch below the summits 
of Ruadh-stac Mor and Sail Mhor, was selected to represent the square, but of the fifteen sites present, ranks at just above 
halfway in the diatom model, and below halfway for the Henriksen model. The most sensitive sites again occur on the basal 
quartzites with the less sensitive sites on the Torridonian sandstone, and intermediate sites have varying proponions of the 
two rock types within their catchments. Loch Coire Mhic Fhearchair lies on the sandstone, but its upper catchment covers 
the quartzile buttresses of Beinn Eighe. One exception is a small pool in the north of the square which lies on the sandstone 
and yet is one of the most sensitive sites; the reason could be that it has virtually no soil in its tiny catchment and lies on 
bare rock. Again, the more sensitive sites are found to have catchments of subalpine and alpine soils, while the less sensitive 
sites have catchments with varying proportions of peaty podzols, peaty gleys and peat. 
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APPENDIX le: CRITICAL LOAD V ARIA TI ON IN lOxlOkm SQUARE 

25. SD 95: Skipton and the Yorkshire Dales (Northern England) 

Original site: CZSD95 (6/May/91) 
Site resampled on: 3/May/94 
Original Diatom Model Exceedance Class: Yellow 
Number of sites in square: 4 

Diatom Model for Sulphur I 
Value Critical Class Exceedance Class 

Load 

Old 1.26 Green - .47 Yellow 

NEW 2.03 Blue .29 Blue 

Min 2.03 Blue .29 Blue 

Max 64.80 Blue 63.06 Blue 

Mean 25.29 Blue 23.56 Blue 

Diatom Model for Total Acidity 

Critical Class Excecdance 
Load 

1.04 Green - .90 

1.92 Green .OS 

1.92 Green .05 

67.09 Blue 64.48 

26.32 Blue 24.32 

Class 

Red 

Blue 

Blue 

Blue 

Blue 

Henriksen Model for Sulphur I Henriksen Model for Total Acidity 

Value Critical Class Excecdance Class Critical Class Exceedancc Class 
Load Load 

Old 1.06 Green - .68 Red .88 Yellow - 1.03 Black 

NEW 2.02 Blue .29 Blue 1.90 Green .OS Blue 

Min 2.02 Blue .29 Blue 1.90 Green .05 Btue 

Max 36.87 Blue 35.13 Blue 36.16 Blue 33.71 Blue 

Mean 15.24 Blue 13.51 Blue 15.04 Blue 13.06 Blue 

I 

I 

Four very different sites occur in this 10km square, and the most sensitive site, Embsay Reservoir, was successfully chosen. 
The area is nearly all classed as insensitive on the ITE map, with the exception of an area of upland blanket peat and acid 
loamy soils overlying sandstone, which forms the upper catchment of Embsay Reservoir. The other sites all occur on 
waterlogged fine loamy soils with agricultural catchments of improved grassland. The least sensitive site, Eshton Tam, has 
extremely high calcium and nitrate concentrations and a pH of over 8.1, perhaps indicating catchment sources of pollution. 

Despite the general insensitivity of the area, Embsay Reservoir comes within 0.05 keq ha'1 yr"1 of being exceeded in the two 
models for total acidity, because of the very high deposition in this part of the Pennines. 
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APPENDIX le: CRITICAL LOAD V ARIA TI ON IN lOxlOkm SQUARE 

26. HU 38: Ronas Hill/North Roe, Shetland (Northern Scot1and) 

Original site: CZHU38 (l 2/Jun/92) 
Site resampled on: 27/Sep/93 
Original Diatom Model Exceedance Class: Yellow 
Number of sites in square: 41 

Diatom Model for Sulphur I 
Value Critical Class Exceedance Class 

Load 

Old .12 Black - .43 Yellow 

NEW .26 Red - .29 Yellow 

Min .01 Black • .54 Red 

Max 3.67 Blue 3.12 Blue 

Mean .40 Red • .14 Green 

Diatom Model for Total Acidity 

Critical Class Exceedancc 
Load 

.12 Black - .42 

.25 Red - 1.07 

.01 Black • 1.69 

3.85 Blue 3.30 

.42 Red - .26 

Class 

Yellow 

Black 

Black 

Blue 

Yellow 

Henriksen Model for Sulphur Henriksen Model for Total Acidity 

Value Critical Class Exceedance Class Critical Class Exceedance Class 
Load Load 

Old .03 Black • .52 Red .03 Black • .52 Red 

!1,'EW .11 Black •. 44 Yellow .09 Black · .61 Red 

Min .01 Black • .54 Red .01 Black • .63 Red 

Max 4.13 Blue 3.59 Blue 4.12 Blue 3.56 Blue 

Mean .37 Red • .18 Green .36 Red • .23 Yellow 

I 

This square in the nonhem Shetlands contains the greatest density of water bodies of all the 32 randomly selected squares . 
Despite the presence of 41 sites, however, the variations in water chemistry are in fact very small, with just a few exceptions . 
The chosen site, Queina Waters, ranks lower than halfway down the list of 41 sites in terms of sensitivity in the diatom 
model, but the absolute difference in critical load between this site and the most sensitive is small, at only 0.25 keq ha·1 yr"1

• 

The site with the lowest diatom model critical load is the Loch of Skelberry, but this site, at only 15m altitude, has a very 
high alkalinity (the highest in the square) despite having inexplicably low calcium, due mainly 10 high levels of magnesium . 
The site also has the highest pH in the square, at 7.65. In the Henriksen model, it has one of the highest critical loads, and 
this discrepancy is related to the very high magnesium and low calcium concentration relative to the other base cations. It 
is very shallow and largely choked with emergent vegetation and green algae. This site is therefore a rogue in the sense that 
there appear to be catchment specific factors, perhaps agricultural inputs. The three least sensitive sites, including the Loch 
of Skelberry, are all found in the same marshy valley just above sea level, and the only other two sites which stand out 
chemically are near the farm at Uyea in the nonhwest. The common factor may therefore be improved grassland. perhaps 
with liming in the catchments of these sites. 

The most sensitive sites in the square, excluding the "rogue" Loch of Skclberry, are found in the central western part of the 
square. and there is very little chemical variation between these sites. many of which are hydrologically contiguous on the 
deep peats and peaty glcys which blanket the area. There is a huge marine input to these sites . which lie within a few 
kilometres (in some cases a few hundred metres) of the coast, and the subtraction of the marine component is therefore 
having a disproponionate effect on the chemistry of sites which have very low levels of most non-marine base cations. The 
result is that in many of the sites, non-marine base cation concentrations in the water are erroneously calculated to be 
negative i.e. there appears lo be some catchment retention of base cations like Na. In addition to base-cation retention there 
is also some evidence that acidic sulphate may be retained in catchment soils which have developed in areas of very high 
sea-salt deposition. The implication is that in such high sea-salt areas, critical load calculations are being distorted by 
catchment specific factors which arc not accounted for in the models. The problems of site selection and rcprcscntati,cness 
arc therefore compounded in these areas. 
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APPENDIX le: CRITICAL LOAD V ARIA TI ON IN l0xl0km SQUARE 

27. NN 55: Bridge of Gaur, Southern Rannoch Forest (Central Scotland) 

Original site: CZNN55 (4/Jun/90) 
Site resampled on: 20/Nov/93 
Original Diatom Model Exceedance Class: Yellow 
Number of sites in square: 4 

Diatom Model ror Sulphur I 
Value Critical Class Exccedance Class 

Load 

Old .47 Red • .41 Yellow 

NEW .58 Yellow - .29 Yellow 

Min .58 Yellow - .29 Yellow 

Max 2.14 Blue 1.27 Blue 

Mean 1.18 Green .31 Blue 

Diatom Model for Total Acidity 

Critical Class Exceedance 
Load 

.49 Red - .38 

.60 Yellow - .44 

.60 Yellow - .44 

2.25 Blue 1.34 

1.23 Green .24 

Class 

Yellow 

Yellow 

Yellow 

Blue 

Blue 

Henriksen Model for Sulphur I Henriksen Model for Total Acidity 

Value CritJcal Class Exceedance Class Critical Class Exceedance Class 
Load Load 

Old .37 Red - .50 Red .37 Red - .50 Red 

NEW .51 Yellow - .36 Yellow .50 Yellow - .43 Yellow 

Min .51 Yellow - .36 Yellow .50 Yellow - .43 Yellow 

Max 2.79 Blue 1.91 Blue 2.77 Blue 1.87 Blue 

Mean 1.45 Green .58 Blue 1.44 Green .52 Blue 

I 

I 

Loch Finnart was successfully selecled from lhe four lochs in 1his square as lhe most sensitive site. Ironically, it had been 
chosen before the ITE freshwater sensi1ivity maps became available, and was later found to be located in one of the less 
sensitive areas of the square on the new ITE map. However, data screening showed that the catchment of Loch Finnart lies 
mainly in the area of high sensitivity, and none of the other three sites was deemed more suitable, one being adjacent to Loch 
Finnart and only a few hundred metres away, another being located in dense conifer planlation and the third being a very 
small and remote mountain lochan of borderline size. It might have been expected that the high lochan would have been 
more sensitive, although inappropriate due to its size, but in fact it turns out to be the least sensitive site in lhe square, with 
the highest pH, calcium and alkalinity values. Loch Monaghan, adjacent to Loch Finnart and probably hydrologically 
contiguous, has a very similar chemistry and is almost equally sensitive. Despite having a marginally higher critical load than 
Loch Finnart, it actually shows a greater exceedance than the more sensitive site in the diatom and Henriksen models for 
total acidity, because of its higher measured nitrate level. 

The peculiar chemistry of the highest site, Cul Lochan, which would have been selected to represent the square except for 
its size, may be due to its catchment geology. Most of the square south of Loch Rannoch lies on quartz-feldspar granulites. 
but Cul Lochan lies on a small intrusion of quartzose-mica schist and quartzite grit. The forest site has a chemistry 
intermediate between 1hat of the two sensitive sites and Cul Lochan. 
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APPENDIX le: CRITICAL LOAD VARIATION IN IOxlOkm SQUARE 

28. NC 85: Western Halladale (Northern Scotland) 

Original site: CZNC85 (30/May/90) 
Site resampled on: 1/Oct/94 
Original Diatom Model Exceedance Class: Yellow 
Number of sites in square: 27 

Diatom Model for Sulphur 

Value Critical Class Exceedancc Class 
Load 

Old .12 Black - .24 Yellow 

NEW .13 Black - .24 Yellow 

Min .13 Black - .24 Yellow 

Max 1.09 Green .72 Blue 

Mean .41 Red .04 Blue 

Diatom Model for Total Acidity 

Critical Class Exceedance 
Load 

.13 Black - .25 

.13 Black - .25 

.13 Black - .25 

1.15 Green .78 

.43 Red .06 

Class 

Yellow 

Yellow 

Yellow 

Blue 

Blue 

Henriksen Model for Sulphur I Henriksen Model for Total Acidity 

Value Critical Class Exceedance Class Critical Class Exceedance Class 
Load Load 

Old .03 Black - .33 Yellow .03 Black - .34 Yellow 

!'l'EW .44 Red .07 Blue .43 Red .06 Blue 

' Min .36 Red - .00 Green .36 Red - .00 Green 

Max 2.02 Blue 1.66 Blue 2.02 Blue 1.66 Blue 

Mean .80 Yellow .43 Blue .79 Yellow .43 Blue 

I 

Of the 27 sites in this square, Loch a' Mhuilinn was successfully selected as the most sensitive in the diatom model, but 
ranked fifth in terms of its Henriksen model critical load. The main chemical differences in this group of sites are between 
those with afforested catchments and those which are unafforested and lie on "flow counuy" type terrain. Loch a' Mhuilinn 
differs from most of the other sites only in that it lies on granite rather than the quanz-feldspar-granulites which dominate 
the rest of the square. The most sensitive site in the Henriksen model, Lochan Dubh, is unique in being the only site with 
catchment soils of map unit 29 - peaty gleys and peat. The rest of the sites are surrounded by soils of map units 23 (peats, 
peaty gleys and peaty podzols) and 4d (blanket peat). Lochan Dubh is the only site to show exceedance, albeit very slight, 
in the Henriksen model, but is chemically very similar to the other sensitive sites. The variations in critical load and 
exccedance are therefore very small for the majority of the "flow country" sites. The only significant chemical difference 
relates to the forested sites, which show high levels of Ca and phosphate and high critical loads. The chemistry of these sites 
is likely to be determined by catchment sources of pollution related to forestry activities. 
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APPENDIX le: CRITICAL LOAD VARIATION IN l0xl0km SQUARE 

29. NN 46: Loch Ossian to Loch Ericht, Rannoch Forest (Central Scotland) 

Original site: SMUR (23/Jun/86) 
New site selected in screening: VNN4601 (21/Nov/93) 
Original Diatom Model Exceedance Class: Yellow 
Number of sites in square: 7 

Diatom Model for Sulphur 

Value Critical Class Exceedance Class Critical 
Load Load 

Old .47 Red - .37 Yellow .49 

NEW .39 Red - .44 Yellow .41 

Min .35 Red - .49 Yellow .37 

Max 1.25 Green .41 Blue 1.32 

Mean .71 Yellow - .13 Green .75 

Diatom Model ror Total Acidity 

Class Excccdance 

Red - .37 

Red - .so 
Red - .50 

Green .48 

Yellow - . 12 

Class 

Yellow 

Red 

Red 

Blue 

Green 

Henriksen Model for Sulphur I Henriksen Model for Total Acidity 

Value Critical Class Exceedance Class Critical Class Exceedance Class 
Load Load 

Old .59 Yellow - .25 Yellow .59 Yellow - .27 Yellow 

NEW .92 Yellow .08 Blue .90 Yellow .00 Blue 

Min .80 Yellow - .04 Green .80 Yellow - .04 Green 

Max 2.56 Blue 1.72 Blue 2.56 Blue 1.72 Blue 

Mean 1.69 Green .85 Blue 1.68 Green .82 Blue 

I 

The site originally selected to represent this square, Lochan Sron Smeur, was chosen because of previous work which had 
been carried out there, but site screening revealed alternatives at much higher altitude, and Lochan Meoigeach was substituted 
in as the new "most sensitive" site according to the selection criteria being used. The whole area falls within the red "most 
sensitive" class on the freshwater sensitivity maps. This new site turned out to rank second in terms of critical loads out of 
the seven sites in the square. 

In both the diatom and Henriksen models for sulphur and total acidity, the most sensitive site was Lochan Ruighe na Doire 
Macmhadagain, a small peaty loch at 500m lower altitude than the selected site. Most of the sites in this square overlay 
granite geology, but the selected site occurs on quartz-feldspar granulite. The soils in the square are very varied. The most 
sensitive site occurs in a catchment of soil map unit 123 - peaty podzols, peat and peaty gleys. The catchment of the selected 
site is dominated by alpine soils, while the least sensitive site occurs in an area of basin peat (soil map unit 3). The most 
sensitive site has a much lower pH and alkalinity than the selected site, but a very similar calcium concentration and hence 
a similar diatom model critical load for both sulphur and total acidity. There is a slightly bigger difference in the Henriksen 
model critical loads, so that the most sensitive site is the only one exceeded in this model. The least sensitive site has a much 
higher calcium value which may be related to the adjacent forestry activities. 
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APPENDIX le: CRITICAL LOAD VARIATION IN lOxlOkm SQUARE 

30. HU 44: Lerwick and Bressay, Shetlands {Northern Scotland) 

Original site: CZHU44 (14/Jun/92) 
Site resampled on: 26/Sep/93 
Original Diatom Model Exceedance Class: Yellow 
Number of sites in square: 23 

Diatom Model for Sulphur 

Value Critical Class Exceedance Class 
Load 

Old .21 Red - .39 Yellow 

NEW .26 Red - .34 Yellow 

J\tln .24 Red - .36 Yellow 

Max 22.07 Blue 21.47 Blue 

Mean 6.43 Blue 5.83 Blue 

Diatom Model for Total Acidity 

Critical Class Exceedance 
Load 

.22 Red - 1.76 

.27 Red - .38 

.25 Red - .94 

20.50 Blue 18.74 

6.56 Blue 5.32 

Class 

Black 

Yellow 

Red 

Blue 

Blue 

Henriksen Model for Sulphur I Henriksen Model for Total Acidity 

Value Critical Class Exceedance Class Critical Class Exceedance Class 
Load Load 

Old .12 Black - .48 Yellow .12 Black - .51 Red 

NEW .26 Red - .35 Yellow .24 Red · .41 Yellow 

Min .13 Black • .47 Yellow .13 Black - .49 Yellow 

Max 16.88 Blue 16.28 Blue 14.95 Blue 13.26 Blue 

Mean 5.06 Blue 4.46 Blue 4.90 Blue 4.11 Blue 

I 

The 23 sites in this square on the Soulh Mainland of the Shetlands occur in an area of very variable geology and soils. The 
selected site. Loch of Hamarsland, ranks second in all the models but is only very slightly less sensitive than lhe Loch of 
Kebister, the most sensitive site. These two sites are the only two truly sensitive sites in the square, and are the only sites 
exceeded in all models. Another three sites of relative sensitivity occur in the area, two adjacent lo the selected site in the 
north-west comer of the square, and the third on blanket peat overlying old red sandstone in the far south of the square. The 
most sensitive site lies on slate, phyllite and mica schists, with a catchment of blanket peat, while the cluster of sensitive 
sites around the Loch of Hamarsland overlay granite and undifferentiated schists and gneiss. with similar blanket peat 
catchments. Most of lhe remaining sites in the square are characterised by very high alkalinities and have a pH in the range 
7-8. The chemistry of these sites is determined by the bell of limestone which runs through the western side of this square 
from north 10 south, or in a few of the very low lying sites by their proximity to, and probable occasional inundation by, 
the sea. It should be noted that there is no freshwater sensitivity map for the Shetlands, and the selection of a site which is 
very nearly the most sensitive out or 23 possible options was based only on geological maps. 
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APPENDIX le: CRITICAL LOAD VARIATION IN lOxlOkm SQUARE 

31. SH 72: Llanelltyd/Coed y Brenin Forest, north of Dolgellau (North Wales) 

Original site: CZSH72 (27/May/91) 
Site resampled on: 20/ Apr/94 
Original Diatom Model Exceedance Class: Yellow 
Number of sites in square: 4 

Diatom Model for Sulphur I 
Value Critical Class Exceedance Class 

Load 

Old 1.09 Green •. 09 Green 

NEW .91 Yellow • .26 Yellow 

Min .41 Red • .76 Red 

Max 3.77 Blue 2.59 Blue 

Mean 1.73 Green .56 Blue 

Diatom Model for Total Acidity 

Critical Class Exceedance 
Load 

1.15 Green • .02 

.96 Yellow - .21 

.43 Red • .83 

3.92 Blue 2.68 

1.81 Green .58 

Class 

Green 

Yellow 

Red 

Blue 

Blue 

Henriksen Model for Sulphur I Henriksen Model for Total Acidity 

Value Critical Class Exceedance Class Critical Class Exceedance Class 
Load Load 

Old 1.44 Green .27 Blue 1.44 Green .27 Blue 

:NEW 1.49 Green .32 Blue 1.49 Green .32 Blue 

Min .92 Yellow - .26 Yellow .90 Yellow - .32 Yellow 

Max 6.72 Blue 5.54 Blue 6.64 Blue 5.39 Blue 

Mean 3.09 Blue 1.92 Blue 3.05 Blue l.83 Blue 

I 

I 

The site selected to represent this square is a small, boggy moorland pool which ranks second out of lhe four sites in lhe 
square in terms of critical loads. It lies on similar Upper Cambrian geology and has similar well drained loamy catchment 
soils to the most sensitive site, the main difference being that the latter has an afforested catchment, and hence a much lower 
pH and alkalinity. While both sites are exceeded in the diatom model, only the more sensitive is exceeded in the Henriksen 
model. 

The other two sites in the square have much higher alkalinities and pH, and arc both lowland lakes with deciduous woodland 
catchments. The least sensitive site occurs in a non-sensitive area according to the freshwater sensitivity map. It has a 
catchment or seasonally waterlogged fine loamy soils rather than the well drained loamy soils which dominate the catchments 
of the other sites, and the underlying geology is Ordovician rather than Cambrian. 

Again the sensitivity maps might have correctly predicted the most sensitive site if they had taken into account afforestation. 
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APPENDIX le: CRITICAL LOAD VARIATION IN lOxlOkm SQUARE 

32. NJ 14: Knockando, Strath Spey (Eastern Scotland) 

Original site: CZNJ14 (23/Sep/90) 
Site resampled on: 15/May/94 
Original Diatom Model Exceedance Class: Yellow 
Number of sites in square: 5 

Diatom Model for Sulphur I 
Value Critical Class Exceedance Class 

Load 

Old .13 Black - .19 Green 

NEW .20 Black - .13 Green 

Min .06 Black - .26 Yellow 

Max 1.68 Green 1.35 Blue 

Mean .46 Red .14 Blue 

Diatom Model for Total Acidity 

Critical Class Exceedance 
Load 

.14 Black - .19 

.21 Red - .12 

.07 Black - .26 

1.77 Green 1.45 

.49 Red .16 

Class 

Green 

Green 

Yellow 

Blue 

Blue 

Henriksen Model for Sulphur Henriksen Model for Total Acidity 

Value Critical Class Exccedance Class Critical Class Exccedance Class 
Load Load 

Old .06 Black - .26 Yellow .06 Black - .26 Yellow 

NEW .23 Red - .09 Green .23 Red - .09 Green 

Min .01 Black - .32 Yellow .01 Black • .32 Yellow 

Max 1.75 Green 1.42 Blue 1.75 Green 1.42 Blue 

Mean .50 Yellow .17 Blue .50 Yellow .17 Blue 

I 

The five sites in this square fall into three distinct types, even though the area is geologically uniform (quartz feldspar 
granulitcs). The selected site, Loch of the Cowlatt, which ranks third out of five in terms of critical loads, lies on the blanket 
peal moors in the west of the square alongside the most sensitive site only a hundred metres away and hydrologically linked. 
The third sensitive site lies I km 10 the south west on identical terrain, although its northern bank is afforested. These three 
sites arc chemically similar and are all exceeded in all the critical loads models. The second type of site is Loch an Salich, 
which lies I km to the north of the most sensitive site on the same blanket peat moor, but with a completely afforested 
catchment of conifer plantation. This she is less sensitive than the first group. but is still exceeded in 1he diatom model for 
sulphur and total acidity. It has a relatively high magnesium content which just prevents its exceedance in the Henriksen 
model. The least sensitive site lies on the eastern edge of the square with a catchment of humus iron podzols and some very 
young conifer plantation. It is a reservoir feeding the distillery to the south, and has a pH of 6.85 compared with 4.2-4.9 in 
the other sites. There is likely to be either catchment derived pollution of this site or perhaps even some form of treatment . 
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[ APPENDIX 2a: COMPARISON OF HENRIKSEN (SSWC) MODEL CRITICAL 

LOADS AT LAKE INFLOWS AND OUTFLOWS 

D 
D Sampling Inflow Inflow Outflow Outflow HcnCL 

Sitccode date HenCL Class HenCL Class Diff. 

D 
CNAMIF 04-Nov-93 2.34 Blue 1.77 Green 0.57 

CZNC221F 31-Oct-93 2.39 Blue 1.36 Green 1.03 

CZNC35IF Ol-Nov-93 2.63 Blue 1.40 Green 1.23 

D CZNG961F 27-Oct-93 0.64 Yellow 0.52 Yellow 0.1 I 

CZNHOllF 03-Nov-93 2.39 Blue 1.37 Green 1.02 

D CZNNUIF 07-Nov-93 4.44 Blue 8.39 Blue -3.96 

CZNN191F 04-Nov-93 8.02 Blue 2.78 Blue 5.24 

CZNN21IF 06-Nov-93 11.69 Blue 2.29 Blue 9.39 

D CZNN35IF 05-Nov-93 3.93 Blue 1.53 Green 2.40 

CZNNSSIF 05-Nov-93 1.84 Green 1.08 Green 0.76 

D CZNS19IF 08-Nov-93 3.65 Blue 1.45 Green 2.20 

CZNS39IF 06-Nov-93 1.48 Green 1.54 Green -0.06 

D 
CZNSS0IF 09-Nov-93 1.55 Green 2.69 Blue -1.14 

CZNY0lIF l l-Nov-93 0.91 Yellow 1.50 Green -0.58 

CZNYSllF l l-Nov-93 8.08 Blue 4.63 Blue 3.45 

D CZSD55IF 12-Nov-93 18.15 Blue 1.35 Green 16.79 

CZSD61IF 13-Nov-93 0.00 Black 0.00 Black 0.00 

D CZSD72IF 12-Nov-93 l.60 Green 2.98 Blue -1.37 

CZSDSlIF 13-Nov-93 0.43 Red 1.22 Green -0.79 

D 
CZSD82IF 13-Nov-93 1.53 Green 1.40 Green 0.13 

CZSD95IF 12-Nov-93 0.52 Yellow 3.03 Blue -2.51 

CZSH44IF 15-Nov-93 0.62 Yellow 0.43 Red 0.19 

D CZSH65IF 16-Nov-93 3.10 Blue 3.57 Blue -0.48 

CZSH80IF 15-Nov-93 1.69 Green 1.48 Green 0.21 

D 
CZSK19IF 12-Nov-93 1.89 Green 1.99 Green -0.10 

CZSK29IF 13-Nov-93 0.08 Black 1.06 Green -0.98 

CZSN79IF 15-Nov-93 0.76 Yellow 0.62 Yellow 0.14 

D CZSX58IF 21-Oct-93 0.52 Yellow 0.56 Yellow -0.04 

CZSX671F 22-Oct-93 0.66 Yellow 0.74 Yellow -0.08 

0 ENOIF 10-Nov-93 0.96 Yellow 0.32 Red 0.64 

RESTIF 07-Nov-93 1.87 Green 3.08 Blue -1.20 

D 
SAIDIF 02-Nov-93 1.96 Green 1.1 l Green 0.86 

WNOMORIF 12-Nov-93 0.25 Red 0.27 Red -0.02 
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C 
[ APPENDIX 2b: COMPARISON OF DIATOM MODEL CRITICAL LOADS AT 

LAKE INFLOWS AND OUTFLOWS 

C 
C Sampling Inflow Inflow OutOow Outnow DiatCL 

Sitccodc Date DiatCL Class DiatCL Class DifT. 

D 
CNAMIF 04-Nov-93 0.36 Red 0.31 Red 0.05 

CZNC22IF 31-Oct-93 0.45 Red 0.21 Red 0.24 

CZNC35IF 01-Nov-93 0.63 Yellow 0.35 Red 0.28 

D CZNG96IF 27-Oct-93 0.18 Black 0.10 Black 0.08 

CZNH0llF 03-Nov-93 0.54 Yellow 0.31 Red 0.22 

0 CZNNlllF 07-Nov-93 1.30 Green 2.95 Blue -1.65 

CZNN19IF 04-Nov-93 1.96 Green 0.67 Yellow 1.28 

CZNN21IF 06-Nov-93 3.44 Blue 0.61 Yellow 2.83 

D CZNN35IF 05-Nov-93 0.99 Yellow 0.34 Red 0.64 

CZNNSSIF 05-Nov-93 1.04 Green 0.68 Yellow 0.36 

[ CZNS19IF 08-Nov-93 0.86 Yellow 0.45 Red 0.41 

CZNS39IF 06-Nov-93 0.55 Yellow 0.70 Yellow -0.14 

D 
CZNSS0IF 09-Nov-93 0.42 Red 0.99 Yellow -0.57 

CZNY0IIF l 1-Nov-93 0.22 Red 0.70 Yellow -0.48 

CZNYSIIF 11-Nov-93 3.27 Blue 1.82 Green 1.45 

D CZSD55IF 12-Nov-93 15.26 Blue 0.63 Yellow 14.63 

CZSD61IF 13-Nov-93 0.00 Black 0.05 Black -0.05 
' 

0 CZSD72IF 12-Nov-93 0.61 Yellow 1.15 Green -0.54 

CZSD81IF 13-Nov-93 0.06 Black 0.09 Black -0.03 

• 
CZSD82IF 13-Nov-93 0.27 Red 0.27 Red -0.01 

CZSD95IF 12-Nov-93 0.10 Black 2.10 Blue -2.00 

CZSH44IF 15-Nov-93 0.15 Black 0.16 Black -0.01 

0 CZSH65IF 16-Nov-93 1.23 Green 1.41 Green -0.18 

CZSHS0IF 15-Nov-93 0.48 Red 0.40 Red 0.08 

D 
CZSK19IF 12-Nov-93 0.12 Black 0.57 Yellow -0 .44 

CZSK29IF 13-Nov-93 0.00 Black 0.00 Black 0.00 

CZSN79IF 15-Nov-93 0.27 Red 0.21 Red 0.06 

D CZSX58IF 21-Oct-93 0.22 Red 0.20 Red 0.01 

CZSX67IF 22-Oct-93 0.21 Red 0.27 Red -0.06 

D ENOIF I0-Nov-93 0.17 Black 0.13 Black 0.04 

RESTIF 07-Nov-93 0.55 Yellow 0.79 Yellow -0.24 

D 
SAIDIF 02-Nov-93 0.69 Yellow 0.45 Red 0.24 

WNOMORIF l2-Nov-93 0.13 Black 0.23 Red -0.11 
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