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Executive Summary 
In support of possible future monitoring and restoration activities by the Coal Authority, 
SEPA has examined and summarised in this report the water quality data currently 
held in relation to metal concentrations in the Glengonnar Water and Wanlock Water. 
The metals examined were cadmium (Cd), lead (Pb) and zinc (Zn).  
 
The Glengonnar Water is heavily influenced by historic mining within the Leadhills 
area, to the extent that the water body continues to exceed the environmental quality 
standards (EQS) set for Cd, Pb and Zn. Effects on fish, such as the appearance of 
blackened tails (a sign of chronic Pb toxicity), have also been recorded in the past. 
Because of the failures of metal EQS, the Glengonnar Water currently does not meet 
good status under the Water Framework Directive (WFD). 
 
Examination of data from the two SEPA monitoring sites on the Glengonnar Water 
allowed a preliminary assessment of environmental behaviour of metals. For Cd and 
Zn higher concentrations were evident at the upstream location, where the metals were 
primarily present in the dissolved phase (i.e. not associated with suspended particles). 
Contrastingly, Pb concentrations tended to be higher at the downstream location and 
there was a considerable proportion of the metal (often 40 - 70%) associated with 
suspended particles. This suggests that the main inputs of Cd and Zn are from 
minewater resurgence sites and mine spoil heap leachates in the upper parts 
(headwaters) of the stream, whereas for Pb, surface run-off from drainage within the 
catchment (i.e. inputs of particulate-bound Pb carried into the stream by surface run-
off) as well as minewater resurgence contribute substantially. 
  
Whilst some preliminary sediment analysis was conducted in 1982, no information is 
available on current metal concentrations in sediments of the Glengonnar Water. The 
accumulation of metals in sediments and the possibility of their future release to 
overlying water cannot therefore be assessed comprehensively at present.         
  
Data for the nearby Wanlock Water are much more limited, with the data that are 
available having been collected only recently. SEPA has conducted some preliminary 
monitoring of the Wanlock Water, comprising one-off spot samples of water collected 
from three locations along the water body in August 2011. Under the WFD, the EQS for 
Pb and Zn are set as annual averages and so one-off samples cannot be used to 
assess compliance with these standards. However, the levels of Pb and Zn measured 
at two of the three sites were greater than the respective face values of the annual 
average EQS. Also, when assessed using a biotic ligand model (BLM), a high 
proportion of the measured Zn was found to be available for uptake by aquatic life (i.e. 
bioavailable). Moreover, the BLM assessment indicated that the concentration of the 
bioavailable fraction of Zn was greater than a predicted no effect concentration at two 
of the three sites examined.  For Cd, the concentrations recorded for two of the 
Wanlock Water sites were above the maximum allowable concentration (MAC) EQS 
set for this metal.  
   
The issues identified in this report suggest that future monitoring and restoration work 
would lead to an improvement in the water quality of the Glengonnar Water and 
Wanloch Water. These two watercourses should be monitored for metals (specifically 
Pb, Cd, and Zn) and supporting parameters (particularly pH, dissolved organic carbon 
and calcium) so that the bioavailability (and potential toxicity) of these metals can be 
determined. Use of time-integrated sampling devices (such as diffusive gradients in 
thin films, DGT, or other comparable techniques) would also be beneficial as they 
provide complementary information that cannot be obtained by spot sampling alone.  
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Further exploration and sampling of minewater resurgence points, combined with 
storm-event monitoring and flow monitoring, would provide improved information on 
groundwater and surface water interaction and the various processes leading to metal 
inputs to these water bodies. River sediment samples should also be analysed for total 
and bio-available metals. 
 
Ecological assessments, particularly those aimed at identifying any sub-lethal effects of 
metals on resident aquatic organisms and their associated communities, would provide 
further vital insight into the environmental status of the two water bodies.  
Investigations of benthic diatom, macrophyte (including bryophyte), macroinvertebrate 
and fish assemblages, together with an assessment of metal levels in bryophytes and 
resident brown trout are recommended. 
 
The recommended monitoring and investigation work will help to ensure that any future 
restoration activities are optimised and targeted. It will also provide a useful ‘baseline’ 
that can be used to assess the effectiveness of any future restoration work. Successful 
outcomes from monitoring and restoration work are most likely be achieved through a 
partnership approach (e.g. between SEPA and the Coal Authority). 
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1. Introduction 

Mining for lead (Pb) and other metals within the Leadhills area (Figure 1) is thought to 
date back to the 12th or 13th century, with the majority of the mining likely to have taken 
place between 1600 and 1930. As part of the mining process, drainage levels were 
installed to divert water away from the area of working. It is thought that roof collapses 
within these drainage levels have resulted in minewaters resurging from abandoned 
shafts [1]. There are numerous points at which minewaters enter the Glengonnar 
Water, either directly through the drainage levels or as the result of resurgence. It is 
possible that similar, but as yet unidentified, resurgences could affect the Wanlock 
Water. 
 
The long history of mining has left its mark and left an environmental legacy. Elevated 
levels of Pb have been observed in the soils of the surrounding area, particularly in the 
alluvial soils of the flood plain in the vicinity of the mines and the old smelting sites [2]. 
Fish monitoring in the Glengonnar Water undertaken by the Clyde River Purification 
Board (CRPB, a predecessor of SEPA) in the 1980s identified trout with blackened 
tails, an indicator of chronic Pb poisoning, while analysis of fish tissues revealed 
elevated Pb concentrations [3].  
 
For water bodies to be classified as having good status under the Water Framework 
Directive (WFD) [4], environmental quality standards (EQS) need to be met. These 
EQS include limits for concentrations of individual metals in water. The Glengonnar 
Water currently fails to meet a number of these EQS. While the Wanlock Water has not 
been previously identified as failing any EQS, assessments of this water body may be 
affected by limited availability of direct measurements. 
 
Monitoring and investigative work in the Glengonnar Water by SEPA and its 
predecessors have thus identified EQS failures and other causes for concern. The 
Wanlock Water is also of growing interest because of its close proximity and potential 
for similar exposure to minewaters and related inputs and pressures.    
 
Therefore, in support of possible future improvement and restoration activities led by 
the Coal Authority, SEPA aimed to produce a report summarising the water quality 
information held for the Glengonnar Water and Wanlock Water in relation to metal 
concentrations. As per the original request from the Coal Authority, the metals 
reviewed were cadmium (Cd), lead (Pb) and zinc (Zn). 
 

2. Glengonnar Water  
 

2.1 Current Status 
SEPA currently maintains two water quality monitoring sites on the Glengonnar Water. 
The first site is near Leadhills Village, while the second site is approximately 8 km 
downstream at Glencaple Bridge (Figure. 1). The majority of known resurgence sites 
are between the two monitoring locations. Samples were collected at the two sites at 
up to 6 times per year from 1998 to 2005, then at up to 12 times a year from 2006.  
 
The water quality data generated from the samples have been used to assess 
compliance with environmental quality standards (EQS), which are established under 
the WFD and its daughter directives and enacted in Scotland via the Scottish 
Directions [5]. SEPA’s 2008 and 2009 WFD water quality classification results revealed 
that the Glengonnar Water failed to meet the EQS set for Cd, Pb and Zn [6].  
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Figure 1. Map showing Glengonnar Water, running approximately north with its headwaters 
near Leadhills, and Wanlock Water, running approximately north-west with its headwaters near 
Wanlock head. The two SEPA sampling sites on the Glengonnar Water (near Leadhills 
settlement and at Glencaple Bridge) are indicated by green circles. Inset shows area position 
within the Scottish mainland.  

 
The EQS for Pb is an annual average value of 7.2 μg/L, set for dissolved metal (i.e. 
concentration in filtered samples). The EQS values for Cd and Zn are hardness-
dependent, meaning that they are site specific depending on the annual average 
concentration of water hardness (calculated in calcium carbonate equivalents, see 
reference [5]). The EQS for Cd are set for dissolved metal, while for Zn the EQS is set 
in terms of total concentration (i.e. unfiltered samples) [5]. For the Glengonnar Water, 
the annual average EQS for Cd was calculated as 0.08 μg/L for dissolved metal, while 
for Zn the current annual average EQS was determined as 50 μg/L for total metal. 
There is an additional maximum allowable concentration EQS (EQS MAC) set for Cd 
[5] that is intended to be protective of short term exposures. This is also hardness 
dependent and for the Glengonnar Water was determined to be 0.45 μg/L. Compliance 
against EQS MAC is not currently reported through SEPA’s water quality classification, 
but nevertheless still provides evidence on the potential for acute impacts and 
highlights (when exceeded) the need for further investigation.  
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On account of the annual average EQS failures for Cd, Pb and Zn, the Glengonnar 
Water does not currently meet the criteria for good status under the WFD. Its current 
overall status is rated only as moderate [6]. Groundwater and surface water status are 
closely linked for water bodies subjected to mining pressures. Consequently, failure to 
achieve good status in the Glengonnar Water means that the Upper Clyde groundwater 
body is also currently rated at poor status [6]. The River Basin Management Plan 
(RBMP) process, required under the WFD, provides a mechanism for identifying 
significant impacts on water bodies and enables public sector organisations, private 
businesses and individuals to work together to address the impacts and so improve 
and protect the water environment. The RBMP for the Scotland River Basin District 
sets an aim for the Glengonnar Water and the Upper Clyde groundwater body to 
achieve good status by 2027.     
 
Regarding ecological aspects, the current status for each individual biological element 
assessed in the Glengonnar Water is rated as high [6]. Bank side surveys conducted in 
2009 revealed no evidence of gross toxic effects on invertebrates, but no recent 
assessments of metal accumulation in invertebrates or evaluation of any chronic sub-
lethal effects have been conducted.  
 
 

2.3 Routine monitoring of metals 
 
2.3.1 Lead (Pb) 
Dissolved and total concentrations of Pb recorded for the two routine monitoring sites 
on the Glengonnar Water are presented in Figure 2. As shown in the figure, and 
verified by statistical analysis (Mann-Whitney U test, p<0.05), there was a significant 
difference between the total Pb concentrations at the up- and down- stream sites. The 
downstream total Pb concentrations were generally higher, which is consistent with 
anticipated Pb inputs (from minewater resurgence, tributary inflows and surface run-off) 
occurring between the upstream and downstream sampling locations. 
 
At both sites, considerable proportions of Pb were present in particulate form (Figure 
2). Further examination of the data revealed that the downstream location had a 
greater proportion of its Pb in the particulate form than the upstream site (Pb 
associated with particulates, or particulate Pb, as a percentage of total Pb had a 
median value of 64% for the downstream site compared with 50% for the upstream 
site, with the difference being statistically significant; p<0.05). This may reflect the high 
affinity that Pb has for organic matter (i.e. partitioning into and binding onto suspended 
organic particulates within the stream) and, more likely, a high input of particulate-
bound Pb from tributaries or surface run-off within the catchment.  
 
To attempt to determine whether high concentrations of total Pb were linked to periods 
of heavy rainfall, daily rainfall data (supplied by SEPA hydrologists) was plotted against 
total Pb concentration recorded for the Glencaple Bridge site (Figure 3). However, the 
data did not allow any conclusions to be drawn concerning potential links between 
rainfall intensity and Pb concentrations in the stream. More focused monitoring, 
including storm event and flow monitoring, is needed to better assess possible links. 
 
To illustrate the regular failure of the dissolved Pb annual average EQS (7.2 μg/L) in 
the Glengonnar Water, Figure 4 presents three-year rolling averages calculated for 
each year and compares these values with the EQS (note that classification of water 
bodies against EQS is based on a 3-year dataset).  
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Figure 2. Total (tot) and dissolved (diss) lead (Pb) concentrations at the upstream (US) and downstream (DS) chemistry monitoring sites on the Glengonnar 
Water. Note y-axis break.
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Figure 3. Rainfall (black columns) for the Glengonnar Water catchment and total lead (Pb, red 
diamonds) concentration in the Glengonnar Water.  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 4. Three-year rolling average for dissolved lead (Pb) concentration at the upstream (US) 
and downstream (DS) monitoring sites on the Glengonnar Water. For example, the 2003 values 
represent the average for the 3-year monitoring period 2001-2003 inclusive, upon which interim 
water body classification would be based. The red line indicates the dissolved Pb environmental 
quality standard (EQS), set as an annual average of 7.2 μg/L. Note: insufficient data were 
available to calculate a sensible rolling average for 2005. 
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2.3.2 Cadmium (Cd) 
The annual average EQS for Cd in the Glengonnar Water is 0.08 μg/L (dissolved Cd). 
This standard has been exceeded consistently throughout the period reviewed here 
(Figure 5). 
 
Unlike Pb, the monitoring results for Cd indicate that total and dissolved concentrations 
were very similar (Figure 6). Particulate forms of Cd generally accounted for less than 
20% of the total and often represented less than 10%. This indicates that, for both 
upstream and downstream locations, the majority of the Cd was present in the 
dissolved form. There was also a marked difference in concentration between the two 
sites, with the upstream site showing considerably higher concentrations of total Cd 
(Figure 6).  
 
This pattern is indicative of inputs of dissolved Cd upstream of the first sampling 
location (either near the sampling point or further upstream towards the headwaters). 
Inputs of dissolved metal are indicative of minewater resurgence sites and leaching 
from historic mineral spoil heaps. The lower concentrations of Cd at the downstream 
site could reflect dilution and mixing (i.e. if the Cd inputs are very near the first 
sampling point) or may indicate that considerable amounts of Cd precipitate out of 
solution (and so become incorporated into river sediments) before reaching the second 
monitoring site. The underlying mechanism could only be determined with further 
sampling and investigation.     
 

Figure 5. Three-year rolling average for dissolved cadmium (Cd) concentration at the upstream 
(US) and downstream (DS) monitoring sites on the Glengonnar Water. For example, the 2003 
values represent the average for the 3-year monitoring period 2001-2003 inclusive, upon which 
interim water body classification would be based. The red line indicates the dissolved Cd 
environmental quality standard (EQS), set as an annual average of 0.08 μg/L. Note: insufficient 
data were available to calculate a robust rolling average for 2005. 
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Figure 6. Total (tot) and dissolved (diss) cadmium (Cd) concentrations at the upstream (US) and downstream (DS) chemistry monitoring sites on the 
Glengonnar Water. Data indicate that the majority of Cd is in the dissolved form.
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2.3.3 Zinc (Zn) 
The annual average EQS for Zn, which is set for total metal concentration and is also 
water-hardness based and calculated via linear interpolation between fixed points on a 
hardness scale, has been exceeded in the Glengonnar Water throughout the time 
period covered by the available data (Figure 7). 
 

As was the case for Cd, the monitoring results for Zn indicate that total and dissolved 
concentrations were very similar (Figure 8). Particulate forms of Zn generally 
accounted for less than 20% of the total and often represented less than 10%. There 
was a slight increase in the proportion of Zn associated with particulates at the 
downstream site compared with the upstream site (median percentage of particulate-
associated Zn at the downstream site was 17%, compared with 9% at the upstream 
location). Nevertheless, the data indicate that at both sites the majority of the Zn was 
present in the dissolved form. The total concentration of Zn was much higher at the 
upstream site than at the downstream site (Figure 8), with median concentrations at the 
former having been  more than double that at the latter.  
 

The pattern of behaviour for Zn is therefore similar to that of Cd, with upstream inputs 
from minewater resurgence or leaching from mineral spoils possibly being implicated. 
The lower concentrations of Zn at the downstream site could reflect dilution and mixing 
(i.e. if the Zn inputs are very near the first sampling point) or may indicate that 
considerable amounts of Zn precipitate out of solution and become incorporated into 
river sediments before reaching the second monitoring site. 
 

The slight increase in the proportion of particulate Zn at the downstream location may 
reflect some small inputs from surface run-off within the catchment, or this may arise 
through within-stream processes such as the precipitation of dissolved Zn or 
flocculation of Zn-bearing colloids that remain suspended in the water column.    

     

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 7. Three-year rolling average for total zinc (Zn) concentration at the upstream (US) and 
downstream (DS) monitoring sites. The red line indicates the Zn environmental quality standard 
(EQS), set as an annual average (note that unlike Cd, the EQS for which is set according to 
fixed values assigned to different water hardness bands, for Zn the EQS is calculated via linear 
interpolation between hardness bands and so can fluctuate within a range [5]). 
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Figure 8. Total (tot) and dissolved (diss) zinc (Zn) concentrations at the upstream (US) and downstream (DS) chemistry monitoring sites on the Glengonnar 
Water. Data indicate that the majority of Zn is in the dissolved form.
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2.4 Investigative monitoring of metals 
 
2.4.1 Diffusive gradients in thin films (DGT) 
In addition to the routine monitoring presented and discussed above, SEPA has 
conducted investigative monitoring of the Glengonnar Water in an attempt to further 
understand the behaviour of Pb, Cd and Zn within the watercourse.  
 
In 2007, SEPA deployed diffusive gradient in thin film (DGT) devices at 5 locations 
along the Glengonnar Water [7]. These devices aim to determine the bioavailable 
fraction of metals in the water, i.e. the portion of metals in water that can be assimilated 
(taken up) into organisms. The reasoning is that this bioavailable portion, as opposed 
to the total metal present, is the metal that could potentially pose a toxicity threat to the 
environment if present in excess of tolerable concentrations. The devices work by 
allowing the available metals (that present as free ions, e.g. Pb2+, Zn2+ or Cd2+) in water 
to diffuse across a polyacrylamide gel and accumulate within the device: this can then 
be recovered and the amount of available metal determined [8]. Because the device is 
continuously active for the full period over which it is deployed, it allows a time-
integrated picture to be constructed for the metal concentrations in the water. DGTs 
therefore potentially offer additional, complementary information that spot sampling 
alone cannot supply. However, standard water samples (spot samples) were also 
collected at the 5 locations investigated during the work. 
      
The investigative work found, from the spot samples, that peak Pb concentrations were 
observed in the Glengonnar Water at sites just downstream of the Bigwool Gill and 
Coney Gill tributary inputs. The work also found that a high proportion (at least half) of 
the total Pb was associated with particulates (i.e. in agreement with the routine 
monitoring results discussed in the previous section).  
 
Unfortunately, due to technical issues, the DGT-derived values of available (or 
bioavailable) metals were not considered wholly reliable (deconstruction of the devices 
after deployment revealed that a number had perished). Therefore, follow-up work 
using newer DGTs was recommended to allow the assessment to be completed.  
 

2.4.2 Sediments, bryophytes, water and fish (1982-1984)  
During 1982 to 1984, the Clyde River Purification Board (CRPB, a predecessor of 
SEPA) conducted an assessment of metal concentrations in stream water, sediments, 
mosses and liverworts (bryophytes) and fish of the Glengonnar Water [3, 9].  
 
Results for water analyses were consistent with those discussed above for the more 
recent SEPA monitoring. Sediment results were obtained for 5 sampling sites, 
revealing concentrations of Pb of up to 16360 mg/kg, Cd up to 4 mg/kg and Zn up to 
1679 mg/kg. Concentrations tended to decrease toward the lower parts of the water 
body, beyond the known mining zones. It is worth noting that sediment concentrations 
were similar both above and below the known mine drainage inputs (i.e. Gripps 
drainage level). No metal EQS for sediments exist in Scotland, the UK, or the EU and 
so the sediment values observed cannot be assessed against any EQS values. 
However, as a point of comparison, the sediment concentrations reported are above 
the predicted effect levels described in the Canadian sediment quality guidelines for the 
protection of aquatic life [10].  
 
The moss and liverwort results indicated metal accumulations to different degrees by 
the various species examined, demonstrating that a portion of the metals was readily 
bioavailable. There was some evidence that the distribution of flora may have been 
affected (restricted) by metal pollution, but further work would be needed to fully 
determine this.  
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Fish analyses revealed concentrations of Pb and Cd in fish tissues that were greater 
than those measured in fish collected from a reference site nearby. In the case of Pb, 
the higher concentrations in fish were demonstrably linked to elevated concentrations 
in water. Fish Cd concentrations were also thought to reflect peak contamination sites, 
but this could not be confirmed at the time because of methodology limitations that 
existed in 1982 for quantifying Cd in water samples. Physical examination of fish 
identified blackening of tails and spinal abnormalities in a number of samples: both of 
these characteristics are  indicative of chronic Pb exposure [3].   
 

 
3. Wanlock Water  
 

3.1 Current status  
The Wanlock Water is not currently monitored or assessed for Cd, Pb or Zn under 
SEPA’s WFD activities. Routine monitoring of water quality would thus be required to 
facilitate an appropriate status classification that fully takes into account these 
parameters. However, to inform this review, SEPA has recently conducted preliminary 
investigative monitoring of the water body.   
 

3.2 Investigative monitoring of metals 

As stated above, SEPA has recently conducted preliminary investigative monitoring of 
the Wanlock Water. This comprised one-off spot samples of water from 3 sites along 
the water body, collected during August 2011. The sampling sites (Figure 9) were; 1) 
bridge by the museum in Wanlockhead [NGR NS 87302 12899], 2) upstream of 
Limpen Burn [NGR NS 86106 13813], and 3) just above confluence with Crawick 
Water [NS 82713 17950]. Samples were analysed for metal concentrations and for 
supporting parameters such as pH, water hardness and dissolved organic carbon 
(DOC). The observed metal concentrations are presented in Table 1. 
 
While one-off samples can only give a limited preliminary indication of the conditions in 
the water body, the results do provide some useful initial data. The dissolved Cd 
concentrations observed for sites 2 and 3 (2.5 μg/L and 2.8 μg/L, respectively) were 
greater than the short term Cd EQS set as a maximum allowable concentration (the 
EQS MAC), which was calculated to be 0.6 μg Cd/L for the Wanlock Water 
(considering the water hardness determined in the samples; mean 54 mg CaCO3/L).  
 
No MAC standards have been set for Pb and Zn under the WFD. Rather, the EQS for 
Pb and Zn are set only as annual averages and so one-off samples cannot be properly 
assessed for compliance against them. However, the concentrations determined for the 
Wanlock Water samples indicate that, in relation to Pb and Zn, the values for sites 2 
and 3 were greater than the respective face values of the annual average EQS (i.e. 
7.2 μg/L Pb and ca. 50 μg/L Zn). Concentrations of all three metals (Cd, Pb and Zn) 
were lowest at site 1 (Table 1). 
 
Table 1. Metal concentrations (μg/L) in one-off water samples from the Wanlock Water; figures 
in brackets indicate percentage (%) of total metal in dissolved (dis) form 

Site NGR dis Cd total Cd dis Pb total Pb dis Zn total Zn 

1 NS 87302 12899 0.109 (77) 0.142 4.28 (36) 11.8 9.61 (70) 13.8 

2 NS 86106 13813 2.51 (94) 2.67 16.4 (56) 29.5 245 (91) 268 

3 NS 82713 17950 2.78 (85) 3.27 25.2 (70) 36.1 274 (90) 306 
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Figure 9. Sampling sites for the investigative monitoring of Wanlock Water (August 2011). The 
sites from which water samples were collected were: 1) bridge by the museum in Wanlockhead 
[NGR NS 87302 12899], 2) upstream of Limpen Burn [NGR NS 86106 13813], and 3) just 
above confluence with Crawick Water [NS 82713 17950]. 

 
 
As seen in the Glengonnar Water, the Cd and Zn in the Wanlock Water tended to be 
mainly in the dissolved phase (70-94% dissolved metal), while Pb had a larger 
proportion associated with the particulate phase (36-70% dissolved metal).  
 
Because DOC and other supporting parameters were determined, a preliminary 
evaluation of the toxicity of the observed Zn concentrations could be carried out using a 
tool that is being developed from a Biotic Ligand Model (BLM) [11]. There are no 
equivalent BLM tools currently available for Cd and Pb, so at present it is not possible 
to conduct similar assessments for these metals. In short, the BLM tool aims to predict 
bioavailable metal content from measured concentrations of dissolved metal, taking 
account of relevant water quality conditions (i.e. the supporting parameters mentioned 
above) [12]. This type of BLM approach to water quality assessment is currently being 
considered by the UK Technical Advisory Group (UK TAG) and may be used in future 
to derive updated EQS for metals.      
 
The BLM assessment indicated that the majority (>70%) of the dissolved Zn present 
would be available to organisms (i.e. it was bioavailable) and that, at sites 2 and 3, the 
concentrations of the bioavailable fraction were above a predicted no effect 
concentration (i.e. a concentration below which no adverse effects would be 
anticipated; for these sites this threshold concentration was estimated by the BLM tool 
to be in the range 11 to 15 μg/L of bioavailable Zn).     
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The results demonstrate that elevated metal concentrations can occur in some 
stretches of the Wanlock Water. However, further investigation is required to determine 
whether such concentrations represent the normal (usual) conditions of the water body, 
or if the observed concentrations for these one-off samples were exceptional. The 
appropriateness of the sampling sites selected would also need to be fully examined.   
  
Further investigation is therefore warranted to fully assess metal concentrations in the 
water and to assess the behaviour and fate (and toxicity) of the metals in the stream. 
Once better understood, the implications for the local environment and resident 
organisms could be evaluated.  
 
 

4. Conclusions and recommendations for future work 
The data held by SEPA for the Glengonnar Water indicate that elevated concentrations 
of Pb, Cd and Zn occur in the upper stretches of the watercourse, while concentrations 
of Pb are even higher in some downstream stretches. Environmental quality standards 
(EQS) for all three metals have been exceeded routinely in the water body throughout 
the time period reviewed.  
 
Concentrations of Cd and Zn are dominated by dissolved metal, suggesting inputs from 
minewater resurgence and mine spoil heap leachates in the headwaters of the water 
body. Concentrations of Pb were often dominated by particulate forms, indicating that 
run-off from drainage within the catchment as well as minewater resurgence 
contributes to the high Pb levels observed.  
 
Wanlock Water preliminary investigations indicated that metal concentrations can 
reach elevated levels, above the EQS MAC for Cd and above the face value of the 
annual average EQS for Pb and Zn. Therefore, more investigation, including identifying 
the most appropriate sampling sites to use for any monitoring activities, is warranted.   
 
To better understand the contamination source inputs to both streams, more precise 
identification and characterisation of minewater resurgence points and groundwater-
surface water interactions would be beneficial. Storm event-based monitoring and flow 
monitoring for the streams would allow better assessment of Pb inputs from surface 
run-off within the catchments and of the total Pb load carried by the streams.  
 
Environmental behaviour of, and ecological risks posed by, the metals could be better 
determined and quantified through assessments of the bioavailable fraction (i.e. that 
directly available/ potentially toxic to organisms). This could be achieved through 
investigations employing DGT devices or other equipment that quantify the available 
metals and produce time-integrated results. Monitoring of dissolved organic carbon 
(DOC), calcium concentration and pH along with metals would also allow assessments 
of bioavailable metal concentrations using biotic ligand models (BLM), where available.      
 
The collection and analysis of sediment samples from the two streams would also help 
to determine the environmental fate of metals and could be used to assess the 
potential for any future release of metals from the sediment to the overlying water.  
 
Ecological assessments, particularly those aimed at identifying any sub-lethal effects of 
metals on resident aquatic organisms and effects on species distributions, would 
provide further vital insight into the environmental status of the two water bodies. 
Investigations of benthic diatom, macrophyte (including bryophyte), macroinvertebrate 
and fish assemblages, together with an assessment of metal levels in bryophytes and 
resident brown trout, are recommended. 
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The recommended monitoring and investigation will allow any future restoration 
activities to be more effectively optimised and targeted. They would also provide a 
‘baseline’ for assessing the effectiveness of any restoration projects. Successful 
outcomes from monitoring and restoration efforts are most likely to be achieved 
through a partnership approach (e.g. between SEPA and the Coal Authority). 
    
 

5. Disclaimer 
Equipment, products and brands named in this report are mentioned for clarity and 
descriptive purposes only. This does not constitute any form of specific 
recommendation or endorsement by SEPA. 
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