
River Spey water quality and effluent chemistry 
 

Susan Cooksley and Leah Jackson Blake 
James Hutton Institute 
 
 

Draft Final Report to CNPA 
 
Contract managed by Liz Henderson 
Project Officer, Spey Catchment Initiative (based at SNH Aviemore) 
 
20 May 2014 
 
 
 
 
 
 
 
 



1 
 

Contents 

Acknowledgements ..............................................................................................................................................3 

Summary ...............................................................................................................................................................4 

1 Introduction ..................................................................................................................................................5 

1.1 Context for this work ............................................................................................................................5 

1.2 Objectives .............................................................................................................................................5 

2 River Spey catchment overview ...................................................................................................................6 

2.1 River Spey catchment ...........................................................................................................................6 

2.2 Previous work relevant to this study ....................................................................................................6 

2.3 Study reach ...........................................................................................................................................7 

3 Water quality requirements of FPM: literature review ................................................................................9 

3.1 Introduction ..........................................................................................................................................9 

3.2 Scope of the review ..............................................................................................................................9 

3.3 Overview of the key literature .............................................................................................................9 

3.4 Phosphorus ........................................................................................................................................ 14 

3.5 Nitrogen ............................................................................................................................................. 16 

3.6 pH ...................................................................................................................................................... 17 

3.7 Alkalinity ............................................................................................................................................ 17 

3.8 Suspended solids ............................................................................................................................... 18 

3.9 Dissolved oxygen ............................................................................................................................... 18 

3.10 Biochemical oxygen demand (BOD) .................................................................................................. 19 

4 Analysis of water quality data: Methods ................................................................................................... 22 

4.1 Data provided for analysis ................................................................................................................. 22 

4.2 Chemical species analysed ................................................................................................................ 22 

4.3 Assessment of data quality ................................................................................................................ 22 

4.4 Data analysis carried out and guide to interpretation ...................................................................... 23 

5 Analysis of water quality data: Results ...................................................................................................... 25 

5.1 Description of sewage effluent chemistry data................................................................................. 25 

5.2 Description of river water chemistry data ......................................................................................... 29 

5.4 Evidence for the influence of sewage on Spey water chemistry....................................................... 34 

5.5 Analysis of additional SRP data (1994 – 2013) .................................................................................. 36 

6 Conclusions ................................................................................................................................................ 45 

6.1 Literature review ............................................................................................................................... 45 

6.2 Analysis of water quality data ........................................................................................................... 46 

6.3 Recommendations ............................................................................................................................. 47 



2 
 

7 References ................................................................................................................................................. 49 

8 Appendix 1: Sewage effluent timeseries ................................................................................................... 51 

9 Appendix 2: Spey water quality timeseries plots ...................................................................................... 56 

 

Tables 

Table 1 WFD status of the study reach (2008 data) .............................................................................................6 

Table 2. Summary of the key literature relating to water quality attributes suitable for FPMs ....................... 11 

Table 3. Comparison of existing and revised WFD standards for soluble reactive phosphorus concentrations 
in running waters (UKTAG, 2013) ...................................................................................................................... 15 

Table 4.  Water quality targets for M. margaritifera suggested in Oliver (2000) and Bauer (1988). After Young 
(2005). ............................................................................................................................................................... 20 

Table 5 Recommended water quality attribute targets for FPM ...................................................................... 21 

Table 6. Summary of data provided for analysis. .............................................................................................. 24 

Table 7 Summary statistics for the sewage treatment works effluent monitoring .......................................... 26 

Table 8. Summary water chemistry statistics for the River Spey instream monitoring sites. ........................... 31 

Table 9. Summary comparison of observed and recommended water quality attributes. .............................. 48 

 

Figures 

Figure 1. Locations of river water sampling points (in black) and WWTW effluent sampling points (in red) .....8 

Figure 2: Boxplots summarising concentrations of monitored chemical species in sewage effluent. ............. 27 

Figure 3 Boxplots summarising concentrations of monitored chemical species in sewage effluent. .............. 28 

Figure 4: Boxplots of river water chemistry 2005-2006 (period for which data are available for all sites). ..... 32 

Figure 5: Boxplots of river water chemistry 2005-2010 (period for the three sites with longer records). ....... 33 

Figure 6: Comparison of chemistry upstream and downstream of Aviemore STW. ......................................... 35 

Figure 7. Monthly SRP measurements (orthophosphate as P, mg/L). SEPA monitoring data. ......................... 39 

Figure 8. Annual mean monthly SRP (orthophosphate as P (mg/L). SEPA monitoring data. ............................ 40 

Figure 9. Monthly SRP measurements (orthophosphate as P, mg/L). SEPA monitoring data. ......................... 41 

Figure 10. Scatter plot of SRP against discharge. Note logarithmic scales. ....................................................... 42 

Figure 11. Phosphate loads (kg/day). Note logarithmic scale. .......................................................................... 43 

Figure 12. River Spey at Grantown: Daily mean flows and SRP concentrations (data from SEPA) ................... 44 



3 
 

Acknowledgements 

We are grateful to the following people for their assistance during this study: Phil Boon for permission to 
draw on the unpublished draft CEN FPM Standard, as well as for discussions about SRP data; Iain Sime for 
useful conversations about SRP data and measurement, and for providing additional data; Benoit Demars for 
providing additional water chemistry data, for advice on its interpretation and supplying a number of key 
papers; Peter Cosgrove for information from the ongoing national FPM survey; several members of SEPA 
staff, especially Joe Glennie for flow data, Lesley Irvine, and Brian McCreadie and members of the ‘data 
requests’ team for providing information about analytical methods and detection limits; Benoit Demars for 
helpful comments when reviewing this document. 
 
 
 



4 
 

Summary 

1) The River Spey is a special Area of Conservation for the freshwater pearl mussel Margaritifera 
margaritifera, with a total population of around 10 million mussels recorded in 1998/9 (Young, Hastie, et 
al. 2001). The 2013/14 national FPM survey reported a dramatic reduction in the population with around 
5m mussels reported lost between Grantown and Advie. Water quality issues combined with low flow 
periods may be a contributing factor. 

2) We reviewed the literature to summarise the current understanding of the water quality requirements of 
the freshwater pearl mussel. While there have been some reviews and attempts to set standards these all 
draw on a very limited evidence base. 

3) Based on the literature we have taken a precautionary approach and proposed that water quality 
attributes should remain as close as possible to reference conditions for the Spey. In particular, 
recommended SRP concentrations are much lower than past and current thresholds for WFD high status. 

4) We propose the following targets for the Spey: Soluble reactive phosphorus: annual median < 0.005 mgL-

1  with no peaks > 0.02 mgL-1; Nitrate-N: annual median < 1 mg N  L-1; Ammonium-N: annual median < 
0.01mg N L-1; Alkalinity: no target; pH: circumneutral; Suspended solids: median < 10 mg/l; max <25-30 
mg/l; BOD: median < 1.0 mgL-1; DO: around 100%, no fluctuations. 

5) We analysed 10 years of water quality monitoring data, from five STWs and five instream sites between 
Aviemore and Grantown. We calculated standard summary statistics to enable the data to be compared 
with the targets proposed above. However, this short time series did not allow trend analysis to be 
undertaken or investigations of seasonality in the data. 

6) Concentrations of phosphorus, although within the WFD High Status class, are generally too high and of 
greatest immediate concern. Levels of DO and suspended solids give some cause for concern and require 
more detailed investigation. Levels of BOD, nitrate, ammonium, alkalinity and pH are generally lower than 
the recommended tolerance thresholds. 

7) To fully understand the water quality situation it will be necessary to analyse the full long term data set. 
This will allow analysis of trends and seasonality. 
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1 Introduction 

1.1 Context for this work 

The River Spey is a Special Area of Conservation (SAC) for the freshwater pearl mussel (FPM), Atlantic 
salmon, sea lamprey and otter.  
 
Point source discharges are a key pressure on the River Spey’s water quality, with discharges from waste 
water treatment works (WWTWs) considered to be the most important. In the reach of interest to this study, 
five waste water treatment works discharge to the Spey, either directly or via tributaries. As settlements 
expand, loading on WWTWs is increased. This could alter the concentrations of particular pollutants, 
particularly phosphates, with serious implications for the integrity of the SAC. 
 
The Cairngorms National Park Authority (CNPA) and partner organisations commissioned this review of 
water quality data for the River Spey in the Aviemore area in relation to the tolerance thresholds for both 
mature and juvenile FPM. The aim was to assess trends to ascertain if, and by how much, natural 
background levels of specific substances are being exceeded. The water quality attributes of most interest 
are: phosphorous (P), ammonia (NH3), nitrogen (N), suspended solids (SS) and biochemical oxygen demand 
(BOD). 
 
The results will be used to inform partner organisations in their wider decision making processes and will 
help define acceptable and achievable concentrations of particular water quality attributes in this 
watercourse. 

1.2 Objectives 

Analysis of water quality data: 

1. Identify the variation in levels of phosphorous, ammonium, nitrogen, suspended solids and biochemical 
oxygen demand over time, to test for any trends.  

2. Identify any seasonality in the concentrations. 

3. Identify the mean and highest concentrations and compare these to the various recommended tolerance 
thresholds for FPMs.  

4. Compare levels above and below the Aviemore WWTWs, to identify any effect of the existing discharge.  

Literature review: 

- Summarise the recommended tolerance thresholds for FPM. 

- Identify naturally occurring levels of phosphorous for a river such as the River Spey, taking into account 
current understanding of “reference conditions” as identified in environmental standards for Water 
Framework Directive purposes (http://www.wfduk.org/reference/environmental-standards) and the 
evidence base (http://publications.naturalengland.org.uk/file/61085) for setting nutrient targets to 
protect river habitat within Special Areas of Conservation.  

- Review the results alongside a study conducted 10 years ago to consider whether the data allows any 
judgements as to whether the overall contribution from WWTWs has changed in the intervening period. 
The previous study modelled the relative contribution of different sources of phosphorus and suspended 
sediment in different parts of the River Spey.  

Recommendations: 

- Make recommendations on potential solutions to any key issues identified in the foregoing analyses.  
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2 River Spey catchment overview 

2.1 River Spey catchment 

The River Spey is the seventh largest river in Britain, with a catchment area of 3,000 km2 and a stream 
network length of about 36,500 km. The mainstem of the Spey is 170 km long, flowing north-easterly from 
Loch Spey in the Monadhliath Mountains to the Moray Firth at Spey Bay. This study is concerned with water 
quality in upper catchment, between Aviemore and Grantown on Spey. 
 
In the upper catchment the river gradient is relatively shallow. Between Spey Dam and Grantown on Spey 
there is an altitude change of just 58 m over a river distance of some 75 km. Bedrock in this area is primarily 
made up of slow weathering crystalline rocks such as schists and gneisses, with a number of granite 
intrusions. These hard-wearing rocks provide little mineral input to surface water. 
 
The upper catchment has number of towns of fewer than 3,000 residents, e.g. Kingussie, Grantown and 
Aberlour, as well as several small villages of less than 500 residents such as Nethybridge and Carrbridge. In 
recent decades Aviemore has grown significantly and is now the largest town in Strathspey, with a 
population of around 2,500 and significant numbers of summer and winter visitors. Hill farming, forestry and 
sporting estates dominate the land use in the upper catchment. 
 
There are significant transfers of water out of the upper catchment due to two large hydro schemes. Scottish 
& Southern Energy plc diverts water from the catchments of the rivers Tromie and Truim to Loch Ericht in 
the Tummel/Tay catchment and Rio Tinto Alcan diverts water from the upper Spey at Spey Dam to Loch 
Laggan for hydro-power generation at Fort William. 
 
The Spey is designated as a Special Area of Conservation (SAC) for salmon, sea lamprey, otters and 
freshwater pearl mussels. Much of the upper catchment lies within the Cairngorms National Park, 
established in 2003. 

2.2 Previous work relevant to this study 

2.2.1 Water quality 

In the 1995 River Spey Catchment Review, the North East River Purification Board classed the Spey as 
‘almost pristine’. This was based on a chemical classification, and implied that its waters are well oxygenated 
(BOD < 1 mg/l). In 2008, much of the mainstem was classed at ‘Moderate’ status, due to the presence of fish 
barriers and morphological issues; water quality was at ‘High’ status. 
 
River Spey water and ecological quality are monitored by SEPA, with samples being taken approximately 
monthly. This monitoring is used to determine the current WFD status of waterbodies, based on a range of 
ecological and chemical parameters. The study reach covers two WFD waterbodies, with the majority of the 
reach being in the upper of these (ID 23097), with only the lower 500 m being in waterbody 23096 (Table 1). 
 
Table 1 WFD status of the study reach (2008 data) 

Waterbody ID Name Overall status Ecological status Chemical status 

23097 River Feshie to River 
Nethy 

Moderate Moderate Pass 

23096 River Nethy to River 
Avon 

Good Good Pass 
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An assessment of reference conditions1 for the River Spey is important to the interpretation of the results of 
this study. Demars and Edwards (2007) collected and analysed water samples once in each of four seasons 
during 2003 from 72 locations within a 100 km2 area of the Spey catchment. The sampling design included 
examples of running water (headwater streams and the main rivers) and standing water (lochs, lochans, 
pools, ditches, backwaters, bogs). Altitude ranged from 220 m to 980 m and incorporated a climatic regime 
from cool temperate to subalpine. Each sampling campaign targeted low-flow conditions to evaluate steady-
state nutrient concentrations. They found that concentrations of the major soluble nutrients nitrogen and 
phosphorus demonstrated high spatial and temporal variability, with soluble organic and molybdate 
unreactive forms generally being dominant. Concentrations of ammonium-N, nitrate-N and soluble reactive 
phosphorus were extremely small, with 50% of samples falling below 8, 5 and 1 µgL-1 respectively during 
spring and summer. On this basis, Demars concluded that reference conditions for the Spey appear to be 
one or two orders of magnitude lower than the new (at the time) WFD standard for High Ecological Status. 
 
In a study (Edwards et al. 2000) in the neighbouring Dee catchment, water was sampled along the main River 
Dee fortnightly over a 1-year period (from May 1996). Average SRP concentrations were < 0.005 mg P L-1. 
 
In 2006 SNH commissioned a study (Langan et al. 2007) of pressures on the Spey FPM population. This 
included modelling diffuse pollution sources in the catchment using Diffuse Pollution Screening Tool (Betson 
2006). The tool provides guidance on pollution pressures from both rural and urban sources and calculates 
pollutant loads from different sources, defined by GIS information on land use. For the study reach the tool 
predicted the following contributions of total phosphorous to total flow weighted mean surface water runoff 
concentrations (µgPL-1): urban/roads (4%), septic tanks (5%), agriculture (72%), forestry (5%), WWTWs 
(13%). 

2.2.2 Freshwater pearl mussels 

The Spey’s FPM population was estimated at approximately 10 million in the 1998/1999 full river survey 
(Young, Hastie, Cooksley, Scougall and Hawkins 2001), however the 2013 survey (SNH, analysis ongoing) is 
reporting serious declines of > 50% (P. Cosgrove, pers comm.). In particular, large losses are reported 
between Grantown and Advie where most large former mussel beds have gone, a loss of around 5 million 
mussels. Cosgrove speculates that three linked pressures are responsible: 1) low flows, in which mussel beds 
in water < 30cm deep dried out; 2) poor water quality, especially during times of low flow and possibly 
exacerbated by increased abstraction; 3) the expansion of Ranunculus, which has spread downstream from 
Grantown, colonising FPM habitat over many kms. It is becoming accepted that its rapidly growing root mats 
trap fine sand, killing the mussels underneath. However, the effects of Ranunculus remain circumstantial and 
research is needed to understand the mechanisms involved. 
 
Cooksley (2012) used a logistic regression model to investigate relationships between a range of physical 
variables and FPM presence/absence in the main stem of the Spey. Absences in the FPM population were 
found to be significantly associated with the location of inputs from pipes and drains to the river. 

2.3 Study reach 

The section of river under consideration runs from just north of Aviemore to just downstream of Grantown, 
approximately 14 miles downstream. In this area SEPA takes monthly effluent samples from five WWTWs as 
well as river water samples at five locations in the River Spey (Figure 1).  

                                                           

1 The term ‘reference condition’ is used to describe the natural range of variability against which current 
condition is compared. The phrase has many meanings in a variety of contexts but here refers to naturalness 
in the absence of significant human disturbance or alteration. 
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Figure 1. Locations of river water sampling points (in black) and WWTW effluent sampling points (in red) 

(copyright to be added) 
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3 Water quality requirements of FPM: literature review 

3.1 Introduction 

This study focusses on the potential impacts of WWTWs on habitat suitability for FPM populations. Like all 
freshwater mussels, the FPM has extremely high water quality requirements. The species is generally 
understood to require local ‘natural’ or ‘reference’ conditions and therefore FPM habitats are generally 
associated with extremely low levels of nutrients and productivity. Nutrients are in short supply in most 
freshwaters, and even modest increases can, under the right conditions, lead to eutrophication. 
 
Eutrophication is a process by which an overabundance of nutrients, such as phosphorus or nitrogen, causes 
greatly increased plant and algal growth leading to a chain of undesirable events in a stream. There follows a 
loss of biodiversity as the larger aquatic plants, upon which many insects and invertebrates depend, are 
replaced by microscopic algae that are more favoured by high nutrient conditions. Increased plant biomass 
and associated primary productivity can have effects on other trophic levels. As the nature and quantity of 
food sources change, shifts occur in community composition of macroinvertebrates and fish communities. At 
high levels of enrichment, when the resulting blooms of algae and weed die they greatly increase the 
amount of organic matter that is available to be decomposed by microorganisms, causing deoxygenation 
leading to the death of fish and invertebrates, thereby fundamentally changing the characteristics of aquatic 
habitats and communities. 

3.2 Scope of the review 

Targeted searches for relevant journal papers were made using Web of Science and Science Direct, Google 
used to look for articles and reports. All searches produced very few primary studies, and few reviews. So 
few topic-specific references were found, that finally all of the 429 results of a general search on ‘freshwater 
pearl mussels OR Margaritifera’ were consulted for any reference at all to water quality requirements. 
 
Note that a FPM population requires a healthy salmonid population. Although this review has not specifically 
considered the requirements of salmonids, generally the requirements of FPMs are considered to be higher 
than those of their host population. For example, a Swedish study concluded that recruitment failure of a 
FPM population appeared to be related to its own vulnerability to turbidity and sedimentation rather than to 
its host’s response to this type of habitat degradation (Osterling et al. 2010). 

3.3 Overview of the key literature 

As expected, a review of the scientific and grey literature provided only a small amount of information about 
the water quality requirements of the FPM. The key publications are listed in Table 2. 
 
The targets recommended in many reports and papers relate to the early work by Purser (1985), Bauer 
(1988) and Oliver (2000). This was summarised by Young (2005) in a report commissioned by SNH. There 
have been more recent studies which attempt to determine the minimum water quality requirements for a 
healthy pearl mussel population. However, estimating these requirements is problematic, as in many cases 
mussel populations have declined, and/or records do not go back far enough to provide the data for when 
the populations were healthy. Even in good reproducing populations, water quality may have declined, but 
negative effects may not yet be visible due to a time lag between the cause and effect. This can lead to 
underestimates of water quality requirements. It is also possible that many remaining reproducing mussel 
populations are in the most remote, unpolluted areas and that water quality there is somewhat higher than 
necessary. In some cases few parameters have been measured, in others only a small number of samples 
have been taken. This leads to an overall very patchy picture of the requirements of the species. 
 
In summary, there is a general strong consensus that for the FPMs to survive and reproduce, stream nutrient 
levels must be close to reference conditions for ultra-oligotrophic rivers, and nutrient concentrations must 
never reach levels that could allow for sustained excessive filamentous algal growth. It is generally accepted 
that threshold nutrient levels should be site specific as rivers differ in their natural nutrient loading and 
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mussels appear to be able to adapt somewhat to different levels of productivity. However, despite 
widespread recognition of the link between eutrophication and mussel survival, few studies quote precise 
standards which must be met for healthy populations to be maintained. While there are now several 
summaries and reviews there are still very few primary studies providing detailed data and this remains an 
important gap in the evidence base for the conservation and management of the species. 
 
In recognition of this need, a new standard for FPM catchments (the first standard to be produced for a 
species) is being developed by a working group of European FPM experts. The document details what 
parameters need to be measured and recommended targets that need to be attained to support a 
sustainable FPM population.  This group has used expert judgement to reach consensus on these targets, 
supported by monitoring data, experimental evidence, and information on current water quality targets. 
Following approval by the European Committee for Standardisation (CEN) in May 2014, the draft FPM 
Standard will be released for public consultation later in the year. The information summarised in this study 
draws on that work. 
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Table 2. Summary of the key literature relating to water quality attributes suitable for FPMs 

 

Citation Method Key findings/statements 

Boycott (1936) A generalised study of FPM habitat 
requirements. 

The data presented are somewhat vague 
and of limited use. 

Purser (1985) An investigation of the value of chemical 
parameters from FPM populations in the 
UK, with a focus on NW Scotland. Based 
on data from River Purification Boards 
(now SEPA). 
 

Results are generalised and are expressed 
as annual means. Describes the normal 
range of values in mussel rivers for 
commonly measured parameters. Showed 
that values vary throughout Britain, 
implying that mussels show local 
adaptation and therefore that standards 
from one area may not apply elsewhere. 

Bauer (1988) Correlation of field conditions to FPM 
presence/absence in central European 
rivers. 

Results broadly similar to those of Purser 
(see Table 4). 

Buddenseik et al. 
(1993) 

Measurement of the interstitial water 
chemistry of rivers in central Germany. 
Included sites for Unio crassus and U. 
tumidus as well as M. margaritifera. 
 

The main conclusion was that, at sites 
where juvenile mussels were present, 
there was little difference between the 
water chemistry in the water column and 
the substrate interstices. They considered 
that this indicated that juvenile mussels 
can only thrive where the interstitial 
spaces are open, allowing free movement 
of water amongst them. They noted that 
the rivers concerned were somewhat 
enriched, therefore thresholds given may 
be somewhat high. 

Oliver (2000) Produced recommendations for 
favourable Water Quality Objectives for 
FPMs. Water chemistry recommendations  
were based mainly on Purser’s (1985) 
values from northern Scotland (Table 4) 
although Bauer (1988) and other mussel 
workers were also consulted.  

Recommended targets, including water 
quality, for a range of favourable habitat 
attributes including Water Quality 
Objectives. They agree broadly with the 
‘best’ qualities listed by SEPA in its 
assessment of the pollution status of 
Scottish rivers and with values suggested 
for salmon rivers. Oliver noted the caution 
needed in the use of these data but 
recommended that they would provide a 
‘safe’ level. Young (2005) noted that the 
value for BOD (<1 .3mg/l) seems to be 
rather high, compared with typical values 
for many clean Highland rivers and this 
needs further clarification. 

Young, Cosgrove, 
et al. (2001) 

A literature review supplemented by 
discussions with FPM researchers. 
Summarised the main trends and causes 
of decline in each country. 

Found eutrophication to be a cause of 
decline in FPM abundance in 11 of 15 
European countries. 

Young (2005) Literature review on the water quality 
requirements of the species – including 
toxicology 

Summary of results from Purser (1985), 
Bauer (1988) and Oliver (2000) 
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Moorkens (2000) 
 

Surveys at 526 sites in 149 Irish rivers. 
Comparisons of sites with and without 
mussels. Comparisons were made 
between sites with and without mussels. 
A subset of 123 of these sites were 
statistically examined for correlations with 
31 physical and chemical parameters. The 
historical water chemistry records of nine 
of these rivers were also examined. 

FPMs were found in 49 sites on 28 out of 
the 149 rivers surveyed. Only 8 sites had 
very young mussels present. Conditions in 
rivers were generally good, with low 
numbers having silted conditions. Rivers 
with mussels had significantly more 
gravel, and less silt, erosion and 
canalisation. Sites with older mussels only 
had significantly more overhanging trees 
than sites with no mussels, and sites with 
young mussels present had significantly 
less algae than sites with no mussels. Chi-
square comparisons on the 123 sites 
tested showed additional significant 
associations between mussel rivers and 
certain stream orders, a short distance to 
the sea, the presence of a lake upstream, 
a small altitude drop from the source, a 
high Q value, and low conductivity, pH, 
oxidised nitrogen and BOD values. 
Surrounding land use, and ortho-
phosphate levels were also significantly 
different when rivers with different 
mussel status were compared. Rivers with 
good populations of mussels had 
consistently lower ortho-phosphate and 
oxidised nitrogen levels than rivers with 
poor mussel populations in the historical 
water chemistry data comparisons. Also 
found a small number of FPM populations 
that live in very different water conditions, 
notably in the calcium-rich River Nore 

Langan, 
Cooksley, Young, 
Stutter, Scougall, 
Dalziel and 
Feeney (2007) 

GIS-modelling and interview-based 
assessment of the conditions of FPM SACs 
in Scotland, including the Spey population. 
This included modelling diffuse pollution 
sources in the catchment using Diffuse 
Pollution Screening Tool (Betson 2006). 

For the study reach the tool predicted the 
following contributions of total 
phosphorous to total flow weighted mean 
surface water runoff concentrations (µgPL-

1): urban/roads (4%), septic tanks (5%), 
agriculture (72%), forestry (5%), WWTWs 
(13%). 

Degerman (2009) A Swedish project that tested different 
types of restoration measures aimed at 
improving the conditions for freshwater 
pearl mussels and its host fish. Measures 
were implemented in 21 watercourses. 

Proposed guidelines for water quality 
thresholds for a range of attributes. 

Douda (2010) Descriptive and laboratory studies to 
investigate the effects of nitrates on 
various freshwater mussel species (not 
Margaritifera margaritifera) 

The probability of occurrence of all species 
was significantly reduced in reaches with 
elevated N-NO3

- levels. In contrast, the 
results of toxicity testing revealed that the 
juvenile stages of the two tested species 
were less sensitive to N-NO3

- than most 
previously tested freshwater 
macroinvertebrates. The detected 96-h 
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median lethal N-NO3
- concentrations were 

two orders of magnitude higher than the 
limits derived from distributional data. 

Walsh (2012) Field studies in SE Ireland to 1) examine 
the patterns of silt accumulation 2) 
investigate relationships between 
turbidity and suspended solids, 3) 
establish if DO in the substratum could be 
measured directly in the field and 4) 
explore relationships between DO and 
redox potential in interstitial water. 

Established a reliable method of directly 
measuring DO in riverbed substratum. No 
relationship found between 
measurements of turbidity and suspended 
solids. 

Degerman et al. 
(2013) 

Used a multi-catchment logistic regression 
model to test the hypothesis that it is 
possible to predict FPM population 
viability (reproducing/not reproducing) 
and status in central Sweden from a 
combination of geospatial data describing 
riparian land-cover and use, water 
chemistry data, and electrofishing data 
describing the abundance of the host fish 
species (brown trout, Salmo trutta) in 56 
streams. A range of water chemistry 
parameters, including total phosphorous, 
were measured in Sweden in spring (to 
detect low pH originating from the snow-
melt) as part of the County Board’s 
monitoring programme. Total phosphorus 
was analysed according to Swedish 
standard method and average values of all 
parameters used to describe the FPM 
sites. 
 
 

The study demonstrated that geospatial 
data on riparian land-use and cover can be 
a useful tool for screening waters 
potentially harbouring non-reproducing 
mussel populations. Mussel population 
viability was best predicted by total 
phosphorus. Above a concentration of 8 
µgL–1 total phosphorus, only three viable 
populations existed. 
 
Using higher-resolution data (six classes) 
on mussel population status, host fish 
abundance (0+ trout) was the best 
predictor. At abundances below 5 0+ trout 
per 100 m2 and above a concentration of 8 
µgL–1 total phosphorus, only three viable 
populations existed. Geospatial data could 
be used to predict levels of total 
phosphorus and thereby indirectly to 
predict mussel viability. Geospatial data 
could not be used to predict abundance of 
0+ trout, which is thought to depend more 
on instream factors. 

CEN working 
group (2014) 

Review/summary of expert knowledge 
based on shared knowledge and data to 
reach consensus. 

Draft document awaiting approval from 
CEN Committee ahead of public 
consultation late 2014. 
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3.4 Phosphorus 

3.4.1 Phosphorous background 

Phosphorus is an essential nutrient for all aquatic algae, plants and animals. Phosphorus concentrations in 
FPM catchments are a key concern because excess levels of this nutrient are often responsible for 
eutrophication. As FPMs (especially juveniles) are highly sensitive to reductions in dissolved oxygen, even for 
short periods of time. One brief episode of elevated phosphorus has been observed to result in the loss of 
several years' recruitment (I. Killeen, pers. comm). Such short term and often localised peaks are hard to 
detect using fortnightly or monthly monitoring regimes at limited spatial resolution, providing a significant 
challenge to the assessment of whether water quality is suitable for FPMs. The smothering effects of 
excessive algal growth are also significant. 
 
Phosphorus enters rivers from a wide range of sources. These include soil erosion from agricultural land 
where soil is rich in phosphorus, runoff from fertilized land, dairy yards and manure storage areas, septic 
tank effluent, wastewater treatment plants and some industrial effluent discharges. Sewage is a particularly 
important route by which dissolved, bioavailable phosphorous enters rivers. Sewage treatment works 
therefore perform an important function in controlling the amount of phosphorus in the treated effluent 
that is discharged to rivers. Conventional sewage treatment processes typically remove 15% - 40% of the 
phosphorus compounds present in raw sewage, depending on the precise treatment methods used. In the 
Spey catchment agricultural fertilizers, manure and organic wastes in sewage and industrial effluent are 
considered to be the most significant sources of phosphate (RBMP water body information sheets). 
 
Phosphorus almost always occurs as part of a phosphate molecule (PO4

3-). Phosphate has both organic 
(bound to plant/animal tissue) and inorganic forms and both can occur either dissolved in the water or 
attached to particles in the water column or stream bed. Organic and inorganic forms are highly reactive 
with each other and with the aquatic ecosystem. There are several techniques for measuring and reporting 
phosphorous in water samples and understanding what technique has been used is important when 
comparing different figures quoted in the literature. This is especially important under low phosphorous 
concentrations. 
 
Natural levels of phosphate in oligotrophic (nutrient poor) systems can be extremely low. Even small 
increases can have a dramatic impact on streams and therefore it is important that monitoring methods are 
suitably sensitive, otherwise a considerable rise in nutrient levels can occur before the increase is detected. 
Undetectable levels of phosphate are not necessarily a guarantee of low levels of input e.g. if all the 
available phosphorus is being taken up by filamentous algae then it will not be detectable in open water.  
 
Under the Water Framework Directive, the UK government sets standards for phosphorous in UK surface 
waters. These have been recently revised (UKTAG, 2013) to be site-specific rather than being based on river 
typology (Table 3). The new standards are calculated from the site ‘Ecological Quality Ratio’ (EQR, which is 
calculated from a combined assessment of diatoms and macrophytes) and an estimate of the phosphorous 
concentration that would be expected at near natural conditions at the site. However, there is a large 
amount of unexplained error in the model which means that there remains a substantial chance of 
misclassifying sites. Because of this uncertainty, UKTAG recommends that expensive action to reduce 
phosphorus concentrations at a site should be considered only where there is supporting evidence of 
adverse biological impacts. 
 
It should be noted that these UK standards refer to mean annual concentrations of molybdate reactive 
phosphorus (MRP) in unfiltered samples from which large particles have been allowed to settle. However, in 
Scotland, orthophosphate is reported by SEPA as SRP. For unfiltered samples, MRP is equivalent to SRP plus 
a fraction of particulate P which is reactive to the phosphomolybdenum blue method reagents. While the 
difference between MRP and SRP is usually considered minor, these differences become much more 
important when dealing with low concentrations. 
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Table 3. Comparison of existing and revised WFD standards for soluble reactive phosphorus concentrations 
in running waters (UKTAG, 2013) 

Type  
(for existing 
standards) 

Annual mean of reactive phosphorus (μg per litre) 
molybdate reactive phosphorus in unfiltered samples from which large particles have been allowed to settle 

High Good Moderate Poor 
Existing New Existing New Existing New Existing New 

Lowland, 
low 
alkalinity  

30 19 
(13-26) 

50 40 
(28-52) 

150 114 
(87-140) 

500 842 
(752-
918) 

Upland, low 
alkalinity  

20 13 
(13-20) 

40 28 
(28-41) 

150 87 
(87-117) 

500 752 
(752-
851) 

Lowland, 
high 
alkalinity  

50 36 
(27-50) 

120 69 
(52-91) 

250 173 
(141-
215) 

1000 1003 
(921-
1098) 

Upland, high 
alkalinity  

50 24 
(18-37) 

120 48 
(28-70) 

250 132 
(109-
177) 

1000 898 
(829-
1012) 

 
Notes: The revised standards illustrated are the medians from, respectively, 456 lowland high alkalinity sites; 
129 upland high alkalinity sites; 137 lowland low alkalinity sites; and 97 upland low alkalinity sites. The 
numbers in parentheses are the lower 5th and upper 95th percentiles of the standards for the sites in each 
category. "Lowland" means less than or equal to 80 metres above mean sea level. "Upland" means more 
than 80 metres above mean sea level. "Low alkalinity" implies CaCO3 of less than 50 mg per litre; "High 
alkalinity” greater than or equal to 50 mg per litre. 

3.4.2 Phosphorous thresholds 

Sustainable FPM populations are associated with P levels at the higher end of High Status. Very low 
phosphate concentrations combined with the absence of filamentous algae are considered to indicate 
nutrient levels conducive to FPM populations in favourable condition (CEN working group 2014). However, 
high abundance of filamentous green algae is common in Scottish oligotrophic rivers, especially after a spell 
of good weather and 2-3 weeks of stable flows. Naturally occurring levels of phosphorus vary both from 
country to country and at a local scale according to river type. Consequently, P targets set for rivers with 
sustainable pearl mussel populations must take account of the type of river in which they occur.  Pearl 
mussel populations in upland, low alkalinity rivers such as the Spey are especially sensitive to enrichment by 
phosphorus. 
 
In general, phosphorus concentrations in pearl mussel rivers in northern and western Europe (e.g. Norway, 
Sweden, Republic of Ireland, UK) are lower than those in central or southern Europe. In Germany, Bauer 
(1988) found a positive correlation between adult mortality and nitrate concentration, and between 
decreasing survival and establishment of juvenile mussels and phosphate, calcium and BOD concentrations. 
The phosphate threshold he recommends (0.03 mg P/l) is high compared to the SRP standards required for 
‘High’ chemical status (< 0.013 mg P/l as of summer 2013; see Table 3). More recently, specific ranges of 
phosphorus have been associated with reproducing pearl mussel populations e.g. Ireland  (Moorkens 2006), 
Sweden, (Degerman, Andersson, Soderberg, Norrgrann, Henrikson, Angelstam and Tornblom 2013) and 
Spain (Outeiro et al. 2008). Further work is under way in other parts of Europe. 
 
Based on these reported ranges, the draft CEN Standard (2014) recommends that a median MRP target for 
all rivers with freshwater pearl mussel populations should be the high-good (H/G) boundary as set for each 
country under the WFD, with the following exceptions: 
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1. Where the present concentration of phosphate is at a lower level than the High/Good (H/G) boundary, 
this lower concentration should constitute the target.  

2. Where evidence shows that a phosphate concentration lower than that of the H/G boundary has been 
recorded consistently in the past, this lower concentration should constitute the target. 

3. Where the H/G boundary concentration has been achieved but this has not resulted in the FPM 
population reaching a sustainable condition, a lower concentration may be required as a future target. 

Therefore, the H/G boundary should not be set as a target for a river without first checking the baseline 
phosphate concentrations and any historical data available for that river.  
 
Applying the above recommendations, we conclude that, since current median SRP concentrations in the 
study reach range from 0.004 to 0.014 mg SRP-P L-1, the H/G boundary of 0.013 mg L-1 is too poor a target. 
Furthermore, median spring/summer SRP concentrations in the region of < 0.002 mgL-1 have been recorded 
at several sites along the Feshie and Spey (Demars and Edwards 2007). These values are supported by JHI 
data from the Allt a’ Mharcaidh catchment, a pristine sub catchment of the Spey. We propose that an annual 
median < 0.005 mgL-1 is an appropriate (although challenging) target figure. 

3.5 Nitrogen 

3.5.1 Nitrogen background 

Excessive nitrogen inputs to surface waters may also be responsible for eutrophication. Sources of nitrogen 
in rivers include diffuse sources (e.g. from agricultural land which has been exposed to elevated nitrate 
inputs from fertilisers and organic manures; atmospheric deposition) and point sources (e.g. from industrial 
and sewage effluents). 
 
Nitrogen is present in surface waters in three forms: 

1. Oxidised forms (nitrate and nitrite): Nitrate is the dominant inorganic N fraction in surface waters. Nitrate 
is soluble and water-mobile, and highly bioavailable. At low oxygen concentrations, nitrate can become 
reduced to nitrite, a potent neurotoxin affecting FPMs. 

2. Reduced forms (ammonia and ammonium): Ammonia (NH3) is generated from agricultural sources such 
as decomposing manure and from WWTWs. It is toxic to aquatic organisms, but in solution it is rapidly 
converted to ammonium (NH4

+), which is an important nutrient. In-stream ammonium concentrations 
tend to be low as, in oxic conditions, bacteria in river water convert ammonium to nitrites and nitrates. 
However, ammonium concentrations downstream of WWTWs can be significant during low flows. Lower 
redox potential in the sediment will shift the equilibrium from NH4 to NH3 with potential effect on 
juvenile FPM. 

3. Dissolved organic nitrogen (DON): In many Scottish rivers, the dominant N form present in surface waters 
is organic N. Traditionally, only inorganic N forms (nitrate and ammonium) were considered bioavailable. 
However, there is increasing evidence that much of this organic N in surface waters is also bioavailable, 
and amounts in excess of background levels may contribute to eutrophication. 

3.5.2 Nitrate thresholds 

Freshwater pearl mussels required nitrate levels that are natural for the catchment (CEN working group 
2014). Studies from Central Europe (Bauer 1988) have shown a relationship between the impaired 
population status of threatened freshwater mussel species and elevated nitrate N concentrations in running 
waters. Various thresholds have been proposed in the literature but generally levels measured in 
reproducing populations range from < 0.002 to 0.5 mg N L-1 (CEN working group 2014): 0.5 mg N L-1 in central 
Europe (Bauer 1988), 1 mg N  L-1 for the UK (Oliver 2000) and  0.125 mg N L-1 or Ireland (Moorkens 2006). 
 
For the median nitrate value of < 125 µg/l (0.125 mg/l), proposed for Scandinavian waters (Degerman 2009), 
it is not clear whether this is as NO3 or N but, as noted by Walsh (2012), this is extremely low for British or 
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Irish rivers. For British waters Skinner et al. (2003) have proposed nitrate and phosphate levels of <1.0 mg/l 
and < 0.03 mg/l respectively. In relation to Irish populations Moorkens (2000) has proposed mandatory 
concentrations of < 1.7 mg/l N and < 0.06 mg/l P respectively for river nitrate and phosphate both of which 
would appear too lenient. The mean nitrate value associated with the highest ecological quality (Q5) in Irish 
rivers is more than one-half lower again at 0.76 mg/l N.  
 
The overall recommendation from the CEN Working Group is that limits should be set at those natural for 
that catchment. In Demars & Edwards 2007 median concentrations in the Spey/Feshie were between 0.1-0.2 
mg/L. The median for streams was <0.1 mg/L and this is tentatively proposed as the target level, as these 
streams are assumed to be relatively pristine. 

3.5.3 Nitrite thresholds 

Nitrate is toxic to FPM (CEN working group 2014). There is no published information on thresholds. 

3.5.4 Ammonia and ammonium thresholds 

In general, ammonia should not be detectable in oligotrophic rivers. 
 
Rivers in Ireland with sustainably reproducing FPM populations have ammoniacal N levels never exceeding 
the detection limit of 0.01 mg N L-1 (Moorkens, 2006). Rivers in southern Europe with higher temperatures 
and higher productivity have higher concentrations of ammoniacal N, with means ranging from 0.04 to 0.05 
mg N L-1 (Varandas et al. 2013). 

3.6 pH 

3.6.1 pH background 

The natural pH range for an individual river tends to remain relatively constant (although there may be large 
diel variability in poorly buffered rivers), being a product of the geology, soil types and climate of a region. A 
lowering of pH may be caused by acid rain, and is damaging to FPM populations, as well as being a well-
documented threat to their salmonid hosts. Acidification directly influences pearl mussels through a gradual 
destruction of their calcareous shell, and through problems with regulation of acid–base mantle fluid 
homeostasis. In some rivers there can be a problem with pH being too high. 

3.6.2 pH thresholds 

The FPM normally lives in naturally slightly acid to neutral waters, between pH 6.2 and pH 7.3. pH must be at 
a natural level for the river (Oliver 2000). For the River Spey, a circumneutral pH would be required. 

3.7 Alkalinity 

3.7.1 Alkalinity background 

Alkalinity is generally determined by the concentration of ions such as calcium, magnesium, carbonate and 
sulphate. It provides a measure of the river's capacity to buffer against changes in pH, and is generally 
dependent on geology, soil type, climate and vegetation. As such, natural levels of alkalinity vary between 
rivers, and in general low alkalinity implies a susceptibility to acidification. Alkalinity should be as expected 
for the geology of the catchment and may be affected by acidification (lowered) and agricultural practises 
(increased). 

3.7.2 Alkalinity thresholds 

No published figures, but as with pH, natural levels for the river are required. 
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3.8 Suspended solids 

3.8.1 Suspended solids background 

Total suspended solids (TSS) include all particles suspended in water which will not pass through a filter. 
Sources of suspended solids include point sources such as wastewater and diffuse sources such as soil 
erosion from agricultural and construction sites. As levels of TSS increase, a water body begins to lose its 
ability to support a diversity of aquatic life. Suspended solids absorb heat from sunlight, which increases 
water temperature and subsequently decreases levels of dissolved oxygen. Photosynthesis also decreases, 
since less light penetrates the water. As less oxygen is produced by plants and algae, there is a further drop 
in dissolved oxygen levels.  TSS can also destroy FPM and fish habitat and suffocate eggs of fish and aquatic 
insects, or newly-hatched insect larvae. Suspended solids can harm FPM directly by inhibiting feeding. 
 
Suspended solids are one of the biggest threats to FPM populations in many rivers. Suspended solids in the 
smaller size range (2 – 20 μm) rarely fall out of suspension, and therefore are a threat to adult mussels 
rather than juvenile mussels. As they are within the range of food particles ingested by filter-feeding 
mussels, excessive fine particles in this size range can stress mussels when separating food from inert 
matter. Suspended solids larger than 20 μm have adverse effects on adult and juvenile mussels, causing 
them to clam up (they close their shells tightly and do not filter water through their siphons) leading to 
severe stress and death. These larger particles can fall out of suspension and infiltrate the river-bed gravels, 
thus preventing oxygen exchange with the waters used by juvenile mussels. 

3.8.2 Suspended solids thresholds 

Concentrations of suspended solids in rivers with sustainable FPM populations are extremely low, with only 
minor peaks of very short duration occurring during periods of heavy rainfall or snowmelt.  
 
A level of 30 mg/l of suspended solids has been given by Valovirta (1990) as the limit of tolerance by adult 
pearl mussels; Valovirta & Yrjana (1997) reiterated that the maximum amount of fine material in the river 
water should be less than 25-30 mg/l. This level may not be critical if it occurs for a short time during flood 
but long-term levels of suspended solids should be much less while levels consistently above 10 mg/l should, 
according to Skinner et al. (2003), give cause for concern. 
 
Turbidity (measured in nephelometric turbidity units, NTU) is often used as a proxy for suspended sediment. 
In oligotrophic catchments with low-intensity management turbidity levels have medians ranging from 
undetectable, i.e. consistently 0 NTU to < 0.3 NTU with peaks < 10 NTU (Moorkens 2000). 
 
At present there is no quality standard or objective for suspended and deposited solids under the Water 
Framework Directive (WFD). 

3.9 Dissolved oxygen  

3.9.1 Dissolved oxygen background 

A supply of dissolved oxygen is essential for the FPM, both in open water and in the juvenile interstitial 
habitat. The maintenance of aerobic substrate conditions is also important as anoxic conditions lead to the 
release of phosphate from sediment and the reduction of nitrate to nitrite, which is toxic to FPMs. 

3.9.2 Dissolved oxygen thresholds 

Dissolved oxygen levels should be consistently near to 100% and never be subject to excessive fluctuations, 
including those due to daytime photosynthesis and night-time respiration (CEN working group 2014). 
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3.10 Biochemical oxygen demand (BOD) 

3.10.1 BOD background 

Biochemical oxygen demand (BOD) is a measure of the amount of oxygen consumed by microorganisms in 
decomposing organic matter in river water. The rate of oxygen consumption is affected by a number of 
variables: temperature, pH, the presence of certain kinds of microorganisms, and the type of organic and 
inorganic material in the water. The greater the BOD, the more rapidly oxygen is being depleted in the river 
and the less that is available to higher forms of aquatic life. An elevated BOD is usually caused by high levels 
of organic pollution e.g. from inadequately treated wastewater from human or agricultural sources. Elevated 
BOD levels are particularly likely to have detrimental effects on juvenile mussel survival, where adequate 
oxygen levels are extremely important.  
 
BOD is determined by measuring the amount of oxygen consumed by microorganisms during a specified 
period of time and at a specified temperature (usually 5 days at 20 C, hence BOD5). 
 
While BOD is a traditional indicator of oxygen consumption, it accounts for very little of the total O2 
consumption in rivers which are not grossly polluted. Monitoring work in the River Dee catchment in NE 
Scotland (ups/down WWTP) showed that BOD contributed to only 2% of the oxygen consumption, 98% 
being from respiration associated with the river bed (Stutter et al. 2010). 

3.10.2 BOD thresholds 

Elevated BOD5 (> 1.4 mg L-1) has been linked with poor juvenile survival in Central Europe (Bauer, 1988). 
Rivers with reproducing populations in the UK, Ireland and Spain have BOD5 levels consistently < 1.0 mg L-1 
(CEN working group 2014). For the Spey, BOD5 levels consistently < 1.0 mg L-1 are therefore recommended. 
 
Given the above issues with BOD, respiration of the entire reach and reaeration potential may be better 
indicators, although much more resource intensive to monitor. 
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Table 4.  Water quality targets for M. margaritifera suggested in Oliver (2000) and Bauer (1988). After Young (2005). 

Attribute Bauer, 1988 
Oliver, 2000 

(based on Purser, 1985) 
Degerman (2009) Moorkens (2000) 

Phosphate-P <0.03 mg/l <0.03 mg/l - 
Phosphates (Ortho-P) <0.06 mg/l 

P 

Total phosphorus - - 
< 5-15 µg/l (average) 

 
- 

Nitrate-N <0.5 mg/l <1.0 mg/l 
<125 µg/l (median) 

 Ox. Nitrogen <1.7 mg/l N 

Nitrite-N - - - 

Ammonium-N - - - < 0.10 mg/l N 

pH N/A 6.5-7.2 
pH ≥ 6.2 (minimum) 

 
6.3 to 8.0 

Conductivity <70 μs/cm <100 μs/cm - Conductivity <200 µS/cm 

Calcium 2 mg/l <10 mg/l Ca CO3 - - 

Suspended solids / 
turbidity 

- - 
<1 FNU (average, spring flood) 

 
- 

Water colour - - 
average, spring flood < 80 mg 

Pt/l () (1 Hazen unit is equivalent 
to 1 mg Pt/l) 

- 

BOD 1.4mg/l <1.3 mg/l - 
Biochemical Oxygen Demand <3 

mg/l O2 

Dissolved oxygen N/A 90-110% saturation - Dissolved Oxygen >9 mg/l O2 

Redox potential - - >300 mV (corrected value) - 

Water temperature - - < 25oC (maximum) - 
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Table 5 Recommended water quality attribute targets for FPM 

Attribute Range recorded in 
sustainable FPM 
populations 

Recommended target for 
the Spey (reference 
conditions) 

Basis for recommendation 

Orthophosphate-
P (measured as 
soluble reactive 
phosphorus, 
SRP) 

No published data Annual median < 0.005 mgL-1  
with no peaks > 0.02 mgL-1  

Current conditions (SEPA 
monitoring data); 
reference/baseline recorded 
by Demars and Edwards 
(2007); data from the Allt a 
Mharcaidh catchment 
(unpublished, JHI) 

Nitrate-N < 0.002 to 0.5 mg N L-1 1 mg N  L-1 Values from Oliver (2000) 

Nitrite-N No published data Data not available Nitrite is toxic to FPM 
(Douda 2010) . 

Ammonium-N 0.01mg N L-1 (Ireland) to 0.05 
mg N L-1 

0.01mg N L-1 Moorkens, 2006; Varandas, 
Lopes-Lima, Teixeira, 
Hinzmann, Reis, Cortes, 
Machado and Sousa (2013). 

Alkalinity No published data No target CEN working group (2014) 

pH pH 6.2 to pH 7.3 Circumneutral Reference/baseline recorded 
by Demars and Edwards 
(2007) 

Suspended solids Median < 10 mg/l; max <25-
30 mg/l 

Median < 10 mg/l; max <25-
30 mg/l 

Skinner et al. (2003), 
Valovirta (1990), Valovirta & 
Yrjana (1997) 

Turbidity Median turbidity ranging 
from undetectable 
(consistently 0 NTU) to < 0.3 
NTU with peaks < 10 NTU 

Median turbidity ranging 
from undetectable 
(consistently 0 NTU) to < 0.3 
NTU with peaks < 10 NTU 

CEN working group (2014) 

BOD < 1.0 mg L-1 (Spain, UK, 
Ireland) 

< 1.0 mg L-1 CEN working group (2014) 

DO 100%, no fluctuations 100%, no fluctuations CEN working group (2014) 
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4 Analysis of water quality data: Methods 

4.1 Data provided for analysis 

SEPA provided the following datasets from their routine monitoring points: 

1. Surface water chemistry data from five monitoring sites along the River Spey 

2. Effluent monitoring data from five sewage treatment works (STWs) that discharge either to the River 
Spey, or to one of its tributaries. 

 
These datasets were used for the analysis. Site details, including length of record, are given in Table 6, and 
sampling locations are shown in Figure 1. 
 
After the main analysis had been undertaken, additional SRP data were made available, by Iain Sime at SNH 
(SEPA data from 1996) and by Benoit Demars at JHI (SEPA data for 1980-2003). These longer SRP time series 
provided useful additional information.  

4.2 Chemical species analysed 

Data on the following chemical species were analysed: 
- Dissolved oxygen (DO) 
- Biochemical Oxygen Demand with nitrification supressed by adding ATU (BOD) 
- Alkalinity (Alk) 
- pH 
- Chloride (Cl-) 
- Suspended sediments (SS) 
- Ammonium (NH4

+) 
- Nitrate (NO3

-) 
- Orthophosphate/soluble reactive phosphorus (here used interchangeably; PO4

3- or SRP) 
- Total phosphorus (TP) 
- Total dissolved inorganic nitrogen (DIN), calculated as NH4

+ + NO3
-. 

4.3 Assessment of data quality 

Basic data cleaning was carried out, including removing duplicate data entries (either by removing dates 
where there were no associated chemistry values, or taking an average where there were two readings per 
day). Outliers were dealt with by using non-parametric statistics (e.g. medians, quantiles, etc.) as much as 
possible, rather than relying on statistics such as the mean and standard deviation. 
 
Where values were given as being below the detection limit, half the detection limit was substituted in for 
graphing purposes. In the river water chemistry data, important increases in detection limits were apparent 
around 2011 at the two sites where longer records were available (U/S Grantown and U/S Tamdhu): The 
NH4-N detection limit increased from 0.005 to 0.017 mg/l; NO3 and total oxidisable nitrogen (TON) increased 
from 0.08 to 0.2 mg/l; and SRP from 0.008 to 0.009 mg/l. These important increases could lead to the miss-
identification of increasing trends in chemical concentrations. For consistency both through time within a 
site, and between sites, river water data collected after June 2010 was therefore excluded from the analysis. 
 
Sampling frequency is at most monthly, but frequently every other month or less, with occasional three to 
eight month data gaps. At two of the river monitoring sites (U/S Aviemore STW and D/S Boat of Garten STS), 
only two years of data were provided, resulting in just 12 samples per site. Given the large variability 
inherent in river water chemistry, 12 samples is not enough to adequately represent site chemistry, so 
statistics from these sites should be treated as highly preliminary. The longer records at the other river water 
monitoring sites (up to six years) allow a more robust description of water chemistry. 
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4.4 Data analysis carried out and guide to interpretation 

For both river water and effluent chemistry samples, the following data analysis was carried out and is 
presented here: 

 Calculation of summary statistics (mean, standard deviation, median, 25th and 75th percentiles, maximum 
and minimum values). The median is obtained by ranking the data from lowest to highest value, and 
then taking the mid-point. The interquartile range (defined by the 25th and the 75th percentiles) gives the 
range within which 50% of the ranked data points lie. 

 Plotting timeseries for all chemical variables of interest. These are used to visually identify any potential 
seasonality, trends or step changes for further investigation. 

 Plotting boxplots. Boxes show the interquartile range, within which 50% of data points lie, and the line 
within the box shows the median. Whiskers extend out to 1.5 times the interquartile range or the 
highest/lowest outlying point, whichever is closest to the box. Outlying dots beyond these whiskers are 
shown as points. As a rule of thumb, when two boxes overlap, there is no significant difference in the 
distributions. Here, we plot boxplots with data grouped by site, and by site and season, to explore 
seasonal effects on water chemistry. 

 Statistical tests for differences between groups, including one-way analysis of variance (ANOVA) and 
Kruskall Wallis test for differences, the non-parametric equivalent. 

 
All data analysis and graph plotting was carried out using Python 2.7. Statistical tests were carried out in 
GenStat v.16. 
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Table 6. Summary of data provided for analysis. 

Site details, start and end dates of chemistry data provided by SEPA (via CNPA) and associated number of samples. Note, the number of samples excludes any data 
post 06/2013 for sites US_Grantown and US_Tamdhu, where important detection limit changes occurred (see section 5.2 for details) 
 

Type File name Alias Location code NGR Record start Record end Number of 
samples 

River water U/S Tamdhu bioplant US_Tamdhu or US_T 203742 NJ 18461 38926 09/2005 06/2013 57 

River water U/S Grantown  STW US_Grantown or US_G 203737 NJ 02958 26573 10/2005 06/2013 56 

River water D/S Boat of Garten STS DS_Garten or DS_G 203736 NH 95967 20718 02/2005 12/2006 12 

River water D/S Aviemore STW DS_Aviemore or DS_A 203734 NH 90912 13676 01/2005 07/2010 53 

River water U/S Aviemore STW US_Aviemore or US_A 203733 NH 90461 12853 01/2005 12/2006 12 

        

Sewage effluent Dulnain Bridge Dulnain 200041 NJ 00012 24654 01/2000 10/2013 72 

Sewage effluent Nethy Bridge Nethy 203570 NH 99754 21049 04/2000 10/2013 72 

Sewage effluent Boat of Garten Garten 200076 NH 94692 19239 02/2000 10/2013 70 

Sewage effluent Carrbridge Carrbridge 200040 NH 91270 22894 01/2000 10/2013 78 

Sewage effluent Aviemore Aviemore 305073 NH 90451 12901 07/2005 10/2013 99 
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5 Analysis of water quality data: Results 

5.1 Description of sewage effluent chemistry data 

Time series plots are shown in Appendix 1. Boxplots in Figure 2 (summary of all data, split by site) and Figure 
3 (data split seasonally and by site) allow comparison between sites. Summary statistics are given in Table 7. 
 
It should be noted that what follows is a description of the concentrations of chemical species within the 
effluent. Without further information on the volume of effluent being discharged, and therefore the nutrient 
loads, no inferences can be made about the likely impact this sewage effluent will have on water quality in 
the receiving water body. 

5.1.1 Phosphorus 

 Effluent SRP concentrations are below 4 mg/l for just over 75% of samples at Aviemore, Carbridge and 
Dulnain in particular, which has a particularly low median SRP concentration of 0.3 mg/l. Boat of Garten 
and Nethy Bridge have much higher concentrations, generally in the range 4 to 6.5 mg/l.  

 On the time series for Aviemore, a step-change in SRP concentration is visible during 2010. This step 
change is statistically significant (p=0.005), with a decrease in mean concentration of 0.8 mg/l. The 
decrease is also significant for TP, with a decrease in mean concentration of 0.9 mg/l. 

5.1.2 Inorganic nitrogen 

Different sites have very different ratios of NO3:NH4. Boat of Garten, for example, has the lowest and highest 
NO3

-
 and NH4

+ concentrations, respectively, of all sites, whilst at Carrbridge, median NO3 concentrations are 
ten times higher than median NH4

+ concentrations. Once in the receiving water body, the majority of NH4 is 
likely to be rapidly nitrified and converted to NO3, so it is perhaps more useful to look at total dissolved 
inorganic N (DIN) concentrations, i.e. the sum of NO3

-
 and NH4

+. DIN concentrations are lowest (median 4 mg 
N/l) in Aviemore STW effluent; moderate (median 12-15 mg/l) at Carrbridge and Dulnain, and highest at 
Garten and Nethy, with median concentrations of 24 – 30 mg/l. 

5.1.3 Chloride 

A seasonal pattern is seen in Cl- concentrations, with higher concentrations in winter. This is possibly due to 
road runoff, enriched in road salt during the winter.  Cl concentrations are much higher than concentrations 
in precipitation, groundwater and background river concentrations, with seasonal median concentrations of 
50 mg/l to 150 mg/l (Table 7). Concentrations vary significantly between sites, being highest at Carrbridge. 

5.1.4 BOD 

Biochemical oxygen demand is very low at Aviemore, Carrbridge and Dulnain (< 5 mg/l), higher at Nethy 
Bridge, and extremely high at Boat of Garten.
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Table 7 Summary statistics for the sewage treatment works effluent monitoring 

All units mg/l, except pH. Q25 and Q75 are the 25th and 75th percentiles. N obs is number of observations. 
 

Determinand Site N obs Median Q25 Q75 Mean St. Dev Min Max 

BOD 

Aviemore 98 4 2 6 7 17 0 160 

Carrbridge 77 5 3 9 11 15 1 65 

Dulnain 71 4 3 6 7 10 1 65 

Garten 66 150 114 210 165 68 37 340 

Nethy 71 21 14 42 33 34 6 210 

pH 

Aviemore 99 6.5 6.3 6.8 6.5 0.3 5.8 7.4 

Carrbridge 78 6.5 6.0 6.9 6.4 0.8 4.4 7.7 

Dulnain 72 6.8 6.6 7.2 6.8 0.5 5.1 7.8 

Garten 70 7.1 6.9 7.4 7.2 0.4 6.0 8.2 

Nethy 72 6.8 6.6 7.0 6.8 0.3 5.8 7.6 

Cl 

Aviemore 96 53 47 61 58 22 28 196 

Carrbridge 46 120 85 155 131 61 45 291 

Dulnain 43 73 57 103 92 58 45 305 

Garten 41 53 47 59 58 20 36 150 

Nethy 42 50 45 71 59 24 35 164 

SS 

Aviemore 99 8 4 12 12 30 1 300 

Carrbridge 78 15 10 28 29 48 1 390 

Dulnain 72 12 8 18 18 16 2 79 

Garten 69 74 58 90 75 26 21 168 

Nethy 72 28 18 40 36 36 7 229 

NH4-N 

Aviemore 93 0.4 0.1 5.7 5.2 9.0 0.03 37.3 

Carrbridge 75 0.9 0.3 5.0 5.3 9.5 0.02 39.6 

Dulnain 70 1.0 0.2 6.5 5.0 7.6 0.01 29.0 

Garten 41 29.1 22.9 42.2 31.5 13.3 6.04 63.9 

Nethy 72 15.2 9.9 20.3 16.2 8.9 1.95 43.7 

NO3-N 

Aviemore 93 2.0 0.99 3.5 2.4 1.9 0.00 10.1 

Carrbridge 75 10.3 1.65 15.2 10.6 8.5 0.03 31.8 

Dulnain 70 7.0 1.99 12.4 8.0 6.9 0.05 27.7 

Garten 36 0.2 0.11 0.4 0.32 0.29 0.02 1.3 

Nethy 70 5.5 0.98 16.0 9.5 9.4 0.02 31.6 

DIN 

Aviemore 91 3.90 1.92 9.19 6.99 7.81 0.33 37.45 

Carrbridge 74 14.73 9.90 22.20 16.03 9.40 0.12 39.74 

Dulnain 69 11.70 8.44 17.87 13.13 7.26 0.75 29.81 

Garten 36 30.48 23.35 44.73 32.20 13.92 6.22 64.14 

Nethy 70 23.92 20.14 31.23 25.53 9.21 2.35 46.50 

SRP-P 

Aviemore 95 2.24 1.68 3.49 2.50 1.36 0.17 6.15 

Carrbridge 75 2.34 1.04 4.26 2.84 2.18 0.00 9.58 

Dulnain 69 0.30 0.08 1.33 1.45 2.54 0.00 14.20 

Garten 41 4.50 3.90 6.40 4.96 2.09 0.80 9.85 

Nethy 72 4.51 3.26 6.60 4.98 2.27 0.58 11.10 

TP-P Aviemore 73 2.81 2.07 3.76 2.96 1.62 0.24 9.55 
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Figure 2: Boxplots summarising concentrations of monitored chemical species in sewage effluent. 

All units mg/l except pH. 
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Figure 3 Boxplots summarising concentrations of monitored chemical species in sewage effluent. 

Plots are split by season (‘summer’: April – September; ‘winter’: October – March). Apart from pH, all units 
mg/l. Sites abbreviated as follows - Avi: Aviemore, Car: Carrbridge; Dul: Dulnain Bridge; Gar: Boat of Garten; 
Net: Nethy Bridge. 
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5.2 Description of river water chemistry data 

Time series plots are shown in Appendix 2. Boxplots in Figure 4 and Figure 5 enable comparison between 
sites along the Spey. In Figure 4, data from all sites is shown, but only for the 2005-2006 period to make sites 
comparable. The three sites with longer records are summarised in Figure 5, split into two seasons 
(‘summer’: April – Sep; ‘winter’: Oct – March). Summary statistics are given in Table 8. 

5.2.1 Phosphorous 

Orthophosphate concentrations are also uniformly low. All points are below 42 ug/l, apart from one summer 
peak U/S of Grantown STW, and over 25% of samples at all sites were below the analytical detection limit of 
4 ug/l. As with nitrate species, little seasonal pattern is apparent, apart from U/S Grantown STS, where 
concentrations are higher in winter. Using the more stringent soluble reactive phosphorus (SRP) standards 
introduced for UK rivers in August 2013 by the UK Technical Advisory Group (UKTAG, 2013), mean PO4-P 
concentrations still lie within the ‘High’ classification (<13 ug/l) at all but sites 2 and 5, D/S of Aviemore STW 
and U/S of Tamdhu bioplant. The slightly higher concentrations at these sites (means of 15 ug/l and medians 
of 14 and 12 ug/l, respectively) place them on the ‘High’/‘Good’ boundary. The higher concentrations at 
these sites are also apparent in Figure 5. The difference between PO4-P concentration U/S and D/S of the 
Aviemore STW is discussed further below. 

5.2.2 Inorganic nitrogen 

Inorganic nitrogen (NO3 and NH4): concentrations are low, as expected for this low nutrient system, with 
75% of data points having NO3 concentrations below 0.3 mg/l at all sites. NH4 concentrations are much lower 
than NO3 concentrations, with over 75% of data points lying below 0.03 mg/l at all sites. Any NH4 inputs are 
rapidly consumed or nitrified (converted to NO3) in the oxygen-rich waters. There is no apparent seasonality 
in inorganic nitrogen, with low concentrations throughout the year. 

5.2.3 Dissolved oxygen 

Dissolved oxygen is generally above 90% saturation, occasionally dipping just below this during summer 
months. On both boxplot figures, US_Tamdhu has the highest DO concentrations, implying the most 
oxygenated waters. This may be because of the increase in stream gradient which occurs downstream of 
Grantown on Spey, leading to more incorporation of oxygen in the water. 

5.2.4 Biochemical oxygen demand 

BOD is generally less than 1 mg/l at all sites, apart from occasional peaks. D/S Aviemore STW shows a 
possible increase over time, although as there is no corresponding increase Aviemore STW BOD 
concentration, this may just be natural variability. 

5.2.5 Suspended sediments 

Suspended sediments are generally low (<20 mg/l), giving good water clarity, though some higher peaks are 
seen at most sites during the winter months, when sediment delivery to the stream during rainfall and 
snowmelt events is higher, and higher stream discharges cause greater entrainment of bed material. 

5.2.6 Alkalinity 

Alkalinity (Alk) is low (generally below 20 mg/l), as expected in this region. pH is relatively neutral, with no 
values below 6. At most sites, alkalinity and pH show a seasonal pattern, higher in the summer and lower in 
the winter, likely due to the higher summer groundwater contribution to flows. Both pH and alkalinity are 
also highest at the monitoring point furthest downstream, U/S Tamdhu bioplant. Peak values are not 
represented in the data provided, however Demars and Edwards (2007)summarised pH at Garva Bridge 
showing that pH remains within 5.5-6 under high peak flows (based on 1980-2003 SEPA data and flow 
measurement at Kinrara).  
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5.2.7 Chloride 

Chloride concentrations are low, below 10 mg/l at the three upper sites, and below 20 mg/l at the two lower 
sites. This is somewhat enriched compared to rainwater (~3 mg/l; Allt a Mharcaidh, JHI data). Cl 
concentrations at US_Grantown are notably higher than elsewhere. 
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Table 8. Summary water chemistry statistics for the River Spey instream monitoring sites. 

For sites with records to 2013 (US_Grantown and US_Tamdhu), statistics are for the period to 06/2010 (see 
text). Q25 and Q75 are 25th and 75th percentiles. N Obs is number of observations. All units mg/l except pH. 
 
Determinand Site N obs Median Q25 Q75 Mean St. Dev Min Max 

DO (% sat) 

1_US_Aviemore 12 94 93 96 96 6 89 111 

2_DS_Aviemore 47 94 91 97 95 6 87 115 

3_DS_BoatGarten 12 96 93 99 96 8 78 109 

4_US_Grantown 54 95 91 98 96 8 88 118 

5_US_Tamdhu 55 100 97 103 103 11 89 167 

BOD 

1_US_Aviemore 12 0.46 0.36 0.57 0.55 0.39 0.21 1.70 

2_DS_Aviemore 53 0.69 0.51 0.94 0.77 0.39 0.20 1.80 

3_DS_BoatGarten 12 0.58 0.48 0.70 0.56 0.19 0.10 0.78 

4_US_Grantown 54 0.71 0.59 0.88 0.83 0.45 0.26 2.80 

5_US_Tamdhu 57 0.80 0.56 0.95 0.82 0.44 0.10 3.10 

Alk 

1_US_Aviemore 12 9.7 7.9 11.9 9.5 2.9 4.3 13.7 

2_DS_Aviemore 53 9.7 7.9 11.0 9.5 2.3 4.2 13.9 

3_DS_BoatGarten 12 11.3 8.0 13.5 10.9 3.7 5.3 16.6 

4_US_Grantown 56 10.6 8.7 13.0 10.9 3.0 5.1 17.1 

5_US_Tamdhu 56 16.4 12.9 20.2 16.6 6.5 6.1 50.0 

pH 

1_US_Aviemore 12 7.1 7.1 7.2 7.1 0.3 6.5 7.4 

2_DS_Aviemore 53 7.1 6.9 7.2 7.1 0.2 6.3 7.5 

3_DS_BoatGarten 12 7.3 6.9 7.4 7.2 0.3 6.7 7.6 

4_US_Grantown 56 7.1 6.9 7.2 7.1 0.2 6.6 7.6 

5_US_Tamdhu 57 7.3 7.2 7.5 7.4 0.2 6.7 7.8 

Cl 

1_US_Aviemore 12 8.6 7.7 8.8 8.5 1.9 5.6 13.0 

2_DS_Aviemore 49 8.4 7.2 9.2 8.5 1.8 5.8 14.0 

3_DS_BoatGarten 12 9.2 7.8 10.5 8.6 3.3 0.5 13.0 

4_US_Grantown 53 13.5 10.9 16.5 14.0 5.1 1.6 28.7 

5_US_Tamdhu 53 10.7 9.3 12.2 12.0 5.8 6.3 43.5 

SS 

1_US_Aviemore 12 1 1 2 2 3 1 12 

2_DS_Aviemore 53 1 1 2 2 4 1 24 

3_DS_BoatGarten 12 2 1 3 2 1 1 4 

4_US_Grantown 56 2 1 3 3 4 1 22 

5_US_Tamdhu 57 4 2 6 5 10 1 74 

NO3-N 

1_US_Aviemore 12 0.13 0.12 0.16 0.14 0.03 0.09 0.19 

2_DS_Aviemore 49 0.13 0.09 0.19 0.20 0.26 0.02 1.42 

3_DS_BoatGarten 12 0.19 0.14 0.23 0.17 0.06 0.05 0.25 

4_US_Grantown 53 0.17 0.13 0.26 0.20 0.11 0.02 0.72 

5_US_Tamdhu 53 0.24 0.19 0.31 0.24 0.09 0.02 0.43 

NH4-N 

1_US_Aviemore 11 0.012 0.005 0.018 0.013 0.010 0.003 0.035 

2_DS_Aviemore 48 0.015 0.006 0.028 0.020 0.017 0.003 0.077 

3_DS_BoatGarten 12 0.016 0.008 0.021 0.014 0.008 0.003 0.026 

4_US_Grantown 53 0.010 0.003 0.023 0.017 0.020 0.003 0.104 

5_US_Tamdhu 53 0.006 0.003 0.017 0.013 0.016 0.003 0.089 

PO4-P 

1_US_Aviemore 12 0.006 0.004 0.017 0.011 0.010 0.004 0.030 

2_DS_Aviemore 49 0.014 0.004 0.021 0.015 0.011 0.004 0.040 

3_DS_BoatGarten 12 0.004 0.004 0.014 0.011 0.010 0.004 0.033 

4_US_Grantown 53 0.004 0.004 0.016 0.011 0.012 0.004 0.071 

5_US_Tamdhu 52 0.012 0.004 0.022 0.015 0.011 0.004 0.041 
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Figure 4: Boxplots of river water chemistry 2005-2006 (period for which data are available for all sites). 

All units are mg/l, except for pH and DO. SS: suspended sediment, BOD: biochemical oxygen demand; SS: 
suspended sediment. Sites are numbered from upstream (1) to downstream (5). For key to sites, see Table 6. 
The following high points are not shown, to make the plots clearer: DO: one point above 130% sat, Alk: 1 
point; Cl: 1 point 
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Figure 5: Boxplots of river water chemistry 2005-2010 (period for the three sites with longer records). 

Data have been split into two seasons, summer (April-Sep) and winter (Oct-March). All units are mg/l, except 
for pH and DO. SS: suspended sediment, BOD: biochemical oxygen demand; SS: suspended sediment. Sites 
are numbered from upstream (1) to downstream (3). For key to sites, see Table 6. 
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5.4 Evidence for the influence of sewage on Spey water chemistry 

Within the study section, the most upstream STW is at Aviemore. On the timeseries plot for Aviemore STW 
(Appendix 2), a step-change is visible around 2010/2011, with a decrease in effluent phosphorus 
concentrations. As the river monitoring data provided for this site does not go beyond 2010, we can’t 
determine whether this step change in the STW P concentration seen has had any impact on the in-stream P 
concentrations. 
 
Any potential effect of the Aviemore STW can be investigated by comparing water chemistry upstream and 
downstream of the Aviemore STW. However, with the data provided, the two sets of river monitoring data 
only overlap for 22 months. Given the roughly bimonthly sampling frequency, this only provided 12 data 
points for carrying out the comparison. However, as seen in Figure 4, PO4-P concentrations in particular 
appear to be higher D/S. Indeed, mean SRP is 7 ug/l higher for the period where the two records overlap. 
NO3 is also consistently higher, but by a smaller relative amount (difference in means of 0.015 mg/l). Largely 
because of the small number of data points involved, these differences between the two sites are not large 
enough to be statistically significant (one-way unbalanced ANOVA; p = 0.13 for SRP; p = 0.38 for NO3). 
Despite the lack of statistical significance, some confidence can be gained in this result by looking at Figure 6, 
where it’s clear that, for every sampling date, PO4-P is consistently higher downstream of the STW. 
 
The next major point source input to the Spey is from the Boat of Garten STW which, as described above, has 
particularly high concentrations of SS, BOD, NH4, DIN and SRP. However, at the D/S Boat of Garten river 
water monitoring point, concentrations of BOD, SS and NH4 remain as low as at the D/S Aviemore 
monitoring point, and in fact SRP concentrations are at their lowest of all the Spey monitoring points 
examined (Figure 4). It seems likely therefore that the volume discharged from the Boat of Garten STW is 
small, meaning that the relatively high concentration of nutrients within this effluent is readily diluted. This 
could be checked using dry weather flow data. 
 
Between the D/S Boat of Garten and U/S Grantown river monitoring points, two important tributaries enter 
the Spey – the River Nethy and River Dulnain. Three STWs discharge to these tributaries, Carrbridge, Nethy 
Bridge and Dulnain Bridge. With only 12 data points from the D/S Boat of Garten monitoring point with 
which to compare the two river sampling points upstream and downstream of where these tributaries join 
the Spey, we have limited power to make any meaningful conclusions about the impact of this effluent. 
However, PO4-P concentrations are higher at U/S Grantown, compared to D/S of Garten (Fig. 4), which may 
be due to this sewage influx. The U/S Grantown monitoring point can be compared more meaningfully to the 
D/S Aviemore sampling site, with over 5 years of data from each (Fig. 5). U/S Grantown has similar BOD 
concentration to D/S Aviemore, and slightly lower PO4-P, particularly during summer. 
 
No sewage data was provided for the Grantown on Spey STW, but PO4-P concentrations at the U/S Tamdhu 
river monitoring point are higher than at U/S Grantown, particularly during the summer, suggesting another 
P source between the two monitoring points. 
 
In summary, the transect down the river Spey shows that SRP concentrations increase below the Aviemore 
STW, decreasing back to low levels by the D/S Boat of Garten monitoring point. The Boat of Garten STW 
appears to have little impact on water chemistry. There is some indication that the Carrbridge, Nethy Bridge, 
Dulnain Bridge and Grantown  STWs cause a slight increase once more in SRP concentrations, although not  
quite to the concentrations seen at the D/S Aviemore STW. 
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Figure 6: Comparison of chemistry upstream and downstream of Aviemore STW. 

All units mg/l apart from pH and DO. 
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5.5 Analysis of additional SRP data (1994 – 2013) 

During the course of the contract we learned that SNH were also analysing Spey SRP data, but had access to 
a longer time series dating back to 1994. This became available to us after the above work had been 
undertaken and so the full suite of analyses were not repeated. However, we undertook some additional 
analyses to clarify questions raised on examination of the longer data set. This involved acquiring flow data 
from SEPA. 
 
Examination of plots of monthly and annual means (Figure 7 and Figure 8) suggests that SRP concentrations 
increased between 2002 and 2012 but then improved greatly (reduced concentration and variability) in the 
last 2 years. This increase and subsequent decrease could be due to one or a combination of three drivers: 
 
1. changes in phosphate inputs, 
2. changes in weather, i.e. changes in rainfall affecting amounts of runoff and dilution, 
3. changes in analytical methods. 
 
We have no information about changes in phosphate inputs from land. However, a step-change is visible in 
the SRP concentrations in effluent from Aviemore STW (Appendix 2) around 2010/2011, when upgrades to 
the STW were carried out. This is unlikely to be responsible for the shift in surface water concentrations 
though, as our analysis has shown that the Aviemore STW only appears to influence SRP concentrations as 
far as the D/S Aviemore STW monitoring point, for which we have no data post 2010. 
 
To investigate option 2 we examined discharge data from Grantown (Daily Mean Flows provided by SEPA). If 
the changes in SRP were weather-driven then would expect to see a relationship between in SRP and 
discharge as follows: 

- If changes in SRP were diffuse source dominated then periods of higher SRP would be associated with 
higher discharges (due to increased runoff). 

- If changes in SRP were sewage dominated the periods of higher SRP would be associated with lower 
discharges (due to dilution effects). 

 
Plotting both time series together (Figure 12) does give some suggestion of peaks occurring at similar times, 
which would suggest a diffuse-dominated system. However, the scatter plot (Figure 10) shows no 
relationship between the two variables, implying a mix of diffuse and point sources in the catchment. To 
compensate for any potential concentration/dilution effect that may have changed over time, we calculated 
instantaneous loads for each sampling date. These are plotted in Figure 11, and the main step changes 
observed above remain, implying any changes in rainfall are not the main cause. Meanwhile, the discharge 
time series itself (REF) shows no obvious changes. Overall, this implies that weather was not the main driver 
of the apparent changes in the levels and variability in the SRP concentrations. 

 
When all the SRP data are plotted together (Figure 9) it is clear that there have been two increases in the 
Limit of Detection (in Feb 2003 and Feb 2012). We are still awaiting confirmation from SEPA of the details 
relating to changes in the Limit of Detection for the River Spey. We understand that changes relate to a 
move from Edinburgh to Aberdeen followed by a change of equipment in Aberdeen that has a poorer Limit 
of Detection (LOD) than previously. We understand the (unconfirmed) details to be as follows: 

- Up until Dec 2010, samples were analysed in SEPA’s Edinburgh lab where the SRP LOD was 0.004 mg/l.  

- From Jan 2011 these samples (and ones from Perth, Dundee and Angus) were analysed in Aberdeen 
where the LOD was 0.008 mg/l. 

- From Nov 2011 a new machine was used and its unaccredited results reported a LOD of 0.01mg/l, and full 
accreditation was granted in April 2012 and the LOD changed to 0.009 mg/l.  
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SEPA’s standard approach is to report half the LOD, so any individual figures in recent years of <0.009 mg/l 
for P is likely to be half the LOD, rather than measured concentration. We are waiting for SEPA to confirm 
this. We are also awaiting information on whether the change in analytical equipment may have resulted in 
the observed change in variability, which is possible. 
 
Although we are still waiting for information, we expect that the changed analytical methods underpin the 
main patterns observed in the SRP time series. 
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Figure 7. Monthly SRP measurements (orthophosphate as P, mg/L). SEPA monitoring data. 
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Figure 8. Annual mean monthly SRP (orthophosphate as P (mg/L). SEPA monitoring data. 
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Figure 9. Monthly SRP measurements (orthophosphate as P, mg/L). SEPA monitoring data. 
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Figure 10. Scatter plot of SRP against discharge. Note logarithmic scales. 
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Figure 11. Phosphate loads (kg/day). Note logarithmic scale. 
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Figure 12. River Spey at Grantown: Daily mean flows and SRP concentrations (data from SEPA) 
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6 Conclusions 

6.1 Literature review 

What are the recommended water quality tolerance thresholds for freshwater pearl mussel? 

 Overall, natural/reference conditions are required. 

 The key attributes for which values have been estimated are: 

- Soluble reactive phosphorus (annual mean < 0.001 mgL-1, with no peaks) 

- Nitrate (< 0.002 to 0.338 mgL-1) 

- Ammonium < 0.10 mg/l N 

- pH (circumneutral) 

- Suspended solids (median turbidity ranging from undetectable (consistently 0 NTU) to < 0.3 NTU 
with peaks < 10 NTU) 

- BOD (< 1.0 mg L-1) 

- DO (100%, no fluctuations) 

 Our recommended water quality tolerance thresholds for the Spey are summarised in Table 5. 

 
What are the naturally occurring levels of phosphorous for a river such as the River Spey from available 
literature, taking into account current understanding of “reference conditions” as identified in 
environmental standards for Water Framework Directive purposes? 2 

 SRP targets set for rivers with sustainable pearl mussel populations must take account of the type of river 
in which they occur. The UK government sets site-specific standards for SRP in UK surface waters under 
the Water Framework Directive. The new standards are calculated from the site ‘Ecological Quality Ratio’ 
(EQR, which is calculated from a combined assessment of diatoms and macrophytes) and an estimate of 
the site SRP concentration that would be expected at near natural conditions. 

 In the case of the Spey the WFD standards have been set considerably higher than they should be, 
possibly by 1-2 orders of magnitude. 

 See Section 3.4.1 for more information 

 
How do these results compare with those of a study conducted 10 years ago to consider whether the data 
allows any judgements as to whether the overall contribution of WWTWs has changed in the intervening 
period. 

 The previous study (Langan, Cooksley, Young, Stutter, Scougall, Dalziel and Feeney 2007) modelled the 
relative contribution of different sources to phosphorus and suspended sediment levels in different parts 
of the River Spey. 

 For the study reach the tool predicted the following contributions of total phosphorous to total flow 
weighted mean surface water runoff concentrations (µgPL-1): urban/roads (4%), septic tanks (5%), 
agriculture (72%), forestry (5%), WWTWs (13%). 

 The data provided do not allow an analysis of the different phosphorous sources and therefore the 
requested comparison cannot be made. 

 

                                                           
2
 (http://www.wfduk.org/reference/environmental-standards) and the evidence base 

(http://publications.naturalengland.org.uk/file/61085) for setting nutrient targets to protect river habitat within Special 
Areas of Conservation. 
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6.2 Analysis of water quality data 

How do levels of phosphorous, ammonia, nitrogen, suspended solids and biochemical oxygen demand 
(BoD) vary over time? 

 The time series made available to us were too short to enable investigation of trends. 

 
What are the mean and highest concentrations? Are there any trends? Is there evidence of seasonality in 
the levels? 

 The means and highest concentrations of the water quality attributes are given in Table 7 (effluent data) 
and Table 8 (in-stream). Results are based on a limited number of data points collected at a low sampling 
frequency, and should therefore be treated as the best case scenario. 

 In summary: 

- Dissolved oxygen is above 90% saturation, occasionally dipping below this during summer months. 

- Biochemical oxygen demand (BOD) is generally less than 1 mg/l at all sites, apart from occasional 
peaks. D/S Aviemore STW shows a possible increase over time, but a longer record is needed to test 
this. 

- Alkalinity is low, generally below 20 mg/l, and pH is neutral, with no values below 6. At most sites, 
alkalinity and pH show a seasonal pattern, higher in the summer and lower in the winter, likely due to 
the higher summer groundwater contribution to flows. 

- Suspended solids are generally below 20 mg/l, though some higher peaks are seen at most sites during 
the winter months. 

- Inorganic nitrogen (NO3 and NH4) concentrations are low, with 75% of data points having NO3 
concentrations below 0.3 mg/l and over 75% of data points having NH4 concentrations below 0.03 
mg/l. There is no apparent seasonality in inorganic nitrogen, with low concentrations throughout the 
year. 

- Orthophosphate concentrations are all below 42 ug/l, apart from one summer peak upstream of 
Grantown STW. Over 25% of samples were below the analytical detection limit of 4 ug/l. Little 
seasonal pattern is apparent, apart from U/S Grantown STS, where concentrations are higher in 
winter. Mean PO4-P concentrations lie within the ‘High’ classification (<13 ug/l) at all but sites D/S of 
Aviemore STW and U/S of Tamdhu bioplant. The slightly higher concentrations at these sites (means 
of 15 ug/l and medians of 14 and 12 ug/l, respectively) place them on the ‘High’/‘Good’ boundary. 
Apparent trends over time appear to be related to changes in the analytical equipment used at SEPA. 

 
How do the mean and highest concentrations compare these to the various recommended tolerance 
thresholds for freshwater pearl mussel? 

 Concentrations of phosphorus, although within the WFD High Status class, are generally too high and 
probably of greatest immediate concern. 

 Levels of DO and suspended solids give some cause for concern and require more detailed investigation. 

 Levels of BOD, nitrate, ammonium, alkalinity and pH are generally lower than the recommended 
tolerance thresholds. 

 
Do the levels above and below the Aviemore waste water treatment plant suggest that the existing 
discharge is affecting water quality? 

 The existing Aviemore WWTW discharge is affecting water quality. During 2005-2006, mean SRP was 7 
ug/l higher downstream of the sewage works than upstream. NO3 was also consistently higher, but by a 
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smaller relative amount (difference in means of 0.015 mg/l). No other water quality variables appeared to 
have been affected. 

 There is also evidence that the Carrbridge, Nethy Bridge, Dulnain Bridge and Grantown  works are causing 
a slight increase SRP concentrations, although not to the concentrations seen at downstream of the 
Aviemore works. 

 

6.3 Recommendations 

What are the potential measures required to address the key issues identified in the foregoing analyses? 

 Establish monitoring programmes and techniques appropriate to the needs of managing this species 

 Undertake targeted monitoring (including sampling during peak flows; upstream and downstream of 
WWTWs of concern) 

 

What are the recommended next steps?  

 Understand the changes in analytical techniques that underpin the data. This is essential before any 
further work is undertaken. 

 Acquire and analyse the full long term dataset for the Spey, repeating the analysis undertaken in this 
study. This will give a clearer picture of trends over time and seasonality in the data 

 Within that analysis, understanding the phosphorous situation is key, using the best long term data 
available and in the context of full understanding of the changing analytical methods. 

 Implement more stringent standards (especially for SRP) that take account of reference conditions. These 
should be the targets for the next cycle of river basin planning. 

 Experimental work is required to understand the effects of phosphorous. This might involve a long term 
addition of P at three sites with healthy FPM populations associated with studies on the sediment 
chemistry, primary productivity, respiration and FPM population/physiology. 

 High frequency monitoring ups/down of WWTW under low or stable flow conditions could provide better 
information on the inputs of ammonium.  
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Table 9. Summary comparison of observed and recommended water quality attributes. 

We have used a traffic light system to indicate suitability of conditions: unsuitable (red), some cause for 
concern (orange), suitable (green). 
 

Attribute Spey target Spey observed (see) 

Soluble reactive phosphorus 
(SRP) 

Annual median < 0.005 mgL-1  with 
no peaks > 0.02 mgL-1  

Median target met at 2 of 5 sites 
(Boat of Garten and Grantown). 
Peaks > 0.02 mgL-1 at all sites. 

Nitrate-N Annual median < 1 mg N  L-1 Median target met at all sites 

Nitrite-N No target No data provided 

Ammonium-N Annual median < 0.01mg N L-1 Median target met at all sites 

Alkalinity No target Alkalinity is low, generally below 20 
mg/l 

pH Circumneutral pH is neutral, with no values below 6 

Suspended solids Median < 10 mg/l; max <25-30 mg/l Median target met at all sites. 
Values generally < 20 mg/l, though 
some higher peaks are seen at most 
sites during the winter months 

BOD Median < 1.0 mgL-1 Median target met at all sites. 
Occasional peaks occur. 

DO Around 100%, no fluctuations Met at all sites although, 
occasionally dipping below 90% 
saturation this during summer 
months 
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8 Appendix 1: Sewage effluent timeseries 

Aside from pH, all units are mg/l. For Dulnain Bridge STW, one high SRP-P point omitted for clarity (62 mg/l, 
19/07/2001). Two low BOD values similarly excluded from Boat of Garden STW series (2.2 and 6 mg/l) 
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9 Appendix 2: Spey water quality timeseries plots 

Aside from DO and pH, all units are mg/l. 
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