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Summary 

Within the Swedish National Monitoring Programme for Contaminants in Freshwater Biota, perch, pike 

and Arctic char are being analysed from 32 lakes distributed all over Sweden. One of the main 

objectives of the monitoring has been to detect temporal trends in different areas and for different 

contaminants. However, the measured concentrations in biota can be affected by biological factors such 

as age, length, trophic position (TP), fat or dry weight content. A change in one or several of these 

variables over time, or even among specimens taken within the same year, is likely to result in an 

increased variation of the measured concentrations and hence in a lower chance of detecting a trend. 
The purpose of this study was to evaluate if an adjustment of contaminant time trends by primarily stable 

isotopes, but also other confounding factors can:  A) reduce the individual and between-year variation 

and hence B) improve the likelihood of detecting temporal trends in time series for metals and organic 

contaminants. The study revealed an improvement in the likelihood of detecting a contaminant trend 

after adjustment of the data for almost all lakes and for all tested substances. For some lakes and 

substances, this improvement was substantial. Age seems to be an important confounding factor for 

metals and per- and polyfluoroalkyl substances. For lipophilic substances, fat content also appears to be 

an important factor in some lakes together with adjustments for carbon and nitrogen isotope ratios (13C 



  
 

 
 
 
 

and 15N), which all reduced the variation in contaminant data. This suggests that there is a benefit of 

adjusting data on a regular basis in contaminant monitoring programmes in the future. 
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1. Svensk sammanfattning  
 

Sedan början av 1980-talet har Sverige övervakat koncentrationer av olika miljögifter i 

organismer från den limniska miljön. Ett av huvudsyftena har varit att upptäcka trender över 

tid i olika områden och för olika typer av miljögifter för att kunna bedöma om åtgärder för 

att minska halten av dessa ämnen i miljön har varit tillräckligt effektiva. Emellertid kan de 

uppmätta halterna påverkas av olika faktorer i de biologiska proven såsom ålder, kön, 

trofinivå, fett- eller torrviktsinnehåll o.s.v. En förändring i en eller flera av dessa faktorer över 

tid eller inom ett år kan sannolikt komma att leda till en ökad variation i uppmätta 

koncentrationer och därmed minska chansen för att upptäcka en trend. Studier har visat att 

en justering för eventuella påverkansfaktorer kan minska variationen i underlaget och ökar 

därmed sannolikheten att detektera en trend.  

Inom den svenska nationella miljöövervakningen för miljögifter i limnisk miljö insamlas och 

analyseras abborre, gädda och röding från 32 sjöar spridda över landet. I vissa av sjöarna har 

prover analyserats sedan sent 60-tal men i de flesta sjöar påbörjades övervakningen efter 

sekelskiftet. För att minska variabiliteten i materialet är de fiskar som samlas in i liknande 

ålder, av samma könsfördelning och insamlingen sker vid samma tid på året, och om möjligt, 

utanför lek. Metaller analyseras årligen i individuella prov i samtliga sjöar medan organiska 

persistenta föreningar som till exempel bromerade flamskyddsmedel, per- och 

polyfluorerade ämnen och dioxiner, analyseras i samlingsprov med olika frekvens. Sedan 

2003 inkluderas även analys av stabila kol och kväve isotoper i det limniska 

övervakningsprogrammet. Stabila isotoper av kol och kväve kan användas för att få 

information om både diet och trofinivå hos fisk. 

Syftet med denna studie var att utvärdera om en justering för framförallt stabila isotoper 

men även för andra eventuellt påverkansfaktorer såsom längd, kondition, ålder och fett- 

eller torrinnehåll i fisk kan minska inom- och mellanårsvariationen och därmed öka 

möjligheten att upptäcka trender i tidserier för metaller och organiska miljögifter.  

Studien visade att i nästan samtliga sjöar och för alla ämnen som testades förbättrade en 

justering möjligheten att upptäcka en trend. För vissa sjöar och ämnen var denna förbättring 

avsevärd vilket innebär att man i framtiden bör överväga om det finns skäl att i 

övervakningsprogrammen på regelbunden basis tillämpa justering av data. Dock ser 

underlaget väldigt olika ut för de sjöar som ingår i programmet (variationen i de variabler 

som analyseras, omgivningsfaktorer etc.) och därmed kan ingen generell modell 

rekommenderas. Däremot verkar ålder, trots att variabiliteten för just den variabeln är liten, 

vara en viktig påverkansfaktor för metaller och per- och polyfluorerade ämnen. Fettprocent 

visade sig också vara en betydande faktor för de fettlösliga ämnena i vissa av sjöarna, samt 

justering för både kol och kväve (δ13C and δ15N) som också reducerade variationen i data. 

Dock var variationen i mätvärdena för δ13C väldigt låg, vilket innebär att även om 13C inte 
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var betydande i denna studie så kan den vara mer betydelsefull i andra sjöar där variationen 

är större. 
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2. Summary  
 

Since the 1980s, Sweden has monitored environmental contaminants in various organisms 

originating from the freshwater environment. One of the main objectives of the monitoring 

has been to detect temporal trends in different areas and for different contaminants, to 

assess whether measures to reduce contaminant concentrations in the environment has 

been successful. However, the measured concentrations in biota can be affected by different 

biological factors such as age, length, trophic position (TP), fat or dry weight content. A 

change in one or several of these variables over time, or even among specimens taken 

within the same year, is likely to result in an increased variation of the measured 

concentrations and hence in a lower chance of detecting a trend. Studies have shown that 

the adjustment of contaminant data for confounding variables can reduce the data variation 

and thus increase the likelihood of detecting a trend.  

Within the Swedish National Monitoring Programme for Contaminants in Freshwater Biota, 

perch, pike and Arctic char are being analysed from 32 lakes distributed all over Sweden. For 

some of the lakes, samples have been analysed as early as the late 1960s, but from most of 

the lakes, the monitoring began after the year 2000. To reduce the variability among the 

sampled specimens, fish within a narrow age range are collected, with the same sex 

distribution. Further, the yearly sampling is conducted during the same time of the year, and 

beyond spawning season when possible. Metals are analysed annually in individual samples 

in all lakes, whereas organic substances, such as brominated flame retardants, per- and 

polyfluoroalkyl substances and dioxins, are analysed in a varying frequency in pooled 

samples. Since 2003, stable isotope analysis (SIA) is included in the freshwater contaminant 

monitoring programme. Stable isotopes of carbon and nitrogen can be used for information 

on both diet and a species’ trophic position in the food web.     

The purpose of this study was to evaluate if an adjustment of contaminant time trends by 

primarily stable isotopes, but also other potentially relevant confounding factors (such as 

length, condition factor, age, fat and dry content in fish) can:  A) reduce the individual and 

between-year variation and hence B) improve the likelihood of detecting temporal trends in 

time series for metals and organic contaminants.  

The study revealed an improvement in the likelihood of detecting a contaminant trend after 

adjustment of the data for almost all lakes and for all tested substances. For some lakes and 

substances, this improvement was substantial. This suggests that there is a benefit of 

adjusting data on a regular basis in contaminant monitoring programmes in the future. It is 

however important to point out that the lakes included in the monitoring programme differ 

in terms of the variation of the analysed biological variables, surrounding environmental 

factors etc. For these reasons, no generalised model can be recommended based on the 

results from this study. However, age seems to be an important confounding factor for 

metals and per- and polyfluoroalkyl substances, despite the low variability due to the 
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targeted sampling. For lipophilic substances, fat content also appears to be an important 

factor in some lakes together with adjustments for carbon and nitrogen isotope ratios (13C 

and 15N), which all reduced the variation in contaminant data. The variation in the 

measured 13C was however low, meaning that even though 13C did not turn out to be an 

important factor in this particular study, it can still be of importance for other lakes where 

the variation is larger.  
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3. Introduction 
 

One essential objective for the monitoring of contaminants in environmental samples is to 

assess whether emission regulation or other countermeasures are effective for reaching set 

environmental quality objectives. Long-term monitoring and investigating long-term time 

trends is a common tool for assessing e.g. the rate of the underlying changes. However, 

concentrations in biological samples are often affected by natural variability e.g. in size, age, 

trophic position (TP) in the food web, tissue fat and dry content. Individual or interannual 

variability of such confounding variables may disguise long-term trends driven by 

anthropogenic activities or large-scale forcing of other origin e.g. effects of climate change 

or loss of biodiversity. If the distribution of e.g. age, TP or fat content varies over time, the 

total variance of the observed concentrations will tend to increase, which causes the 

statistical power to detect temporal trends to decrease. It is well known that the 

accumulation of e.g. mercury (Hg) and dioxins increases with the age of fish (Dušek et al. 

2005), and that the cadmium (Cd) concentration on a dry weight basis in cod liver (Gadus 

morhua) is affected by the liver fat content (Grimås et al. 1985). The adjustment for 

confounders in individual and pooled samples of cod (i.e. liver fat percentage for Cd) and 

perch (i.e. length for Hg) improved the coefficient of variation (CV) in the best-case scenario 

from 46 % to 29 % in cod and from 42 % to 38 % in perch (individual samples, annual 

geometric means) (Bignert et al. 2017). 

Within the Swedish National Monitoring Programme for Contaminants in Freshwater Biota 

(SNMPCFB) several heavy metals and persistent organic contaminants are monitored in fish, 

perch (Perca fluviatilis), pike (Esox lucius) and Arctic char (Salvelinus alpinus), from 32 lakes 

distributed over the whole country, of which the majority is located in the southern parts of 

Sweden. In general, the SNMPCFB lakes is not affected by local point sources of the studied 

contaminants. Samples are collected and   ̶ at least for metals  ̶̶  analysed on an annual basis. 

The oldest samples included in the SNMPCFB have been collected since the late 1960s and 

origin from pike from Lake Bolmen. The analyses of stable isotopes (SIA) of nitrogen and 

carbon (15N and δ 13C) in fish muscle tissue were included in the SNMPCFB in 2003.  

Since the isotope composition of an organism reflects the isotope composition of its diet, 

analysis of stable isotopes can provide information on both the diet and the TP of a 

consumer in a food web. The ratio of the nitrogen isotopes 15N and 14N (δ15N, expressed 

relative to an international standard) is commonly used for diet reconstruction and, in 

addition, for the assessment of a species’ trophic position in the food web (Post 2002). This 

is possible, because the 15N value of a consumer is enriched with approximately 3-4‰ 

relative to its diet (Peterson and Fry 1987). Contrary to 15N, the ratio of 13C and 12C (i.e. 

δ13C, expressed relative to an international standard) remains fairly stable throughout the 

food web in a lake and is largely determined by the carbon sources at the base of the food 

web. Therefore, δ13C is used for diet reconstruction (often in combination with δ15N) and in 



 

6 
 

addition to assign species into specific food webs as well as to trace carbon flow pathways in 

ecosystems (Peterson and Fry 1987, Post 2002).  

Information about inter-individual and interannual variation in TP based on stable isotopes 

can be of importance as many of the contaminants analysed within the SNMPCFB are 

considered to biomagnify, and TP information can thus be used for reducing the variance in 

the temporal trend analysis.  

Within the SNMPCFB, several measures are taken to reduce the variability in the samples by 

increasing the comparability within and between years, e.g. specimens of the same age 

range are collected, the sampling period is kept consistent between years, sampling is 

conducted as far as possible outside spawning season and, an even sex distribution is aimed 

for during each sampling year (Bignert et al. 1993, Farkas et al. 2003, OSPAR Commision 

2009). However, even though the samples are collected systematically and following 

international guidelines, there is still the ecophysiological variability among individual 

specimens that may propagate as variability in contaminant concentrations. In particular, 

important sources of variation exist (e.g. individual or interannual variation in diet or trophic 

position) for which no feasible method can account for at the time of sampling. 

The aim of this project is primarily to evaluate if the adjustment of temporal contaminant 

trends for stable isotopes (SI) as dietary or TP proxies, but also for other potential 

confounding factors, such as length, condition factor (CF), age and fat or dry content will 

reduce the within- and between-year variation of contaminant concentrations and thereby 

affect: 

1.The coefficient of variation (CV) for the trend analysis 

2.The lowest detectable trend (LDT) within a 10-year period at a statistical power of 80 % 

3.The number of years to detect a trend of 5 % at a statistical power of 80 % 

The investigated contaminants include metals, i.e. mercury (Hg), cadmium (Cd) and lead 

(Pb), as well as organic contaminants i.e. polychlorinated biphenyls (PCBs), brominated 

flame retardants (PBDEs and HBCDD), perfluoroalkyl substances (PFASs) and polychlorinated 

dibenzo-p-dioxins/furans (PCDD/Fs).  
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4. Methodological background 
 

4.1. Sampling sites 

 

Figure 1. Sampling sites within the SNMPCFB. Arctic char: 1 Abiskojaure, 2 Tjulträsk, 7 Stor-Björsjön. Pike: 3 Storvindeln, 28 

Bolmen. Perch: 4 Brännträsket, 5 Remmarsjön, 6 Degervattnet, 8 Stor-Backsjön, 9 Stensjön, 10 Gipsjön, 11 Spjutsjön, 12 

Övre Skärsjön, 13 Limmingsjön, 14 Fysingen, 15 Tärnan, 16 Bysjön, 17 Stora Envättern, 18 Älgsjön, 19 Svartsjön, 20 

Fräcksjön, 21 Bästeträsk, 22 Allgjuttern, 23 Horsan, 24 Skärgölen, 25 Lilla Öresjön, 26 Fiolen, 27 Hjärtsjön, 29 Stora Skärsjön, 

30 Sännen, 31 Krankesjön and 32 Krageholmsjön. 

 

Fish from the 32 lakes within the SNMPCFB are collected on an annual basis in autumn 

(August-October), except for pike, which is collected in March-May. The start of the time-

series varies between lakes and ranges from 1967 to 2007 as first monitored year.  

Metals were analysed annually in tissue of 10 individual fish from each lake. Stable isotope 

analysis (SIA) was also performed on these same individuals since 2003. Since 2009, organic 
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contaminants were analysed annually in two pooled samples containing 12 fish each from 

nine lakes with long temporal trends (Lake Abiskojaure, Lake Stor-Tjulträsk, Lake Bolmen, 

Lake Storvindeln, Lake Horsan, Lake Krankesjön, Lake Skärgölen, Lake Stensjön, Lake 

Svartsjön). The samples were only considered since 2009, as the frequency, the number of 

pools and the number of individuals included in the pools varied from these nine lakes prior 

to this. In the remaining lakes of the SNMPCFB, one pooled sample from every third year 

was analysed for one group of contaminants (e.g. chlorinated pesticides, brominated flame 

retardants, perfluoralkyl substances and dioxins/furans). 

In total, twenty five lakes are included in this study of which metals have been analysed in 

fish since 11 years or more: Lake Abiskojaure, Lake Bolmen, Lake Storvindeln, Lake 

Allgjuttern, Lake Brännträsket, Lake Bysjön, Lake Bästeträsk, Lake Degervattnet, Lake Fiolen, 

Lake Fräcksjön, Lake Gipsjön, Lake Hjärtsjön, Lake Krageholmssjön, Lake Limmingsjön, Lake 

Remmarsjön, Lake Skärgölen, Lake Stensjön, Lake Stor-Backsjön, Lake Stora Envättern, Lake 

Stora Skärsjön, Lake Svartsjön, Lake Sännen, Lake Tärnan, Lake Älgsjön and Lake Övre 

Skärsjön. For organic contaminants, the nine lakes analysed annually since 2009 and 

mentioned in the section above are included in the statistical analysis. 

 

4.2. Sample preparation and registered variables 

For each specimen, total body weight, total length, body length, sex, age, gonad weight, 

state of nutrition, liver weight and sample weight were recorded. The age of pike was 

determined by reading the growth zones of the cleithrum (a posterior bone of the gill 

cavity). In char and perch, the otoliths were used for age determination. The condition factor 

(CF) was calculated as follows (Vibert and Lagler 1961):  

𝐶𝐹 =
100 ×  𝑤𝑒𝑖𝑔ℎ𝑡 (𝑔)

[𝑙𝑒𝑛𝑔𝑡ℎ (𝑐𝑚)]3
 

Fish liver tissues were analysed for Cd, Pb and PFASs. Muscle tissues were analysed for 

organochlorines, brominated flame retardants, Hg and SI. The epidermis and subcutaneous 

fatty tissue were carefully removed prior to analysis. Muscle samples were taken from the 

middle dorsal muscle layer. The liver was completely removed and weighed. See TemaNord 

(Nordic Council of Ministers 1995) for further details on the sample preparation. 

 

4.3. Analytical methods  

The analyses of metals, brominated flame retardants and PFASs were carried out at the 

Department of Environmental Science and Analytical Chemistry (ACES), Stockholm 

University. 

The analyses of dioxins and dioxin-like PCBs were carried out at the Department of 

Chemistry, Umeå University. 
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The sample preparation for SIA was carried out at ACES, Stockholm University and analyses 

were carried out at the Stable Isotope Facility, UC Davis, California, USA. 

For detailed description of the analytical methods, see (Bignert et al. 2017, Nyberg et al. 

2018) 

 

4.4. Data analysis – data included in the analysis and statistical method 

The adjustments for confounders were carried out using multiple regressions with the 

logged contaminant concentrations as dependent variable and with sampling year (not 

adjusted for in the model) and the potentially confounding variables as independent 

variables.  

Metal analyses and SIA were carried out annually and in tissues from the same individuals. 

The investigated time series for metals thus contain over 100 observations from each lake, 

including all relevant variables, which allowed for the inclusion of several potential 

confounders at the same time in the multiple regressions. Hence, it was possible to pinpoint 

the variables significantly affecting the contaminant concentration. Variables included in the 

multiple regressions for Hg, Cd and Pb were: total length, condition factor (CF), age, muscle 

dry weight percentage (only for Hg), liver dry weight percentage (only for Cd and Pb), δ13C, 

δ15N and C:N ratio. Sex was also tested as a potential confounder at an early stage, but as it 

showed no significant results in the multiple regressions, it was fully excluded from the 

statistical analysis.  

For the organic contaminants, two pooled samples (annual mean values) containing 12 

individuals each were included in the statistical analysis. SI data were only available for 10 

out of these 24 individuals. Therefore, a mean value was calculated for the annual SI 

measurements and used in the statistical analysis. Thus, for the organic contaminants, only 

7-10 observations were available per lake that also included all relevant confounding 

variables. Consequently, only two confounding variables except for the sampling year could 

be included in each multiple regression. Variables to include were based on: 

 the results from the statistical analysis for the metals; 

 information found in scientific literature. 

One potential cause for failing to detect a trend in a regression analysis of unplanned data 

(i.e. data drawn from a probability distribution rather than from an experimental design) is a 

too narrow range of the independent variables. Since the range depends on the unit, the 

coefficient of variation (CV) has been used instead of the absolute range. A CV of less than 

5 % indicates a rather narrow range of the independent variable, which may be too narrow 

to reveal a relationship, although a wider range of the same independent variable could 

have resulted in an association with the dependent variable. Pooled samples are expected to 

have a smaller CV than individual samples (Bignert et al. 2014). 



 

10 
 

A very small sample size may also lead to an unjustified low CV. Therefore, variables with 

low CVs may be excluded to simplify the model. A simpler model with fewer variables can 

also allow for the inclusion of a higher number of samples, as information can be missing for 

one or more variables, in which case the sample has to be excluded altogether from the 

multiple regression. 

To interpret the results from a multiple regression analysis correctly, the independent 

variables should be totally uncorrelated with each other. However, in reality and especially 

in unplanned multiple regressions, the supposedly independent variables are often 

correlated though. Correlations among the independent variables are called multicollinearity 

and are diagnosed by e.g. the Variance Inflation Factor (VIF) (Neter et al. 1996, Allison 1999, 

Kleinbaum et al. 2008). VIF-values above 2.5 should only be accepted with precaution; VIF-

values above 5 should not be accepted. High VIF-values are avoided by excluding one or 

more variables that are highly correlated with other independent variables. 

For (too) short time-series, the data may be unreasonably over-adjusted by multiple 

regression and the adjustment may lead to unnaturally distinct trends just by chance. This 

over-adjustment could possibly happen for some of the organic contaminants in this study, 

as the time-series are short. 

Time-series are presented without and with the adjustments for various potential 

confounding variables. The adjustments aim to decrease variation and hence increase the 

statistical power. The possible gain of the adjustments is reported as the lowest detectable 

trend (LDT) with a power of 80 % during the monitoring period of 10 years and the number 

of years required (YRQ) to detect an annual change of 5 % at a power of 80 %. The number 

of samples included in the statistical analyses was the same for both, the unadjusted and the 

adjusted temporal trends. Hence, all samples lacking data for any variable included in the 

multiple regression were excluded from both statistical analyses to allow for a direct 

comparison between the unadjusted and adjusted time-trends. 
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5. Results and discussion 
 

5.1. Biological variables 

5.1.1.Temporal trend of δ15N  

δ15N had a CV of between 3.6 and 19 % in the lakes for which eleven or more years of data 

were included in this study. The lowest CV was observed for perch from Lake Övre Skärsjön, 

followed by data for pike from Lake Bolmen and the highest CV was found for pike data from 

Lake Storvindeln. However, in the temporal trend for δ15N in pike from Lake Storvindeln, the 

extreme value of 1.02 for δ15N in 2011 (normally the δ15N is between 7 and 11 in Lake 

Storvindeln), was probably the cause for the elevated CV in the temporal trend (examples in 

Fig.2 - Fig.7). This value was excluded as an outlier; instead, a non-parametric trend test 

could have been used to evaluate the temporal trend. 

In most lakes, there were no significant trends for δ15N in the fish (Fig. 2 - Fig. 7). In fish 

muscle from Lake Bolmen, Lake Hjärtsjön, Lake Krankesjön and Lake Remmarsjön, δ15N 

showed significant negative trends of between ˗1.2 and ˗0.31 %. In contrast, in Lake 

Abiskojaure, Lake Älgsjön and Lake Krageholmssjön significant positive trends of between 

0.6 and 0.64 % were found (Fig.2, Fig.3, Fig.5). 

 

 

Figure 2. Temporal trend of δ15N in pike from Lake Bolmen and Lake Storvindeln and in Arctic char from Lake Abiskojaure. 

n=total number of analyses; slope=annual change in percent (95% confidence intervals), CV(lr)=coefficient of variation 

around the regression line, lowest detectable change in the current time series (at a power of 80%), the number of years to 

detect a trend of 5% (at a power of 80%), LDT=lowest detectable trend (during 10 years, at a power of 80%); r2=coefficient 

of determination; p=probability value, two-sided test. 
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Figure 3. Temporal trend of δ15N in perch from Lake Älgsjön, Algjuttern, Bästeträsk and Brännträsket. n=total number of 

analyses; slope=annual change in percent (95% confidence intervals), CV(lr)=coefficient of variation around the regression 

line, lowest detectable change in the current time series (at a power of 80%), the number of years it takes to detect a trend 

of 5% (at a power of 80%), LDT=lowest detectable trend (during 10 years, at a power of 80%); r2=coefficient of 

determination; p=probability value, two-sided test. 

 

 

 

Figure 4. Temporal trend of δ15N in perch from Lake Bysjön, Degervattnet, Fiolen and Fräcksjön. n=total number of 

analyses; slope=annual change in percent (95% confidence intervals), CV(lr)=coefficient of variation around the regression 

line, lowest detectable change in the current time series (at a power of 80%), the number of years it takes to detect a trend 

of 5% (at a power of 80%), LDT=lowest detectable trend (during 10 years, at a power of 80%); r2=coefficient of 

determination; p=probability value, two-sided test. 
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Figure 5. Temporal trend of δ15N in perch from Lake Gipsjön, Hjärtsjön, Krageholmssjön and Krankesjön. n=total number of 

analyses; slope=annual change in percent (95% confidence intervals), CV(lr)=coefficient of variation around the regression 

line, lowest detectable change in the current time series (at a power of 80%), the number of years it takes to detect a trend 

of 5% (at a power of 80%), LDT=lowest detectable trend (during 10 years, at a power of 80%); r2=coefficient of 

determination; p=probability value, two-sided test. 

 

 

Figure 6. Temporal trend of δ15N in perch from Lake Limmingsjön, Övre Skärsjön, Remmarsjön and Skärgölen. N=total 

number of analyses; slope=annual change in percent (95% confidence intervals), CV(lr)=coefficient of variation around the 

regression line, lowest detectable change in the current time series (at a power of 80%), the number of years it takes to 

detect a trend of 5% (at a power of 80%), LDT=lowest detectable trend (during 10 years, at a power of 80%); r2=coefficient 

of determination; p=probability value, two-sided test. 
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Figure 7. Temporal trend of δ15N in perch from Lake Stor-Backsjön, Stensjön and Tärnan. n=total number of analyses; 

slope=annual change in percent (95% confidence intervals), CV(lr)=coefficient of variation around the regression line, 

lowest detectable change in the current time series (at a power of 80%), the number of years it takes to detect a trend of 

5% (at a power of 80%), LDT=lowest detectable trend (during 10 years, at a power of 80%); r2=coefficient of determination; 

p=probability value, two-sided test. 

 

5.1.2. Associations between biological variables - a few examples 

In this study, variables that could supposedly be correlated with each other were tested for 

their association by regression analysis (e.g. δ15N, age and total length). This has been done 

to get an overview of the data and an indication on what to include in or exclude from the 

multiple regression analyses. In most cases, fish age and total length were significantly 

positively correlated (examples in Fig. 8). Possible reasons for the apparent absence of a 

relationship between age and length could be too narrow ranges of age and/or length, or a 

high individual variability in growth rate.  

The regression between δ15N and length showed no conclusive results. For the majority of 

the lakes, a positive significant relationship was found between length and δ15N, whereas for 

some lakes, no relationship was indicated. For perch in Lake Älgsjön, a significant negative 

relationship was detected between length and δ15N, which was unexpected (examples in Fig. 

9).  

For about 60 percent of the lakes, the relationship between δ15N and age was significant and 

positive. For the rest of the lakes, no significant relationships were detected between δ15N 

and age (Fig. 10 and 11). However, this could possibly be explained by a too narrow range of 

δ15N and age of the fish collected in these lakes. 
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Figure 8. Regressions between total length and age in perch from Lake Bysjön, Degervattnet, Fiolen and Fräckjön. 

n(tot)=total number of analyses; r2=coefficient of determination; p=probability value, two-sided test. 

 

 

Figure 9. Regressions between δ15N and total length in perch from Lake Älgsjön, Allgjuttern, Bästeträsk and Brännträsket. 

n(tot)=total number of analyses; r2=coefficient of determination; p=probability value, two-sided test. 
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Figure 10. Regressions between δ15N and age in perch from Lake Limmingsjön, Övre Skärsjönn, Remmarsjön and Skärgölen. 

n(tot)=total number of analyses; r2=coefficient of determination; p=probability value, two-sided test. 

 

. 

 

Figure 11. Regressions between δ15N and age in pike from Lake Bolmen and Storvindeln and in Arctic char from Lake 

Abiskojaure. n(tot)=total number of analyses; r2=coefficient of determination; p=probability value, two-sided test. 
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5.2. Metals  

The following variables were included in the multiple regressions for Hg, Cd and Pb as 

potential confounders: total length (length), condition factor (CF), age, muscle dry weight 

percentage (M_dw%, only for Hg), liver dry weight percentage (L_dw%, only for Cd and Pb), 

δ13C, δ15N and C:N ratio (e.g. Fig.12). It was possible to include a relatively high number of 

variables in the multiple regressions for metals due to the high number (>100) analysed 

individuals per lake. All additionally performed multiple regressions for metals that are not 

shown in the main report are presented in the Supplementary Information (S) (for Hg see 

Fig. S1-S25, for Cd see Fig. S26-S50 and for Pb see Fig. S51-S75). 

 

5.2.1.Hg 

For Hg concentrations in fish, multiple regressions indicated that age was the most 

important confounder (in 84 %, i.e. in 21 of the 25 included lakes, Table 1, Fig. S1-S25). This 

result is noteworthy, since the age range of the selected fish is normally relatively narrow in 

the lakes included in the SNMPCFB. δ13C and δ15N were both significant confounders in 56 % 

of the lakes, but rarely in the same lakes. The C:N ratio and the muscle dry weight 

percentage were the least important confounders on mercury concentration of the variables 

included in the multiple regressions and only significant in 24 % of the lakes. However, both, 

muscle dry weight percentage and the C:N ratio, had CVs below 5 % in 28 % and 84 % of the 

lakes, respectively. The CV ranges were maybe too narrow to indicate a correlation – which 

is expected for such physiologically constrained variables – and the variables would 

potentially be more important had the ranges been wider. For the δ13C variable, which had a 

CV below 5 % in 84 % of the lakes, this was the case as well. Variables with low CVs may be 

excluded in future similar studies of the data to make the model simpler (Table 1, Fig. S1-

S25). 

The VIF of the C:N ratio was above 2.5 for five out of 25 lakes. In all cases with high VIF, 

sampling year was the variable that the C:N ratio was highly correlated with. The VIF was 

also above 2.5 for length (highly correlated with the condition factor) in Lake Abiskojaure 

(Table 1, Fig. S1-S25). However, the VIF was not above 5 in any of these lakes; thus, the VIF 

was still considered acceptable and all variables were kept in the multiple regression model. 

Yet, high VIF-values could be avoided by excluding one or more variables that are highly 

correlated with other independent variables.  

The adjustment for length, condition factor, age, muscle dry weight %, δ13C, δ15N and C:N 

ratio increased the capability to detect Hg trends in all lakes examined (indicated by 

improved CV, LDT and YRQ). The greatest improvement was seen in perch from Lake 

Gipsjön, for which the CV changed from 31 to 16  %, LDT from 3.4 to 1.8 % and YRQ from 8 

to 6 years. In five of the lakes, the adjustment generated significant trends that could not be 

detected without the adjustment. In contrast, for five lakes the adjustment erased 

significant trends that were detected without any adjustment. This indicates that the 
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confounding variables or latent variables of these may contribute to the observed trends 

rather than actual temporal changes in the Hg availability for fish (Fig. S1-S25, Table S1). 

Trends caused by changes in e.g. condition, growth rate or food web structure can be 

interesting in themselves. However, for the purpose of investigating large-scale or long-term 

changes in contaminant dynamics, the partly opposing results highlight the importance of 

accounting for trends of confounding variables as these can both obscure “real” and 

generate “false” trends in contaminant concentrations.  

Table 1. Lake, species, length (total length), age, muscle dw % (dry weight percentage), δ13C, δ15N and C:N 

ratio. +/-: positive/negative significant correlation with Hg; yellow square =variable with CV <5%; VIF(x) = VIF > 

2.5 with x being the variable, that the variable in the column is most correlated with; significant lakes % = 

percentage of lakes having the variable of the respective column as a significant confounder. 

Lake, species Length CF Age Muscle dw % δ13C δ15N C:N 

Arctic char               

Abiskojaure + VIF (CF) 
  

+ + 
 

- 

Pike 
       

Bolmen 
  

+ 
 

  + VIF (year) 

Storvindeln + 
 

+ + + 
 

VIF (year) 

Perch 
       

Allgjuttern 
  

+ - + 
 

  

Brännträsket + 
 

+ 
 

  -   

Bysjön 
 

- + 
 

  +   

Bästeträsk 
  

+ 
 

- + VIF (year) 

Degervattnet 
  

+     +   

Fiolen + 
 

+     
 

VIF (year) 

Fräcksjön 
 

- + 
 

- 
 

  

Gipsjön + - +   - +   

Hjärtsjön 
 

- +     +   



 

19 
 

Krageholmssjön + 
  

+ - - VIF (year) 

Limmingsjön 
  

+ 
 

  + - 

Remmarsjön + 
 

+     + - 

Skärgölen 
  

+   - 
 

- 

Stensjön 
  

+ 
 

  -   

Stor-Backsjön + - 
  

- +   

Stora Envättern + 
 

+ 
 

- 
 

  

Stora Skärsjön + 
 

+ 
 

- -   

Svartsjön 
 

- + 
 

- 
 

+ 

Sännen + - + - - 
 

+ 

Tärnan + 
  

-   -   

Älgsjön 
  

+ 
 

- 
 

  

Övre Skärsjön 
 

- + 
 

  
 

+ 

Significant lakes % 48 32 84 24 56 56 24 

 

 

The significant confounders for the Hg concentration in Lake Gipsjön were length, CF, age, 

δ13C and δ15N. In Figure 12, the outcome of the adjustment by only these variables are 

shown and the gain in statistical power was the same (CV changed from 31 to 16 %, LDT 

from 3.4 to 1.8 % and YRQ from 8 to 6 years) as when the liver dry weight % and the C:N 

ratio was included as well (Fig. S1-S25, Table S1). The gain in statistical power implies that at 

least in Lake Gipsjön, the Hg concentration can be adjusted for length, CF, age, δ13C and δ15N 

to increase the possibility of detecting a significant trend for the Hg concentration.  

 



 

20 
 

 

Figure 12. Temporal trend of unadjusted (left) and adjusted (right) Hg concentration in perch (ng/g wet weight) 
from Lake Gipsjön with potentially confounding variables (middle). Left graph: unadjusted data, geometric 
mean values. Right graph: same, but adjusted for length, CF, age, δ13C and δ15N; n(tot) or N=total number of 
analysis and n(yrs)=total number of years; slope=annual change in percent (95% confidence intervals), 
CV(lr)=coefficient of variation around the regression line, lowest detectable change in the current time series 
(at a power of 80%), the number of years it takes to detect a trend of 5% (at a power of 80%), LDT=lowest 
detectable trend (during 10 years, at a power of 80%); r2 or R2=coefficient of determination; p=probability 
value, two sided test; Middle bar plot: potentially confounding variables. Bar colours: transparent: not 
significant, pink: p<0.05, red: p<0.01, purple: p<0.001; potentially confounding variables negatively correlated 
(left of central line) or positively (right of central line); Size of rectangles: proportional to the standardized β-
coefficients (slopes). 

 

5.2.2.Cd 

The results from the multiple regressions for Cd also indicated that age was the most 

important confounder for the Cd concentration in fish liver from lakes within the SNMPCFB. 

Age was a significant confounder in 80 % of the lakes. Length was a significant confounder in 

56 % of the lakes and δ15N, liver dry weight and CF each in 44 % of the lakes. For Cd, the C:N 

ratio was the least important confounder of the variables included in the multiple regression 

and only significant in 16 % of the lakes. Similar to Hg, too narrow CV ranges may have 

resulted in the lack of relationships with the C:N ratio for many lakes, as the CV of the C:N 

ratio was below 5 % in 84 % of the lakes (lowest CV of 1.9 % was found in perch from Lake 

Stor-Backsjön). Likewise, the δ13C ratio with a CV below 5 % in 84 % of the lakes had maybe a 

too narrow range to allow for a detection of relationships.  

Similar to the results for Hg, the VIF for the C:N ratio was above 2.5 for five out of 25 lakes 

for Cd and the C:N ratios were correlated with year. The VIF was also above 2.5 for length 

(highly correlated with CF) in Arctic char from Lake Abiskojaure and for δ13C (highly 
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correlated with δ15N) in perch from Lake Älgsjön. However, the VIF was not above 5 in any of 

these lakes; thus, none of the variables was excluded from the model. (Table 2, Fig. S26-S50) 

The adjustment for length, CF, age, liver dry weight %, δ13C, δ15N and C:N ratio in the 

temporal trends for Cd increased the ability to detect trends (CV, LDT and YRQ were 

improved) in all examined lakes (Fig. S26-S50, Table S2). The greatest improvement was seen 

in perch from Lake Fiolen, where CV, LDT, and YRQ changed from 80 to 48 %, 7.9 to 5.1 % 

and 14 to 11 years, respectively. In six of the lakes, resulted the adjustment in the detection 

of significant trends that were not detected without the adjustment. However, this was the 

opposite in five other lakes, where the adjustment erased the significant trend. The 

adjustment might have removed the impact of variables that caused major leveraging which 

in turn could generate significant “trends” (Fig. S26-S50, Table S2).  
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Table 2. Lake, species, length (total length), age, liver dw % (dry weight percentage), δ13C, δ15N and C:N ratio. 

+/-: positive/negative significant correlation with Cd; yellow square =variable with CV <5%; VIF(x) = VIF > 2.5 

with x being the variable, that the variable in the column is most correlated with; significant lakes % = 

percentage of lakes having the variable of the respective column as a significant confounder. 

 Lake, species Length CF Age Liver dw % δ13C δ15N C:N 

Arctic char               

Abiskojaure -VIF (CF) -VIF (length) + - + 
  

Pike 
       

Bolmen 
  

+ -   + VIF (year) 

Storvindeln 
 

- 
 

-   
 

VIF (year) 

Perch 
       

Allgjuttern - 
 

+ 
 

- 
 

  

Brännträsket - 
 

+ 
 

- +   

Bysjön - - + -   
 

  

Bästeträsk 
    

+ + VIF (year) 

Degervattnet - 
 

+ 
 

- 
 

  

Fiolen - 
 

+ - - + VIF (year) 

Fräcksjön - - + -   
 

  

Gipsjön 
  

+ 
 

  - - 

Hjärtsjön 
 

- 
 

-   + - 

Krageholmssjön 
   

- 
 

- VIF (year) 

Limmingsjön - - + - - +   

Remmarsjön - 
 

+ 
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Skärgölen 
  

+ 
 

  + - 

Stensjön 
  

+ -   
 

  

Stor-Backsjön - 
 

+ 
 

  
 

- 

Stora Envättern - - + -   
 

  

Stora Skärsjön - - + 
 

  
 

  

Svartsjön 
 

- 
  

  -   

Sännen 
  

+ 
 

- 
 

  

Tärnan - - + 
 

  
 

  

Älgsjön     + - -VIF (d15N)     

Övre Skärsjön - - + 
 

- +   

Significant lakes % 56 44 80 44 40 44 16 

 

 

The variables that were found to be significant confounders for the Cd concentration in Lake 

Fiolen were length, age, liver dry weight %, δ13C and δ15N (Fig. S26-S50, Table S2). Figure 13 

shows the outcome of the adjustment for these variables. The gain in statistical power did 

not differ much with or without the inclusion of the CF and the C:N ratio in the adjustment. 

This implies that the Cd concentrations - at least in Lake Fiolen - could be adjusted for 

length, age, liver dry weight %, δ13C and δ15N to improve the possibility to detect a 

significant trend for the Cd concentrations over time.  
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Figure 13. Temporal trend of unadjusted (left) and adjusted (right) Cd concentration in perch (µg/g dry weight) 
from Lake Fiolen with potentially confounding variables (middle). Left graph: unadjusted data, geometric mean 
values. Right graph: same, but adjusted for length, age, liver dry weight %, δ13C and δ15N; n(tot) or N=total 
number of analysis and n(yrs)=total number of years; slope=annual change in percent (95% confidence 
intervals), CV(lr)=coefficient of variation around the regression line, lowest detectable change in the current 
time series (at a power of 80%), the number of years it takes to detect a trend of 5% (at a power of 80%), 
LDT=lowest detectable trend (during 10 years, at a power of 80%); r2 or R2=coefficient of determination; 
p=probability value, two sided test; Middle bar plot: potentially confounding variables. Bar colours: 
transparent: not significant, pink: p<0.05, red: p<0.01, purple: p<0.001; potentially confounding variables 
negatively correlated (left of central line) or positively (right of central line); Size of rectangles: proportional to 
the standardized β-coefficients (slopes). 

 

5.2.3.Pb 

For Pb, a relatively large number of fish liver samples within the SNMPCFB were below the 

limit of quantification (LOQ). For some lakes, all measurements were below the LOQ (e.g.), 

which naturally restricts the reliability of the multiple regression analysis, since the Pb 

concentrations were replaced by the same or a very similar value in these cases (LOQ/the 

square root of 2). Therefore, no trends or significant confounders were detected for Lake 

Abiskojaure, Lake Storvindeln and Lake Krageholmssjön. In the other lakes, liver dry weight 

percentage (liver dw %) was the most important confounder for Pb concentration in fish 

liver and was significant in 56 % of the lakes included in this study. This is in contrast to the 

Hg and Cd concentrations, where age was the most important confounder. Length and age 

were significant confounders in 40 % of the lakes. The confounding factors with least 

importance included in the multiple regressions for Pb were CF and C:N (significant in 16 % 

and 20 % of the lakes, respectively, Table 3, Fig. S51-S75). For the C:N ratio, the CV was 
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below 5 % in 84 % of the lakes potentially resulting in difficulties in detecting a relationship 

between the concentration and the C:N ratio. This was however not the case for the CF.  

Similar to the results for Hg and Cd, the VIF for the C:N ratio was above 2.5 for five out of 25 

lakes for Pb. Likewise, year was the variable that the C:N ratio was highly correlated with. 

The VIF was also, as for Cd and Hg, above 2.5 for length (highly correlated with CF) and 

correspondingly for CF (highly correlated with length), as for Cd, in Arctic char from Lake 

Abiskojaure and for δ13C (highly correlated with δ15N) in perch from Lake Älgsjön (Table 3, 

Fig. S51-S75). However, the VIF was not above 5 in any of these lakes, because of which 

none of the variables needed to be excluded from the Pb model.  

The adjustment for length, CF, age, liver dry weight %, δ13C, δ15N and C:N ratio in the 

temporal trends for Pb increased the ability to detect trends (CV, LDT and YRQ was 

improved) in all examined lakes (Fig. S51-S75, Table S3). The greatest improvement after 

adjustment was seen for perch from Lake Fiolen (the same lake with greatest improvement 

for Cd) for which CV, LDT, and YRQ changed from 114 to 74 %, 10 to 7.4 % and 16 to 13 

years, respectively. In seven of the lakes, the adjustment resulted in a novel detection of 

significant temporal trends for Pb.  
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Table 3. Lake, species, length (total length), age, muscle dw % (dry weight percentage), δ13C, δ15N and C:N 

ratio. +/-: positive/negative significant correlation with Pb; yellow square =variable with CV <5%; VIF(x) = VIF > 

2.5 with x being the variable, that the variable in the column is most correlated with; significant lakes % = 

percentage of lakes having the variable of the respective column as a significant confounder. For many of the 

lakes a lot of results were below LOQ for Pb especially for Lake Abiskojaure, Storvindeln and Krageholmssjön 

where almost all analyses were below LOQ. 

Lakes, species Length CF Age Liver dw % δ13C δ 15N C:N 

Abiskojaure 
 

VIF (length) VIF (CF) 
    

Pike 
       

Bolmen 
   

-    - VIF (year) 

Storvindeln 
    

+ 
 

VIF (year) 

Perch 
       

Allgjuttern - 
 

+ 
 

  + - 

Brännträsket - - 
 

- - 
 

  

Bysjön - 
 

+ -   -   

Bästeträsk 
    

+ - VIF (year) 

Degervattnet 
    

- 
 

+ 

Fiolen - - + 
 

  + VIF (year) 

Fräcksjön 
  

+ - - 
 

  

Gipsjön 
   

-   -   

Hjärtsjön 
 

+ 
 

-   +   

Krageholmssjön 
    

  
 

VIF (year) 

Limmingsjön - 
  

-   
 

  

Remmarsjön - 
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Skärgölen 
    

+ 
 

+ 

Stensjön 
  

+ 
 

  
 

  

Stor-Backsjön - 
   

  
 

  

Stora Envättern 
   

- + 
 

- 

Stora Skärsjön - 
 

+ - + 
 

  

Svartsjön 
 

- - +   
 

*- 

Sännen - 
  

- 
  

  

Tärnan - 
 

+ -   
 

  

Älgsjön 
  

+ - VIF (d15N) 
 

  

Övre Skärsjön 
   

- - 
 

  

Significant lakes % 40 16 40 56 32 24 20 

 

 

The significant confounders for the Pb concentration in Lake Fiolen were length, CF, age and 

δ15N. Figure 14 shows the outcome of the adjustment for these variables. The gain in 

statistical power was similar to when liver dry weight %, δ13C and C:N ration were included 

as well, i.e. these variables had no big influence on the regression. However, as 10 more 

samples could be included in the statistical analyses when those three variables were 

excluded, the results were not entirely comparable. In conclusion, the results imply that Pb 

concentrations should be adjusted for length, CF, age and δ15N to improve the possibility to 

detect a significant trend. 
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Figure 14. Temporal trend of unadjusted (left) and adjusted (right) Pb concentration in perch (ng/g dry weight) 
from Lake Fiolen with potentially confounding variables (middle). Left graph: unadjusted data, geometric mean 
values. Right graph: same, but adjusted for length, CF, age, and δ15N; n(tot) or N=total number of analysis and 
n(yrs)=total number of years; slope=annual change in percent (95% confidence intervals), CV(lr)=coefficient of 
variation around the regression line, lowest detectable change in the current time series (at a power of 80%), 
the number of years it takes to detect a trend of 5% (at a power of 80%), LDT=lowest detectable trend (during 
10 years, at a power of 80%); r2 or R2=coefficient of determination; p=probability value, two sided test; Middle 
bar plot: potentially confounding variables. Bar colours: transparent: not significant, pink: p<0.05, red: p<0.01, 
purple: p<0.001; potentially confounding variables negatively correlated (left of central line) or positively (right 
of central line); Size of rectangles: proportional to the standardized β-coefficients (slopes). 
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5.3. Organic contaminants  

For all of the organic contaminants, the number of samples from each lake for which both 

contaminant concentrations as well as information on potential confounder exist is low. The 

risk of over-adjusted models is thus high. However, for the purpose of this report and for a 

comparison with the metals, models for organic contaminants were still run but with a 

reduced number of confounding variables and can be found in the appendix. For all organic 

contaminants, only two adjusted variables were included beside the explanatory variable 

“sampling year”. The selected confounding variables vary depending on substance group. 

Even though the models contain a reduced number of covariates, the models can still suffer 

from over parametrization. 

5.3.1. Perfluoroalkyl substances (PFASs) 

The number of samples in each lake for which PFASs have been analysed is small; at the 

most 12 pooled samples per lake were available, for which both potential confounders and 

results for PFASs exist. The selected confounding variables used in the multiple regressions 

were based on the results for Hg and Cd (Pb had too many concentrations below the LOQ), 

for which age and δ15N proved to be important confounders. Among the 15 monitored 

PFASs within the SNMPCFB, only the long-chain perfluoroalkyl sulfonic acid (PFSA), 

perfluorooctane sulfonic acid (PFOS) and the long-chain perfluoroalkyl carboxylic acid, 

perfluoroundecanoic acid (PFUnDA) were chosen to be included into the current report. 

These two compounds were included, as their concentrations were mostly above the LOQ, 

which was not the case for the other compounds. Further, PFOS is commonly used in 

national and international assessments (e.g. WFD/MSFD) and thus regarded important in 

this investigation. 

Pooled samples can – as earlier mentioned – be expected to show lower CVs than individual 

samples (Bignert et al. 2014). Consequently, as data for the organic contaminants are 

included only as mean values, a CV below 5 % for δ15N in five out of nine lakes was not 

surprising and the range might have been too narrow to show a correlation between δ15N 

and PFOS or PFUnDA, respectively. However, δ15N could potentially be an important 

confounder if the range had been wider.  

5.3.1.1.PFOS 

Neither age, nor δ15N was found to be a significant confounder of the PFOS concentration in 

any of the nine lakes included in the statistical analysis. However, 12 observations or less 

were probably too few to indicate a variable as a significant confounder, at least as the 

range of the evaluated variables was small. However, the adjustment for age and δ15N in the 

temporal trends for PFOS increased the ability to detect trends in all examined lakes (CV, 

LDT and YRQ were improved). The greatest improvement was seen for perch from Lake 

Fiolen, for which CV, LDT, and YRQ changed from 30 to 21 %, 13 to 8.6 % and 17 to 14 years, 

respectively (Fig. S80). In some cases, the adjustment resulted in the detection of significant 
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trends that were not detected before the adjustment (perch from Lake Fiolen and Lake 

Stensjön). For detailed information on specific time series see Fig. S76-S85 and Table S4. 

5.3.1.2.PFUnDA 

For the PFUnDA concentration over time, δ15N was found to be a significant confounder in 

two out of the nine lakes included in the statistical analysis (in perch from Lake Horsan and 

Lake Svartsjön, Fig. S91 and S95). This was unexpected, given that the number of 

observations for PFUnDA was nearly the same as for PFOS, for which no significant 

confounder was found. The adjustment for age and δ15N in the temporal trends for PFUnDA 

increased the ability to detect trends in eight out of nine lakes (CV, LDT and YRQ were 

improved). The greatest improvement was seen for perch from Lake Horsan for which CV, 

LDT, and YRQ changed from 26 to 13 %, 11 to 5.4 % and 16 to 11 years respectively (Table 

S5). A major improvement after the adjustment was also seen for PFUnDA in Lake Fiolen, 

similar to the result for PFOS in this lake (Table S5). For Arctic char from Lake Tjulträsk, no 

improvement was achieved after the adjustment. In Lake Horsan, the adjustments resulted 

in the detection of significant trends for both PFOS and PFUnDA that was not detected 

before. This was opposite to Lake Fiolen and Skärgölen, in which the adjustment erased 

significant trends for PFUnDA (Fig. S86-S95, Table S5). 

 

5.3.2.Brominated flame retardants (BFRs)  

For BFRs, the number of samples analysed in each lake was small, at most 13 observations 

(for which both potential confounders and contaminant concentrations were available). The 

rationale for selecting the chosen confounding variables in the multiple regressions is as 

follows: Several studies have shown that the fat content affects the amount of organic 

contaminants accumulating in the fat tissue of organisms (e.g. Gewurtz et al. 2011). 

Therefore, the muscle fat content was chosen as one of the potential confounder variables 

for the brominated substances. δ15N was also included as a confounding factor as one of the 

main aims of this study was to evaluate the influence of SI on the adjustment. Age could not 

be included as a potential confounder due to the low number of available observations in 

the lakes and the inclusion of the previous two confounding variables. However, δ15N could 

possibly be considered as a proxy for age based on the significant positive correlations 

between these two variables in the majority of the investigated lakes in the current study 

and which is also suggested in previous research where a significant age effect on 15N was 

documented (Overman and Parrish 2001). Among the BFRs, the following substances were 

chosen as representatives: BDE-47, as it is often found in highest concentrations in fish 

compared to other PBDEs; BDE-153, as it represents the group of larger PBDE molecules 

analysed within the SNMPCFB and HBCDD, as it is among the more recently applied BFRs.  

As mentioned earlier, pooled samples can be expected to show lower CV than individual 

samples (Bignert et al. 2014)). Consequently, a CV below 5% for δ15N in four out of nine lakes 

was not surprising and the range might have been too narrow to show a true relationship 
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between δ15N and the individual BFRs. However, δ15N could potentially have been an 

important confounder if the range was larger. 

5.3.2.1.BDE-47 

For BDE-47 concentrations, δ15N was found to be a significant confounder in Arctic char 

muscle from Lake Tjulträsk (Fig. S97) and the muscle lipid percentage (FPRC) in perch muscle 

from Lake Krankesjön (Fig. S101). The adjustment for FPRC and δ15N in the temporal trends 

of BDE-47 increased the ability to detect trends (CV, LDT and YRQ were improved) in all lakes 

except for Lake Stensjön. The greatest improvement was observed in the temporal trend for 

Arctic char from Lake Tjulträsk after the adjustment; for which CV, LDT, and YRQ changed 

from 37 to 15 %, 16 to 6.0 % and 20 to 12 years, respectively (Table S6). A major 

improvement after the adjustment was also seen for perch time trends from Lake Horsan 

and Lake Krankesjön (Table S6, Fig. S96-S104). 

5.3.2.2.BDE-153 

For BDE-153, a varying number of the concentrations were below the LOQ in most of the 

lakes.  

Even though the concentrations of BDE-153 in Lake Svartsjön were below LOQ some of the 

years, the FPRC was found to be a significant confounder for the BDE-153 concentration in 

perch muscle from Lake Krankesjön and Lake Svartsjön (Fig. S110 and S113). The adjustment 

for FPRC and δ15N in the temporal trends of BDE-153 increased the ability to detect trends 

(CV, LDT and YRQ were improved) in all lakes except for Lake Abiskojaure. The greatest 

improvement was seen in perch from Lake Krankesjön (CV, LDT and YRQ changed from 38 to 

14 %, 16 to 6.0 % and 20 to 12 years, respectively, Table S7). In perch from Lake Horsan and 

Lake Svartsjön, after the adjustment, a major improvement was also seen (Table S7, Fig. 

S105-S113). 

5.3.2.3.HBCDD 

Several of the measurements of HBCDD were recorded as missing values for the majority of 

the lakes. Thus, statistical analysis could only be performed for Lake Tjulträsk (Fig. S114). The 

adjustment for FPRC and δ15N (the latter was a significant confounder) in the HBCDD 

temporal trend form Lake Tjulträsk increased the ability to detect a trend. The CV, LDT and 

YRQ were improved and changed from 39 to 20 %, 16 to 8.2 % and 20 to 14 years, 

respectively (Table S8, Fig. S114).  

 

5.3.3.Polychlorinated dibenzo-p-dioxins (PCDDs) and dibenzofurans (PCDFs) and dioxin-like 
polychlorinated biphenyls (dl-PCBs) 

Similar to the PFASs and BFRs, the number of samples analysed in each lake was small for 

the PCDD/Fs and the dl-PCBs with at most 11 observations (n=8-11, for which both potential 

confounders and chemical measurements were available). Based on the same arguments as 

for the BFRs, δ15N and the muscle lipid percentage were evaluated as potential confounders 
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for the PCDD/Fs and the dl-PCBs. For this group of chemicals, the TCDD-toxic equivalents 

(TEQs) for PCDD/Fs and dl-PCBs were assessed. 

Likely as a consequence of the sample pooling, the CV was below 5 % for δ15N in five out of 

nine lakes for the PCDD/Fs and dl-PCBs. However, δ15N could potentially have been an 

important confounder if the range would have been larger. 

5.3.3.1.PCDD/Fs 

δ15N was found to be a significant confounder for the PCDD/F concentration in perch muscle 

from Lake Stensjön (Fig. S122) as well as the muscle lipid percentage (FPRC) was found to be 

for the PCDD/F concentration in perch muscle from Lake Horsan (Fig. S119). The adjustment 

for FPRC and δ15N in the temporal trends for PCDD/Fs increased the ability to detect trends 

in all lakes (CV, LDT and YRQ were improved). The greatest improvement was seen in the 

time trends for perch from Lake Horsan, where CV, LDT and YRQ changed from 42 to 20 %, 

18 to 8.4 % and 21 to 14 years, respectively (Table S9). A major improvement after the 

adjustment was also seen in perch from Lake Svartsjön and pike from Lake Bolmen (Table S9, 

Fig. S115-S123). 

5.3.3.2.Dl-PCBs 

15N was found to be a significant confounder for the dl-PCB concentration in perch muscle 

from Lake Skärgölen (Fig. S130) and in Arctic char muscle from Lake Tjulträsk (Fig. S125). The 

adjustment for FPRC and δ15N in the temporal trends for dl-PCBs increased the ability to 

detect trends in all lakes (CV, LDT and YRQ were improved). The greatest improvement was 

seen in perch from Lake Horsan, as for the PCDD/Fs. This time, with the CV, LDT and YRQ 

changing from 47 to 26 %, 20 to 11 % and 23 to 16 years, respectively (Table S10). A major 

improvement after the adjustment was also seen in perch from Lake Svartsjön and Arctic 

char from Lake Tjulträsk (Table S10, Fig. S124-S132). 

 

6. Conclusions 
 

This study shows that the power to detect trends can be considerably improved for some 

substances and lakes when the data is adjusted for confounding variables. As examples, the 

adjustment of the Hg concentration for significant confounders (length, CF, age, δ13C and 

δ15N) in perch from Lake Gipsjön reduced the number of years required to detect an annual 

change of 5 % from 8 to 6 years. Further, reduced the δ15N adjustment of the BDE-47 

concentrations in Arctic char from Lake Tjulträsk, the years required to detect a trend from 

20 to 12 (to detect an annual change of 5 %). In almost all lakes, the adjustment for 

confounders had a positive effect on the ability to detect a trend.  

However, since the circumstances differed between lakes and substances, no general 

suggestion can be made regarding the kind of variables that should be used for the 
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adjustment. Nevertheless, within the SNMPCFB sites and species, age was found to be an 

important confounder for Hg, Cd and PFASs. Remarkable is that age was still an important 

confounder, even though its range is kept as narrow as possible for fish within the 

SNMPCFB. For the substances accumulating in fatty tissues (BFRs, PCDD/Fs and dl-PCBs), 

muscle lipid percentage was identified as a significant confounder for Arctic char in some 

lakes, whereas for perch and pike the muscle lipid percentage usually had a relatively low 

variability. Age was not evaluated as a significant confounder for the lipophilic substances 

because of the low number of samples. However, in larger datasets, age might be an 

important additional confounder to consider for lipophilic substances. 

One of the main aims of this study was to evaluate if the adjustment for stable isotopes (SI) 

would reduce the within- and between-year variation. The metal results indicate that both 

δ13C and δ15N were important confounders to reduce the variation in some lakes. The δ15N 

was a significant confounder in slightly more of the lakes than δ13C. However, δ13C had in 

most of the lakes a low CV (below 5 %) and therefore the δ13C adjustment might fail to show 

a correlation only based on the low CV. Variables with low CVs can be excluded from the 

regression model to make the model simpler. Therefore, δ13C was excluded from the 

statistical analyses of the organic substances.  

For the organic substances, δ15N was also a significant confounder in some lakes, despite the 

low number of samples included in the study. Generally, the analysis of SI within a 

monitoring program does not only allow for the adjustment of temporal trends of 

contaminants by SIs, but also gives important information on the trophic position (TP) of the 

organism in the food web. If a baseline for δ15N could be established for each site, it would 

enable the comparison of trophic positions between different sites and enable the 

adjustment for the TP when comparing contaminant concentrations between lakes.  

The adjustment for confounders does not only improve the likelihood to detect a trend in 

most cases, but in specific terms it also enables the possibility to lower costs and in turn 

increase the number of sites/substances that could be monitored. As an example, for metals 

in Lake Gipsjön, when reducing the monitoring from eight to six separate years, the cost 

could be reduced from in total 133 600 to 100 200 SEK (taking the cost of 1670 SEK per 

analysis and 10 samples per year). Correspondingly, the adjustment of the BDE-47 

concentration in Lake Tjulträsk for δ15N would allow for a reduction of the costs from 156 

000 SEK to 93 600 SEK when reducing the monitoring from 20 to 12 separate years, (taking 

the cost of 3900 per analysis and 2 samples per year for 20 years).  
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