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Abstract 
The Palouse River watershed has been the subject of toxics studies by Washington Department 
of Ecology due to past contamination from pesticides and polychlorinated biphenyls (PCBs). 
Although banned in the 1970s, many legacy contaminants persist in the watershed and 
bioaccumulate in fish and other organisms. From 1984 to 2005, Ecology monitored toxic 
contaminants in fish in the Palouse River. Results showed that water quality was impaired.  

Ecology implemented a total maximum daily load (TMDL) in 2007 to reduce PCBs and pesticides 
in the Palouse River. Landfills and wastewater treatment plants were identified as potential 
sources. The TMDL included strategies to clean up water, such as suggested load allocations for 
wastewater treatment plants, stormwater best practices, and reducing erosion from 
agricultural lands.  

In 2018, Ecology collected fish samples to determine if PCBs, dichloro-diphenyl-trichloroethane 
(DDT), and dieldrin in fish tissue are decreasing because these contaminants exceeded human 
health standards. This report summarizes the 2018 data. The findings show some attenuation 
of PCBs, DDT levels remain unchanged, and dieldrin appears to be increasing in fish from the 
Palouse River.  
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Introduction 
The Palouse River is a meandering tributary of the Snake River in Southeast Washington. The 
river is a natural and cultural resource that provides beneficial uses of drinking water, 
recreation, agricultural uses, fish harvest, and habitat for aquatic life. The watershed is 
dominated by dryland agriculture. Less than 1% of the basin is urbanized. Because of strong 
agricultural influences, pesticide pollution has been a problem for water quality. Other 
persistent pollutants that have been detected in water or fish tissues include polychlorinated 
biphenyls (PCBs), polybrominated diethyl ethers (PBDEs), and metals.  

Washington Department of Ecology first observed dichloro-diphenyl-trichloroethane (DDT) in 
Palouse River fish in 1984 (Hopkins 1985). Hopkins observed total DDT (the sum of DDT and its 
breakdown products) at levels of 130 and 140 μg/kg in longnose suckers and northern 
pikeminnow fillets, respectively. These levels were well below the 5000 μg/kg Food and Drug 
Administration (FDA) limits from 1985, but almost 50 times higher than the current 2018 
human health screening values. Other pesticides and PCB Aroclors were not detected at that 
time, likely due to limitations in analytical methods.  

A study in 1994 found total DDT concentrations were 50% lower in northern pikeminnow fillets 
(Davis and Serdar 1996). Davis and Serdar (1996) also detected heptachlor epoxide and 
hexachlorobenzene. Total PCBs were detected at 11 μg/kg in northern pikeminnow fillets. 
Pesticides like dieldrin were not yet detected, and the sample size in these early studies was 
very low.  

Results from the 1994 study showed that PCBs and several pesticides exceeded the National 
Toxics Rule for fish tissue, published just two years prior (USEPA 1992). The Palouse River was 
listed as impaired under the Clean Water Act, and a total maximum daily load (TMDL) was 
developed and implemented.  

In 2005, an expanded study assessed three contaminants in fish tissues as part of the Palouse 
River Chlorinated Pesticide and PCB TMDL (Johnson et al. 2007). The study focused on PCBs, 
dieldrin, and 4,4’-Dichlorodiphenyldichloroethylene or DDE. DDE is the most common and most 
toxic breakdown product of DDT. The study found the following: 

• Alpha-BHC and heptachlor epoxide were not detected in fish fillets. 
• DDE levels in fish tissues met the National Toxics Rule for DDE on average. 
• Exceedances in dieldrin and total PCB concentrations.  

The TMDL recommended management of stormwater and wastewater effluent to reduce PCB 
and dieldrin load into the river. Because these chemicals have been banned for some time, and 
sources are many and diffuse, natural attenuation was also suggested as a means of reduction.  

In 2018, researchers from Ecology’s Freshwater Fish Contaminant Monitoring Program (FFCMP) 
revisited the four sites from 2005 as recommended by the TMDL. A similar study design was 
used to determine if contaminant levels in fish had changed over time.  
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Also in 2018, Ecology replaced the Fish Tissue Equivalent Concentration human health standard 
(FTEC) with a Tissue Exposure Concentrations standard (TEC) (Ecology 2018d). Under the new 
rules, DDE protection values are 27 parts per billion compared to the previous protection levels 
of 32 parts per billion. The new rules also use the sample median rather than average. The U.S. 
Environmental Protection Agency (EPA) requires states to adopt new water quality standards as 
new information becomes available. The contaminant levels associated with a TEC are a more 
accurate way of protecting human health than the National Toxics Rule.  

Under the new standards, conclusions made in the 2005 TMDL study that DDE meets human 
health standards may no longer be relevant. Ecology reassessed data under the new policy to 
determine if human health tissue standards are met. The results of that assessment are still 
pending, but are likely to lead to a new 303(d) listing for DDE.  

This report summarizes data from the 2018 results, focusing on comparisons to human health 
criteria and trends over time. We compare data to fish collected in 2005. We also examine 
potential sources of bias, such as fish age, size, weight, and sample lipid concentration, to 
determine which trends are likely to be ecologically significant.  
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Methods 
In 2018, the FFCMP sampled freshwater fish from four sites in the Palouse watershed for 
analysis of PCBs, chlorinated pesticides, metals, and PBDEs. Three sites were located along the 
Palouse River main channel, and one on the South Fork Palouse River. Sites were based on 
previous fish sampling sites chosen by Hopkins (1985), Davis (1996), Johnson (2007), and 
Seiders et al. (2007). The sites are referred to as the lower, middle, North Fork, and South Fork 
sites (Figure 1). 

The lower site is near Hooper, WA, at river mile 19. The middle site is just west of Colfax, WA, at 
river mile 78 and downstream of the confluence of the North Fork and South Fork Palouse 
Rivers. The North Fork site is near Elberton, WA, at river mile 104. The South Fork site is near 
Albion, WA.  

 
Figure 1. Fish contaminant monitoring sites in the Palouse Watershed. 
We sampled fish between late May and early July 2018 to avoid the lowest flow period when 
temperatures are hottest and to match the intensive fish collection effort from 2005, which was 
paired with a TMDL study.  

Northern pikeminnow were the most abundant fish captured (n = 134), followed by largescale 
suckers (n = 89), smallmouth bass (n = 41), and common carp (n = 8). 

We used rafts or backpack electrofishing equipment to collect fish. Each fish was weighed and 
measured in the field, wrapped in aluminum foil, and kept on ice until frozen (Ecology 2018a). 
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We homogenized and composited 3 – 8 fish into each sample according to Ecology SOPs 
(Ecology 2018b, Ecology 2018c). Table 1 summarizes fish capture data from each site and how 
samples were composited.  

Table 1. Summary of fish collected from fish from the Palouse River 

Site Species Length Range (mm) Mean Length (mm) 

Lower common carp 575–645 608 

Lower largescale sucker 384–589 494 

Lower northern pikeminnow 202–280 239 

Lower smallmouth bass 276–295 284 

Middle largescale sucker 366–542 442 

Middle northern pikeminnow 230–328 293 

Middle smallmouth bass 287–351 309 

North Fork northern pikeminnow 199–275 222 

South Fork largescale sucker 363–436 387 

South Fork northern pikeminnow 198–392 269 

We used accredited labs to analyze samples by methods specified in our project plan (Seiders 
2018). Manchester Environmental Lab analyzed samples for total mercury, lipids, and PBDEs; 
Pacific Rim Laboratories for chlorinated pesticides and PCB congeners; SGS Axys for dioxins; and 
Washington Department of Fish and Wildlife for fish age. Chemistry results were validated by 
EcoChem, Inc.  

We compared results to human health criteria in Washington’s Water Quality Standards and 
Washington Department of Health (WADOH) screening values for informational purposes only. 
Exceedances of benchmarks do not conclusively warrant impairment status or fish consumption 
advisories. Ecology will further evaluate data to ensure measures of data quality and certainty 
are met according to Policy 1-11 (Ecology 2018d). WADOH will evaluate the data for fish 
consumption guidance.  

Health comparisons are made to the TECc, TECn, and the WADOH high consumption screening 
value. The TECc is calculated based on the potential to increase cancer risk based on fish 
consumption. The TECn is based on potential to cause non-cancerous effects such as disruptions 
to the immune or reproductive systems. WADOH has several screening values. We compare to 
the most conservative values, which are intended for the protection of people with a high rate 
of fish consumption.  

We analyzed trends using a non-parametric hypothesis test. Kruskal-Wallis test was used for 
geographical trends, and Mann-Whitney test to compare results between 2005 and 2018. We 
did not test data where only one sample was collected because results would not be 
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meaningful. Non-detects were not included in the testing group. We also report measures of 
effect size with test results as recommended by Tomczak and Tomczak (2014) as eta squared 
(eta2). 

We did not lipid normalize our data due to weak or inconsistent relationships between lipids 
and toxics concentrations. Because the statistical power is low, and variability in composite 
samples is high, lipid-to-toxics relationships become unreliable, and relationship slopes 
become varied.  

Congeners of the same class were summed. Total DDT is the sum of 2,4’ and 4,4’ isomers of 
DDT, DDD, and DDE. Total chlordane was the sum of five compounds: cis- and trans- chlordane, 
cis- and trans-nonachlor, and oxychlordane. PCBs were summed as total Aroclors (sum of seven 
Aroclors) or as the sum of 209 congeners.  

Total Aroclors were compared directly to total congeners. The bias between congener and 
Aroclor methods is low. Paired results of congeners and Aroclors in fish tissue consistently show 
that total Aroclors estimate total congeners at 1.01 times the total Aroclor value. This level of 
bias is well below the precision control limits of this study.  
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Results 
Measurement Quality Objectives 
Sample collection goals were met with mixed results. We met our target of largescale suckers at 
the lower and South Fork sites. Largescale suckers were not captured at the North Fork site, 
and we missed our target at the middle site.  

We exceeded our sample collection goal for northern pikeminnow at the South Fork site and 
met our goal at the North Fork and middle sites. We did not meet the sampling goal for 
northern pikeminnow at the lower site. Table 2 shows samples collected for each site and 
species with the contaminant of interest.  

To compensate for unmet sampling targets, we collected ancillary species. We captured one 
sample of smallmouth bass at the middle and lower sites and one sample of common carp at 
the lower site.  

Table 2. Number of fillet samples analyzed from Palouse River fish in 2018. 

Site Species Mercury Total 
DDT 

Total 
PBDEs 

Total PCB 
congeners 

Dieldrin 

South Fork largescale sucker 5 5 5 5 5 

South Fork northern pikeminnow 6 6 6 6 6 

North Fork northern pikeminnow 3 3 3 3 3 

Middle largescale sucker 4 4 4 4 4 

Middle northern pikeminnow 5 5 5 5 5 

Middle smallmouth bass 1 1 1 1 1 

Lower common carp 1 1 1 1 1 

Lower largescale sucker 5 5 5 5 5 

Lower northern pikeminnow 3 3 3 3 3 

Lower smallmouth bass 1 1 1 1 1 

Some fish had body abnormalities. Six fish had cysts, three fish had wounds, and about 30% of 
fish had black spots that were not commonly found in their species. All fish were included in the 
analysis regardless of condition. Abnormalities are not expected to influence chemistry results.  

Twelve percent of results were qualified as estimates. PCB results were qualified for exceeding 
lab duplicate control limits. Several dioxin results for PCDF were qualified as estimates due to 
exceedance in the recovery limit of the standard reference material. However, these 
exceedances were not enough to reject data. Detectable results below the reporting limit were 
also qualified as estimates.  
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Lab result accuracy was acceptable based on results from labeled compound results, ongoing 
precision and recovery results, and standard reference material analysis. Precision was 
acceptable based on results from lab duplicates.  

Method sensitivity was affected by matrix interference and blank contamination, which 
resulted in elevated detection limits for two dioxin compounds and 44 PCB congeners. Less 
than 6% of results were affected. We censored data using 5x the amount detected in the 
method blank to minimize false positives. All results were deemed usable as qualified. 

Lab Results 
We detected DDT and its metabolites in all samples. 4,4’-DDE made up more than 80% of the 
total DDT metabolites found. DDT composed 5% of total DDT on average, and other 
metabolites composed less than 5% of total DDT. Smallmouth bass had the lowest 4,4’-DDE 
concentrations (range 8.44 – 9.18 μg/kg). Largescale suckers, northern pikeminnow, and carp 
were more contaminated (range 15.9 – 135 μg/kg). 

Mercury, PCBs, PBDEs, and many pesticides were also detected in all samples. PBDE congeners 
047 and 209 were the dominant congeners detected in samples. Smallmouth bass and carp had 
PBDE concentrations less than 2 μg/kg. Northern pikeminnow and largescale suckers had PBDE 
concentrations up to 16 and 30 μg/kg, respectively.  

The contaminants detected in the study are shown in Table 3. The pesticides of interest from 
the 2007 TMDL were detected in all samples except for alpha-BHC (91% of samples). Dioxins 
were only analyzed in northern pikeminnow and carp and were detected in about half of those 
samples.  

Table 3. Summary statistics for contaminants of interest in fish from the Palouse River in 
2018. 

Contaminant Min 
(μg/kg) 

Median 
(μg/kg) 

Max 
(μg/kg) 

Samples 
(number) 

Detection 
Frequency (%) 

4,4'-DDD 0.355 1.735 4.56 34 100 

4,4'-DDE 8.44 36.3 135 34 100 

4,4'-DDT 0.061 0.898 10.5 34 100 

Dieldrin 0.699 2.19 5.20 34 100 

Heptachlor Epoxide 0.152 0.497 1.16 34 100 

Hexachlorobenzene 0.590 2.78 8.42 34 100 

Lindane 0.026 0.135 0.280 34 100 

Lipids % 0.200 1.10 4.19 34 100 

Mercury 59.6 183 384 34 100 
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Contaminant Min 
(μg/kg) 

Median 
(μg/kg) 

Max 
(μg/kg) 

Samples 
(number) 

Detection 
Frequency (%) 

cis-Chlordane 0.040 0.165 0.465 34 100 

cis-Nonachlor 5.20 x 10-02 0.122 0.330 34 100 

Total PBDEs 0.294 2.48 30.6 34 100 

Total PCB Congeners 0.228 1.87 16.4 34 100 

trans-Chlordane 0.022 0.114 0.247 34 100 

trans-Nonachlor 0.155 0.396 1.17 34 100 

Oxychlordane 0.058 0.194 0.338 34 97 

alpha-BHC 0.004 0.008 0.011 34 91 

Mirex 4.00 x 10-03 0.013 0.034 34 88 

Toxaphene 0.221 0.690 1.57 34 88 

beta-BHC 4.00 x 10-03 7.00 x 10-03 30.0 x 10-03 34 62 

Total Dioxin (TEQ) 4.70 x 10-07 2.55 x 10-06 3.11 x 10-05 14 50 

Endosulfan Sulfate 0.013 0.019 0.044 34 47 

Aldrin 3.8 x 10-03 4.00 x 10-03 9.00 x 10-03 34 44 

1,2,3,7,8-PeCDD ND ND ND 14 0 

2,3,7,8-TCDD ND ND ND 14 0 
ND: not detected; Min: minimum detected values (for analytes with less than 100 % detection frequency.) 

Comparison to Human Health Standards 
Six contaminants were found at levels indicating potential water quality impairment. Dieldrin 
exceeded the 10 x TECc in all samples. Mercury exceeded the human health criterion in all 
samples. Exceedances in dieldrin and mercury might lead to new or continued 303(d) listings 
upon assessment by Ecology’s Water Quality Program.  

In most samples, 4,4’-DDE levels were ten times higher than the TECc threshold. Total PCBs, 
hexachlorobenzene, and heptachlor epoxide also exceeded the TECc, but in less than half of 
samples. Median concentration is used to evaluate human health criteria. Median 
hexachlorobenzene levels are not likely to trigger listings at any sites. Median heptachlor 
epoxide results may trigger a new listing at the lower Palouse River. DDE results will likely 
support the continuation of all listings. 

Median PCB results met criteria at most sites, but not enough samples were collected to 
establish with confidence that human health criteria are being met. Ten samples are needed, 
and only five were collected.  
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Toxaphene met Ecology’s human health criteria but exceeded the WADOH screening levels for 
high fish consumers. Mercury, PCBs, and several pesticides also exceeded the WADOH high 
consumer screening level (HCSL) in all samples. Among these pesticides were DDE, dieldrin, and 
heptachlor epoxide.  

Contaminants of interest that met all human health benchmarks include PBDEs, aldrin, alpha-
BHC, lindane, methoxychlor, and mirex, among others (Table 4).  

Table 4. Counts of samples exceeding Ecology or WADOH thresholds for human health. 

Contaminant n Samples n Samples 
Exceeding 10 x TECc 

n Samples 
Exceeding 10 x TECn 

n Samples 
Exceeding HCSL 

4,4'-DDE 34 27 0 34 

Aldrin 15 0 0 0 

alpha-BHC 31 0 0 0 

beta-BHC 21 0 NA1 0 

Dieldrin 34 34 0 34 

Heptachlor 3 0 0 0 

Heptachlor Epoxide 34 6 0 34 

Hexachlorobenzene 34 4 0 34 

Lindane 34 NA2 0 0 

Mercury 34 NA3 34 34 

Methoxychlor 1 NA4 NA4 0 

Mirex 30 0 0 0 

Total DDT 34 NA5 NA5 34 

Total PBDEs 34 NA6 NA6 0 

Total PCB 34 13 3 6 

Toxaphene 30 0 0 27 

Total TCDD (TEQ) 7 NA7 0 3 
NA: Not applicable; HCSL: High Consumer Screening Level; TECc: Tissue Exposure Concentration (cancer); 
TECn: Tissue Exposure Concentration (non-cancer)  
1 beta-BHC does not have TECn.  
2 Lindane does not have a TECc due to uncertainty with cancer slope factor.  
3 Mercury uses human health tissue criterion rather than a tissue exposure concentration.  
4 Methoxyclor does not have a human health standard currently.  
5 There is no TEC for total DDT. See TEC values for 4,4’-DDE.  
6 PBDEs are not part of Washington’s human health standards.   
7 Dioxins do not have a TECc due to uncertainty with the cancer slope factor.  
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Geographical Trends 
Fish age was constant between sites for all samples. Fish size and lipids differed between sites. 
Differences in age, size, and lipids are important because they can bias geographic trends or 
trends over time. Trends for bass or carp were not calculated because there were not enough 
samples to make meaningful comparisons. 

Northern pikeminnow were 27% longer and twice as heavy at the middle site compared to the 
North Fork site. Northern pikeminnow samples also had 3 times the lipid content at the middle 
site compared to the South Fork site. The largescale suckers at the lower site were 23% longer, 
81% heavier, and had twice the lipid content in their tissue than suckers from the South Fork 
site.  

Geographical trends for contaminants depend on the contaminant class. Total PCB, total DDT, 
total PBDE, and Hexachlorobenzene were highest in the South Fork site and lowest at the lower 
site for both largescale suckers and northern pikeminnow (Table 5 and 6). Geographic trends in 
largescale suckers mostly mirror those in northern pikeminnow. Figure 2 shows dieldrin 
concentrations, which mirror the relative concentrations of other contaminants of interest. 
Table B-1 shows the ANOVA table for site comparisons for each species.  

Table 5. Median Contaminant Concentrations in Northern Pikeminnow (μg/kg) 

Site Hexachloro-
benzene 

Total 
PBDE 

Total DDT Total 
PCB 

Dieldrin Toxaphene 

South 
Fork 

3.37 6.82 84.5 8.403 3.19 1.05 

North 
Fork 

1.80 1.28 33.6 1.422 1.05 0.396 

Middle 2.66 1.65 35.7 2.062 2.50 0.445 

Lower 1.11 0.611 17.6 0.768 1.39 0.572 
 

Table 6. Median contaminant concentrations in largescale suckers (μg/kg) 

Site Hexachloro-
benzene 

Total 
PBDE 

Total DDT Total 
PCB 

Dieldrin Toxaphene 

South 
Fork 

4.07 17.23 63.467 7.438 2.5 0.772 

Middle 3.605 3.133 43.406 1.891 2.54 0.399 

Lower 2.13 1.94 32.802 1.442 1.92 0.771 
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Figure 2. Graduated dot map showing dieldrin concentrations between 2018 FFCMP 
sites.  
 SF: South Fork, NF: North Fork. 
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Figure 3. Contaminant trends in northern pikeminnow across Palouse River sites 
compared to sample lipid %, mean fish length, and mean fish weight by site.  
Points staggered to prevent stacking.  
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Time Trends 
Largescale suckers 
Fish size and lipid concentrations in samples varied between the 2005 and 2018 collection 
events. Lipid levels were lower in 2018 for both largescale sucker and northern pikeminnow 
compared to 2005. Largescale suckers were about the same size or bigger and older at all sites 
compared to 2005.  

Trends in contaminant concentrations between 2005 and 2018 were muddled by differences in 
fish size class and sample lipid percent. In largescale suckers, we saw total DDT concentrations 
increase at the South Fork site between 2005 and 2018 (eta2 = 0.83, p < 0.01). Median 
concentration increased by 163%. The increase in contaminant concentration was seen in 
tandem with fish length and weight, which increased by 62% and 260% respectively.  

Total DDT levels increased by 83% in largescale suckers from the lower site between 2005 and 
2018, but this increase was not statistically significant. Fish length and weight were also seen to 
increase, but not significantly. At the middle site, total DDT levels and fish length, and weight 
were the same between 2005 and 2018.  

We found a significant decrease in PCB levels in largescale suckers, marked by a reduction of 
43-80% in 2018 (eta2 > 0.82, p < 0.05). PCB decreased at all sites. PCB decreased even at sites 
where fish size was larger in the 2018 sample group.  

Dieldrin levels increased by 94% to 221% in 2018 compared with 2005. Dieldrin levels increased 
by 167% at the middle site (eta2 = 0.82, p < 0.05). Dieldrin increased at the middle site despite 
fish lipids between sample groups being equal, and fish size and age being lower in 2018. The 
difference in fish weight and length was minimal. At the South Fork site, dieldrin increased by 
221% but largescale suckers at this site were much heavier in the 2018 group. 

Lindane levels in largescale suckers from the South Fork site decreased by 85%, despite fish size 
at this site increasing two to threefold. Chlordane levels declined along with fish size at the 
lower site. Chlordane levels decreased with lipid concentration at the South Fork site. 
Endosulfan compounds went largely undetected in largescale suckers at all four sites. Lindane, 
chlordane, and endosulfan were all well below regulatory limits.  
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Figure 4. Changes in contaminant concentrations in largescale suckers at sites where 
largescale suckers were captured: Lower, Middle, and South Fork (SF) sites.  
Points are staggered to prevent stacking. Dashed line indicates 10 x TECc threshold. 
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Northern pikeminnow 
Northern pikeminnow size varied by site. In 2018, northern pikeminnow from the lower and 
North Fork sites were smaller and younger compared to 2005. At the middle and South Fork 
sites, northern pikeminnow were larger and older in 2018.  

PCBs in northern pikeminnow decreased by 50-93% across all sites (Figure 5). We observed a 
large effect at all sites (eta2 > 0.73 and p < 0.057). See Table 7 for Mann-Whitney results for 
each site/species/contaminant comparison.  

In 2018, total DDT concentrations increased by 161% in northern pikeminnow fillets at the 
South Fork site (eta2 = 0.77, p < 0.01). At the middle site, total DDT increased by 37% but the 
increase was not statistically significant. At the North Fork site, total DDT decreased by 39% but 
the decrease was not statistically significant. Differences in total DDT levels in pike minnow 
occurred in tandem with differences in fish size between 2005 and 2018.  

Dieldrin increased by 23-166% at all sites monitored, although the evidence for increase was 
weak. Increases in dieldrin in northern pikeminnow from the middle and North Fork sites were 
statistically significant (α = 0.1). At the lower and North Fork sites, dieldrin levels increased by 
57% and 166% respectively, despite fish being smaller, younger, and having less lipids by 
weight.  
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Figure 5. Changes in contaminant concentrations in northern pikeminnow at Lower, 
Middle, North Fork (NF), and South Fork (SF) sites.  
Points staggered to prevent stacking. Dashed line indicates the 10x TECc threshold for each 
contaminant. One outlier from 2005 PCB data not shown to preserve scale (108 μg/kg). Empty circles 
represent non-detects at the reporting limit.  

Hexachlorobenzene was also found to be increasing despite a significant decrease in fish size 
and lipid concentration at the North Fork site. Although hexachlorobenzene increased by up to 
125%, hexachlorobenzene samples were well below regulatory thresholds.  

Lindane and mercury concentrations were lower in 2018 across all sites. Chlordane generally 
increased or decreased with fish size. Endosulfan was mostly undetected in northern 
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pikeminnow from the North and South Fork sites. In northern pikeminnow from the lower and 
middle sites, we saw a 97% and 98% decrease in endosulfan between 2005 and 2018. Lindane, 
chlordane, and endosulfan were all well below regulatory thresholds.  

Table 7. Mann-Whitney test statistics comparing 2005 and 2018 for contaminants that 
were identified in the Palouse River Toxics TMDL. 

Site Species Analyte 2005 Median 
(SE) 

2018 Median 
(SE) 

n1 n2 statistic p Eta2 

Lower LSS Total PCB 6.20 (1.18) 1.44 (0.304) 5 5 25 0.008 0.83 

Lower LSS Total DDT 17.9 (2.61) 32.8 (5.95) 5 5 4 0.095 0.56 

Lower LSS Dieldrin 0.990 (0.150) 1.92 (0.092) 5 5 0 0.008 0.83 

Middle LSS Total PCB 9.35 (0.886) 1.89 (0.210) 4 4 16 0.0286 0.82 

Middle LSS Total DDT 45.5 (5.67) 43.4 (2.10) 4 4 10 0.686 0.20 

Middle LSS Dieldrin 0.950 (0.194) 2.54 (0.158) 4 4 0 0.029 0.82 

SF LSS Total PCB 13.0 (3.96) 7.44 (0.915) 5 5 25 0.012 0.83 

SF LSS Total DDT 24.1 (3.81) 63.5 (6.44) 5 5 0 0.008 0.83 

SF LSS Dieldrin 0.780 (0.67) 2.50 (0.154) 5 5 8 0.421 0.30 

Lower NPM Total PCB 11.6 (3.13) 0.768 (0.230) 4 3 12 0.057 0.80 

Lower NPM Total DDT 29.1 (19.5) 17.6 (1.45) 2 3 3 1.000 0.00 

Lower NPM Dieldrin 0.883 (0.153) 1.39 (0.076) 2 3 0 0.200 0.77 

Middle NPM Total PCB 8.40 (0.400) 2.06 (0.531) 2 5 10 0.095 0.73 

Middle NPM Total DDT 26.0 (7.14) 35.7 (3.28) 2 5 0 0.095 0.73 

Middle NPM Dieldrin 1.10 (0.100) 2.50 (0.341) 2 5 0 0.095 0.73 

NF NPM Total PCB 6.40 (2.84) 1.42 (0.158) 6 3 18 0.024 0.77 

NF NPM Total DDT 55.3 (7.41) 33.6 (5.72) 6 3 14 0.262 0.43 

NF NPM Dieldrin 0.395 (0.170) 1.05 (0.291) 6 3 2 0.095 0.60 

SF NPM Total PCB 25.0 (12.8) 8.40 (1.67) 7 6 40 0.005 0.75 

SF NPM Total DDT 32.4 (6.23) 84.5 (13.4) 5 6 1 0.009 0.77 

SF NPM Dieldrin 2.60 (0.277) 3.19 (0.417) 5 6 8 0.247 0.39 
Eta2: measure of effect size 
LSS: largescale sucker 
NPM: northern pikeminnow  
SF: South Fork 
NF: North Fork  
SE: Standard Error 
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Discussion 
Inconsistencies in fish size and lipid concentrations in the analyses make it difficult to draw 
conclusions about trends over time and between sites. Correlations between contaminant 
concentration and fish age, size, or lipid concentrations are well established (Gewurtz 2011, 
Cullen and Connell 1992) but nuanced (Elskus 2005). We make conclusions with these 
assumptions in mind, even though, in the Palouse River data frame, the strength and direction 
of these relationships were inconsistent and dependent on species or contaminants. We could 
not correct fish size in the analysis due to these inconsistencies.  

Despite these challenges, we can distill trends from the data. Geographically, elevated 
contaminant levels at the middle and South Fork sites are likely to be biased by differences in 
fish size, at least partially. The South Fork site stands out, however, because differences in 
contaminant concentration compared to the lower site are much greater in magnitude (5 – 11 
times higher) than differences in fish size (1.2 – 3 times higher).  

Between 2005 and 2018, changes in fish fillet total DDT concentrations appeared to be 
influenced by differences in fish size between sampling years. Changes in total DDT 
concentrations were similar in magnitude and direction to differences in fish size for both 
species observed. Total DDT increased at sites where fish were larger in the latter group. DDT 
concentrations decreased at sites where fish were smaller in the latter group. In cases where 
fish size stayed the same, so did DDT concentration.  

Due to the closely tied nature of DDT levels and fish size, the most likely conclusion is that DDT 
concentrations in fish have not changed meaningfully between 2005 and 2018. DDT 
concentrations have not met the targets established by the TMDL, with most samples 
exceeding the TMDL target of 32 μg/kg 4,4’-DDE in fish tissue.  

PCB levels decreased significantly in northern pikeminnow and largescale suckers. We saw 
moderate to strong statistical evidence for reductions in all comparisons. Total PCB levels are 
now likely to meet human health criteria at all sites except for the South Fork site, where 
median values still exceed human health standards. We see decreases in PCB fish tissue burden 
despite reports of wastewater treatment plants struggling to meet the wasteload allocation for 
PCBs set forth in the TMDL (Lubliner 2009, Coots 2017).  

The increases in dieldrin and hexachlorobenzene are unexpected and difficult to explain. 
Generally, we expected higher dieldrin concentrations where fish size was larger. But these 
contaminants increased even at sites where fish size or lipids decreased between sampling 
years. When fish size increased along with dieldrin and hexachlorobenzene levels, the 
magnitude that contaminant levels increased was much greater than the magnitude of the size 
difference.  

The unpaired nature of the direction and magnitude of dieldrin concentrations over time adds 
confidence to the statistical result that dieldrin concentrations are increasing in fish from the 
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Palouse River. It is particularly concerning to see increases in these contaminants because they 
have been banned for several decades.  

Increases in dieldrin could be explained by a lack of source control, sources not yet identified, 
changes in ecological conditions, or changes in biological interactions. In 2009, Lubliner showed 
that the wastewater treatment plant (WWTP) in Colfax was meeting its wasteload allocation 
(Lubliner 2009). WWTPs at Pullman and Albion were not.  

A later study showed that the Albion WWTP later met the wasteload allocation for dieldrin 
(Coots 2017). However, there is no recent data for Pullman WWTP, and smaller sewage 
treatment plants are not required to collect the data. Given that WWTPs have made some 
progress in reducing toxics, environmental sources like erosion of contaminated soils could be a 
major contributor of dieldrin and other toxics into the Palouse River.  

Total suspended solids (TSS), which readily bind and transport contaminants, do not appear to 
explain the persistence and increase in dieldrin in fish tissues. Ebbert (1998) documented the 
history of erosion through sediment transport in the Palouse River. Ebbert shows erosion rates 
declining as inferred from suspended sediment rates in the Palouse River at Hooper. USGS 
stopped collecting daily TSS data in 2001. Projects to control erosion from agricultural lands are 
ongoing.  

Ecology collects monthly TSS data on the Palouse River. Concentrations trend downward 
between 1995 and 2018 at Ecology long-term ambient monitoring sites (Figure 5). There is 
some evidence that there was a slight increase in the number of months where TSS was above 
the 50th percentile. But due to low sample size, the data may omit important observations in 
TSS levels, such as spikes in TSS due to rain events. And while conservation practices can help 
reduce erosion-based sediment transport in the Palouse, the effect can be delayed due to 
stream storage effects (Brooks 2010).  
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Figure 6. Total suspended solids data from ambient monitoring sites at Hooper, WA 
(lower river), Palouse, WA (North Fork), and Pullman, WA (South Fork) between 1995 and 
2018. 
Weather service data does not show any evidence of increased precipitation or storm events 
that could explain the transport of contaminated sediments to the Palouse River. Annual 
rainfall was steady for the period between 2005 and 2018 (NOAA 2012).  

Stream flow could also be a contributor to increased dieldrin concentrations in fish tissue. We 
speculate that decreasing base flow could have a concentrating effect, while increased base 
flow has a dilution effect. This could especially be true if large amounts of contaminated 
sediments are stored in the river basin.  

USGS stream gage data show evidence of increasing drought conditions over time (USGS 2025). 
Annual 7-day low-flow decreases between 1995 and 2018 at the lower Palouse River (Hooper) 
and in the South Fork Palouse River. The number of days at low-flow conditions (lowest 5th 
percentile) is also increasing over time. Drought conditions were recorded in 2007, 2010, and 
2015.  

If low flow conditions had a concentrating effect on dieldrin, we would also expect other 
contaminants to be concentrated as well. Any ecological condition that increases 
bioaccumulation would likely apply to all contaminants, which is not what we see. Since only 
dieldrin and hexachlorobenzene seem to be increasing suggests there is a source not accounted 
for in the Palouse River basin. 

Since the 2007 TMDL implementation, Ecology adopted new rules for human health criteria. As 
a result, TMDL targets may no longer be relevant. The 2007 TMDL recommended that DDE 
listings should be removed from the 303(d) list based on mean sample concentrations below 
the 32 μg/kg target. That target was based on the National Toxics Rule (NTR)(40CFR131.36). As 
a result, DDE was not included in the TMDL, and listings were removed.  
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The current rules are based on tissue exposure concentrations that cause cancer or non-
cancerous effects on human health (TECc and TECn). The TECc for 4,4’-DDE is 2.7 μg/kg in fish 
tissue (Ecology 2018d). The thresholds for all contaminants have changed by lowering the 
threshold but increasing the burden of proof. Now, at least three samples are needed with the 
median exceeding 10 times the TECc (2.7 μg/kg for 4,4’-DDE). Under the new rules, listings for 
DDE will likely be reactivated or continued.  
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Conclusions  
Results of this 2018 study support the following conclusions: 

• PCB levels in Palouse River northern pikeminnow and largescale sucker fillet tissue have 
decreased significantly since 2005.  

• PCB levels in fish met the 2007 TMDL targets at three out of four monitored sites.  
• PCB levels in largescale sucker and northern pikeminnow fillets still exceed human health 

standards at the South Fork Palouse River site near Albion, WA.  
• 4,4’-DDE levels in Palouse River fish have not changed significantly since 2005. 
• Median 4,4’-DDE concentrations in largescale sucker and northern pikeminnow fillets are 

above current human health criteria at three out of four sites. The lower Palouse River site 
is the only site meeting human health criteria.  

• Dieldrin concentrations still exceed the human health criteria in northern pikeminnow and 
largescale sucker fillet tissues.  

• Dieldrin concentrations are increasing in Palouse River fillets of multiple species of fish, 
even in smaller fish less prone to high levels of bioaccumulation.  

• Mercury exceeds the human health criterion in all fish tissue samples collected from the 
Palouse River in 2018.  

• Heptachlor epoxide levels exceed the human health criteria in largescale sucker fillets from 
the lower Palouse River.  
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Recommendations 
Results of this 2018 study support the following recommendations: 

• Revise TMDL targets in line with the most recent human health criteria.  
• Continue monitoring wastewater treatment plants to see if wasteload allocations are met.  
• Continue implementing existing best management practices (BMPs) to improve water 

quality until all targets are met.  
• Extend TMDL strategies and targets to 4,4’-DDE, which is still above the human health 

criteria.  
• Implement additional toxics reduction strategies, such as stormwater or agricultural BMPs.  
• Investigate the Palouse River watershed for potential unidentified sources of dieldrin 

contamination, such as biosolids applications or pesticide storage facilities.  
• Monitor fish fillet tissue in 10 – 15 years with the same study design to see if toxics are 

decreasing in fish fillets.  
• For PCB monitoring in fish, increase sample collection targets to 10 samples per site to 

increase confidence that tissues are meeting human health criteria and to delist PCB in fish 
from the 303(d) list.  
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Glossary, Acronyms, and Abbreviations 
Glossary 
Clean Water Act: A federal act passed in 1972 that contains provisions to restore and maintain 
the quality of the nation’s waters. Section 303(d) of the Clean Water Act establishes the TMDL 
program. 

Pollution: Contamination or other alteration of the physical, chemical, or biological properties 
of any waters of the state. This includes change in temperature, taste, color, turbidity, or odor 
of the waters. It also includes discharge of any liquid, gaseous, solid, radioactive, or other 
substance into any waters of the state. This definition assumes that these changes will,  
or are likely to create a nuisance or render such waters harmful, detrimental, or injurious to  
(1) public health, safety, or welfare; (2) domestic, commercial, industrial, agricultural, 
recreational, or other legitimate beneficial uses; or (3) livestock, wild animals, birds, fish, or 
other aquatic life.  

Stormwater: The portion of precipitation that does not naturally percolate into the ground or 
evaporate but instead runs off roads, pavement, and roofs during rainfall or snow melt. 
Stormwater can also come from hard or saturated grass surfaces such as lawns, pastures, 
playfields, and from gravel roads and parking lots. 

Total Maximum Daily Load (TMDL): Water cleanup plan. A distribution of a substance in a 
waterbody designed to protect it from not meeting water quality standards. A TMDL is equal to 
the sum of all the following: (1) individual wasteload allocations for point sources, (2) the load 
allocations for nonpoint sources, (3) the contribution of natural sources, and (4) a Margin of 
Safety to allow for uncertainty in the wasteload determination. A reserve for future growth is 
also generally provided. 

Wasteload Allocation: The maximum amount of pollutant a point source (such as a wastewater 
treatment plant) is allowed to release into a waterbody while still meeting water quality 
standards.  

Watershed: A drainage area or basin in which all land and water areas drain or flow toward a 
central collector, such as a stream, river, or lake at a lower elevation. 

303(d) list: Section 303(d) of the federal Clean Water Act requires Washington State to 
periodically prepare a list of all surface waters in the state for which beneficial uses of the water 
– such as for drinking, recreation, aquatic habitat, and industrial use – are impaired by 
pollutants. These are water quality limited estuaries, lakes, and streams that fall short of state 
surface water quality standards and are not expected to improve within the next two years. 
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Acronyms and Abbreviations 
ANOVA Analysis of Variance 
BMP best management practice 
DDE Dichlorodiphenyldichloroethylene 

DDT Dichlorodiphenyltrichloroethane 
DDD Dichlorodiphenyldichloroethane 
DNA Deoxyribonucleic acid  

Ecology Washington State Department of Ecology 

EIM Environmental Information Management database 

EPA U.S. Environmental Protection Agency 
FDA Food and Drug Administration 
FFCMP Freshwater Fish Contaminant Monitoring Program 

FTEC  Fish Tissue Equivalent Concentration 

HCSL  High Consumer Screening Level 
HQ  Ecology Headquarters, Lacey, WA 
LSS  Largescale Sucker 

NA Not applicable 

ND Non-detect 

NF North Fork (Palouse River) 

NOAA National Ocean and Atmospheric Administration 

NPM Northern pikeminnow 

NTR National Toxics Rule 

PBDE polybrominated diphenyl ethers 

PCB polychlorinated biphenyl 

RM river mile  

SOP standard operating procedures 

SF South Fork (Palouse River) 

TECc Tissue Exposure Concentration based on cancer effects 
TECn Tissue Exposure Concentration based on non-cancer effects 

TEQ Toxicity Equivalency Quotient 

TSS Total Suspended Solids 

TMDL Total Maximum Daily Load (see glossary) 

USEPA United States Environmental Protection Agency (see EPA) 
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USGS US Geological Survey 

WA Washington 

WAC Washington Administrative Code 

WADOH Washington Department of Health 

WLA wasteload allocation 

WRIA Water Resource Inventory Area 

WDFW Washington Department of Fish and Wildlife 

WWTP Wastewater treatment plant 

Units of Measurement 

g gram, a unit of mass 

kg kilograms, a unit of mass equal to 1,000 grams 

mg milligram 

mg/kg milligrams per kilogram (parts per million) 

mm millimeters 

ng/g nanograms per gram (parts per billion) 

ng/kg nanograms per kilogram (parts per trillion) 

pg/g picograms per gram (parts per trillion) 

pg/L picograms per liter (parts per quadrillion) 

μg/kg micrograms per kilogram (parts per billion) 

ww wet weight 
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Appendices 
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Appendix A. Summary of contaminant concentration 
results by species.  
Table A-1. Detection frequency of contaminants in northern pikeminnow and summary 
statistics for detected contaminants, Palouse River 2018.  

Contaminant Min  
(μg/kg) 

Median 
(μg/kg) 

Max  
(μg/kg) 

Samples 
n 

Detection 
Frequency (%) 

1,2,3,4,6,7,8-HpCDD 7.50 x 10-05 2.55 x 10-04 3.15 x 10-04 13 23 

1,2,3,4,6,7,8-HpCDF 4.70 x 10-05 4.70 x 10-05 4.70 x 10-05 13 8 

1,2,3,6,7,8-HxCDD 1.30 x 10-05 3.10 x 10-05 4.90 x 10-05 13 15 

1,2,3,7,8,9-HxCDF 2.79 x 10-04 2.79 x 10-04 2.79 x 10-04 13 8 

2,3,7,8-TCDF 5.90 x 10-05 5.90 x 10-05 5.90 x 10-05 13 8 

2,4'-DDD 0.073 0.141 0.548 17 100 

2,4'-DDE 0.071 0.194 0.579 17 100 

2,4'-DDT 0.176 0.534 1.58 17 100 

4,4'-DDD 0.561 1.25 4.56 17 100 

4,4'-DDE 16.6 34.1 135 17 100 

4,4'-DDT 0.061 0.179 1.07 17 100 

Aldrin 0.004 0.004 0.006 17 41 

Dieldrin 0.970 2.42 5.20 17 100 

Endosulfan Sulfate 0.013 0.023 0.044 17 65 

Endrin 0.013 0.013 0.013 17 6 

Heptachlor Epoxide 0.309 0.528 1.02 17 100 

Hexachlorobenzene 1.07 2.71 5.79 17 100 

Lindane 0.049 0.135 0.280 17 100 

Mercury 96.0 209 321 17 100 

Methoxychlor 0.022 0.022 0.022 17 6 

Mirex 0.008 0.018 0.034 17 100 

Oxychlordane 0.082 0.193 0.338 17 100 

Toxaphene 0.221 0.585 1.57 17 100 

alpha-BHC 0.004 0.006 0.011 17 94 

beta-BHC 0.004 0.007 0.030 17 65 

cis-Chlordane 0.070 0.150 0.465 17 100 
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Contaminant Min  
(μg/kg) 

Median 
(μg/kg) 

Max  
(μg/kg) 

Samples 
n 

Detection 
Frequency (%) 

cis-Nonachlor 0.053 0.127 0.330 17 100 

Total Dioxins (TCDD TEQ) 4.70 x 10-07 2.55 x 10-06 3.11 x 10-05 13 54 

Total DDTs 17.6 35.8 143 17 100 

Total PBDEs 0.400 1.70 16.8 17 100 

Total PCB Congeners 0.411 2.06 16.4 17 100 

trans-Chlordane 0.040 0.102 0.247 17 100 

trans-Nonachlor 0.217 0.404 1.17 17 100 

.alpha.-Endosulfan ND ND ND 17 0 

.beta.-Endosulfan ND ND ND 17 0 

1,2,3,4,7,8,9-HpCDF ND ND ND 13 0 

1,2,3,4,7,8-HxCDD ND ND ND 13 0 

1,2,3,4,7,8-HxCDF ND ND ND 13 0 

1,2,3,6,7,8-HxCDF ND ND ND 13 0 

1,2,3,7,8,9-HxCDD ND ND ND 13 0 

1,2,3,7,8-PeCDD ND ND ND 13 0 

1,2,3,7,8-PeCDF ND ND ND 13 0 

2,3,4,6,7,8-HxCDF ND ND ND 13 0 

2,3,4,7,8-PeCDF ND ND ND 13 0 

2,3,7,8-TCDD ND ND ND 13 0 

Endrin Aldehyde ND ND ND 17 0 

Endrin Ketone ND ND ND 17 0 

Heptachlor ND ND ND 17 0 

OCDD ND ND ND 13 0 

OCDF ND ND ND 13 0 

delta-BHC ND ND ND 17 0 
ND: not detected 
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Table A-2. Detection frequency of contaminants in largescale suckers and summary 
statistics for detected contaminants, Palouse River 2018.  

Contaminant Min (μg/kg) Median 
(μg/kg) 

Max (μg/kg) n Detection 
Frequency (%) 

2,4'-DDD 0.211 0.337 0.518 14 100 

2,4'-DDE 0.069 0.182 0.250 14 100 

2,4'-DDT 0.180 0.538 1.09 14 100 

4,4'-DDD 1.01 1.92 3.85 14 100 

4,4'-DDE 15.9 38.0 70.4 14 100 

4,4'-DDT 1.27 4.09 10.5 14 100 

Aldrin 0.004 0.005 0.009 14 57 

Dieldrin 1.64 2.25 2.90 14 100 

Endosulfan Sulfate 0.013 0.014 0.016 14 29 

Endrin 0.01 0.012 0.012 14 21 

Heptachlor 0.004 0.004 0.006 14 21 

Heptachlor Epoxide 0.289 0.474 1.14 14 100 

Hexachlorobenzene 1.71 3.37 8.42 14 100 

Lindane 0.098 0.149 0.275 14 100 

Lipids % 0.590 1.99 3.06 14 100 

Mercury 59.6 180 369 14 100 

Mirex 4.00 x 10-03 7.00 x 10-03 1.60 x 10-02 14 86 

Oxychlordane 5.80 x 10-02 2.02 x 10-01 3.04 x 10-01 14 100 

Toxaphene 4.42 x 10-01 7.51 x 10-01 1.11 14 86 

alpha-BHC 0.006 0.008 0.011 14 100 

beta-BHC 0.004 0.007 0.014 14 71 

cis-Chlordane 0.084 0.168 0.464 14 100 

cis-Nonachlor 0.052 0.135 0.317 14 100 

Total DDT 18.6 45.6 86.5 14 100 

Total PBDEs 0.703 3.21 30.6 14 100 

Total PCB congeners 0.710 2.13 9.11 14 100 

trans-Chlordane 4.00 x 10-02 1.45 x 10-01 2.32 x 10-01 14 100 

trans-Nonachlor 0.155 0.371 0.981 14 100 

.alpha.-Endosulfan ND ND ND 14 0 
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Contaminant Min (μg/kg) Median 
(μg/kg) 

Max (μg/kg) n Detection 
Frequency (%) 

.beta.-Endosulfan ND ND ND 14 0 

Endrin Aldehyde ND ND ND 14 0 

Endrin Ketone ND ND ND 14 0 

Methoxychlor ND ND ND 14 0 

delta-BHC ND ND ND 14 0 
ND: not detected 
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Appendix B. Kruskal-Wallis Statistics Spatial Analysis 
Table B-1. Summary of Kruskal-Wallis results for geographical trends. 

Species Contaminant Result p adjusted effect size factor 

LSS Hexachlorobenzene SF > Lower 0.005 0.646 2 

LSS Total DDT SF > Lower 0.015 0.595 2 

LSS total PBDEs SF > Lower 0.003 0.786 9 

LSS Total PCB SF > Lower 0.010 0.674 5 

LSS Mirex SF > Lower 0.05 0.507 2 

LSS Total Chlordane Middle > SF 0.003 0.826 3 

LSS Lindane Middle > Lower 0.002 0.870 2 

LSS heptachlor epoxide Lower > SF1 0.004 0.751 3 

LSS Toxaphene Lower > Middle1 0.028 0.550 2 

LSS Fish Length Lower > SF 0.009 0.674 <2 

LSS Fish Weight Lower > SF 0.007 0.694 2 

NPM Hexachlorobenzene SF > Lower 0.011 0.623 3 

NPM Total DDT SF > Lower 0.003 0.834 5 

NPM total PBDEs SF > Lower 0.003 0.834 11 

NPM Total PCB SF > Lower 0.004 0.810 11 

NPM Toxaphene SF > Middle 0.015 0.573 2 

NPM Dieldrin SF > NF 0.035 0.648 3 

NPM Mirex SF > NF 0.005 0.682 2 

NPM Total Endosulfan NF > Middle 0.026 0.487 34 

NPM Total Chlordane Middle > NF2 0.011 0.557 4 

NPM Lindane Middle > NF2 0.029 0.675 3 

NPM Fish Length Middle > NF 0.022 0.467 <2 

NPM Fish Weight Middle > NF 0.024 0.666 2 

NPM Lipids Middle > SF 0.019 0.653 3 
Note. If contaminant is not listed, no difference was observed between sites. Factor shows how many times 
larger the difference is between sites.  
NPM: Northern Pikeminnow; LSS: Largescale sucker; SF: South Fork , NF: North Fork.  
1 Likely biased by fish size. LSS from the lower Palouse were larger than other sites. 
2 Likely biased by fish size. NPM from the middle site were larger than other sites.
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Appendix C. Mann-Whitney Results for Time Trends 
Table C-1. Mann-Whitney Statistics and group medians with standard error (SE). 

Site Species Analyte 2005 Median 
and SE 

2018 Median 
and SE 

n1 n2 statistic p Eta2 

Lower LSS Mean Length (mm) 412 (4.00) 522 (28.0) 5 5 4 0.0952 0.56 

Lower LSS Mean Weight (g) 817 (20.0) 1774 (227) 5 5 4 0.0952 0.56 

Lower LSS Mean Age (years) 6.00 (0.223) 10.0 (1.87) 5 5 10 0.675 0.17 

Lower LSS Lipids % 2.36 (0.174) 2.47 (0.244) 5 5 12 1 0.03 

Lower LSS Total PCB 6.20 (1.18) 1.44 (0.304) 5 5 25 0.00794 0.83 

Lower LSS Total DDT 17.9 (2.61) 32.8 (5.95) 5 5 4 0.0952 0.56 

Lower LSS Mercury 160 (NA) 218 (45.5) 1 5 2 1 0.12 

Lower LSS Dieldrin 0.990 (0.150) 1.92 (0.092) 5 5 0 0.00794 0.83 

Lower LSS 4,4'-DDE 16.0 (2.43) 29.0 (5.45) 5 5 6 0.209 0.43 

Middle LSS Mean Length (mm) 443 (4.00) 426 (23.0) 4 4 11 0.486 0.31 

Middle LSS Mean Weight (g) 912 (28.0) 908 (166) 4 4 6 0.686 0.20 

Middle LSS Mean Age (years) 7 (0.657) 6 (2.08) 4 4 12 0.343 0.41 

Middle LSS Lipids % 2.15 (0.240) 2.09 (0.093) 4 4 9 0.886 0.10 

Middle LSS Total PCB 9.35 (0.886) 1.89 (0.210) 4 4 16 0.0286 0.82 

Middle LSS Total DDT 45.5 (5.67) 43.4 (2.10) 4 4 10 0.686 0.20 

Middle LSS Dieldrin 0.950 (0.194) 2.54 (0.158) 4 4 0 0.0286 0.82 

Middle LSS 4,4'-DDE 41.5 (5.30) 36.5 (1.80) 4 4 12 0.309 0.41 

SF LSS Mean Length (mm) 240 (47.0) 389 (5.00) 5 5 10 0.69 0.17 

SF LSS Mean Weight (g) 167 (173) 603 (24.0) 5 5 10 0.69 0.17 

SF LSS Mean Age (years) 3 (1.28) 6 (0.133) 5 5 10 0.674 0.17 

SF LSS Lipids % 1.75 (0.173) 0.680 (0.075) 5 5 25 0.00794 0.83 

SF LSS Total PCB 13.0 (3.957) 7.44 (0.915) 5 5 25 0.0119 0.83 

SF LSS Total DDT 24.1 (3.809) 63.5(6.43) 5 5 0 0.00794 0.83 

SF LSS Mercury 177 (128) 153 (13.2) 2 5 5 1 0.00 

SF LSS Dieldrin 0.78 (0.67) 2.50 (0.154) 5 5 8 0.421 0.30 

SF LSS 4,4'-DDE 19.0 (3.20) 50.7 (5.44) 5 5 0 0.0119 0.83 

Lower NPM Mean Length (mm) 344 (115) 235 (7.00) 2 3 3 1 0.00 

Lower NPM Mean Weight (g) 537 (403) 125 (11.0) 2 3 5 0.4 0.52 
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Site Species Analyte 2005 Median 
and SE 

2018 Median 
and SE 

n1 n2 statistic p Eta2 

Lower NPM Mean Age (years) 7 (3) 4.00 (0.133) 2 3 3 1 0.00 

Lower NPM Lipids % 1.76 (0.205) 0.790 (0.262) 2 3 5 0.4 0.52 

Lower NPM Total PCB 11.6 (3.134) 0.768 (0.230) 4 3 12 0.0571 0.80 

Lower NPM Total DDT 29.1 (19.508) 17.6 (1.45) 2 3 3 1 0.00 

Lower NPM Mercury 445 (304.5) 104 (16.5) 2 3 5 0.4 0.52 

Lower NPM Dieldrin 0.883 (0.153) 1.39 (0.076) 2 3 0 0.2 0.77 

Lower NPM 4,4'-DDE 28.3 (19.025) 16.6 (1.40) 2 3 3 1 0.00 

Middle NPM Mean Length (mm) 221 (2.00) 285 (10.0) 2 5 0 0.0952 0.73 

Middle NPM Mean Weight (g) 99.0 (1.00) 212 (22.0) 2 5 0 0.0952 0.73 

Middle NPM Mean Age (years) 4 (0.050) 5.00 (0.574) 2 5 0.5 0.118 0.66 

Middle NPM Lipids % 0.890 (0.01) 1.45 (0.155) 2 5 2 0.381 0.44 

Middle NPM Total PCB 8.40 (0.4) 2.06 (0.531) 2 5 10 0.0952 0.73 

Middle NPM Total DDT 26.0 (7.14) 35.7 (3.28) 2 5 0 0.0952 0.73 

Middle NPM Dieldrin 1.10 (0.100) 2.50 (0.341) 2 5 0 0.0952 0.73 

Middle NPM 4,4'-DDE 25.0 (7.00) 33.7 (3.04) 2 5 0 0.0952 0.73 

NF NPM Mean Length (mm) 288 (24.0) 224 (2.00) 6 3 18 0.0238 0.77 

NF NPM Mean Weight (g) 242 (64.0) 107 (4.00) 6 3 18 0.0238 0.77 

NF NPM Mean Age (years) 6 (0.624) 4.00 (0.517) 6 3 13.5 0.300 0.39 

NF NPM Lipids % 2.93 (0.150) 1.43 (0.133) 7 3 21 0.0167 0.76 

NF NPM Total PCB 6.40 (2.84) 1.42 (0.158) 6 3 18 0.0238 0.77 

NF NPM Total DDT 55.3 (7.41) 33.6 (5.72) 6 3 14 0.262 0.43 

NF NPM Mercury 422 (NA) 260 (10.1) 1 3 3 0.500 0.67 

NF NPM Dieldrin 0.395 (0.17) 1.05 (0.291) 6 3 2 0.0952 0.60 

NF NPM 4,4'-DDE 53.5 (7.30) 32.0 (5.47) 6 3 15 0.154 0.52 

SF NPM Mean Length (mm) 230 (25.0) 245 (22.0) 5 6 11 0.537 0.22 

SF NPM Mean Weight (g) 114 (66.0) 183 (51.0) 5 6 6 0.126 0.50 

SF NPM Mean Age (years) 4 (0.703) 6.00 (0.799) 5 6 4 0.0541 0.61 

SF NPM Lipids % 1.24 (0.202) 0.44 (0.057) 5 6 30 0.00797 0.83 

SF NPM Total PCB 25.0 (12.8) 8.40 (1.64) 7 6 40 0.005 0.75 

SF NPM Total DDT 32.4 (6.228) 84.5 (13.408 5 6 1 0.008 0.77 
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Site Species Analyte 2005 Median 
and SE 

2018 Median 
and SE 

n1 n2 statistic p Eta2 

SF NPM Mercury 313 (151) 140 (35.7) 2 6 10 0.241 0.47 

SF NPM Dieldrin 2.60 (0.277) 3.19(0.417) 5 6 8 0.247 0.39 

SF NPM 4,4'-DDE 30.0 (6.213) 78.7 (13.0) 5 6 1 0.008 0.77 

Eta2: measure of effect size 
NF: North Fork  
SF: South Fork  
NPM: Northern pikeminnow  
LSS: Largescale sucker 
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