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Past and continuing discharges of polychlorinated biphenyls (PCBs) have contaminated the 

natural resources of the Hudson River. The Hudson River Natural Resource Trustees (HRNRT) 

– New York State, the U.S. Department of Commerce, and the U.S. Department of the Interior – 

are conducting a natural resource damage assessment (NRDA) to assess and restore those natural 

resources injured by PCBs (HRNRT 2002). Waterfowl represent an important ecological and 

recreational resource on the Hudson River. As part of the assessment process, the Trustees 

investigated PCB contaminant levels in Hudson River resident waterfowl in order to determine 

whether certain Hudson River waterfowl have been injured by PCBs found in the environment. 

The term “resident” as used in this report refers to mallards ducks ( Anas platyrhynchos) that have 

bred, nested, or hatched on the Hudson River in a given year.  

Potential injuries to resident waterfowl from PCBs include the presence of PCB concentrations 

in edible portions of the waterfowl that exceed tolerance levels enforced by the U.S. Food and 

Drug Administration (USFDA) (43 CFR 11.62(f)(1)(ii)). The federal tolerance for PCBs in 

poultry is 3.0 parts per million (ppm or μg/g wet weight) in fat (21 CFR 109.30(a)(3)). The 

USFDA defines poultry as any domesticated bird, including ducks (9 CFR 381.1), and any 

migratory waterfowl or game bird (9 CFR 362.1(d)).  

Among migratory ducks, mallards are the most numerous species of duck on the Hudson River. 

After breeding in early spring, adult mallards have a period during the summer when they are 

flightless and take up residency on the river for several months. When hatched, juvenile mallards 

are flightless and remain flightless and resident to the river for most of the summer, until the fall 

migration. During this time of residency, essentially all chemical exposures are local, and juvenile 

birds have spent their entire lives as residents of the river. This study collected mallards during a 

time when ducks were non-migratory and often flightless, ensuring that ducks were resident to 

the Hudson River.  

The Hudson River PCB Superfund Site remedy was selected in 2002, and the first phase of 

remediation commenced in 2009.  Resident waterfowl sampling was conducted prior to remedy 

implementation.  From July 21, 2008 to August 28, 2008, mallards were collected from four study 

areas on the Hudson River:  

Area 1 – A reference area upstream of South Glens Falls in the upper river between the 

Feeder Canal Dam and International Paper Company in Corinth (River Mile 

(RM) 220 to RM 204)1, and Great Sacandaga Lake;  

Area 2 – Fort Edward to Northumberland in the upper river (including the Thompson 

Island Dam; RM 194 to RM 182);  

Area 3 – Schuylerville to Mechanicville in the upper river (RM 180 to RM 160); and  

Area 4 – New Baltimore to Newburgh in the lower river (RM 132 to RM 56).  

EXECUTIVE  SUMMARY  

1 The Hudson River flows from River Mile 315 at Lake Tear of the Clouds, in the Adirondack Mountains, south to the Battery in Manhattan.  “River Miles” are 

miles up-stream from the Battery, which is designated “River Mile 0”. 
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A subset of mallards from each study area was analyzed for PCBs. Muscle and fat samples were analyzed for 

approximately 10 adult male, 10 adult female, and 20 juvenile mallards for study areas 1, 2 and, 3. Muscle 

and fat samples were analyzed for 5 adult male, 5 adult female, and 10 juvenile mallards for Area 4.  

Areas 2 and 3 downstream of the General Electric (GE) plant sites and above the Federal Dam at Troy, had 

significantly higher PCB concentrations in both muscle and fat than the reference area. Area 4, the Hudson 

River estuary, had significantly lower PCB concentrations than Areas 2 and 3, but significantly higher PCB 

concentrations than the reference area. PCB concentrations in mallards collected between Ft. Edward and 

Mechanicville were approximately 100 times greater than PCB concentrations in mallards collected from the 

reference area. The data demonstrate that juvenile and adult mallards rapidly accumulated PCBs from the 

PCB-contaminated stretches of the Hudson River during their residency on the river.  

One hundred percent (100%) of the mallard fat samples from Area 2, ninety -two (92%) from Area 3, and 5% 

from Area 4 exceeded the federal tolerance of 3 ppm compared to 3% of samples upstream of the GE plant 

sites. The percentage of fat samples exceeding the tolerance value in Areas 2 and 3 was significantly higher 

than in Area 1.  

PCB concentrations in sediments, water, and biota have generally declined since the enactment of CERCLA.  

It is reasonable to assume equal or higher concentrations in Hudson River waterfowl during the years 1981 -

2007 based on the results of the 2008 waterfowl study. The data demonstrate that resident mallards 

accumulated PCBs from the Hudson River at levels that exceed the federal tolerance for PCB levels in 

poultry. Therefore, an injury to a biological resource, waterfowl resident to the Hudson River, as defined in 

43 CFR 11.62(f)(1)(ii), has occurred.  
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ACRONYMS AND ABBREVIATIONS 

CERCLA Comprehensive Environmental Response, Compensation, and Liability 

Act  

EPA U.S. Environmental Protection Agency  

GE General Electric Company  

HRNRT Hudson River Natural Resource Trustees  

NRDA Natural Resource Damage Assessment  

NYSDOH New York State Department of Health  

PCBS Polychlorinated biphenyls  

ppb Parts per billion (for example, one microgram per kilogram, or μg/kg)  

ppm Parts per million (for example, one milligram per kilogram, or mg/kg)  

tPCBs Total polychlorinated biphenyls  

USFDA U.S. Food and Drug Administration 

ww Wet weight  
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1.0 INTRODUCTION 

 

1.1 BACKGROUND 

Past and continuing discharges of polychlorinated biphenyls (PCBs) have contaminated the natural resources 

of the Hudson River. The Hudson River Natural Resource Trustees (HRNRT) – New York State, the U.S. 

Department of Commerce, and the U.S. Department of the Interior – are conducting a natural resource 

damage assessment (NRDA) to assess and restore those natural resources injured by PCBs (HRNRT 2002). 

Waterfowl represent an important ecological and recreational resource on the Hudson River. As part of the 

assessment process, the Trustees investigated PCB contaminant levels in Hudson River resident waterfowl in 

order to determine whether certain Hudson River waterfowl have been injured by PCBs found in the 

environment. The term “resident” as used in this report refers to mallards that have bred, nested, or hatched 

on the Hudson River in a given year. The term “juvenile” as used in this report refers to resident mallards 

that were hatched on the Hudson River in a given year.  
 

1.2 POLYCHLORINATED BIPHENYLS (PCBS)  

Polychlorinated biphenyls, also known as PCBs, have polluted large stretches of the Hudson River since the 

1940s. EPA has estimated that the two General Electric (GE) manufacturing facilities located in Fort Edward 

and Hudson Falls, New York, discharged up to 1.3 million pounds of PCBs into the river between the 1940s 

and 1977 (USEPA 1991). PCBs persist in the environment for many decades, and scientific research indicates 

they can be harmful to animals and humans. Adverse effects, including partial or complete reproductive 

failure, birth defects, impaired growth, behavioral changes, lesions, immune system dysfunction, and 

hormone imbalances, have been observed in a wide variety of species, including fish, amphibians, birds, and 

mammals (e.g., Barron et al. 2000, Harris et al. 2011, Heaton et al. 1995, Monosson 1999, Rosenshield et al. 

1999, Sparling 2010, Tillitt et al. 1993, Zwiernik et al. 2011). The primary route of human exposure to PCBs 

is through the consumption of contaminated fish and wildlife species (Carpenter 2006).  
 

1.3 RESIDENT WATERFOWL 

Among migratory waterfowl, mallards (Anas platyrhynchos) are the most abundant duck species in North 

America (Drilling et al. 2002) and constitute greater than 50% of the total breeding population of all ducks in 

the northeast (USFWS 2012). Mallards are also the most numerous duck species in New York (Stegemann 

and Swift 2008). The Hudson River is part of the Hudson -Champlain corridor, one of the major migratory 

waterfowl pathways in New York State. In the Hudson River basin, mallards typically arrive from spring 

migration in March or April, and nesting and brooding of eggs occurs by mid - to late April. The young 

usually hatch in mid-May to early June. At hatch, waterfowl are flightless, and juveniles remain flightless until 

about mid-July when flight feathers develop. In early summer, following the breeding period, the adults 

undergo molting of their flight feathers and are flightless for a period of about two months (Drilling et al. 

2002). 

Waterfowl can rapidly accumulate PCBs in their tissues (Foley and Batcheller 1988, Skinner 1992, Swift et al. 

1993). Between the spring breeding season and departure with the fall migration, waterfowl on the Hudson 

River spend approximately five months as residents on the river, during which time they are exposed to PCB 

contamination. Several previous studies have measured PCB concentrations in various waterfowl species 

taken from the Hudson River and found concentrations ranging from <0.1 ppm to as high as 43 ppm 

depending on the species and the tissue sampled (Baker et al. 1976, Foley 1992, Kim et al. 1985, Kim et al. 

1984, O’Keefe et al. 2006). In most of these studies, sample sizes were small, and collections occurred within 

the hunting season during fall migrations. Once fall migration begins, waterfowl from other areas co -mingle 
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with resident Hudson River birds. At this time Hudson River and migratory waterfowl of the same species 

cannot be readily distinguished from each other. This study collected mallards during a time when ducks 

were non-migratory and often flightless, ensuring that ducks were resident to the Hudson River.  
 

The Hudson River from Hudson Falls to the Federal Dam at Troy is segmented into “pools” by a series of 

dams. Based on observations from New York State Department of Environmental Conservation biologists,  

the ducks within each pool tend to remain within that pool on the river from the time of nesting and 

brooding through the summer and before autumn migration. As a consequence, essentially all chemical 

exposures to juvenile birds are local. The only exception may be the residues that have been transferred to 

the young by the adult female via maternal deposition into the egg. During the summer flightless period, 

adults also rely solely on food sources within the river and maintain a close association with their young to 

support their continued growth.  
 

1.4 DEFINITION OF INJURY 

Pursuant to the Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA), the 

U.S. Department of the Interior has promulgated regulations that define a number of categories of injuries 

to natural resources (43 CFR 11.10 et seq.). Potential injuries to resident waterfowl from PCBs include the 

presence of PCB concentrations in edible portions of the waterfowl that exceed tolerance levels promulgated 

by the U. S. Food and Drug Administration (USFDA) (43 CFR 11.62(f)(1)(ii)). The USFDA defines poultry 

as any domesticated bird, including ducks (9 CFR 381.1), and any migratory waterfowl or game bird (9 CFR 

362.1(d)). The federal tolerance level for PCBs in poultry is 3.0 parts per million (ppm or μg/g) in fat (21 

CFR 109.30(a)(3)).  

2.0 METHODS 

2.1 MALLARD COLLECTION 

Juvenile and adult mallards were collected between July 21, 2008 and August, 28, 2008 in the year prior to 

remedy implementation from four areas of the Hudson River (Figure 1):  

Area 1 - A reference area upstream of South Glens Falls in the upper river between the Feeder 

Canal Dam and International Paper Company in Corinth (River Mile (RM) 220 to RM 

204)2, and Great Sacandaga Lake;  

Area 2 - Fort Edward to Northumberland in the upper river (including the Thompson Island 

Pool; RM 194 to RM 182);  

Area 3 - Schuylerville to Mechanicville in the upper river (RM 180 to RM 160); and  

Area 4 - New Baltimore to Newburgh in the lower river (RM 132 to RM 56).  

Mallards were collected by shotgun from each of the four areas. The target numbers for mallards were 15 

adult females, 15 adult males, and 30 juveniles, but actual numbers varied among study areas (Table 1). Adult 

and juvenile collections occurred during July and August to coincide with the flightless stage and ensure that 

ducks were resident to the Hudson River. Mallard eggs were collected opportunistically between April 14, 

2008 and May 30, 2008.  

2 The Hudson River flows from River Mile 315 at Lake Tear of the Clouds, in the Adirondack Mountains, south to the Battery in Manhattan.  “River Miles” are 

miles upstream from the Battery, which is designated “River Mile 0”. 
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TABLE 1. NUMBER OF MALLARDS COLLECTED FROM FOUR STUDY AREAS ALONG THE 
HUDSON RIVER, NY IN JULY AND AUGUST, 2008 

Area 1 = a reference area between the Feeder Canal Dam and International Paper Company 

in Corinth, and Great Sacandaga Lake; Area 2 = Fort Edward to Northumberland; Area 3 = 

Schuylerville to Mechanicville; and Area 4 = New Baltimore to Newburgh.  

 

 

 

 

 

 

 

 

After collection, specimens were labeled, weighed, and sexed in the field before being transported under 

chain of custody procedure to the NYS Department of Environmental Conservation (DEC) Hale Creek Field 

Station. During processing adult and juvenile mallard breast muscle and subcutaneous fat samples were 

removed and placed into chemically clean jars. For egg samples, egg contents were removed and placed into 

chemically clean jars. All samples were stored under chain of custody procedure in a locked freezer at -20°C 

until they were shipped to the analytical laboratory. A more detailed description of the collection and sample 

processing methods followed is available in the Study Plan for Waterfowl Injury Assessment: Determining PCB 

Concentrations in Hudson River Resident Waterfowl  (HRNRT 2008), and the standard operating procedures for 

collection and processing waterfowl samples are in Appendix A. Appendix B lists collection information on 

the mallards analyzed.  
 

2.2 SAMPLE SELECTION 

Specimens were selected to provide equal numbers in each category across study areas to the extent possible 

(e.g., male and female; adult and juvenile) with preference given to specimens that had adequate sample mass 

for both fat and muscle. Forty mallards from Areas 1, 2, and 3 were targeted for analysis: 10 adult females, 10 

adult males, 20 juveniles. Twenty samples from Area 4 were chosen for analysis: 5 adult females, 5 adult 

males, and 10 juveniles (Figure 2). Not all categories met target sample sizes (Table 2). Typically, a muscle 

and fat sample from each mallard specimen was analyzed. However, six of the juvenile mallards from Area 2 

did not have enough dissectible subcutaneous fat for an adequate sample mass. One of the two additional 

juvenile mallards with enough mass for both muscle and fat samples was added to the analysis. Although the 

sex of juvenile birds was noted upon collection, juvenile birds from each study area were pooled for 

statistical analyses regardless of sex. Prior to reaching sexual maturity, physiological differences between 

males and females that might influence differing rates of PCB accumulation  (e.g., fat storage, egg 

development, etc.) are expected to be minimal.  Appendix B lists collection information on the mallards 

selected for chemical analysis. Although the four eggs collected were analyzed, the small sample size and 

limited spatial distribution prevented robust statistical analysis. Therefore results from egg samples are not 

included in this report. Appendix E, however, includes results from the chemical analysis of these eggs.  

  Adult   

  Female Male Juvenile 

Area 1 22 15 27 

Area 2 20 15 23 

Area 3 15 13 31 

Area 4 10 16 26 
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PCB CONCENTRATIONS IN HUDSON RIVER RESIDENT WATERFOWL 

 
TABLE 2. NUMBER OF MALLARD MUSCLE AND FAT SAMPLES ANALYZED FROM 
MALLARDS COLLECTED ON THE HUDSON RIVER, NY IN JULY AND AUGUST, 2008 
 

 

 

 

 

 

 

 

 

 

 

2.3 CHEMICAL ANALYSES 

Chemical analyses for breast muscle and subcutaneous fat samples included total PCBs, PCB homologs, the 

209 PCB congeners, moisture, and lipid content. Total PCB, PCB homologs, and PCB congeners were 

analyzed using low resolution mass spectrometry, and percent lipid and moisture were measured via 

gravimetric methods, as specified in the Analytical Quality Assurance Plan  (HRNRT 2005).  
 

2.4 QUALITY ASSURANCE/QUALITY CONTROL 

Analytical chemistry data were validated as specified in the Analytical Quality Assurance Plan  (HRNRT 2005) 

and the Study Plan for Waterfowl Injury Assessment: Determining PCB Concentrations in Hudson River Resident Waterfowl  

(HRNRT 2008). Sample results and related QC data were received in both an electronic and hard copy 

format. Electronic data were verified against the hard copy data package. All data packages received a 

summary validation (Level III).  
 

2.5 STATISTICAL ANALYSIS 

Statistics were used to answer these questions:  

1) Do resident waterfowl in study areas downstream of the GE plants have higher PCB 

concentrations than waterfowl from areas upstream of the plants?  

2) Do PCB concentrations in waterfowl fat exceed the USFDA tolerance of 3.0 parts per million 

(fat basis)?  

3) What proportions of mallard samples exceed the federal tolerance?  

To answer these questions, the data were summarized using descriptive statistics and tabulated to determine 

the proportion of samples that exceed the federal tolerance.  The distribution of PCB homolog groups 

expressed as a fraction of tPCBs was used to compare differences in homolog patterns between study areas. 

A Kruskal-Wallis (KW) test with Monte Carlo methods was used to compare PCB concentrations in mallards 

collected from each area of the river. Where KW analysis detected statistically significant differences among 

parameters, pairwise comparisons were made using Kolmogorov -Smirnov (KS) two-sample tests with Monte 

Carlo methods and a Bonferroni correction. Fisher’s Exact test (FE) was used to determine spatial 

differences in proportional exceedance of the FDA tolerance for PCB in poultry. Probabilities less than 0.05 

were considered significant. All statistical analyses were calculated using Cytel Studio STATXACT 8.  

    Area 1 Area 2 Area 3 Area 4 

    Muscle Fat Muscle Fat Muscle Fat Muscle Fat 

Adult         

 Male 10 10 10 10 10 10 5 5 

 Female 10 10 10 10 10 10 5 5 

  

Juvenile 18 18 21 15 18 18 10 10 
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3.0 RESULTS 

The 2008 Waterfowl Data Sheets provide the analytical results (Appendix E). The 2008 Waterfowl Data 

Sheets contains the following fields:  

Sampling Date - mm/dd/yy 

Field ID - Field IDs were created using the format: A2MAL-JM-01 

 Where “A2” = the study area; “MAL” = mallard; “J” = juvenile (A=adult, E=egg); 

“M”=male (F=female); and “01”=specimen number.  

Matrix – “Matrix” refers to the tissue sample type: muscle, fat, or egg contents.  

Laboratory ID - "Laboratory ID" refers to the ID assigned by Axys Analytical Services Ltd. 

(Axys) to samples analyzed for PCBs.  

Easting - NAD83 Universal Transverse Mercator easting coordinates (meters) Zone 18N.  

Northing - NAD83 Universal Transverse Mercator northing coordinates (meters) Zone 18N.  

Analyte - For the PCB congeners, the analyte names are reported using the following format: 

PCB-NNN 

 NNN refers to the International Union of Pure and Applied Chemistry (IUPAC) congener 

number.  For example, PCB 126 is reported as PCB-126.  For co-eluting PCB congeners, a 

combined analyte name was used (e.g., PCB-5/8 indicates the combined value detected for 

PCB-5 and PCB-8). 

 The total concentration of all congeners within a chlorination level is represented by the 

chlorination level name.  For example, the total concentration of all pentachlorinated 

biphenyls is reported as: Total Pentachlorobiphenyls.  When a congener is not detected, its 

contribution to the total is counted as zero. For all other analytes, the analyte name is reported 

in this field. Total Polychlorobiphenyls is the sum of all detected congeners.  

Value - Analytical result.  

Interpretive Qualifier - The qualifier in this field should be used when interpreting the reported 

results.  This field contains a combination/merge of the Lab Flag field and the DV (data 

validation) Qualifier field (Appendix E).  

 The qualifiers are defined as follows:  

 U - Analyte was not detected.  The associated value represents the detection limit.  

 J - Estimated:  The associated numerical value is an estimated quantity.  The analyte 

was detected, but the reported value may not be accurate or precise.  The “J” 

qualification indicates the data fell outside the QC limits, but the exceedance was not 

sufficient to cause rejection of the data, or the reported result is with a range of 

elevated analytical uncertainty (greater than the Method Detection Limit (MDL) value, 

but less than the Practical Quantitation Limit (PQL) value).  

 UJ - Estimated/Not detected:  An analysis was performed for the compound or 

analyte, but it was not detected and the sample quantitation or detection limit may be 

inaccurate or imprecise.  The associated numerical result is the detection limit.  
 

Detection Limit - The analytical limit below which an analyte cannot be detected.  

Units - The unit of measurement of the analytical result (e.g., ng/g or “PERCENT”).  
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PCB CONCENTRATIONS IN HUDSON RIVER RESIDENT WATERFOWL 

For the purpose of reporting PCB results in the text, tables, and figures included in this report, all values 

flagged with either a U or UJ qualifier (that is, not detected; see Appendix E) were considered to be zero. 

Using zero, rather than the value reported by the laboratory for the analyte, which represents the detection 

limit for the analysis, potentially underreports the true value, but avoids over -reporting the true value. The 

actual PCB concentrations could be higher. When results were flagged with a J qualifier, the estimated value 

was used. 

Results in the 2008 Waterfowl Data Sheets are presented in ng/g wet weight, which is equivalent to part per 

billion (ppb). In the text of this report, PCB concentrations are presented in parts per million (ppm), which 

is equivalent to μg/g. 
 

3.1 DATA VALIDATION 

Of the 46,704 sample results, a total of 1,140 results were estimated because of laboratory accuracy and 

precision outliers. A total of 2,102 PCB congener results were qualified as not detected (U) at the reported 

values to indicate results that did not meet the quantitation criteria and were not positively identified. The 

overall quality of the data is acceptable and the results, as qualified, are considered usable. There are no 

rejected data in this data set; therefore, the completeness for this data set is 100%. The full Data Quality 

Evaluation Reports are available in Appendix C.  
 

3.2 TOTAL PCB CONCENTRATIONS 

Muscle - Total PCB (tPCB) concentrations in mallard muscle tissue collected from the Hudson River ranged 

from 0.000037 ppm to 1.880 ppm wet weight (Table 3). Total PCB concentrations in muscle were 

significantly different across study areas (KW: K=98.08, df=3, p<0.001; Figure 3). Concentrations were 

lowest in Study Area 1 and showed a significant increase in Areas 2 and 3 (KS: p<0.01 and p<0.01, 

respectively). Total PCB concentrations in muscle were significantly lower in Area 4 than in either of Area 2 

and Area 3 (KS: p<0.01 and p<0.01, respectively), but were still significantly higher than in Area 1 (KS: 

p<0.01) 

 
TABLE 3.  TOTAL PCB CONCENTRATIONS (WET WEIGHT) IN MUSCLE TISSUE FOR 
MALLARDS COLLECTED FROM FOUR STUDY AREAS ALONG THE HUDSON RIVER, NY 
IN JULY AND AUGUST, 2008 (JUVENILES AND ADULTS COMBINED) 

 

 
 

 

 

 

 

 

 

 

 

 

 

When categorized based upon age (Table 4), tPCB concentrations in juvenile and adult mallard muscle were 

also significantly different across study areas (KW: K=45.29, df=3, p<0.001; K=53.94, df=3, p<0.001, 

respectively), and exhibited similar patterns (Figure 4). Areas 2, 3, and 4 were significantly higher than Area 1 

Study Area Mean (ppm) S.D.(+) Min (ppm) Max (ppm) N 

1 0.0039 0.0078 0.0003 0.046 38 

2 0.508 0.405 0.0937 1.88 41 

3 0.412 0.322 0.0007 1.24 38 

4 0.027 0.0314 0.00004 0.124 20 
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(KS: p<0.01), with Areas 2 and 3 significantly higher than Area 4 (KS: p<0.01). Area 3 adults tended to have 

lower PCB concentration in muscle than Area 2 adults, but pairwise comparison with the Bonferroni 

correction was not significant .  
 

TABLE 4.  TOTAL PCB CONCENTRATIONS IN MUSCLE TISSUE  FROM JUVENILE (J) 
AND ADULT (A) MALLARDS COLLECTED ON THE HUDSON RIVER, NY IN JULY AND 
AUGUST, 2008 

 

Fat  - Total PCB concentrations in mallard fat collected from the Hudson River ranged from 0.007 ppm to 

132 ppm wet weight (Table 5). Total PCB concentrations in fat were significantly different across study areas 

(KW: K=94.41, df=3, p<0.001). Similar to the patterns observed in muscle, PCB concentrations in mallard 

fat tissue were lowest in Area 1, increased significantly in Areas 2 and 3 (KS: p<0.01), before decreasing 

again in Area 4 (KS: p<0.01; Figure 5). Unlike the patterns in muscle, tPCB concentrations in fat from Area 

3 were significantly lower than Area 2 (KS: p<0.05). Total PCB concentrations in fat from Area 4 was 

significantly lower than Areas 2 and 3, but significantly higher than Area 1 (KS: p<0.01).  

 

Study Area 

Mean (ppm) S.D.(+) Min (ppm) Max (ppm) N 

J A J A J A J A J A 

1 0.0013 0.0062 0.0009 0.0103 0.00028 0.00059 0.0042 0.0456 18 20 

2 0.472 0.545 0.393 0.425 0.094 0.099 1.740 1.880 21 20 

3 0.523 0.312 0.362 0.251 0.00067 0.057 1.240 0.814 18 20 

4 0.020 0.035 0.038 0.024 0.00004 0.00054 0.124 0.081 10 10 
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TABLE 5. TOTAL PCB CONCENTRATIONS (WET WEIGHT) IN FAT TISSUE FOR 
MALLARDS COLLECTED FROM FOUR STUDY AREAS ALONG THE HUDSON RIVER, NY 
IN JULY AND AUGUST, 2008 (JUVENILES AND ADULTS COMBINED) 
 
 

 

 

 

 

 

 

 

 

 

When categorized based upon age (Table 6), tPCB concentrations in juvenile and adult mallards fat were also 

significantly different across study areas (KW: K=41.01, df=3, p<0.001; K=52.9, df=3, p<0.001, 

respectively), and exhibited similar patterns. Similar to patterns of tPCBs in muscle, both adults and 

juveniles from Areas 2 and 3 exhibited significantly higher tPCBs in fat than the other two study areas (KS: 

p<0.01, Figure 6). Mean juvenile PCB concentrations in Areas 2 and 3 were more than 300 and 200 times 

greater, respectively, than the mean juvenile PCB concentrations in Area 1, and more than 50 and 30 times 

greater, respectively, than the mean juvenile PCB concentrations in Area 4. No statistically significant 

difference between Area 2 and 3 tPCBs in fat were evident for juveniles. Area 3 adults tended to have lower 

PCB concentration in fat than Area 2, but pairwise comparison with the Bonferroni correction was not 

significant.  Area 4 adults had significantly higher tPCB concentrations in fat than Area 1 adults (KS: 

p<0.05). No significant difference in tPCB concentrations in fat was evident between juveniles in Areas 1 

and 4. 
 
TABLE 6. TOTAL PCB CONCENTRATIONS (WET WEIGHT) IN FAT TISSUE FROM 
JUVENILE (J) AND ADULT (A) MALLARDS COLLECTED ON THE HUDSON RIVER, NY 
IN JULY AND AUGUST, 2008 

Study Area mean (ppm) S.D.(+) min (ppm) max (ppm) n 

1 0.347 0.992 0.03 6.174 38 

2 39.15 32.39 3.480 132.0 35 

3 24.73 25.53 0.034 94.57 38 

4 1.306 1.197 0.007 4.463 20 

Study 
Area 

Mean (ppm) S.D.(+) Min (ppm) Max (ppm) N 

J A J A J A J A J A 

1 0.149 0.526 0.0795 1.356 0.0655 0.026 0.334 6.200 18 20 

2 50.10 30.95 33.76 29.54 3.480 5.290 117.0 132.0 15 20 

3 34.12 16.28 32.78 11.27 0.0338 4.130 94.60 49.40 18 20 

4 0.954 1.657 1.064 1.273 0.0070 0.0416 2.780 4.428 10 10 
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3.3 PCB HOMOLOGS 

The 209 PCB congeners were grouped into homolog groups based on chemical structure related to the 

number of chlorine atoms (1-10) attached to the biphenyl core. The distribution of homologs expressed as a 

fraction of tPCBs was different among study areas for both muscle and fat tissue (Figure 7). The homolog 

patterns observed in Areas 2 and 3 were dominated by tetra -, penta-, and hexa-chlorinated biphenyls, 

whereas the homolog patterns from Areas 1 and 4 were dominated by higher chlorinated homologs (hexa - 

and hepta-chlorinated biphenyls).  

 

3.4 FEDERAL TOLERANCE VALUE 

The federal tolerance value for PCBs in poultry is 3 ppm (wet weight) in fat. In Area 2, 100% of the tPCB 

concentrations in fat samples exceeded the tolerance value, some by as much as 40 times the tolerance 

value, and 92% of the fat samples from Area 3 exceeded the tolerance (Figure 8). One fat sample from Area 

1 (3%) and one fat sample from Area 4 (5%) exceeded the federal tolerance value (Table 7). The percentage 

of mallard fat samples exceeding the tolerance value in Areas 2 and 3 was significantly different than the 

reference area (FE: p<0.001, p<0.001, respectively). No significant difference was detected between the 

percentage of fat samples exceeding the tolerance value in Area 4 and the reference area.  

 
TABLE 7.  NUMBER OF MALLARD FAT TISSUE SAMPLES FROM THE HUDSON RIVER, 
NY EXCEEDING THE FEDERAL TOLERANCE VALUE OF 3 PPM PCBS ON A FAT BASIS 
FOR POULTRY. 
 

 
 
 
 
 
 
 
 
 

4.0 DISCUSSION 

4.1 PCB CONCENTRATIONS IN HUDSON RIVER RESIDENT WATERFOWL  

Several previous studies have collected waterfowl from the vicinity of the Hudson River for PCB analysis, 

but very little data exist for mallards. Foley et al. (1992) analyzed mallards collected from the Hudson -

Champlain Corridor and found wet weight PCB values in subcutaneous fat ranging as high 22.7 ppm, which 

falls within the range of values found in this study. However, these data on mallards (and most data 

available for waterfowl) come from birds collected during the hunting season, which coincides with fall 

migration. During migration, there is no clear way to determine whether mallards collected on the Hudson 

River are resident, or whether mallards are picking up PCBs from sources other than the Hudson River.  

Kim et al. (1984) and Kim et al. (1985) analyzed some fall -collected Hudson River mallards (n=16 and n=10, 

respectively), but all samples were from the estuary portion of the river (Area 4) with no samples in the 

more heavily PCB-contaminated Upper Hudson River. Limited historic data exist for mallards from the 

Thompson Island Pool (Area 2) collected during the flightless period. Two mallards collected in the 

Thompson Island Pool during August 1995 were composited as whole body samples (without beak and feet) 

and had a PCB concentration of 4.022 ppm (USGS 1996). During the fall collections, most sub -cutaneous 

Study Area < 3 ppm > 3ppm 
% Exceeding 

Tolerance N 

1 37 1 3 38 

2 0 35 100 35 

3 3 35 92 38 

4 19 1 5 20 
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fat in a variety of waterfowl sampled exceeded the FDA tolerance of 3 ppm, but the Hudson River resident 

status (bred, nested or hatched) of those birds could not be confirmed (Kim et al. 1984, Kim et al. 1985).  

Appendix D presents a detailed table of available waterfowl data for the Hudson River.  

This study collected mallards during a time when ducks were non-migratory and flightless, ensuring that 

ducks were resident to the Hudson River. Juvenile mallards collected during the study period were flightless 

and would have hatched on or adjacent to the Hudson River. Aside from any potential PCB contributions 

from maternal deposition, juvenile mallards collected during this study would be exposed only to local 

contaminant sources. Adult mallards collected during the study period would have arrived in early spring and 

spent several months feeding on and around the Hudson River in preparation for the breeding season. Both 

adult and juvenile mallards in river sections downstream of the GE plants (Areas 2 and 3) have greatly 

elevated levels of PCBs when compared to mallards in areas of the river upstream of the GE plants. 

Although mallards sampled from the Hudson River estuary (50 -100 miles downstream of the GE plants) had 

significantly lower PCBs levels than mallards in Areas 2 and 3, mallards in the estuary were still significantly 

more contaminated with PCBs than the reference area. Given the significant differences between resident 

mallard PCB concentrations in the Hudson River downstream of the GE plants, and those from the 

reference area and the Hudson River estuary, mallards are rapidly accumulating PCBs during the breeding 

season on the Upper Hudson River. The results of this study are consistent with other studies that have 

documented the rapid accumulation of organochlorine compounds in waterfowl from other waterbodies 

(Foley and Batcheller 1988, Skinner 1992, Swift et al. 1993).  

The consistent homolog patterns between Areas 2 and 3 suggest a common, relatively less weathered source 

of PCBs, as opposed to samples from Area 1 (reference) and from the Hudson River estuary (Area 4) where 

the homolog pattern is shifted to slightly higher chlorinated homologs. Similar homolog patterns have been 

reported for Hudson River sediment, fish, and invertebrates (Sloan et al. 2005, HRNRT 2009), and suggest 

the direct influence of PCBs from the GE plants on PCB concentrations in Hudson River waterfowl.  

 
 

4.2 SAMPLES EXCEEDING THE FEDERAL TOLERANCE 

The USFDA tolerance value for PCBs in poultry is 3 ppm in fat (wet weight), and fat samples from ducks 

collected in study areas downstream of the GE plants exhibited large proportions of samples that exceed the 

federal tolerance. All of the fat samples from Area 2, which is the first river section downstream of the GE 

plants, exceeded the tolerance value, and ninety-two percent (92%) of the fat samples from Area 3 exceeded 

the tolerance value. The highest concentrations in Areas 2 and 3 exceeded the tolerance value by 

approximately 30 and 40 times, respectively. In contrast, one fat sample (3%) from the reference area above 

the GE plants and one fat sample (5%) from the Hudson River estuary exceeded the tolerance value, but 

both samples came from adult mallards. Kim et al. (1984) and Kim et al. (1985) also compared PCBs in fat 

samples from mallards collected on the Hudson River Estuary (Columbia County; Area 4) during 1979 and 

1981 to the USFDA tolerance value and found that 56% of the samples collected in 1979 and 50% of the 

samples collected in 1981 exceeded the tolerance. Comparing the results from Kim et al. (1984 and 1985) to 

our study results suggests that the proportion of mallards exceeding the tolerance has decreased in the 

Hudson River Estuary. However, in the Upper Hudson 92 -100% of the mallards sampled still exceed the 

USFDA tolerance value, more than 35 years after GE ceased direct discharges of PCBs to the river.  
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5.0 CONCLUSIONS 

This study provides a substantial data set for PCB concentrations in edible tissues of resident waterfowl in 

the Hudson River. The data demonstrate that resident mallards are accumulating significantly higher PCB 

concentrations in areas downstream of the GE plants on the Hudson River when compared to a reference 

area. PCB concentrations in mallards collected between Ft. Edward and Mechanicville were approximately 

100 times greater than PCB concentrations in mallards collected from the reference area. The data also 

demonstrate that resident mallards accumulated PCBs from the Hudson River at levels that exceed the 

federal tolerance for PCB levels in poultry. In the Upper Hudson 92 -100% of the mallards sampled still 

exceed the USFDA tolerance value, more than 35 years after GE ceased direct discharges of PCBs to the 

river. 

PCB concentrations in sediments, water, and biota have generally declined since the enactment of CERCLA, 

and one can assume equal or higher concentrations in Hudson River waterfowl during the years 1981 -2007 

based on the results of the 2008 waterfowl study. Therefore, PCB concentrations in mallards and other 

waterfowl from the Hudson River are expected to have historically exceeded the USFDA tolerance level for 

poultry.  

The objective of this study was to determine if PCB concentrations in resident waterfowl exceed the 

tolerance levels enforced by USFDA for PCBs in poultry, and therefore determine if there is an injury as 

defined in 43 CFR 11.62(f)(1)(ii). According to these standards, an injury to a biological resource, waterfowl 

resident to the Upper Hudson downstream of the GE plants, has occurred.  
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FURTHER INFORMATION 

Further information on the Hudson River natural resource damage assessment (NRDA) can be found at the 

following websites:  

http://www.darp.noaa.gov/northeast/hudson/index.html  

http://www.dec.ny.gov/lands/25609.html  

http://www.fws.gov/contaminants/restorationplans/HudsonRiver/index.html  

 

To add yourself to the Hudson-NRDA listserv: 

1. Send a message to: requests@willamette.nos.noaa.gov  

2. Write in the subject: Subscribe hudsonnrda  

 

If you have questions  about natural resource damages, please contact one of the individuals listed below:  

Tom Brosnan 

National Oceanic and Atmospheric Administration  

1305 East West Highway SSMC4, Room 10219 

Silver Spring, MD 20910 

301-713-3038 x186 

Tom.Brosnan@noaa.gov 

Kathryn Jahn 

United States Fish and Wildlife Service 

3817 Luker Road 

Cortland, NY 13045 

607-753-9334 

Kathryn_Jahn@fws.gov 

Sean Madden 

New York State Department of Environmental Conservation  
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