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INTRODUCTION

Background

In 1994, research on freshwater fish found mercury concentrations exceeding the risk-based
health criteria established by the State. The Department of Health and Senior Services
(DHSS) and the New Jersey Department of Environmental Protection (NJDEP) issued statewide,
regional and lake-specific fish consumption advisories for two species, largemouth bass and
chain pickerel. Additional data were developed and reported in ANSP (1999), Ashley and
Horwitz (2000), Horwitz  et al. (2004) and Horwitz et al. (2006). These data have been used to
develop water quality assessments for specific waterways (see NJDEP 2008 for most current
list). The state’s 303d list of impaired sites (derived from the Clean Water Act) drives the
development of Total Maximum Daily Limits (TMDL) and other contaminant control strategies.
The results of this Routine Monitoring Program will be used to enhance waterbody assessments,
to amend existing advisories or, if necessary, develop new advisories, to assist the NJDEP in
evaluating trends in contaminant concentrations of these selected species, and to determine
necessary, additional research and monitoring studies. The monitoring program described here
builds upon NJDEP’s Division of Science, Research and Technology (DSRT) fish contamination
research that identified widespread mercury contamination in the fresh waters of the state,
chlordane, polychlorinated biphenyl (PCB) and dioxin contamination in site specific locations,
and PCB contamination predominantly in several estuarine and marine fish species.

In July 2002, the Academy of Natural Sciences of Philadelphia (ANSP) began a Routine
Monitoring Program for Toxics in Fish for NJDEP. There has been a clear need for a continuous
monitoring program for toxic chemicals in fish to regularly assess the status and trends of fish
contamination and related consumption advisories in New Jersey waters, in order to provide
current data on a variety of species and sites.  Due to the large number of water bodies in the
state, the sampling program is based on a rotating assessment of contamination of five regions of
the state on a 5-year cycle:

1. Passaic River Region; 
2. Marine/Estuarine Coastal Region;
3. Raritan River Region;
4. Atlantic Coastal Inland Waterways Region; and
5. Upper and Lower Delaware River Region.

Sampling in the Passaic Region was conducted in 2002-2003 and the Marine/Estuarine Region in
2004-06, and the results were reported in Horwitz, et al. (2004 and 2006).  This document reports
findings of the third year of the cycle, the Raritan River Region, which involved freshwater fish
and blue crabs (Task I) and marine fish (Task II) sampled in 2006-2007.

The main objectives of this program are to provide current and more comprehensive data to the
State of New Jersey on concentrations of toxic contaminants in finfish and shellfish. This
program consists of two tasks. Task I of this study is the third year of the monitoring program.
The objective of Task I is to provide data relevant to updating consumption advisories. Task I 
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targeted species of recreational and commercial importance in areas under current state advisory
and/or in selected areas with little or no current information. Task II focused on species important
to recreational anglers in the Raritan estuaries and adjacent oceanic waters and two southern New
Jersey coastal bays.

Study Design

Task I. Raritan River drainage Routine Monitoring Freshwater Component

Stations were selected to sample previously-sampled sites and investigate sites of particular
importance to anglers and/or of higher probability of having higher contaminant levels. Species
were selected to include predatory species present in a number of sites, allowing comparison
among sites. Some of  these species are either under consumption advisories on a statewide,
regional and waterway specific basis for mercury (Hg), PCB and/or dioxin contamination or are
regularly consumed by recreational anglers within the state. Additional species were selected at
specific sites on the basis of their importance in the fishery at that site. Twenty species of
freshwater fish (lake trout, brown trout, largemouth bass, smallmouth bass, white catfish, channel
catfish, brown bullhead, yellow bullhead,  white perch, American eel, common carp, chain
pickerel, northern pike, hybrid striped bass, walleye, redbreast sunfish, bluegill, black crappie,
yellow perch, and rock bass) were sampled at 33 stations. Scientific names of species are
presented in Table 1. Additionally, blue crab specimens were analyzed from the Raritan and
South Rivers. Separate analyses of muscle and hepatopancreas tissue were done for all blue crab
samples (thus, the total number of analyses of blue crabs is twice the number of samples). Each
crab sample was a composite of 5-6 individual crabs  in order to achieve sufficient material for
analysis. Some of the originally designated species from a few locations were not collected, and
NJDEP and ANSP project managers reapportioned the missing samples and modified the Task I
sampling plan. Individual filets from all fish species sampled were analyzed for various analytes
under Task I, and that list is presented in Table 2. In addition to the chemical analytes listed, lipid
content was also measured for each sample analyzed.

Task  II. Supplemental Analysis of Marine Fishes

Two species (summer flounder and weakfish) were collected and analyzed from six stations.
Filets from the fish species were analyzed either as individual samples (weakfish and most
summer flounder) or composited samples (combining five equally sized specimens of summer
flounder). When the full set of designated specimens were not obtained from certain locations,
the sample analyses  were reapportioned to  stations where  extra samples were collected (Raritan
Bay complex), based on agreement by ANSP and NJDEP. The list of chemical analytes for Task
II are the same as for Task I (Table 2). In addition, lipid content was measured for each sample.

Analytes

Total mercury was measured on all samples (434 total samples). Lipid content was measured for
each sample.  PCBs and selected Organo-chlorine pesticides (OCPs) were measured on 261 of
the samples, selected to include taxa most likely to show bioaccumulation of these substances



THE ACADEMY OF NATURAL SCIENCES 3 PATRICK CENTER FOR ENVIRONMENTAL RESEARCH

and species important in recreational fisheries. These include predatory fish, benthic fish and fish
with high lipid content. Polybrominated diphenyl ethers (PBDEs) were measured on 54 samples.
Dioxins and furans were analyzed on 36 of the samples analyzed for PCBs and OCPs. The
specific chemicals analyzed are described in the methods section.

SAMPLING PROCEDURES

Field

Specimens were collected by standard fisheries methods and/or by legal angling methods, using
an applicable State of New Jersey Freshwater or Marine Scientific Collecting Permit. Extra
specimens and species of opportunity collected were retained frozen for possible future analyses.

Fish were collected by a variety of techniques as appropriate to the access of waterbody, location,
water levels and species needed. The primary techniques used were boat electrofishing (most
ponds, lakes, larger rivers and the Delaware & Raritan Canal) and angling (especially for
weakfish and summer flounder). Sample collection was supplemented by tow-barge
electrofishing (e.g., in small rivers) and backpack electrofishing (base of dam at Bound Brook @
New Market Pond). Limited gill netting was used by ANSP at Devoe Lake and by the New
Jersey Division of Fish and Wildlife (NJFW) to collect lake trout at Round Valley Reservoir and
hybrid striped bass at Spruce Run Reservoir. Crab traps were used to collect blue crabs, as well
as white catfish and white perch from the South and Raritan Rivers. Specimens were collected by
staff of ANSP, NJDEP and NJFW. All information on specimens collected in the field was kept
on data sheets for each station. Field chain-of-custody forms were completed for each collection
trip and were used to track transfers of specimens from other collection groups to ANSP fisheries
personnel and within ANSP to track laboratory transfers internally and to outside laboratory
facilities.

All specimens were placed on ice as soon after capture as practical.  Specimens were held in
stainless steel containers (pre-cleaned with Micro cleaning solution and rinsed with ambient
water at each individual station) until processing.  Within 24 hours of capture (usually less),
specimens selected for dioxin, PCB and pesticide analysis were wrapped in muffled aluminum
foil sealed with freezer tape, labeled and placed in freezers. The specimens selected for mercury
analysis only were frozen in Ziploc-type (plastic) or kitchen bags. Specimens for both planar
PCB and mercury analysis were wrapped in muffled aluminum foil. All specimens were labeled
with both internal and external tags and held frozen until thawed for sample preparation. 
Samples were maintained with complete sample documentation (chain-of-custody forms, etc.)
consistent with the QA/QC Plan.

In order to ensure uncontaminated samples, cleaning of the sampling gear, coolers, stainless pans
and appropriate sample containers (muffled aluminum foil wrap) was done between sampling
events. The procedures for cleaning sampling gear and wrapping specimens were consistent with
ANSP standard operating procedures.
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Laboratory

All samples were stored frozen (0°C) until processing in the ANSP laboratory. All transfers of
samples were properly documented throughout transport and analysis (internal laboratory
chain-of-custody). All laboratory equipment was properly calibrated as per each method
completed. Careful cleaning of all laboratory equipment and instruments using the appropriate
soaps, solvents, acids, and double deionized water (DDW) was done throughout the program.

Tissue preparation of fish followed common preparation methods for consumption. The selected
fish specimens were fileted using clean methods for both trace metals and organic contaminants
as outlined in EPA (1995; ANSP SOP-14-12r4).  The samples were fileted with skin off for
American eel and catfish species, with skin and scales on for lake and brown trout and with skin
on and scales removed for all other species using stainless steel utensils on glass plates. All fish
samples were individual filets, typically the left side filet, with the remains (right side, remaining
carcass and head) retained for archival material. The archived sample material (including the
extra sample homogenate not analyzed) will be retained by ANSP for a period of one year
following project final report submission.

Tissue preparation of shellfish (blue crab ) included extractions of separate muscle and
hepatopancreas tissue. Muscle tissue included claw and backfin tissue.  Hepatopancreas material
was extracted and analyzed separately.  To avoid laboratory contamination and cross-tissue
contamination, handling methods, holding methods, and tool use and cleaning were done
analogously to that for fish tissue. Shellfish samples consisted of composite tissue from 5 or 6
specimens. Individual lengths and weights (total and tissue) were recorded for each member of
the composite. Sample material destined for the same composite sample from a location were
handled using the same utensils and plates without cleanup between specimen samples.
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Chemical Analyses

Each tissue sample was fileted and homogenized and placed into pre-cleaned jars (e.g., ICHEM)
for trace metals and organic analysis.  Chemical analyses were performed by ANSP using
modified U.S. EPA and NOAA Status and Trends approved methods (ANSP SOPs P-16-84r4, P-
16-111, P-16-109r1, and P-16-108). Chemical contaminants and ancillary parameters are listed in
Table 2.

As part of quality assurance and quality control (QA/QC), a Standard Reference Material (SRM)
was analyzed as part of the QA/QC procedure. The SRM was obtained from the National
Institute of Standards and Technology (NIST) or equivalent agency (see Cantillo, 1993; 1995)
and consisted of SRM 1946 (Lake Superior Fish Tissue) for both Mercury and PCB/OCP
analyses.  Also, additional duplicate (PCB/OCP and Mercury) and triplicate (PCB/OCP) fish
tissue samples were analyzed to help assess laboratory variations and provide critical information
for the assessment of both geographical and temporal trends.  

All glassware and materials coming into contact with the fish was pre-cleaned with the
appropriate cleaning agent (e.g., micro soap, acids, deionized water, solvents, etc.) pertaining to
the specific parameter or group of parameters. Cleaning and analytical methods are outlined it the
QAQC documentation for this project (ANSP Ref# 464; January 2007). 

Mercury

Extractions and Analyses: 
Strong acid digestions were performed using 10 ml nitric acid on approximately 0.5 g
homogenized wet fish material in a CEM MDS 2100 microwave digestion system.  Mercury
quantitation was subsequently accomplished using a Perkin Elmer Fimms 400 Cold Vapor AA. 
Calibration blanks, intercalibration verification samples, and instrument duplicates were analyzed
to insure instrument performance and accuracy.  The QA samples were analyzed at 10% to 15%
frequency throughout the study.

Detection Limits and Qualified Data: 
The method detection limit (MDL) based on the analysis of 13 replicate samples of a low
mercury standard (0.5 µg/L) has a value of 0.03 µg/g wet weight.  The instrument detection limit
(IDL) is based on the repeated analysis of 65 digestion blanks and has a value of 0.02 µg/L. 
Total mercury values ranged from 0.002 µg/g to1.413 µg/g wet weight.  The relative percent
difference (RPD) for sample duplicates ranged from 0 to 42. The highest RPD was usually for
samples with low concentrations.
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Polychlorinated Biphenyls, Co-Planar PCBs, Organochlorine Pesticides and Polybrominated
Diphenyl Ethers

Extractions and Analyses: 
All methods employed were similar to those used in previous monitoring studies for the State of
New Jersey and the Delaware River Basin Commission.  Homogenized fish samples were stored
frozen until extraction. For extraction, samples were thawed and 2 g of the homogenate were
sub-sampled using a Teflon coated spatula.  Approximately 30 g of Na2SO4 (previously baked at
450 degrees C for 4 hours) was added to the sub-sample to eliminate water. The dried sample
was then placed in a glass Soxhlet extractor with ca. 200 ml dichloromethane (DCM) for a
minimum of 18 h.  For PCBs, co-planars and PBDEs the following surrogates were used
respectively: PCB 14, 65 and 166 (35 ng), PCB 77 (21 ng) and PCB 103 (100 ng). The extracts
were then sub-sampled for gravimetric lipid determination. For this, a known volume of extract
was transferred to a pre-weighed aluminum pan. The solvent was allowed to evaporate under the
fume hood for 6-8 hrs. The residue remaining (lipid) was weighed and percent lipid calculated.
Lipids were removed from sample extracts by gel permeation chromatography (GPC) using
DCM as the mobile phase. The collected fraction containing analytes was concentrated by roto-
evaporation and a N2 stream. Solid-liquid chromatography using Florisil was performed as an
additional clean-up step. Using this technique, PCBs (as well as heptachlor, nonachlors, and
DDEs) were eluted from the chromatographic column containing florisil using petroleum ether
(F1 fraction). The remaining organochlorine pesticides were eluted using 50:50 petroleum ether
and dichloromethane (F2 fraction).  

Congener-specific PCBs and organochlorine pesticides were analyzed using an Agilent 6890 gas
chromatograph equipped with a 63Ni electron capture detector and a 5% phenylmethyl silicon
capillary column. The identification and quantification of PCB congeners follows the ‘610
Method’ (Swackhamer, 1987) in which the identities and concentrations of each congener in a
mixed Aroclor standard (25:18:18 mixture of Aroclors 1232, 1248 and 1262) were determined by
calibration with individual PCB congener standards. Congener identities in the sample extracts
were based on their chromatographic retention times relative to the internal standards added
(PCBs 30 and 204).  In cases where two or more congeners could not be chromatographically
resolved, the combined concentrations were reported. 

In conjunction with the Geochemical and Environmental Research Group (GERG) at Texas
A&M University (contact: Dr. Terry Wade), four of the dominant co-planar PCBs ( PCB 81, 77,
126 and 169) were also measured.  All samples were extracted and spiked with surrogate PCB 77
(21ng) by ANSP.  Samples were shipped overnight to GERG to be separated on charcoal: silica
gel columns and run using high resolution gas chromatography/low resolution mass spectrometry
(HRGC/LRMS).

Finally, a subset of extracts from the PCB analyses was used to quantify polybrominated
diphenyl ethers (PBDEs), which are components of flame retardants.  Thirty eight conformations
of PBDEs (Table 2) were analyzed in extracts using gas chromatograph (Hewlett Packard 5890A,
or equivalent). A 0.25 mm x 30 m fused silica capillary column coated with a 5% phenyl
methylpolysiloxane column (DB-5MS; 0.25 µm film thickness) is inserted directly into the ion
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source of the mass spectrometer.  One column injection was employed in the gas chromatograph
(GC) and the injection port was set to track the oven temperature.  The oven temperature
program was: 130°C for 1 min followed by a temperature ramp of 12°C/min to 140°C and
followed by a temperature ramp of 5°C/min to a final temperature of 300°C which was held for
an additional 5 min.  The auxiliary temperature and transfer line were maintained at 280°C.  For
all brominated flame retardant analytes (PBDEs), ions 79 and 81 (bromide ions) were monitored
as quantitative and qualitative ions. Analysis of PBDEs was performed by Dr. Terry L. Wade of
the Geochemical and Environmental Research Group.

All methods were similar to previous monitoring studies for the State of New Jersey and the
Delaware River Basin Commission. Organochlorine pesticides (OCPs) were identified and
quantified based on comparisons (retention times and peak areas) with a known calibration
standard prepared from individual compounds.  

Quality assurance and control measures were included at a frequency of 10% of the total number
of samples.  These measures included: evaluation of surrogate recoveries, calculation of blank-
based detection limits, use of NIST standard reference materials and involvement in NIST’s
annual inter-laboratory comparison to assess ANSP’s accuracy and precision in quantifying
PCBs and OCPs, duplicate analysis, and spike recoveries.

All data and information obtained during the course of this project were kept by the laboratory in
either computerized or handwritten form (i.e., notebooks and field sheets) and are available for
inspection on request. Field data sheets were used throughout this project. All data were kept on
IBM type computers (both hard drives and backed up on fixed media, such as nightly backup
from the ANSP server). The format was on an Microsoft EXCEL-type spreadsheet or Microsoft
ACCESS database.  Reporting of the data was done at specific points during the study.

All data submitted to and generated by ANSP were rigorously documented and will undergo
external quality assurance by the QA Officer and staff. 

Selected samples for Dioxin/Furans were sent to the Texas A&M University, Geochemical and
Environmental Research Group (GERG), for full extraction and analysis. Three samples had low
recovery of surrogates. These three samples were re-extracted and analyses were done on the new
extracts. One of these samples had low surrogate recovery on the second analysis, and the
reported value (0 pg/g) is considered unreliable. Another sample also had low surrogate recovery,
and the reported value is considered unreliable.

Detection Limits and Qualified Data: Organic Contaminants:
Detection limits for PCBs and OCPs were defined by the mean plus three times the standard
deviation divided by the average extraction mass of measured concentrations in blanks.
Measured sample concentrations were qualified as non-detect (ND) or below-detection-limit
(BDL) based on these detection limits, and these qualifiers are contained in the final data
package.  For data summaries (e.g. mean concentrations among groups of samples) values were
uncensored.  ND concentrations were treated as zero and the measured concentrations of all other
samples were used, even where BDL. While these measured BDL concentrations are not
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meaningful for interpretation of individual samples, use of the measured concentration reduces
potential biases in forming group means. The same approach was used in calculating total
concentrations of groups of compounds (e.g, total PCBs, total DDX [DDT, DDE, and DDD],
total chlordanes, and total chlorobenzenes). Congeners which are BDL typically contribute
relatively little to the sum of compounds within a class, so the difference in treatment of the BDL
data has little effect on total concentrations in most cases.

All samples analyzed for total PCBs, DDXs, and chlordanes exhibited concentrations that were
mostly above the detection limit. There were relatively high proportions of BDL or ND samples
for BHCs and co-planar PCBs and PBDEs reported by GERG.

RESULTS

Overview

Data from individual samples for both tasks are presented in Appendix I (mercury, PCBs, co-
planar PCBs, PBDEs, DDX, chlordanes, and BHCs and lindane), Appendix II (dieldrin, aldrin,
endrin, and endosulfans) and Appendix III (furans and dioxins). Averages and maxima of
mercury, total PCBs (excluding co-planar congeners), total co-planar PCBs, total DDX, total
chlordanes (including heptachlor and heptachlor epoxide), and total BHCs & lindane for each
station and species combination are presented in Tables 3 and 4. Tables 3-4 and Appendix 1 use
the sum of uncensored concentrations for constituents of each group. These include some
concentrations which are below detection limit (BDL). Non-detect concentrations (ND) are
treated as zero.  The total concentration was below detection limit (i.e., every constituent ND or
BDL) mainly for some samples of co-planar PCBs, PBDEs, BHC & lindane, aldrin, dieldrin,
endosulfan I, and endosulfan II. These samples are shown in Appendices I and II in italics. A
number of samples had ND for the co-planar congeners. Inclusion of the BDL numbers in totals
has little effect on the totals, except for low concentrations (Figures 1-5) of BHCs and PBDEs.
The totals with and without the quantitated BDL concentrations are nearly identical for total PCB
concentrations or total DDX concentrations greater than about 50-100 ng/g (Figures 1 and 2), at
total chlordane concentrations greater than about 2 ng/g (Figure 3), total PBDE concentrations
greater than about 50 ng/g, and concentrations of BHC and lindane greater than about 0.8 ng/g.
The greater contribution of BDL values at low total concentrations presumably results from
contribution of noise to quantitated BDL concentrations. Where duplicate or triplicate samples
were analyzed, the tables show the average of the multiple values of toxic contaminants for each
sample. The lipid percentage is for the first analysis only.

Concentrations of several contaminants were correlated among samples (Table 5). PCBs were
moderately highly correlated with BHCs and lindane (r2 = 0.73 based on pairwise correlations)
and chlordanes r2 = 0.62), and moderately correlated with DDX (r2 = 0.36). Concentrations of co-
planar PCBs were not very highly correlated with total PCBs, but were moderately highly
correlated with PBDEs (r2 = 0.46). The correlations of PCBs with chlordane and DDX were
strengthened by high concentrations of all three contaminants in American eel and common carp
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from New Market Pond, downstream of New Market Pond, and Rahway River at Milton Lake.
However, several of the other species with high PCB concentrations at New Market Pond had
relatively low concentrations of chlordane and DDX. The highest co-planar PCB concentrations
were in blue crab hepatopancreas samples. These samples also had high concentrations of
PBDEs, PCBs and DDX. However, many of the samples with high PCB concentrations (e.g.,
carp and eels from New Market Pond or downstream of New Market Pond) had ND or
intermediate concentrations of co-planar PCBs and moderate concentrations of PBDEs. Total
mercury was weakly correlated (some positive and some negative) with the organic
contaminants. 

The highest PCB concentrations were seen in American eel specimens from New Market Pond
and downstream of New Market Pond and common carp from New Market Pond; these had
average concentrations between 2900 and 3700 ng/g wet weight. Concentrations in other species
(e.g., bluegill, largemouth bass, and brown bullhead) from New Market Pond were also relatively
high compared to other sites.  As in past studies, concentrations of OCPs in blue crabs were
much higher in hepatopancreas tissue than muscle tissue, consistent with the higher lipid content
of the hepatopancreas.

Total furans and dioxins were analyzed from blue crabs and selected estuarine fish (Table 6,
Appendix III). For blue crabs from the South River, concentrations of both contaminants were
greater in hepatopancreas samples than in muscle samples, consistent with differences in lipid
between the tissues and results for other OCPs. Analyses of furans and dioxins in muscle tissue
of crabs from Raritan Bay were not done, because of the typical low concentrations of OCPs in
crab muscle tissue. Concentrations of both furans and dioxins were higher in the South River
blue crab samples than in the Raritan River blue crab samples. Furans and dioxins were analyzed
from New Market Pond (which had high PCB concentrations), Rahway River and Raritan River.
The Raritan River carp had much higher lipid concentrations than carp from the other stations.
These Raritan River carp had higher dioxin concentrations, as well, but did not have higher furan
concentrations. Summer flounder from four areas had low or non-detectable concentrations of
furans. Concentrations of dioxins were also low or non-detectable, except for flounders from
Sandy Hook Bay (Table 6. Concentrations of furans and dioxins in white perch from Raritan
River and South River were somewhat higher than those of carp from Rahway and Raritan
Rivers (Table 6).

Toxic equivalents (TEQs) are calculated from dioxin and furan concentrations (Appendix III).
The TEQ is a weighted total of dioxin and furan concentrations, where the weighting factors
(TEFs) are based on toxicity relative to the two most toxic dioxin congeners (2,3,7,8-TCDD and
1,2,3,7,8-PeCDD). The TEFs are 1.0 for these congeners, and <1 for other congeners. TEFs
(Appendix IV) for OCDD and OCDF were taken from van den Berg, et al. (2006), and all other
TEFs were taken from van den Berg, et al. (1998). For most samples, the TEQs were much less
than the dioxin and furan concentrations, indicating that the sample contained mainly less toxic
congeners. However, for several samples, TEQs were high relative to the dioxin and furan
concentrations, since the samples contained the most toxic dioxin congeners: 1,2,3,7,8-PeCDD in
one of the Raritan Bay summer flounders, 2,3,7,8-TCDD in one of the Atlantic Ocean summer
flounders, two of the South River blue crab hepatopancreas samples, and one of the Raritan
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River white perch, and  both congeners in two of the Raritan River carp, one of the South River
blue crab hepatopancreas samples, and one of the Raritan River white perch.

Individual data on muscle and hepatopancreas weight of individual blue crabs (Table 7) can be
used to link consumption of contaminants to typical numbers of crabs per meal. Individual data
on lengths and weights of the summer flounder used in composites are presented in Table 8).

Risk Assessment Based on Exceedances of FDA Action Levels

The FDA nationally promulgates guidelines for the consumption of fish and fishery products by
issuing action limits.  The primary purpose of these limits is to represent the point at or above
which the administration will take legal action to remove products from the market. While fish
caught by recreational anglers do not fall under FDA purview, the FDA limits are often used as a
benchmark for the concentrations above which ingestion is not recommended.  The US EPA and
individual states, including New Jersey, have promulgated other action limits. These are often
based on risk assessments, may vary with target population and may recommend frequency of
consumption rather than setting a single “do not eat” level. These US EPA and state action levels
are often lower than those of FDA. US EPA (2004) defines screening values as “concentrations
of target analytes in fish or shellfish tissue that are of potential public health concern and that are
used as threshold values against which levels of contamination in similar tissue collected from
the ambient environment can be compared.” For comparison, screening values (SV) for
recreational fishermen (SVrf) are used below (Table 5-4 in USEPA 2004). SV for different
groups depend on the balance between different consumption rates and lower body weights of
children. For noncarcinogens, relationships between SV for different groups are more complex,
since reference doses (e.g., related to developmental or reproductive effects) differ among groups
as well. 

Mercury 

The FDA action limit for total mercury in fish tissue is 1 µg/g on a wet weight basis (or 1 ppm).
One fish, a 49 cm largemouth bass from Farrington Lake had a concentration of 1.4 µg/g. Four
largemouth bass (2 from Farrington Lake and 2 from Rahway River at Milton) had
concentrations between 0.8 and 1.0. Seventeen samples had concentrations between 0.5 and 0.7.
These were mostly large predatory fish (largemouth bass, smallmouth bass, walleye, and chain
pickerel), but one white perch from the Raritan River at the Route 1 Bridge had a concentration
of 0.6 µg/g. Twenty specimens, including specimens of largemouth bass, smallmouth bass,
American eel, hybrid striped bass, channel catfish, white catfish, chain pickerel, Northern pike,
yellow perch, and white perch) had concentrations between 0.4-0.5. 

PCBs

The US FDA “do not eat” limit is 2,000 ng/g for total PCBs. For this project, this limit is
exceeded by eight samples, including American eel and common carp from New Market Pond
and American eel from downstream of New Market Pond. Many states and organizations
recognize that this limit may be too high and use lower limits. Four additional samples (one
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American eel from New Market Pond, one common carp from Spring Lake, and hepatopancreas
from two of the three blue crab samples from the South River at Keansburg) exceeded one-half
of the FDA action limit (1,000 ng/g).

The NJDEP and NJDHSS have developed a set of risk-based consumption advisories for total
PCBs (Post, et al. 2001). Consumption advisories are based on cancer risk levels, non-cancer
risks, and distinct advisories are issued for different groups at risk.

Chlordane

The US FDA has set an action limit of 300 ng/g wet weight (or 0.3 ppm) for chlordane (cis and
trans forms, equivalent to alpha and gamma forms) in fish. Seven samples exceeded this limit.
Four of these were American eel from New Market Pond or downstream of New Market Pond;
these samples also had high PCB concentrations. The other three samples were common carp
from the Rahway River at Milton Lake. The SVrf for total chlordanes is 114 ng/g wet weight
(based on carcinogenic effects). A number of additional samples exceeded this limit.

DDXs

Because of its bioaccumulative nature and toxicity, the US FDA has set an action limit for DDXs
(sum of DDTs, DDEs, and DDDs) at 5.0 ppm (5000 ng/g).  None of the 2006 samples exceeded
this limit. The SVrf for total DDXs is 117 ng/g, based on carcinogenic effects. Thirty-eight
samples exceeded this limit. 

Dieldrin, Aldrin, heptachlor and heptachlor epoxide

The US FDA’s action limit for aldrin and dieldrin in fish is 0.3 ppm (300 ng/g).  None of the
samples in this study exceeded this limit for dieldrin and aldrin. The SVrf for dieldrin is 2.5 ng/g
based on carcinogenic effects, which was exceeded by 121 samples.

Comparison with previous studies

Most of the sites sampled in this round had not been previously sampled. A few sites which had
consumption advisories from previous sampling in 1992 or 1996 were re-sampled. Only mercury
was analyzed in the previous sampling, so the data from 2006 provide new information on
organic contaminants for the sites.

In general, where the same species in comparable size ranges was sampled across two surveys,
concentrations in 2006 were similar to those in the earlier sampling (Figures 6-11). The only
clear exception is northern pike from Spruce Run Reservoir (Figure 7), where concentrations in
2006 were lower than in 1992, even though larger fish were analyzed in 2006. However, without
more specimens and more detailed comparison of fish in the two surveys, the difference cannot
be attributed to changes in mercury availability. Concentrations of mercury in largemouth bass at
Carnegie Lake (Figure 9) also tended to be lower in 2006 than in 1992, although there is much
variability in the mercury-length regressions. In 1992, one individual bass (51.3 cm total length)
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had a relatively high mercury concentration (1.07 mg/kg). The highest concentration seen in 2006
was 0.52 mg/kg, in a 49.6 cm fish.

Additional Data

Some samples were collected for the Year 2 Routine Monitoring Study, but the data from these
samples were not available at the time of preparation of the report on that study (Horwitz, et al.
2005). These data included twelve individual white perch from the Passaic River at Kearny
collected in April, 2006, and two composites of blue crab from the Barnegat Bay near Toms
River collected in September-October, 2004. These data are summarized in Table 9. Data on
tissue weights of the blue crab samples are presented in Table 10.  

CONCLUSIONS

This study includes (as Task I) the third portion of the 5-year rotating routine monitoring
program. The study provides relevant data for assessment of potential consumption risks and
trends in contaminants. The study included a number of groups of fish that typically
bioaccumulate certain organic contaminants. This is because of high trophic position (e.g.,
largemouth bass and chain pickerel), lipid content (especially American eel), longevity (e.g.,
American eel) and/or association with sediment (American eel, white catfish and channel
catfish). The study also investigated patterns of bioaccumulation of other size or taxa which are
likely to be consumed, such as summer flounder and weakfish. These data are relevant to risk
assessment, since they include sizes and species that are targeted by fishermen. Several
conclusions can be drawn from the study.

1) In general, few of the samples exceeded high action levels (e.g., FDA action levels for
mercury, PCBs, DDX, and chlordane).  However, a number of samples exceeded various risk-
based thresholds. In many cases, the same specimens exceeded thresholds for several
contaminants.

2) Some sites, notably New Market Pond and Bound Brook downstream of New Market Pond,
had high concentrations of several contaminants. Concentrations of the contaminants were
considerably lower in fish from further downstream in Bound Brook (at Shepard Road).

3) Blue crab hepatopancreas samples from Raritan Bay and South River had high lipid
concentrations and high concentrations of several contaminants. Muscle tissue from the same
specimens had low concentrations.

4) Where individuals of comparable sizes of the same species from the same site were analyzed
in the 1992 or 2006 program, mercury concentrations were generally similar between the two
years. However, lower concentrations were seen in northern pike from Spruce Run Reservoir in
2006 than in 1992. Concentrations of mercury in largemouth bass from Carnegie Lake may also
have been lower in 2006 than in 1992.
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5) Low concentrations of contaminants were found in samples of summer flounder from Sandy
Hook Bay and weakfish from Manahawkin Bay.

6) Patterns of contaminant concentrations in fish reflect individual fish characteristics such as
size (typically higher in larger, older fish), trophic level and lipid content (for organic
contaminants), site differences indicative of current or past point sources (e.g., New Market
Pond) and regional differences which affect contaminant biogeochemistry. The Routine
Monitoring Program is designed to address these different scales of variation by sampling a range
of size of several species, by sampling new sites in each round to identify previously-unknown
hotspots, by re-sampling selected sites to analyze temporal trends, and by rotating among regions
to investigate broad, regional patterns in fish contamination.

7) The New Jersey Department of Environmental Protection (NJDEP) and the New Jersey
Department of Health and Senior Services (DHSS) use risk-based health criteria for establishing
consumption advisories for mercury, PCBs, dioxins, and OCPs. These criteria are typically lower
than FDA thresholds for advisories for commercial fish. The data from this study and other
portions of the routine monitoring program are used by NJDEP and DHSS to develop
consumption advisories for New Jersey fish.
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Figure 1. Relationship between total PCB estimates based on uncensored concentrations of
congeners (x-axis) and censored concentrations (i.e., excluding congeners with concentrations
below detection limit). The line shows the curve where the two estimates are equal.
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Figure 2. Relationship between total DDX estimates based on uncensored concentrations of
congeners (x-axis) and censored concentrations (i.e., excluding congeners with concentrations
below detection limit). The line shows the curve where the two estimates are equal.
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Figure 3. Relationship between total total chlordane estimates based on uncensored
concentrations of congeners (x-axis) and censored concentrations (i.e., excluding congeners with
concentrations below detection limit). The line shows the curve where the two estimates are
equal.
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Figure 4. Relationship between total PBDE  estimates based on uncensored concentrations of
congeners (x-axis) and censored concentrations (i.e., excluding congeners with concentrations
below detection limit). The line shows the curve where the two estimates are equal.
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Figure 5. Relationship between total BHCs and lindane estimates based on uncensored
concentrations of congeners (x-axis) and censored concentrations (i.e., excluding congeners with
concentrations below detection limit). The line shows the curve where the two estimates are
equal.
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Figure 6. Comparison between mercury concentrations in largemouth bass from Spruce Run
Reservoir in 1992 and 2006.
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Figure 7. Comparison of mercury concentrations in northern pike from Spruce Run Reservoir in
1992 and 2006.
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Figure 8. Comparison between mercury concentrations in largemouth bass from Round Valley
Reservoir in 1992 and 2006.
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Figure 9. Comparison between mercury concentrations in largemouth bass from Carnegie Lake in
1992 and 2006.
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Figure 10. Comparison between mercury concentrations in chain pickerel from DeVoe Lake in
1996 and 2006.
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Figure 11. Comparison between mercury concentrations in largemouth bass from the Raritan
River at the Millstone River in 1996 and 2006.
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Appendix I.

Data for Individual Samples  for PCBs, DDX, BHCs and 
Lindane, PBDEs and Chlordanes
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Appendix II.

Data for Individual Samples for
Dieldrin, Endrin, Aldrin,

and Endosulfans
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Appendix III.

Data for Individual Samples for Total Furan and Total Dioxin
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Appendix IV.

Toxic Equivalence Factors for
Individual Furan and Dioxin Congeners
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