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ABSTRACT

Tissue samples of whole body white sucker
(Catostomus commersoni) were collected at 15 sites and
smallmouth bass (Micropterus dolomieu) were collected
at 5 sites during 1992 in the Lower Susquehanna River
Basin to determine the occurrence and distribution of 28
selected organochlorine compounds as part of the U.S.
Geological Survey’s National Water-Quality Assess-
ment (NAWQA) Program. Only 12 of the 28 com-
pounds occurred at concentrations greater than the
5 µg/kg reporting limit (total PCB’s reporting limit is
<50 µg/kg and toxaphene is <200 µg/kg). The most fre-
quently reported compounds were p,p’-DDE (reported
in all tissue samples), total polychlorinated biphenyls
(PCB’s), and trans-nonachlor.

High concentrations of p,p’-DDE and low concen-
trations of the other DDT metabolites for the Lower
Susquehanna River sites indicate no recent influx of
DDT. Comparison with historical data from the Lower
Susquehanna River Basin shows a decline of organo-
chlorine concentrations within the basin. In 1987,
Quittapahilla Creek had the highest concentrations of
p,p’-DDE in a national survey of contaminant occur-
rence in fish tissue conducted by the U.S. Environmen-
tal Protection Agency. This stream ranked the highest
for total DDT of the 20 NAWQA studies started
nationally in 1991. Total DDT concentrations were
higher in agriculture-dominated (>50 percent) sites
than in forest-dominated (>50 percent) sites with the
exception of Deer Creek and Big Beaver Creek. These
two sites are located more in grazing areas that lack a
substantial crop-land use. Concentrations of total PCB’s
were highest in basins with greater than 10 percent
urban land use excluding the larger river sites. Concen-
trations of total chlordane were highest at sites with
greater than 70 percent agricultural and 10 percent
urban land use.

Regional comparisons of total DDT, total PCB’s,
and total chlordane in white sucker tissue from the
Lower Susquehanna, Hudson (in New York), and Con-
necticut River Basins showed that median concentra-
tions of total DDT were different (p=0.05), with the
Lower Susquehanna Basin being the lowest. Total PCB’s
and total chlordane medians were similar. Comparison
of the data from national and regional studies with data
from this local study showed concentrations of
p,p’-DDE in the Lower Susquehanna River Basin are
similar to those nationwide and lower than the concen-
trations measured in the Northeast. PCB concentrations
in the Lower Susquehanna River Basin and the North-
east were higher than those nationwide.

INTRODUCTION

The U.S. Geological Survey’s (USGS) National
Water-Quality Assessment (NAWQA) Program is a
long-term effort designed to evaluate the status of,
and trends in, the quality of surface- and ground-
water resources in the United States through an
integrated approach of physical, chemical, and bio-
logical factors (Hirsch and others, 1988; Leahy and
others, 1990; Gurtz 1994; Gilliom and others, 1995).
The program was designed to be conducted in 59
separate river basins and aquifer systems that
account for about two-thirds of the water use and
public water supply in the United States (Leahy
and Wilber, 1991). These basins comprise the
framework for regional- and national-level assess-
ments. The Lower Susquehanna River Basin study
(Breen and others, 1991) was among the first 20
NAWQA studies implemented.

The overall NAWQA Program includes bed-
sediment and fish-tissue investigations; the objec-
tives are to identify contaminant occurrence from a
broad suite of compounds, determine any long-
term trends in contaminant concentrations,
describe spatial distribution of contaminants, and
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examine the relations between contaminant con-
centrations and land use (Crawford and Luoma,
1993). Among these contaminants are PCB’s and
organochlorine compounds, which were in wide-
spread use in the United States for nearly 40 years
until banned or restricted in the 1970’s and 1980’s
(Smith and others, 1988). Because of the low chem-
ical reactivity, resistance to oxidation, and resis-
tance to other degenerative processes of these
compounds, residues of them have been shown to
be widely persistent in the environment (Great
Lakes Basin Commission, 1975). The extent of
atmospheric deposition of long-lived, environmen-
tally stable organochlorine compounds into sur-
face waters is not well understood, but these
compounds are known to accumulate in fish and
mammals (including humans) at significant con-
centrations (Majewski and Capel, 1995).

During 1992, concentrations of 28 organochlo-
rine compounds were determined in whole-body
tissues of white sucker (Catostomus commersoni)
and smallmouth bass (Micropterus dolomieu) col-
lected in the Lower Susquehanna River Basin. This
report discusses the compounds that were present
above the method reporting limits (MRL): total
dichlorodiphenyltrichloroethane (DDT), consisting
of the sum of the o,p’- and p,p’- isomers of DDT and
its metabolites dichlorodiphenyldichloroethane
(DDD) and dichlorodiphenyldichloroethylene
(DDE); total polychlorinated biphenyls (PCB’s),
consisting of Aroclors 1242, 1254, and 1260; and
total chlordane, reported as the sum of cis- and
trans-chlordane, cis- and trans-nonachlor, and oxy-
chlordane. The organochlorine contaminants that
occurred at concentrations below the 5 µg/kg MRL
are in table 1. Toxaphene also occurred below its
MRL, which is 200 µg/kg.

The nationally consistent design of NAWQA
enables results from the Lower Susquehanna River
Basin study to be compared with results from other
river basins across the United States. Thus, an

additional purpose of this report is to compare
data on selected organochlorine contaminant con-
centrations in fish tissues of the Lower Susque-
hanna River Basin with data from (1) the U.S. Fish
and Wildlife Service (USFWS) study in Pennsylva-
nia (Rompala and others, 1984), (2) the U.S. Envi-
ronmental Protection Agency’s (USEPA) National
Study of Chemical Residues in Fish (NSCRF) (U.S.
Environmental Protection Agency, 1992), and (3)
NAWQA studies in the Hudson River and Con-
necticut River Basins in the northeastern United
States, (4) NAWQA studies across the United
States, and (5) the USFWS National Contaminant
Biomonitoring Program (NCBP) (Schmitt and oth-
ers, 1990). Finally, data from the Lower Susque-
hanna River Basin were compared to established
standards and guidelines for human consumption
(Nowell and Resek, 1994) and protection of fish-
eating wildlife (National Academy of Sciences and
National Academy of Engineering, 1973).

DESCRIPTION OF STUDY AREA

The Lower Susquehanna River Basin (fig. 1)
consists of 24,087 km2 in Pennsylvania and Mary-
land, extending from near Sunbury, Pa., in the
north downstream to Havre de Grace, Md., in the
south. The basin is inhabited by about 1.9 million
people, most of which (71 percent) reside in the
southeastern part. For the analyses described in
this report, the study area also included two sites
north of Sunbury:  the Susquehanna River at Dan-
ville, Pa., and the West Branch Susquehanna River
at Lewisburg, Pa. Seven major tributaries drain
about two-thirds of the Lower Susquehanna River
Basin. The Juniata River, the largest tributary,
drains about 8,800 km2 (Breen and others, 1991).

Five physiographic provinces are present
within the study area: the Ridge and Valley, the
Blue Ridge, the Piedmont, the New England, and
the Appalachian Plateaus. The Piedmont and

Table 1.  Compounds below method reporting limits in whole white sucker and smallmouth bass tissue in the
Lower Susquehanna River Basin, Pa.
[µg/kg, micrograms per kilogram]

Compounds below reporting limit of 5 µg/kg

aldrin alpha-hexachlorocyclohexane heptachlor epoxide hexachlorobenzene
dieldrin beta-hexachlorocyclohexane pentachloroanisole o,p’-methoxychlor
endrin delta-hexachlorocyclohexane toxaphene1 p,p’-methoxychlor
lindane heptachlor dacthal (DCPA) mirex

1 Method reporting limit of 200 µg/kg.
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Ridge and Valley Physiographic Provinces com-
prise most of the area (Risser and Siwiec, 1996).
Many natural and anthropogenic factors influence
the water quality within the basin: climate, physi-
ography, geology, water use, land use, and popula-
tion density (Breen and others, 1991). In terms of
land use, the study area is about 47 percent for-
ested and 47 percent agricultural. The remaining
6 percent consists of urban and built-up areas
(4 percent) and bodies of water and barren land
(2 percent) (Risser and Siwiec, 1996).
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STUDY METHODS

SITE SELECTION

Sites in the Lower Susquehanna River Basin
were chosen to define what and where organochlo-
rine compounds occur in fish tissue (Crawford and
Luoma, 1993). State and local agencies met with
the Lower Susquehanna River study group to
determine sites where contamination has occurred
in the past or is likely to occur. Sites were not
selected randomly but rather on the basis of histor-
ical contamination except for two, Deer Creek and
Penns Creek, which were known to have little or
no contaminant sources. A total of 16 sites were
chosen (table 2).

Figure 1. Location of fish-tissue collection sites in the Lower Susquehanna River Basin NAWQA Program. Names
and exact locations of sites are given in table 1.
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SAMPLE COLLECTION

Fish were collected at these sites by electrofish-
ing, in accordance with NAWQA guidelines. To
maintain a national consistency in species selec-
tion, the white sucker (Catostomus commersoni) (a
bottom feeder) was chosen as the target taxon
(Crawford and Luoma, 1993). The smallmouth
bass (Micropterus dolomieu) (a predator), although
not listed as a national target taxon, was chosen
because of its importance as a recreational species
that is consumed by anglers in this study area. An
attempt was made to include both species at each
site during the site-selection process; however, at
12 sites, only one target taxon could be captured in
sufficient numbers to meet the minimum criterion
for sample size. Most samples were collected dur-
ing the late summer and early fall to minimize
interference with the reproductive periods of tar-
get and nontarget fish species.

A sample constituted a composite of 5 to 10
fish, ideally 8. Each fish was sacrificed, weighed,
and measured for total and standard length. Exter-
nal anomalies were recorded, and gender was
determined. For age determination, a scale sample

and pectoral fin-ray were removed from each
white sucker and scales were removed from each
smallmouth bass. Whole fish were individually
wrapped in aluminum foil, and all individuals
were placed into a polyethylene bag, frozen with
dry ice, and sent to the laboratory.

White suckers were collected at 15 sites and
smallmouth bass at 5 sites. A summary of the com-
posite physical characteristics of white sucker and
smallmouth bass collected for tissue analysis is
given in table 3.

LABORATORY PROCEDURES

Analyses of organochlorine compounds and
PCB’s for both fish species were done by the USGS
National Water Quality Laboratory (NWQL) in
Arvada, Colo. A brief summary of the methods fol-
lows. A more detailed description can be found in
Leiker and others (1995).

Whole fish were homogenized with a meat
grinder to form a single composite. An aliquot of
10 g was extracted and homogenized with 100 g of
granular anhydrous sodium sulfate to remove

Table 2. Characteristics of sites and basins selected for 1992 survey of contaminants in fish tissue by the National
Water-Quality Assessment Program, Lower Susquehanna River Basin, Pa.

[km2, square kilometers]

Stream name and location
Site

identifier
on figure 1

Drainage
area at

sampling
site (km2)

Number
of known
upstream

point
sources

Designated
use

 Land use (percent)1

Agriculture Forest Urban

Big Beaver Creek at Refton, Pa. 1 51.3 1 Trout stocking 82.3 13.5 4.2
Mill Creek near Lyndon, Pa. 2 51.3 5 Warm-water fishes 84.5 7.3 8.2
Deer Creek at Gorsuch Mills, Md. 3 66.3 1 Cold-water fishes 75.2 21.8 3.0
Penns Creek at Spring Mills, Pa. 4 106 1 Cold-water fishes 46.9 50.9 2.2
East Branch Octoraro Creek near

Kirkwood, Pa.
5 142 6 Trout stocking 79.4 17.2 3.6

Quittapahilla Creek near Palmyra, Pa. 6 200 13 Trout stocking 70.1 11.2 18.7
West Mahantango Creek near Liverpool, Pa. 7 217 4 Trout stocking 43.5 56.3 .2
Frankstown Branch Juniata River near

Hollidaysburg, Pa.
8 350 15 Warm-water fishes 36.2 60.2 3.4

Kishacoquillas Creek at Lewistown, Pa. 9 490 6 Cold-water fishes 35.8 62.7 1.5
Codorus Creek at Pleasureville, Pa. 10 627 28 Warm-water fishes 73.2 16.4 10.4
Conestoga River near Safe Harbor, Pa. 11 1,235 55 Warm-water fishes 73.9 19.6 6.5
Swatara Creek near Hershey, Pa. 12 1,250 38 Warm-water fishes 56.8 36.7 6.5
Juniata River at Newport, Pa. 13 8,650 110 Warm-water fishes 29.5 68.2 2.3
West Branch Susquehanna River at

Lewisburg, Pa.
14 17,700 Many Warm-water fishes 13.9 81.0 5.1

Susquehanna River at Danville, Pa. 15 29,100 Many Warm-water fishes 26.4 59.8 13.8
Susquehanna River at Columbia, Pa. 16 67,300 Many Warm-water fishes 34.9 64.7 .4

1 Mitchell and others, 1977
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residual water. Next, two surrogates,
α-hexachlorocyclohexane d6 (α-HCH d6) and 3,5-
dichlorobiphenyl (3,5-DCB), were added to the
sample, which was Soxhlet extracted overnight in
methylene chloride. The extract was then filtered
through granular anhydrous sodium sulfate and
concentrated to a 5.0-mL volume. A 1.0-mL sample
of the concentrated extract was removed for deter-
mination of percent lipid. A 2.0-mL sample of the
extract was injected into an automated gel
permeation chromatograph to isolate the analytes
from the lipid material that was coextracted. The
extract was then solvent exchanged into hexane
and further concentrated to a 1.0-mL volume. The
extract was fractionated into two components by
use of alumina/silica adsorption chromatography:
nonpolar organics such as PCB’s and DDE,
hexachlorobenzene (HCB), heptachlor, aldrin, and
3,5-DCB surrogate; and polar organics such as
chlordanes, toxaphene, DDT, and DDD. The frac-
tions were then concentrated to a 1.0-mL volume
and analyzed by dual capillary column gas

chromatography (GC) with electron capture
detector (Leiker and others, 1995).

Identification of compounds was based on the
GC retention times on both capillary columns com-
pared to those obtained by use of external standard
mixtures. The compound quantitation curve is
based on the calibration curves of 5, 10, 20, 50, 100,
and 200 pg/µL for chlorinated pesticides,
600 pg/µL for mixed Aroclor standards for PCB’s,
and 800 pg/µL for toxaphene. The lower of the two
observed concentrations from the two GC columns
was reported except where recognized compound
coelutions or interferences resulted in single-col-
umn quantification (Leiker and others, 1995).

The 12 compounds and 2 surrogates discussed
in this report are listed in table 4. The MRL’s for
fish tissue are 5.0 µg/kg on a wet-weight, whole-
fish basis for all organochlorine compounds and
50 µg/kg for PCB’s. The mean recovery for five
reagent spikes, the ranges of the reagent recover-
ies, and their reagent-spike recovery ranges also

Table 3. Mean total length, weight, age, number of fish, and percent lipid content per composite sample for survey of
contaminants in fish tissue by the National Water-Quality Assessment Program, Lower Susquehanna River Basin, Pa.

Site name
Mean total

length
(millimeters)

Mean
weight
(grams)

Mean
age

(years)1

Number
of fish in

composite

Percent
lipid content

by wet weight

White sucker

Big Beaver Creek 355 463 12 8 4.4
Mill Creek 290 240 10 10 3.0
Deer Creek 276 234 8 10 3.1
Penns Creek 348 441 13 8 5.3
East Branch Octararo Creek 342 406 11 8 6.4
Quittapahilla Creek 400 740 14 8 6.9
West Mahantango Creek 303 316 10 8 2.9
Frankstown Branch Juniata River 319 354 12 8 4.4
Kishacoquillas Creek 364 522 12 8 5.8
Codorus Creek 366 568 12 8 6.0
Conestoga River 347 453 13 6 5.0
Swatara Creek 347 531 11 8 7.6
Juniata River 267 235 8 8 12
West Branch Susquehanna River 436 961 17 8 14
Susquehanna River at Danville 391 733 14 8 8.5

Smallmouth bass

Conestoga River 273 224 2.+ 5 1.3
Juniata River 208 116 1.+ 8 3.9
West Branch Susquehanna River 368 669 3.+ 8 5.1
Susquehanna River at Danville 377 681 4.+ 8 1.6
Susquehanna River at Columbia 311 371 3.+ 8 3.2

1 Data from Cooperative Fish and Wildlife Research Unit, Pennsylvania State University, University Park, Pa.
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are listed in table 4. Detailed information on MRL’s
and quality-assurance procedures is given by
Leiker and others (1995).

One duplicate sample was collected for white
sucker. The duplicate sample had concentrations of
o,p’-DDD, o,p’-DDE, o,p’-DDT, p,p’-DDT, cis-chlor-
dane, trans-chlordane, cis-nonachlor, trans-non-
achlor, and oxychlordane below the MRL. The
percentage differences between the reported com-
pound and the duplicate was 30 percent for PCB’s,
232 percent for p,p’-DDD, and 16 percent for
p,p’-DDE. The percentage difference for p,p’-DDD
may be exaggerated because the first sample was
below the MRL of 5 µg/kg and the duplicate was
8.3 µg/kg.

FISH AGE DETERMINATION

The ages of white suckers were determined by
analysis of pectoral fin-ray samples (scale samples
were not reliable) by the Cooperative Fish and
Wildlife Research Unit, Pennsylvania State Univer-
sity, University Park, Pa., using a modification of
the method described in Deelder and Willemse

(1973). The ages of smallmouth bass were deter-
mined by reading annual rings from a sample of
about 20 scales taken from below the lateral line,
near the tip of the oppressed pectoral fin (Craw-
ford and Luoma, 1993).

DATA ANALYSIS

For the Lower Susquehanna River Basin analy-
sis, ranges of concentrations for individual com-
pounds were reported. For concentrations below
the MRL, a value of one-half the MRL was used in
computing concentrations of total DDT and total
chlordane (Harrison and Klaverkamp, 1990; Tate
and Heiny, 1996).

Comparisons of regional data from the Hud-
son (Firda and others, 1993), Connecticut (Coles,
1996), and Lower Susquehanna River Basins were
based on median concentrations. Concentrations
were computed in the same manner as those for
the Lower Susquehanna River Basin. A median
test (Zar, 1984), which is used to test for differences
between median values, was used to compare

Table 4. Reporting limits, spike recoveries, and surrogate recoveries for organochlorine compounds detected in
whole white sucker and smallmouth bass tissue for samples collected in 1992-94 in the Lower Susquehanna River
Basin NAWQA study
[Analyses by U.S. Geological Survey National Water Quality Laboratory (NWQL); µg/kg, micrograms per kilogram; n,
sample size; <, less than; —, not applicable]

Compound
Chemical
Abstracts
number

Method
reporting
limit for

fish tissue
(µg/kg)

Mean recovery
of five reagent

spikes for
samples from

this study
(percent)

Range of
recoveries
of reagent
spikes for

samples from
this study
(percent)

NWQL range
for reagent

spikes
(percent), n

Total PCB’s — <50 — — —

o,p’-DDT 789-02-6 <5.0 89 76-107 76-102,33

p,p’-DDT 50-29-3 <5.0 96 82-110 73-99,34

o,p’-DDD 53-19-0 <5.0 94 86-107 76-100,34

p,p’-DDD 72-54-8 <5.0 102 88-111 69-115,22

o,p’-DDE 3424-82-6 <5.0 79 66-108 67-95,34

p,p’-DDE 72-55-9 <5.0 88 74-105 76-104,34

cis-chlordane 5103-71-9 <5.0 86 78-103 71-93,34

trans-chlordane 5103-74-2 <5.0 90 76-100 74-98,34

cis-nonachlor 5103-73-1 <5.0 83 62-100 67-97,34

trans-nonachlor 39765-80-5 <5.0 90 80-101 74-96,34

oxychlordane 27304-13-8 <5.0 86 75-100 73-101,34

α-d6-HCH surrogate — — 60 35-109 51-77,33

3,5-dichlorobiphenyl surrogate 34883-41-5 — 61 30-83 42-68,33
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medians from the Lower Susquehanna (n=15),
Hudson (n=7), and Connecticut River Basins
(n=31). The procedure for this test is to 1) deter-
mine the grand median for all data in two samples
and 2) set up a 2 X 2 contingency table. This table
can be analyzed using chi-square.

For comparisons of national to regional and
local results, the same method of using half the
MRL to compute median values was used. A
regional median for PCB’s, total DDT, and total
chlordane was computed by combining the 1992
data from the Connecticut, Hudson, and Lower
Susquehanna River Basin studies. A median test
(Zar, 1984) was used to compare medians between
the local, regional, and national studies.

ORGANOCHLORINE COMPOUNDS
IN FISH TISSUE

Organochlorine compounds were detected in
white suckers and smallmouth bass tissue. The
compounds most frequently detected in both spe-
cies were total PCB’s, p,p’-DDT, and trans-non-
achlor.

CONCENTRATIONS IN
WHITE SUCKER TISSUE

White suckers were sampled at 15 sites. The
mean total length of fish from the composited sam-
ples was 34.3 cm (range = 27.6-43.6 cm), mean
weight was 480 g (range = 234-961 g), and mean
percent lipid was 6.4 (range = 2.9-14). Mean age
was 12 years (range = 8-17 years). The most fre-
quently reported compounds from the 15 samples
of whole fish were p,p’-DDE (15 samples), total
PCB’s (12 samples), trans-nonachlor (10 samples),
p,p’-DDT (9 samples), cis-chlordane (8 samples),
and p,p’-DDD (6 samples). Compounds also
reported were cis-nonachlor (5 samples), oxychlor-
dane (3 samples), trans-chlordane (3 samples),
o,p’-DDD (3 samples), o,p’-DDE (2 samples), and
o,p’-DDT (1 sample). Results are listed in table 5.

Reported DDT metabolite concentrations var-
ied widely among the sites. All DDT metabolites
were reported at Quittapahilla Creek, and the few-
est at Penns Creek, Deer Creek, Big Beaver Creek,
Frankstown Branch Juniata River, and the Juniata
River (table 5). A metabolite of total DDT,
p,p’-DDE, was reported in all 15 samples.

Concentrations of total DDT in white sucker
tissue ranged from 18 µg/kg at Juniata River to
3,400 µg/kg at Quittapahilla Creek. The highest

single metabolite concentration, also recorded at
Quittapahilla Creek, was 1,600 µg/kg for p,p’-DDE
(table 5). The percentage of total DDT measured as
p,p’-DDE ranged from 27 percent to 81 percent; the
mean percentage for the basin was 57 percent.

Data collected in this study indicate a wide-
spread occurrence of PCB’s, in that they were
reported in 80 percent of the white sucker samples
collected (table 5). The concentrations of total
PCB’s ranged from <50 µg/kg at Penns Creek,
Deer Creek, and West Mahantango Creek to
1,500 µg/kg at Codorus Creek.

Chlordane and its related components (U.S.
Environmental Protection Agency, 1993) were
reported in tissues collected from 67 percent of the
sites (table 5). All five components of total chlor-
dane were reported in tissues collected from Quit-
tapahilla Creek and Codorus Creek. No chlordane
components were above the MRL in samples from
Penns Creek, Deer Creek, West Mahantango Creek,
Frankstown Branch of the Juniata River, or the
mainstem Juniata River.

Concentrations of total chlordane ranged from
13 µg/kg (calculated using 1/2 MRL) at the five
sites listed above to 120 µg/kg at Quittapahilla
Creek. The highest single-component concentra-
tion was at Quittapahilla Creek, where the concen-
tration of cis-chlordane was 38 µg/kg. The final
degradation product of chlordane, trans-nonachlor,
ranged from 19 percent to 48 percent of the total;
the mean for the basin was 32 percent.

CONCENTRATIONS IN
SMALLMOUTH BASS TISSUE

Smallmouth bass were sampled at five sites,
four of which coincided with white sucker
collections. The mean total length of fish from the
composited samples was 30.7 cm (range =
20.8-37.7 cm), mean weight was 412 g (range =
116-681 g), and mean percent lipid was 3.0 (range =
1.3-5.1). Mean age of each composite ranged from
1+ to 4+ years. The most frequently reported
organochlorine contaminants were total PCB’s
(5 samples), p,p’-DDE (5 samples), and trans-non-
achlor (5 samples) (table 6).

DDT metabolites were reported at the three
Susquehanna River mainstem sites (table 6). Sam-
ples from all sites contained p,p’-DDE at levels
above the MRL. Concentrations of total DDT
ranged from 30 µg/kg at the Juniata River to
77 µg/kg at the Susquehanna River at Columbia.
The highest concentration of a metabolite,



8 Table 5. Concentrations of total PCB’s, total DDT and metabolites, and total chlordane and components in white sucker samples collected in 1992 from the Lower
Susquehanna River Basin, Pa.
[—, missing data; <, value is less than method reporting limit; µg/kg, micrograms per kilogram]

Site name

Concentration in whole fish, wet weight basis (µg/kg)

Total
PCB’s

o,p’-
DDT

p,p’-
DDT

o,p’-
DDD

p,p’-
DDD

o,p’-
DDE

p,p’-
DDE

Total
DDT

cis-
chlordane

trans-
chlordane

cis-
nonachlor

trans-
nonachlor

oxy-
chlordane

Total
chlordane

Big Beaver Creek 57 <5 < 5 <5 <5 <5 16 29 < 5 < 5 < 5 9.0 < 5 19

Mill Creek 130 <5 6.0 <5 16 <5 100 123 9.9 < 5 6.5 13 < 5 34

Deer Creek <50 <5 <5 <5 <5 <5 29 42 < 5 < 5 < 5 < 5 < 5 13

Penns Creek <50 <5 <5  <5 <5 <5 13 26 < 5 < 5 < 5 < 5 < 5 13

East Branch Octoraro Creek 84 <5 7.7 <5 7.4 <5 96 120 12 < 5 11 20 5.5 51

Quittapahilla Creek 730 17 120 360 1,200 130 1,600 3,400 38 17 11 37 17 120

West Mahantango Creek <50 <5 5.2 <5 — <5 37 50 < 5 < 5 < 5 < 5 < 5 13

Frankstown Branch Juniata River 120 <5 <5 <5 <5 <5 31 44 < 5 < 5 < 5 < 5 < 5 13

Kishacoquillas Creek 360 <5 <5 6.9 6.6 <5 7.9 29 5.1 < 5 < 5 7.6 < 5 20

Codorus Creek 1,500 <5 20 <5 18 <5 140 190 21 10 9.4 18 10 68

Conestoga River 230 <5 5.7 <5 — <5 54 67 11 < 5 6.0 13 < 5 35

Swatara Creek 180 <5 19 53 220 21 300 620 12 5.1 < 5 12 < 5 34

Juniata River 93 <5 <5 <5 <5 <5 5.3 18 < 5 < 5 < 5 < 5 < 5 13

West Branch Susquehanna River 160 <5 12 <5 — <5 34 54 8.4 < 5 — 12 < 5 25

Susquehanna River at Danville 250 <5 8.3 <5 — <5 39 55 < 5 < 5 < 5 8.2 < 5 18
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61 µg/kg for p,p’-DDE, was at the Susquehanna
River at Columbia (table 6). The percentage of total
DDT measured as p,p’-DDE ranged from 57 to 84
percent; the mean for the basin was 74 percent.

PCB’s were reported in all samples of small-
mouth bass. Concentrations ranged from
180 µg/kg at the Conestoga River near Safe Harbor
to 650 µg/kg at the Susquehanna River near
Columbia (table 6).

Chlordane components were reported in
smallmouth bass tissue from all five sites (table 6).
Three of the five components were reported at the
Conestoga River near Safe Harbor, whereas only
one component was reported at sites on the Juniata
River and the Susquehanna River at Danville.
Concentrations of total chlordane ranged from
17 µg/kg at the Juniata River and the Susquehanna
River at Danville to 50 µg/kg at the Conestoga
River. The highest component concentration was
for trans-nonachlor, 25 µg/kg, at the Conestoga
River (table 6). Concentrations of trans-nonachlor
ranged from 39 to 53 percent of the total; the mean
for the basin was 46 percent.

OCCURRENCE OF COMPOUNDS IN THE
LOWER SUSQUEHANNA RIVER BASIN

Fish readily absorb DDT from water, so a high
proportion of DDE in tissues would indicate low
DDT uptake and high DDT metabolism (Haynes
and Laws, 1991). The composition of total DDT as
a mean percentage of p,p’-DDE was 62 percent and
74 percent in white sucker and smallmouth bass,
respectively. Technical DDT is approximately
77 percent p,p’-DDT, which is a parent compound

of p,p’-DDE. Moreover, o,p’- metabolites of DDT
are more readily excreted than are p,p’- metabolites
(Haynes and Laws, 1991). Because the greatest per-
centage of total DDT is in the form of p,p’-DDE,
concentrations within the study area may be in the
final stages of degradation. This finding suggests
no recent influx of total DDT into the basin.

PCB’s comprise a class of compounds with
wide variations in physical, chemical, and biologi-
cal behavior. The distribution of PCB’s in the envi-
ronment seems to be regulated by volatilization for
the less chlorinated congeners and adsorption onto
sediments and biota for the highly chlorinated con-
geners (U.S. Environmental Protection Agency,
1979; McFarland and Clarke, 1989). This potential
for more highly chlorinated congeners to accumu-
late in tissues is explained by the high
octanol/water (Kow) coefficient of PCB’s (U.S.
Environmental Protection Agency, 1979). Among
congeners containing four or fewer chlorine atoms
per molecule, biodegradation appears to be the
primary fate process; more highly chlorinated con-
geners (five or greater chlorine atoms per mole-
cule) appear to photolyze. Evidence indicates that
PCB’s with four or more chlorines are most persis-
tent in the environment. Of the smaller streams
sampled in the Lower Susquehanna River Basin,
Codorus and Quittapahilla Creeks had the highest
PCB concentrations. PCB’s are known to occur in
high concentrations in urbanized areas. Both these
creeks receive discharge from more than 10 permit-
ted point sources, and both have greater than
10 percent urban land use within their respective
basins.

Table 6. Concentrations of total PCB’s, total DDT and metabolites, and total chlordane and components in smallmouth
bass samples collected in 1992 in the Lower Susquehanna River Basin, Pa.
[—, missing data; <, value is less than method reporting limit; µg/kg, micrograms per kilogram]

Site
name

Concentration in whole fish, wet weight basis (µg/kg)

Total
PCB’s

o,p’-
DDT

p,p’-
DDT

o,p’-
DDD

p,p’-
DDD

o,p’-
DDE

p,p’-
DDE

Total
DDT

cis-
chlordane

trans-
chlordane

cis-
nonachlor

trans-
nonachlor

oxy-
chlordane

Total
chlordane

Conestoga River 180 <5 <5 <5 — <5 53 63 6.6 <5 13 25 <5 50
Juniata River 270 <5 <5 <5 <5 <5 17 30 <5 <5 <5 6.7 <5 17
West Branch

Susquehanna
River

190 <5 9.6 <5 — <5 48 65 <5 <5 11 21 <5 40

Susquehanna
River at
Danville

190 <5 5.6 <5 — <5 40 53 <5 <5 <5 6.7 <5 17

Susquehanna
River at
Columbia

650 <5 6.1 <5 <5 <5 61 77 <5 <5 6.1 14 <5 28
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Chlordane is a pesticide that was commonly
used in the United States from about 1948 until it
was banned in the 1980’s (U.S. Environmental
Protection Agency, 1992). Fish collected from this
study contained trans-chlordane concentrations
that were roughly half that of cis-chlordane,
perhaps because trans-chlordane is eliminated
from fish (redhorse sucker and white sucker) 1.8
times faster than the cis-isomer; moreover, the half-
life for the cis-isomer has been reported to be 60
days as opposed to 30 days for the trans-isomer
(U.S. Environmental Protection Agency, 1979).
Oxychlordane, which has a low potential for
bioaccumulation, was detected in fish from only
three sites. The most frequently detected chlordane
component in white sucker and smallmouth bass
was trans-nonachlor, an indication that chlordane
is probably approaching the final stages of
degradation (Schmitt and others, 1990).

ASSOCIATION OF COMPOUND
CONCENTRATIONS TO LAND USE

Concentrations of organochlorine compounds
detected in whole-body white sucker tissue
showed only weak associations with major land-
use categories within the Lower Susquehanna
River Basin. Samples from all sites had concentra-
tions reported for one or more compounds in at
least one of the organochlorine groups—total
PCB’s, total DDT, and total chlordane.

Total PCB concentrations in tissue were
expected to be comparatively high at the large-
river sites near urban centers; however, samples
from small streams like Codorus Creek and Quit-
tapahilla Creek had concentrations that exceeded
500 µg/kg (table 5). Samples from the mainstem
sites had slightly elevated concentrations, espe-
cially at Danville. Quittapahilla Creek, Codorus
Creek, and the Susquehanna River at Danville
have the greatest percentage of urban land use
(>10 percent) of the 15 sites (table 2), and their
tissue-analysis results appear to be affected by
the urban land use.

Total DDT was reported at all sites within the
Lower Susquehanna River Basin. The basin is
known for its agricultural land use. The five sites
with the highest concentrations of total DDT
(≥120 µg/kg) were all agriculture-dominated
(>50 percent) (table 2) sites (table 5). The lowest
concentrations of DDT were at agriculture-domi-
nated sites on Deer Creek and Big Beaver Creek.
These two sites are in areas of grazing lands and

are not dominated by crop growing as are the other
agricultural sites. Samples from the forest-domi-
nated (>50 percent) sites, exclusive of the main-
stem, had the lowest concentrations.

Concentration patterns of total chlordane
closely resembled those for total DDT and total
PCB’s (table 5). Samples from Quittapahilla Creek
and Codorus Creek had the highest concentrations
(>700 µg/kg) (table 5). Drainage basins of these
sites have more than 70 percent agricultural land
use and more than 10 percent urban land use.
Chlordane has been used as a residential and com-
mercial termiticide, and its presence at these agri-
culturally dominated land-use sites was not
expected. The urban land use at these sites has
appeared to influence the water quality. The pre-
dominantly forested (>50 percent) sites have the
lowest concentrations of chlordane in the basin.

COMPARISON OF LOWER SUSQUEHANNA
RIVER BASIN RESULTS WITH RESULTS

OF OTHER STUDIES AND WITH ESTABLISHED
STANDARDS AND GUIDELINES

Two major national studies were previously
conducted and included the Lower Susquehanna
River Basin. The earlier findings are compared to
the results from the Lower Susquehanna River
NAWQA in the following section. Regional com-
parisons also are made to the Hudson River and
Connecticut River NAWQA Programs as well as
the other NAWQA studies across the United
States. Trends of organochlorine compound con-
centrations are discussed as well as how the Lower
Susquehanna River Basin compares to established
standards and guidelines as determined by the
National Academy of Science (NAS) and the
National Academy of Engineers (NAE).

COMPARISON WITH PREVIOUS
STUDIES IN THE BASIN

Two major studies of contaminants in fish
were previously done that included samples
within the Lower Susquehanna River Basin, the
USFWS (Rompala and others, 1984) and the
NSCRF by the USEPA (1992). Results from these
studies were compared to DDT, PCB’s, and
chlordane concentrations from the Lower Susque-
hanna River Basin NAWQA study, hereafter
termed “this study.” In looking at these compari-
sons, one must consider the differences in fish spe-
cies, tissue type (whole body or edible portion
(fillets)), analytical capability and quality of the
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laboratory, MRL’s, and the reproducibility of
results. No lipid normalizations, fish gender, or age
determination were done in the USFWS or NSCRF
studies.

The objective of the USFWS study was to
determine how widespread certain contaminants
were in selected fish species in Pennsylvania (Rom-
pala and others, 1984). In the USFWS study, three
site locations were similar to those of this study.
These sites were on Kishacoquillas Creek, West
Mahantango Creek, and the Juniata River; how-
ever, only the sampling from the Juniata River site
had a potentially comparable species, the rock bass
(Ambloplites rupestris).

The USFWS study did not differentiate
between the o,p’- and p,p’- forms of DDT, DDD, or
DDE and reported PCB concentrations as three
Aroclors: 1242, 1254, and 1260. For samples from
the Juniata River, DDT and DDD concentrations
were below the MRL (<50 µg/kg) in whole-body
rock bass (USFWS) and below the MRL of
5.0 µg/kg in smallmouth bass (this study). The
concentration of DDE was recorded as 30 µg/kg in
rock bass (USFWS) and 20 µg/kg in smallmouth
bass (this study). PCB concentration in rock bass
tissue was 420 µg/kg and 270 µg/kg in small-
mouth bass. Trans-nonachlor was detected at a con-
centration of 20 µg/kg in rock bass (USFWS) and
6.7 µg/kg in smallmouth bass (this study).

Although the differences between the studies
preclude any definitive statement concerning
changes in concentrations of DDT and its metabo-
lites, PCB’s, and chlordane during the decade
between collections, DDE, PCB’s, and trans-
chlordane still persist in detectable concentrations
in Juniata River fish.

The NSCRF study was designed as a one-time
screening investigation to determine the preva-
lence of selected bioaccumulative pollutants in
fish, to identify correlations with sources of these
pollutants, and to make estimates of human health

risks of these selected pollutants. Samples of fish
tissue (whole body for bottom feeders and fillets
for predators) were collected at four sites: Codorus
Creek, Frankstown Branch of the Juniata River,
Susquehanna River at Columbia, and Union Canal
in Lebanon, Pa., during 1984-87 (U.S. Environmen-
tal Protection Agency, 1992). The Union Canal site
is upstream of the Quittapahilla Creek site of the
Lower Susquehanna River Basin study and had the
highest concentrations of p,p’-DDE in carp (Cypri-
nus carpio) tissue nationwide in the NSCRF study.
The Quittapahilla site had the highest concentra-
tions of total DDT in any white sucker fish tissue
found in the 20 NAWQA studies that began in 1991
(Lindsey and others, 1998).

White suckers were collected only at Frank-
stown Branch of the Juniata River allowing for a
direct species comparison between the two studies.
The only DDT metabolite analyzed for in the
NSCRF study, p,p’-DDE, was measured in white
sucker whole-fish tissue at a concentration of
22.2 µg/kg at the Frankstown Branch in 1987, as
compared to 31 µg/kg during this study in 1992.
The concentration of PCB was 51.5 µg/kg in 1987
compared to 120 µg/kg in 1992. The trans-non-
achlor concentration was 5.56 µg/kg in 1987,
whereas in 1992 the concentration was below the
MRL of 5 µg/kg. Oxychlordane and cis-nonachlor
were not detected in either study (< 2.5 µg/kg for
NSCRF study and <5 µg/kg for this study). The
p,p’-DDE and trans-nonachlor concentrations did
not appear to change notably over a 15-year
period; however, the PCB concentration from this
study was more than twice that of the NSCRF
result at the same site.

COMPARISON OF NAWQA STUDIES IN THE
NORTHEASTERN UNITED STATES

Other NAWQA studies in the northeastern
United States include the Hudson River Basin and
the Connecticut River Basin. Sampling techniques
and NWQL procedures were identical to those
used in this study. For comparison, only sites with
white sucker tissue data were used.

Comparison of total DDT among the three
basins shows the median concentrations are signif-
icantly different at p=0.05 (fig. 2). Although the
median concentration in the Lower Susquehanna
River Basin was lower than either the Hudson
River Basin or the Connecticut River Basin, con-
centrations at two sites in the Lower Susquehanna
River Basin were the highest of all three study

Organochlorine
compound

USFWS
whole-body
rock bass

(micrograms per
kilogram)

LSUS
whole-body

smallmouth bass
(micrograms per

kilogram)

DDT <50 <5.0
DDD <50 <5.0
DDE 30 20
PCB’s 420 270

trans-nonachlor 20 6.7
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units together. The data for each basin indicates
that p,p’-DDE was the most frequently reported
form of total DDT. This finding may indicate that
no significant influx of DDT has recently occurred
in these basins and that the degradation of DDT
has taken similar pathways throughout these areas
of the northeastern United States.

The PCB medians were not significantly differ-
ent (p=0.05) among the three basins (fig. 3). The
highest concentration in the Lower Susquehanna
River Basin was at Codorus Creek (1,500 µg/kg).
This outlier was dwarfed by concentrations at
three sites in the Connecticut River Basin. All other
samples are below 5,000 µg/kg for PCB’s. PCB
occurrence is widespread in the basins; the highest
concentrations of PCB’s center on known historical
sources and urban areas at large-river sites (K.R.
Murray, U.S. Geological Survey, oral commun.
1996). Some samples from the Connecticut River
Basin had high PCB concentrations, which may be
related to the known industrial point sources in the
basin and may also include hydroelectric power
generating facilities as a significant source
(J.F. Coles, U.S. Geological Survey, oral commun.
1996). The Lower Susquehanna River Basin gener-
ally does not have these types of point sources.

Median values of total chlordane (consisting of
cis- and trans-chlordane, cis- and trans-nonachlor,
and oxychlordane) were not significantly different
(p=0.05) among the basins (fig. 4). All three basins
had outliers. The most commonly reported chlor-
dane components in all three studies were cis-chlo-
rdane and trans-nonachlor. Trans-nonachlor
concentrations were similar among the basins indi-
cating that the concentrations of chlordane compo-
nents in whole-body white sucker tissue were also
similar.

COMPARISON WITH NAWQA STUDIES
ACROSS THE UNITED STATES

The NAWQA program in 1991 began studies
of fish tissue organochlorine compounds in 18
river basins. The Lower Susquehanna River Basin
study was included in the 18 studies. Compared to
the other 17 studies, median concentrations of total
PCB’s in the Lower Susquehanna River Basin were
the third highest, and the maximum concentration
was the fifth highest (table 7). The Lower Susque-
hanna River Basin had the fifth highest median
concentration and the highest maximum concen-
tration of total DDT compared to the other studies
(table 7). The median concentration of total chlor-
dane in the Lower Susquehanna River Basin was
the third highest and the maximum concentration
was the fifth highest of the 18 studies (table 7).
Concentrations of organochlorine compounds in

Swatara Creek (620 µg/kg)

Figure 2. Concentrations of total DDT in white sucker whole fish tissue for the Lower Susquehanna, Hudson, and
Connecticut River Basins.
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Table 7. Comparison of median concentrations of total PCB’s, total DDT, and total chlordane for the NAWQA study
basins started in 1991
[all concentrations are in micrograms per kilogram; L.H. Nowell, written commun., 1999]

Study basin

Total PCB Total DDT Total chlordane

Median
concentra-

tion

Maximum
concentra-

tion

Median
concentra-

tion

Maximum
concentra-

tion

Median
concentra-

tion

Maximum
concentra-

tion

Apalachicola-Chattahoochee-Flint River Basin 0 63 11 38 0 84
Albemarle-Pamlico Drainage 0 0 21 145 0 8
Central Columbia Plateau 0 820 157 2,998 0 46
Central Nebraska Basins 0 160 10 78 0 43
Connecticut, Housatonic, and Thames River Basins 220 72,000 80 304 23 369
Hudson River Basin 120 33,000 48 458 0 189
Lower Susquehanna River Basin 107 1,500 68 3,427 10 120
Ozark Plateaus 0 0 0 1 0 0
Potomac River Basin 83 390 0 255 0 127
Red River of the North 0 320 44 207 0 86
Rio Grande Valley 0 410 47 179 0 21
San Joaquin-Tulare Basins 0 52 90 510 0 0
South Platte River Basin 41 580 22 955 0 112
Trinity River Basin 48 640 103 449 5 292
Upper Snake River Basin 0 1,900 61 590 0 13
White River Basin 0 0 9 9 50 50
Willamette Basin 0 1,200 9 560 0 60
Western Lake Michigan Drainages 0 3,000 6 116 0 51

Figure 3. Concentrations of total PCB’s in white sucker whole fish tissue for the Lower Susquehanna, Hudson,
and Connecticut River Basins.
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Figure 4. Concentrations of total chlordane in white sucker whole fish tissue for the Lower Susquehanna, Hudson,
and Connecticut River Basins.
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the Lower Susquehanna River Basin appear to be
higher than many of the 18 basins studied by the
1991 NAWQA studies.

COMPARISON WITH STUDIES
ACROSS THE UNITED STATES

The NSCRF reported concentrations of con-
taminants in whole fish for a nationwide network
of sampling sites (U.S. Environmental Protection
Agency, 1992). A majority of these sites were sam-
pled in 1987. Protocols called for the collection of
three to five adult fish of the same species and of
similar size. Fish age and gender were not deter-
mined. At nearly all sites, a composite sample of a
bottom-feeding fish species and a game fish spe-
cies was collected. Targeted sites were selected at
314 locations on the basis of the expected presence
of contaminants from various point and nonpoint
sources. In addition, 39 sites were chosen from the
USGS National Stream Quality Accounting Net-
work (NASQAN) and 35 were representative of
background sites. NSCRF used single-species com-
posites consisting of carp, channel catfish, white
sucker, white bass, northern pike, walleye, small-
mouth bass, largemouth bass, or crappie.
Although the NSCRF-reported concentrations are
based on combining all these single-species com-
posites (no differentiation by species) and the site-
selection process was in part based on known pol-
lutant sources, a general assessment of contami-
nant occurrences (including national and regional

contaminant concentrations) can be attempted.
White suckers were sampled at 41 sites by NSCRF.
Median concentrations were calculated from these
41 samples and were compared to northeastern
regional and Lower Susquehanna River Basin
median concentrations (table 8).

Total DDT was not reported by NSCRF; only
the p,p’-DDE form was reported in measurable
concentrations at 357 of 362 sites sampled nation-
wide, which included species other than white
sucker. This was the most reported contaminant
for all species at all sites. White sucker were ana-
lyzed for p,p’-DDE at 41 sites. Median concentra-
tions show the northeastern region and the Lower
Susquehanna River Basin as having higher concen-
trations of p,p’-DDE than the nation. The medians
for the NSCRF and the Lower Susquehanna River
Basin are not significantly different (p=0.05); the
medians for the Lower Susquehanna and the
northeastern region are different (p=0.05). The
medians for the northeastern region were signifi-
cantly higher than those for the nation and the
Lower Susquehanna River Basin (table 9).

PCB analysis by NSCRF was for all chlorinated
PCB compounds (U.S. Environmental Protection
Agency, 1992) and not specific Aroclors as in the
regional and local studies. Total PCB concentra-
tions were detected at 331 of 362 sites sampled for
numerous species for the NSCRF. The white
sucker median for NSCRF was below the MRL.
The medians for the Lower Susquehanna Basin

Table 8. Concentrations of total PCB’s, DDT metabolites, and chlordane components in whole fish tissue from
national surveys of contaminant concentrations
[NA, not analyzed; mixed, several game and bottom-feeding species collected to determine mean concentrations;
USEPA-NSCRF, U.S. Environmental Protection Agency, National Study of Chemical Residues in Fish; NCBP, National
Contaminant Biomonitoring Program; µg/kg, micrograms per kilogram]

Study
Fish

species

Total
number
of sites

Mean concentrations in whole fish (µg/kg)

Total
PCB1

p,p’-
DDT

p,p’-
DDD

p,p’-
DDE

cis-
chlordane

trans-
chlordane

cis-
nonachlor

trans-
nonachlor

Oxy-
chlordane

NCBP:

1970-742 Mixed 113 1,200 270 340 470 NA NA NA NA NA
1976-773 Mixed 112 890 50 80 260 60 20 10 30 NA
1978-793 Mixed 106 840 40 80 240 70 20 30 50 10
1980-813 Mixed 108 530 50 70 200 30 20 20 40 10
19843 Mixed 112 390 30 60 190 30 20 20 30 10

USEPA-NSCRF:

19874 Mixed 362 1,890 NA NA 295 21.0 16.7 8.77 31.2 4.75
LOWER SUSQUEHANNA RIVER BASIN:

1992 Mixed 16 266 12 107 131 7.3 3.7 5.4 12 3.7
1 The NCBP study measured concentrations of only three Aroclors; the EPA-NSCRF study measured all chlorinated PCB compounds.
2 Schmitt and others, 1981.
3 Schmitt and others, 1990.
4 U.S. Environmental Protection Agency, 1992.
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and the northeastern region were above the MRL
and were not significantly different (p=0.05).

Chlordane and related compounds in the
NSCRF study were reported at 278 of the 362 sites
surveyed for all fish species. Oxychlordane, a met-
abolic breakdown product of chlordane, was
reported at 98 of the 362 sites. The median concen-
tration for this component of chlordane in white
sucker was below the MRL for all studies.

The National Contaminant Biomonitoring Pro-
gram (NCBP) was implemented in 1967 by the
USFWS in an attempt to establish temporal and
geographic trends in concentrations of environ-
mental contaminants that may threaten fish and
wildlife resources on a nationwide basis (Schmitt
and others, 1981). As part of this program, fish
were sampled during four collection periods: 1970
to 1974, 1976 to 1979, 1980 to 1981, and 1984
(Schmitt and others, 1990).

The most frequently collected taxa throughout
all the years of study were common carp (Cyprinus
carpio), white sucker (Catostomus commersoni),
largemouth bass (Micropterus salmoides), and other
members of the families Cyprinidae, Catostomi-
dae, and Centrarchidae. Three to five adults of a
single species, usually collected in the autumn,
constituted a composite. Data were presented as
means of contaminant concentrations for every
species at every site to give overall nationwide
contaminant concentrations. The p,p’- forms of
total DDT were the only metabolites that were ana-
lyzed for in the fish (Schmitt and others, 1990).

The only DDT form comparable between the
two studies was p,p’-DDE. NCBP data show a
decline over time in concentration of p,p’-DDE. The
NSCRF shows concentrations comparable to the
1976-77 NCBP data.

The NCBP data show a decline of total PCB
concentrations between 1970 and 1984. The NSCRF
study from 1987 showed concentrations higher
than the 1970-84 concentrations. NSCRF was
designed to target sites where PCB’s were expected
to occur and NCBP was designed to show trends.

The combination of these two studies has
shown a decline in chlordane concentrations.
Trans-nonachlor, the final degradation product of
chlordane, has remained relatively constant while
the other chlordane components concentrations
have decreased. The Lower Susquehanna River
Basin mean concentrations were lower for total
PCB’s, p,p’-DDE, and trans-nonachlor than either
of the national studies, which perpetuates the
theory that organochlorine compound concentra-
tions are declining in fish.

COMPARISON WITH ESTABLISHED

STANDARDS AND GUIDELINES

Concentrations of organochlorine compounds
from this study exceeded established standards
and guidelines (Nowell and Resek, 1994) for
whole-fish tissue at only a few sites. The NAS and
the NAE guideline for the protection of fish-eating
birds and wildlife for total chlordane (100 µg/kg)
was exceeded for white sucker at one site,
Quittapahilla Creek. The U.S. Food and Drug
Administration (USFDA) action level for human
consumption for total chlordane in the edible por-
tion (300 µg/kg) was not exceeded at any sites
selected within the basin. Although concentrations
in whole fish and edible portions (fillets) are not
directly comparable, the collection of fillet data in
future studies might aid in identifying problem
sites.

Table 9. Concentrations of total PCB’s, p,p’-DDE and oxychlordane in white sucker whole-fish tissue from a
national survey, a regional survey, and this study of the Lower Susquehanna River Basin, Pa.
[USEPA-NSCRF, U.S. Environmental Protection Agency, National Study of Chemical Residues in Fish;
nd, no detects; µg/kg, micrograms per kilogram]

Study
Number
of sites

Median concentrations of whole fish (µg/kg)

Total PCB’s1 p,p’-DDE oxychlordane

USEPA-NSCRF2 41 nd 24 nd

Northeastern Region3 53 191 525 nd

Lower Susquehanna River Basin 15 150 36 nd
1  The USEPA-NSCRF study measured all chlorinated PCB compounds; the Lower Susquehanna, Hudson, and

Connecticut studies measured only three Aroclors.
2 U.S. Environmental Protection Agency, 1992.
3 Lower Susquehanna, Hudson, and Connecticut studies data combined.
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There is no guideline for total PCB’s from
NAS, NAE (1973). The USFDA action level
(2,000 µg/kg) was not exceeded. Because only Aro-
clors 1242, 1254, and 1260 were determined by the
NWQL as the total PCB concentration, it is difficult
to speculate on the toxicological significance of
these reported values.

The total DDT guideline from NAS, NAE
(1973; 1,000 µg/kg) was exceeded at only one site,
Quittapahilla Creek. No exceedances were
reported for the USFDA action level (5,000 µg/kg)
at any of the sampling locations.

CONCLUSIONS

Most organochlorine pesticides and PCB’s
were banned from use in the United States in the
1970’s and 1980’s, yet, because of their inherent sta-
bility, measurable concentrations still persist in
whole-body fish tissue. This paper gives the con-
centrations of 12 selected organochlorine contami-
nants in samples of whole-body white sucker and
smallmouth bass tissue collected from 16 sites in
the Lower Susquehanna River Basin in 1992.

The most frequently reported compounds for
both white sucker and smallmouth bass were
p,p‘-DDT, p,p’-DDE (found in all tissue samples in
the study), total PCB’s, and trans-nonachlor. Simi-
lar results were observed at regional and national
scales.

Comparisons of concentrations of
organochlorine compounds detected in whole-
body white sucker tissue to major land-use
categories within the Lower Susquehanna River
Basin study show that total DDT concentrations
were highest at the agriculture-dominated
(>50 percent) sites that had more than one
permitted point source. Total PCB concentrations
in tissue were higher at the small stream sites than
at the Susquehanna River main-stem sites. These
small streams had the greatest area of urban land
use (> 10 percent) and thus PCB’s seemed to repre-
sent an urban signature. Concentrations of total
chlordane were highest at sites with greater than
70 percent agricultural land use and an urban sig-
nature. Tissue samples from sites categorized as
forest dominated (>50 percent) had the lowest con-
centrations of organochlorine compounds overall.

Median concentrations of total DDT were sig-
nificantly lower in the Lower Susquehanna River
Basin than the Hudson and Connecticut River
Basins (p=0.05), although the highest concentration
in any of the Basins was measured in the sample of

white suckers from the Quittapahilla Creek in the
Lower Susquehanna River Basin. The fact that the
p,p’-DDE form of total DDT was the most preva-
lent for the three studies indicates there has been
no recent significant influx of DDT to the basins
and that the degradation of DDT has taken similar
pathways throughout the northeastern United
States. Median concentrations of total PCB’s and
total chlordane were not significantly different
among the three basins. The most commonly
detected chlordane component and the most per-
sistent was trans-nonachlor.

The median concentration of total PCB’s in
white sucker reported in the NSCRF in fish by
USEPA were lower than those reported from the
Lower Susquehanna River Basin and the north-
eastern region of the United States. The median
concentration of p,p’-DDE in the Lower Susque-
hanna River Basin was not significantly different
from the national median but was significantly
lower than the northeastern regional median
(p=0.05). The median concentrations of oxychlor-
dane detected in the Lower Susquehanna River
Basin, as well as those reported in the Northeast
and in the national study were all below the MRL.
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