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Background 

part of the .S. Geological Sur-
ey's ational Water-Quality A ess­

ment (NAWQA) program, concentration 
data for 18 hydrophobic chlorinated 
organic compound in treambed edi ­
ment collected from I 00 sites across 

ew Jersey from the late 1970' to 1993 
were examined to determine ( I ) which 
compounds were detected most fre­
quentl y. (2) wh th r detection fr quencies 
differed among selected drainage bas ins, 
and (3) whether concentrati on differed 
significantly among selected drainage 
bas ins. Sediment sample were obtained 
from a water-quality-monitoring network 
established in the late 1960's and main­
tained by the .. Geologica l urvey 

G ) in cooperation with the cw Jer­
sey Department of Environmental Protec­
ti on (NJ DEP). In the late 1970 's the scope 
of sampling was expanded to include 
annual co l lection of streambed sediments 
at one- third of the surface-water-quality 
sites. treamb d- ediment samples were 
analyzed for organic compounds and 
trace elements.The JDEP has recentl y 
expanded its sampling effort s further to 
inc lude the monitoring of benthic- in verte­
brate communities in streams across the 
State. Two studies similar to the current 
in vesti gation are being conducted to eval­
uate ( I ) the presence and di stributi on f 
trace elem nts in bed sediments and (2) 
benthi c- in vertebrate communiti es in 
streams across the tate. 

In 199 1 the USGS began full imple­
mentation of the N A WQA program. 
which is designed to ( I ) prov ide a consis­
tent descripti on of current water-qualit y 
conditions for a large part of the Nati on's 
water resources; (2) define long- term 
trends (or lack of trends) in water quality; 
and (3) identify, describe, and expl ain . to 
the ex tent pos ible. the maj or natural and 
human fac tors that affect observed water-
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as measured by total withdrawal and 
populati on served by public water supply 
(Leahy and other. , 1990). In each study 
unit, long-term, multi cale, interdiscipli­
nary investigati ons designed to de cribe 
surfa e-water. ground- water. and biologi­
ca l conditions and to assess overall effects 
on these re ource will be und rtaken. 

One objecti e of the urface-water 
component of th A WQA program is to 
evalua te the presence and di tribution of 
organic and inorganic compounds in 
water, suspended and bed sediments, and 
biota (vegetation, aquatic invertebrate , 
and fi h). This factsheet presents the 
results of an in esti gati on de igned to 
addr . thi s objecti ve for the Long I. land-

ew Jersey (LINJ ) AWQA study by 
evaluating an ex ten ive data base on chlo­
rinated organic compounds in streambed 
sediments. Re ults of thi analy is will 
aid in the des ign of future survey: of chlo­
rinated rganic con taminant in tre­
ambed ediments and fi sh ti s:ues by 
identify ing localities and organic contam­
inants within the study unit that are of 
greatest concern. 

Chlorinated organic compounds 
examined in thi report are hydrophobic; 
they tend to sorb to organi c carbon in sus­
pended or bed sediments rather than be 
di ss lved in the water column. Because of 
thi s behavior, these comp und. can be 
present in ediments in concentrations 
that are orders of magnitude higher than 
those in the water co lumn. Therefore, sed­
iments can prov ide a mechani sm by 
which environmentall y persistent hydro­
ph bic rganic compounds remain in a 
surface-water system many years after 
their initial input (Smith and other . 19 
Rinell a and others, 1993). Thus. bed sedi ­
ments can prov ide a time-integrated sam­
ple of overall water-q uality condition at 
a site and a means of evaluating the pres­
ence and distribution of hydr ph bic 

Which compounds are 
detected and where are 
detections most frequent? 

For thi s study, 12 drainage basins 
throughout ew Jer e were selected to 
represent vari ous types and degree · of 
development ( fig. I ). The bas in contain a 
range of land-use pattern and popul ation 
densitie . To en ure an adequate number 
of amples for tati sti cal compari on 
among drainage bas ins, the 12 . elected 
ba ·in · were con olidated int even 
drainage areas on the basis of similarities 
in land-u e pattern and p pulation den i­
ti es . Land usc and populati on information 
for the seven drainage areas i umma­
ri zed in table I . 

hlorinated organic compounds 
detected most frequentl y were DDT. 
DDE, DDD, chlordane, dieldrin , and 
PCB 's . DDT and its metabol ite DDE and 
DDD were the mo t widely di tributed 
organic compounds. These compounds 
were detected in about 60 to I 00 percent 
of samples from all drainage areas but one 

quality conditions and trends (Leahy and chlorinated organic compounds over a 
others. 1990). As currentl y pl anned, the w ide geographica l area. 
program will be conducted in 60 study 
units acr s the ari on. which account for 
60 to 70 percent of the ation 's water use 

Figure I . Loca tion of stream -sediment sampling 
sites in selected drainage bas ins throughout ew 
Jersey. 



(where the detec tion rate for these com­
pound wa about 20 to 40 percent) (fig. 
2) . Thi s result refl ects the widespread his­
torical appli cation of DDT. Before DDT 
was banned in the early 1970's, it was 
used exten i vely in agricultural areas to 
control crop pests, in residential areas to 
control mo qui to populati n , and in 
undeveloped and forested areas to control 
gypsy moths and pruce budworm 

Chlordane and dieldrin were 
detected in about 80 to I 00 percent of 
samples from highly urbanized and popu­
lated drainage areas· detection frequen­
cies for the e compounds tended to be 
maller in le developed and popul ated 

areas ( fi g. 2). This pattern re fl ects the 
more pec i fie appli cation of these com­
pounds; before they were banned in the 
1980's, chl ordane and dieldrin were u ed 
primaril y to control termite populations in 
res idential areas. 

Chlorinated insecti cides that were 
detected infrequently and at low concen­
trati ons include aldrin , endrin, heptachlor. 
heptachlor epox ide, methoxychlor, per­
thane, endosulfane, lindane, mirex , and 
t xaphene. 

Polychlorinated biphenyls (PCB 's) 
were detected in about 40 to 85 percent of 

ample ' from all drai nage area : detection 
frequencie were highe t from highly 
urbanized and populated areas (fig. 2). 
PCB 's are chemica lly and thermally sta­
ble compound which had a vari ety of 
uses primaril y a :ociated with indu tri al 
appli cation . The manu fac ture, proce s­
ing, distribution and u e of PCB 's was 
banned by Congre s effecti ve in 1970. 

Pol ych Iori nated naphthalenes 
(PC ' ) were not detected in any bed­
sediment samples above a detecti on level 
of 1.0 microgram per kil ogram. 

Do concentrations differ 
among drainage areas? 

Anal ys is of vari ance (ANOVA) on 
rank-transformed 01:ganic-compound con­
centrations normalized to sediment 
organic-carbon content was used to evalu­
ate dift'erences in concentrati ons among 
the even repre entati ve drainage areas 
(Helsel and Hirsch, 1992). The test results 
indicate whether or n t the mean normal­
ized concentration ranks for the organic 
constituents are equal among all drainage 
areas . If the mean normali zed concentra­
ti on ranks were found to di f fer am ng 
drainage areas then Tukey's Honest Sig­
nifi cant Difference tes t (Tukey' test) was 

Table I. Land u. e and population den ity in . elected drainage areas, ew Jersey. 
I Land-use data from Fcgea and others ( 1983); population data from U . . Bureau of the Census 
( 199 1); RAWA : Rahway Ri ver; BTCR: Big Timber Creek and Cooper Ri ver; PSSC: Passaic 
Ri ver; RRT : Raritan Ri ver; GEMU: Great Egg Harbor and Mulli ca Ri vers: SRRC: Salem Ri v­
er and Raccoon Creek; PPP: Pequest Ri ver, Paulins Kill , and ~ohatco ng Creek! 

Drainage Areas 
Categories 

RAWA BTCR PSSC RRT GEM RRC ppp 

Land Use (in percent of drainage area) 

rban 27.98 16.59 12.39 8.52 1.96 2.79 1.80 

Residential 57.21 45.19 35 .28 17.19 5.82 5.63 4.21 

Agricultural 0.65 15.6 1 3.26 40.00 11 .93 64.08 42.88 

Fore. ! 10.24 17.18 40.65 30.22 54.30 11 .4 1 46.65 

Water 0.60 1.96 3.12 1.29 2.07 4.51 1.83 

Wetland 2.89 1.46 4.06 1.74 22.55 11.29 1.99 

Barren 0.44 2.01 1.24 1.04 1.38 0.28 0.64 

Average Populat ion 

(people per acre) 7.2 1 5.71 3.47 1.66 0.38 0.55 0.43 

performed to determine which mean nor­
mali zed concentrati on ranks differed f rom 
one another (Helsel and Hirsch, 1992) . 
The distributi on of ranked organic-com­
pound concentrations for each drainage 
area i hown in the box plots in figure 3 
(Helsel and Hir ch, 1992) w ith Tukey's 
test re ults presented as letter for each 
drainage area. Gr ups of data with at least 
one letter in common do not di ffer ignifi ­
cantly from one another. 

Because the chlorinated organic 
compounds di cu sed in thi s report are 
hydrophobic, they tend to sorb to organic 
carbon in suspended and bed sediment 
Thu , ediment samples with greater 
amount. of organic arbon can sorb 
higher concentrations of hydrophobic 
organic compounds. ormali zati on 
account for di f ferences in concentra­
ti ons of hydrophobic organic compound 
caused by natural va ri ati ons in the 
organic-carbon content of sediment sam­
ples; therefore, di fference observed in 
normalized concentrations can be attrib­
uted to human acti vitie rather than to nat­
ural vari ati ons in the organic-carbon 
content of the sediment samples . 

M edian normalized concentrations 
of all six of the mo t frequent ly detected 
chlorinated organic compounds were 
highest in the m st heav ily urbani zed and 
populated drainage area and lowes t in the 
less popul ated, predominantly agri cul­
tural or forested areas ( fi g. 3) . Concentra­
ti ons of DDT and DOE, a byproduct of 
the aerobic degradation of DDT, did not 
differ significantly among most of the 
seven repre entati ve drainage areas (fig. 
3) , refl ecting the w idespread hi stori ca l 
appli cation of DDT and the pre ence of 
aerobic conditi ons within most drainage 
areas. Concentrations of ODD, a byprod­
uct of the anaerobic degradation of DDT, 
were significantl y higher in the three most 
heavil y urbani zed and popu lated drainage 
area ( fi g. 3) , refl ecting the fact that 
anaerobic conditions are more likely to be 
pre ent in highl y urbani zed ba in . Con­
centrations of DDT differed signifi cantl y 
between the SRRC and PPP drainage 
areas despite the agri cultural nature of 
both areas (table 2, fi g. 3). This pattern 
refl ect the fac t that agri cul tural acti v itie 
within the PPP drainage area are predom­
inantl y as oc iated with li vestock produc-



ti on; therefore, a large percentage of land 
cia sified as agri cu ltural in this area is 
u ed for pa ture and fodder production, 
whereas agricultural act ivitie in the 
SRRC drajnage area are primarily associ­
ated with row-crop production. 

Chlordane and PCB 's were identi­
fied as the organic compound with the 
mo t highly elevated concentration in 
bed sediments aero the State. Concen-
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n·ati ons of chlordane, dieldrin, and PCB · 
differed ignificantly among drainage 
area wi th highe t m dian n rmalized 
concentrations reported in the 1110 t highly 
urbanized and p pulated areas and lowest 
in the least developed, 1110 t heav ily for­
e ted area (fig. 3) . 
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Relation Between Chlori­
nated Organic Compounds 
and Basin Characteristics 

Logistic regres. ion (Helsel and Hir-
ch. 1992) wa u edt furth r a111 in 

relations bet> cen th pr~sen cor absence 
of el 1 d hlorinat d organic com­
pounds from 255 sites aero s ew Jersey 
(fig. 4) and explanatory ari ab les that 
characteri ze the t pe and d gree of devel -
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Figure 2. Frequency of detection for selected organ ic compounds in selected drainage areas. ew Jersey . 
ldrainage area abbreviati ons explained in table I : ug/kg: microgram per kilogram! 
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Figure 3. Di stri bution of ranked concentrati ons and results ofTukey ' s tes t in selected drainage areas, New Jersey . 
!drai nage area abbreviations explained in table I : boxplot s consist of a center line (median) splitting a rectangle defined by the 
75th and 25 th percentiles. whiskers arc lines drawn from the ends of the box to the max imum and minimum data points (Helsel 

and H irsch. 1992)1 



opment within drainage areas. Re:u l t. of 
thi s analy is confi rm that the pre ence of 
chlorinated organic compound. in tre­
ambed sediment i related to the type and 
degree of development up tream from 
ampling site . Speci fica ll y. the total 

number of people and amount (in quare 
ki lorneter ) of land cl ass ified a. urban. 
re. idential, agricultural, or fore ted are 
reli able predictors of the pre ence or 
absence of chlorinated organic corn­
pound in streambed sediment . 

Summary and Discussion 

Th ix most frequentl y detected 
chlorinated rganic compounds in bed-
ed iment samples collected from I 00 sites 

in New Jer. ey streams from the late 
1970' to 1993 were DDT, DDE, DDD, 
chlordane, dieldrin , and PCB ' . . Chlori­
nated insecti cide. that were dete ted 
infrequentl y and at low concentrations. 
include aldrin , endrin , heptachlor, hep­
tachlor pox ide, methoxychlor, perthane, 
endo. ulfane, l indane, mirex, and tox­
aphene. Polychlorinated naphthalenes 
were not detected in any bed-sediment 
am pies above a detection level of I .0 

microgram per ki logram. 

41 

. 1. •.. , 

., : :.V 

0 • • ' .: •• 

\ : .:·.:::. 
EXPLANATION 

• SAMPLING SITE 

l9 

·. 

. , 

·)} 
'7 

74 

Figure 4. Locati on of stream-sedimen t sites 
throughout New Jersey. 

The ix mo t freq uent ly detected 
chlorinated organic compound tended to 
be w idely disLributed in bed ed iment 
aero the State. The mo t widely eli trib­
uted compound. , DDT and its metabolite 
DDE and DDD. were detected frequently 
in samples from all representati ve drain­
age areas. Thi hi gh detection rate aero s 
drainage area with ari ous land-u e pat­
terns and population densities reflect the 
wide pread hi tori ca l appli cation of DDT 
in res idential. agricultural. and fore ted 
areas . The median normali zed concentra­
ti on of DDT, DDE, and DDD were high­
est in the most highly urbani zed and 
popu lated drainage area ; however, con­
centrations of DDT and DDE were tati -
tically imil ar in mo t f the drainage 
areas. 

Chlordane and dieldrin were 
detected most frequent ly in bed- edim nt 
samples from the three most highly 
urbanized and popul ated drainage area ; 
detecti on frequ ncie. tended to be smaller 
in less urbanized areas. ormali zed con-
entrations of chlordane and dieldrin were 

also significantl y hi gher in the more 
highl y urbanized and popu lated area , and 
lowest in the agri cultural and forested 
areas refl ecting their primary hi stori ca l 
use to control t rmites. 

PCB '. also were widely distributed. 
The most freq uent detection. and the 
hi ghe t normal ized concentration were in 
samples from the most highly urbanized 
and populate I drainage area; the least fre­
quent detections and lowes t normali zed 
concentration were in samples from the 
most heavil y forested and undeveloped 
drainage area, refl ecting association of 
these compounds wi th industri al applica­
ti ons . 

The presence of chlorinated organic 
compound. in bed . ediment. was found 
to correlate signi ficantl y wi th population 
totals and amounts (in square ki lometers) 
of vari ous land-usc categori es wi thin the 
drainage area of each sampl ing site. 
These results indicate that the total num­
ber of people and amount of land clas i­
fi cd as urban, res idential , agricultura l. or 
forested upstream from . ampling ites are 
reli ab le predictors of the presence or 
absence of speci fic groups of chlorinated 
organic compounds in bed sediments. 

The. e re. ult can be used to identi fy area 
where bed-sediment contamination by 
pec i fic organic compounds is most like! 

to be found and. thus, can help focu the 
de ign of future survey aimed at asses. ­
ing the effects of these compound on 
stream ecology. 

---- Paul E. Sracke/be1g 
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