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INTROU!ICTION

The lower Pa,saic River flows through a heavily indusoialized watcrshed within the New York City ­

Newark, New Jersey metropolitan area. Previous studies of this watershed have shown that

polychlorinated diben7.0-p-<lioxins (PCDDs) and dibenzofurans (PCDFs) are present in Ule soils of

several indusoial sites along the river (NJDEP, 1989), as well as in sediments and aquatic biola

collected from the lower Passaic River and Newark !Jay (!Jelton, 1985; Bopp, 1988). Dt:spite the

prescnce of severallikcly sources, it has been suggested that most or all of the PCDDs and PCDFs

measured in sedimcnts, fish, and invenebrates from the Passaic River and Newark !Jay may be

associated with a single source near the river's confluence with Newark !Jay.

The purpose of the study described in this paper was to examine the relative disoibUlions of PCDDs

and PCDFs in sediments from the lower Passaic River and Newark Bay in order to assess whether

the presence of these compounds were likely to be associated with a single source. Surficial

sediments (0-6 in. depth) were collected near indusoial outfalls throughout the lower Passaic River,

Newark Bay, and their adjoining waterways. Concentrations of total PCDD and PCDF congeners

and 2,3,7,8-substituted isomers were determined in each sample. Variations in the relative

disoibutions of congener groups and 2,3,7,8-scbstitUled isomers observed in sediments were

analyzed using the multivariate data analysis techniques of principal components and cluster

analysis. These are powerful statistical tools that can be combined to characterize the unique

chemical fingerprint of dioxin-contaminated sediments and soils and to differentiate sources of these

compounds in the environment (Townsend, 1986; Stalling et aI., 1986; Swerev and Ballschmiter,

1989).

METHODS

A total of 19 sediment samples were collected from Newark Bay and the lower Passaic River,

between its confluence ",ith the Bay to above the Dundee Dam, between February 21 and 23, 1990.

Sediment sampling sites were chosen on the basis of I) a literature review of industrial processes

from which PCDDs and PCDFs could be produced; and, 2) a historical survey of chemical and

manufacturing facilities within the Newark Bay watcrshed which used the indusoial processes of

interest. Samples were collected primarily from areas proximate to active or inactive indusoial

outfalls where deposition and accumulation of sediment materials was visually evident. At each

location, sediments were collected to an approximate depth of 6 in. with a stainless steel petite Ponar

grab sampler. After thorough homogenization, sediments were transferred to pre-cleaned 8 oz.

amber glass jars with teflon-lined caps. Samples were stored at 40 C prior to laboratory analysis.

Sediment samples were analyzed aCCOrding to a modified version of U.S. Environmental Protection

Agency (USEPA) Method 1613 and Method 8290 by Twin City Testing Corporation (St. Paul,

MN). The laboratory reponed 15 specific PCDD/PCDF 2,3,7,8-substituted isomers and 10 total

congeners (tetra- through octa-dlorinated PCDD/PCDF) for each sample.
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Samples wcre spiked wilh I3CI2 -labeled PCDD/PCDF inlemal standards and conlinuously extracted

with benzene for 18 hrs in a Soxhlct Dean-Slark cxtraclOr. Extract volumes were reduced using a

Kudema Danish concentrator and the solvent exchanged 10 hexane. Sampk interferences were

minimized by additional extractions with sodium hydroxide. concentrated sulfuric acid, and distilled

water. The· hexane extracts were eluted on a liquid chromatography column containing alternaling

layers of silica gel impregnated with sulfuric acid and sodium hydroxide. EXlracls were Ihen

fractionated on separate columns containing activated alumina or 5% AX-21 activated carbon on

silica gel. Congener and 2,3.7.8-substituted isomer quantifications were conducted by high

resolution gas chromatography / high resolulion mass spectrometry (HRGClHRMS) using a Hewlell

Packard Model 5890 GC and VG Model70SE HRMS. The PCDD/PCDF isomers were quantified

from relative response factors as described in USEPA Method 8290. The re<"Overies of 13C12­

labeled PCDD/PCDF inlernal standards ranged from 70 - 110%. Detection limits ranged from 0.15

105.3 pans per trillion (ppt) in sediments for individual 2,3,7 ,8-substituted isomers.

Principal components and cluster analyses were conducted on a Compaq DeskPro 386/20e

microcomputer using the statistical software program Ein"Sight (Version 2.5, lnfomelrix Inc.,

Seanle, WA). Total congener and 2,3.7,8-substituted isomer data were organized into a 19

(samples) ~ 25 (concentrations) matrix. Isomer concentrations identified by the analytical laboratory

as non-detect (ND) were assumed to be one-half the reported detection limit from each individual

sample analysis. The highesl deteclion limit reponed among 2,3,7 ,8-subsliluted isomers measured

within a homologue group was assumed for any congcner group identified as ND.

Principal components analysis was used as an exploratory data analysis technique in order to

estimate the variability of the data set. Log-transfonmed data were autoscaled by Ein"Sight to have a

mean value of 0.0 and a constant variance of 1.0 in order to eliminate any statistical bias associated

with the orders of magnitude differences in chemical concentrations. Eigenvectors of the log­

transfonnedlscaled data matrix were computed and used to determine principal component scores

and loadings for each sediment sample. Principal components scores were calculated to factor or

group the sediment samples, while loadings were calculated to faclOr or group the concentration

variables.

Ouster analysis was perfonned on the log-transfonnedlscaled data in order to identify samples with

similar distributions of PCDDs and PCDFs. A hierarchy of clusters (i.e., groups of similar

samples) were generated by seven different sorting algorithms (single linkage, complete linkage,

centroid. incremenlal sum of squares, median, group average. and Lance and Williams flexible),

which depend primarily on the definition of a distance-measure between groups of data poinlS. The

distance between anyone sample or group from cach of Ihe other samples or groups is a measure of

the similarity between the samples. Results were produced graphically in the fonm of a dendrogram.

RESULTS AND DISCUSSION

TIle concentrations of total tetra- through OCta-chlorinated PCDD and PCDF congeners and 2.3,7.8­

substituted PCDO and PCDF isomers in sediments are presented in Tables I 'hrough 4. All samples

contained c.ongener profiles that were characteristic of environmental samples. For example, octa­

chlorinated PCODs and PCOFs were the predominant congener groups measured in sediment

samples, followed by hepta-. hexa-. tetra-. and penta-chlorinated compounds. This distribution has
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"een observed by many rescarchers in fish and olher aquatic l'iOla, sediments, snils. fly ash,

automobile exhaust, sewage sludge, and Ihe adipose tissue of nntl'(K'cup3linnally exposed hUnI:IOS

(Ilutnnger and D1ulllieh, 1985; Rappe el aI., 1987; 1989; Swerev atld llallschmilcr, 1909).

Total PCDD congcner conceOlration, ranged from ND to 17,OOfl ngll;g (df)' weight) of OeDD.

TOIall'CDF congener eoncentfitlions ranged from NO to 2,400 nr/kg of OCDF. TeDn and TCDP

congeners ranged from ND to 590 ng/kg and from 0.32 to 1.500 ng/kl:, respectively. The

concenlfalion of tOial 2.3,7,8-TCDD equivalents, using USEPA toxic equivalenls factors, ranged

from 0.04 CO 618 nglkg, with a geomelric mean concentration of 5 ng!kg. I'ony seven perCent

(47%) of the sediment samples had no delectable levels of 2,3,7,S·TCDD. The conceOlrations of

2,3,7,S-substituted TCDD and TCDI' isomers ranged from NO to 510 ng!kg (geometric mran ~ 5.3

ng/kg) and from 0.28 to 480 nglkg (geomelric mean =12.7 ng!kg), respectively.

Preliminary resuhs of principal componenls analysis and c1usler analysis indicalc Ih,,1 surface

sedimenl samples collected from different areas of the lower Passaic River and Newark Day contain

significantly different distributions of PCDDs and pcm's. 11 has been well eSlablished th"l PCOD

and PCDI' fingerprim pallems arc source·specific (Townsend, 198&; Rappe el aI., 198',; Pilea el aI.,

1989; Swerev and Ballschmiler, 1989). Accord;ngly. lI,e idenlification of unil/ue fingerprint

pallerns by mullivariate data analysis technil/ues Stlppons the hypolhesis that the inlfodtlction of

PCDDs and PCDl's to lhe Newark Bay watershed is the restlll of contamination from several

sources.
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Table l. Total PCDn Congener Concentrations (ng/kg, dry weight) in
Surficial Sediments from the Lower Passaic River and Newark Ila)'.

TotalTCDO TOIaI Total Tocal Total Total
Sample Equivalents a T(DO PcCDO I-hCOO BpCDO CXDO

RSI 3.5 3.5 1.5 23 89 530
RS2 1.6 56 NOb 36 140 930
RS3 12.8 II 1.4 27 98 350
RS4 491 590 6.5 280 1800 9000
RS5 618 510 22 1700 4100 17000
RS6 43 100 NO 300 1100 6500
RS7 6 39 NO 120 420 2600
RS8 6.2 52 630 160 660 4200
RS9 1.0 NO NO NO 190 1300
RSIO 0.2 NO 38 NO 8.9 42
RSII 0.05 0.13 NO NO 12 67
RS12 0.05 NO NO NO 6 35
RS13 0.1 NO 9.5 0.55 5.4 31
RSl4 31 27 NO II 420 2100
RS15 0.8 2.2 NO 23 84 400
RS16 13 60 NO 76 1000 6300
RS17 15 21 NO 84 400 2200
RSl8 120 160 NO 140 640 2800
RS19 23 75 NO 140 1100 5900

a TotaI2,J,7.8·TCOO toxic equivalents were calculated baSed on IntcmalionallB'sI89
criteria.

b. NO indicates lhallhc congener group was nol detccted.

Table 2. Total rcDF Congener Concentrations (ng/kg, dry weight) in
Surficial Sediments from the Lower Passaic River and Newark Ilay.

Total Total Total Total Tocal
Sample TCDF PeCDF HxCDF HpCDF OCDF

RS1 22 14 15 46 33
RS2 13 NO" 7.9 NO 12
RS3 52 42 86 210 220
RS4 940 890 990 2200 2400
RS5 1500 2300 640 1800 2200
RS6 290 320 260 430 560
RS7 89 33 41 130 160
RS8 93 77 50 210 220
RS9 8.9 NO NO 5'1 NO
RSIO 0.32 0.34 0.76 3 2.5
RSll 0.42 0.73 1.7 3.5 2.2
RSl2 0.42 2.6 0.81 3.3 2.2
RS13 0.5 0.48 1.6 2.7 1.6
RS14 79 69 110 200 200
RS15 19 6.5 9.4 32 30
RSI6 220 250 410 490 580
RSI7 120 210 250 250 220
RSI8 290 370 530 1000 1200
RSI9 220 220 260 400 440

a. NO indicatcs l!lallhc congener group was no< dclCCtCd.
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Table 3. 2,3,7,8·substituled PCDF Isomer Concentratiuns (ng/kg, dr)' weight) in
Surficial Sediments frum the Lower Pass:tic River and Newark Bay.

2378 12378 23478 123478 123678 12378'.1 234678 1234678 1234789
Sample TCOr PeCOF PcCOF HxCOI' HxCOI' HxCDI' HxCOF HpCOI' IlpCOF

RSI 6.8 1.4 1.4 3.9 2 1.5 (0.45)" 25 2.7
RS2 9.1 (0.95) (1.5) 4.2 (1.2) 3.7 (1.0) (2.4) (1.3)
RS3 15 3.6 3.6 41 7.3 2.6 (0.31) 180 4.6
RS4 280 IS 53 370 50 29 (2.1) 1600 48
RS5 480 (9.5) 420 (100) (75) (15) (16) 1200 41
RS6 85 12 18 55 16 16 (1.8) 260 14
RS7 52 (5.5) (5.0) (6.0) (3.2) (4.1) (7.0) 74 (8.0)
RS8 19 (1.8) (1.3) (3.4) (2.2) (2.8) (4.2) 84 (4.5)
RS9 8.9 (5.0) (12.0) (2.7) (2.0) (1.5) (3.6) 30 (6.5)
RSIO 0.32 (0.14) (0.14) (0.55) (0.5) (0.16) (0.06) 1.4 (0.14)
RSII 0.28 (0.14) 0.14 (0.17) (0.14) (0.14) (0.1) 1.3 (0.08)
RSI2 0.42 (0.12) (0.18) (0.16) (0.28) (0.21) (0.12) 1.5 (0.14)
RSI3 0.5 (0.06) 0.11 (0.1) (0.11) (0.15) (0.10) 1.2 (0.2)
RSI4 27 (1.6) (1.8) 22 (2.6) (2.6) (3.6) 120 (2.05)
RSI5 4.9 (0.32) 1.2 (1.1) (1.2) 1.5 (0.34) 11 (0.85)
RSI6 35 (2.1) (3.6) 39 9.8 13 (1.8) 240 (5.5)
RSI7 22 (4.6) 9.1 31 12 12 (1.8) 130 10
RSI8 120 10 20 200 33 12 (1.8) 900 15
RSI9 46 5.3 II 36 15 14 (0.9) 230 (2.8)

a. Dam in p:lIenlheses ( ) represent non delCCled mcasurcmenlS and. therefore. one half the delCCtion limit
was assumed.

Table 4. 2,3,7,8-subslituted PCDD Isomer Concentrations (ng/kg, dry
weight) in Surficial Sediments from the Lower Passaic River and
Newark Bay.

2378 12378 123478 123678 123789 1234678
Sample 10)0 PeCDO HxCDO HxCDD HxCOO HpCOO

RSI 2.1 (0.55)" (0.6) 3 2.4 41
RS2 (1.3) (1.2) (2.2) (2.2) (1.8) 56
RS3 9.6 (0.5) 0.94 3 (0.8) 38
RS4 440 6.5 9.6 46 21 880
RS5 510 22 (48) (38) (20) 2100
RS6 26 (2.4) (3.4) 31 25 490
RS7 (14) (9.0) (7.0) (6.0) (6.5) 170
RS8 (5.5) (2.6) (3.2) (8.5) (4.0) 360
RS9 (7.5) (16) (1.9) (1.4) (3.1) 80
RSIO (0.08) (0.12) (0.24) (0.22) (0.18) 4.7
RSII (0.19) (0.13) (0.09). (0.26) (0.24) 5.5
RSI2 (0.12) (0.08) (0.16) (0.3) (0.18) 3
RS13 (0.27) (0.16) (0.1) (0.34) (0.12) 2.8
RS14 27 (1.6) (1.6) II (1.5) 210
RSI5 (1.0) (0.22) (0.25) 2.4 (1.2) 42
RSI6 6.4 (3.4) (2.2) 16 (6.0) 520
RS17 10 (3.6) 5.5 18 (3.2) 200
RSI8 100 (2.4) (1.9) 15 (2.2) 290
RSI9 12 (1.8) 8 24 20 550

a. Da.. in parentheses ( ) represent non dClOCled measuremenlS and. therefore, one half
!.he detection limil was assumed.
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