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The presence- of toxic chemicals in water and sediments throughout New Yori-New Jersey Harbor has resulted in
reduced water quality, fisheries restrictions/advisories; and general adverse impacis to the estuarine and coastal ecosys-
terns. To helpiremediate the harbor, Phase Oneof the'New Jersey Toxics Reductioh Workplah far NY-NJ Harbor (NJTRWR)
included a.set of ambient water quality studies designed to provide the NJ Department: of Environmental Protection the
information it needs to identify sources of the toxic chemicals. of concern, .and to priaritize these sources for appropriate
actioh. Samples were collected at the heads-of-fide and within the tidal feaches of the five major New Jersey tributaries to

{the Passaic, Hackensack, Elizabeth, Ratiway, and Raritan Rivers), and within the estuarine areas of Newark:
Bay; the Kill-van Kull, and the Arthur Kill. Large-volume samples were collected usging a Trace Qrganics Platform Sarmipler
{TOPS), which-used glass fiber filters to collect suspended sediments (and assogiated organic contaminants), and XAD-=
2 resin columns o collect dissolved fraction PCBs-and pesticides. The TOPS samples were analyzed using high reésolu-
fion rmethods for PCBs, dickins/furans (PCBDfFs), PAHs, and pesticides. Grab ahd composite samples were alsa
collected @ind analyzed for Cd, Pb, Hg, methiyl-Hg, and dissolved PAHs. Median total Hg coricentrations exceeded the New
Jersey Saline -Human Health Water Quality Criteria (NJ WQC; 21 ng/L)-in the tidal Passaic, Hackensack, and Rahway
Rivers. The-applicable NJ WQC for total and dissolved Pb and Cd were not exceeded at any.of the sampling locations. The
highegt median 2,3,7,8-TCDD (353 pgly sed) and fotal PCDDIF Texic Equivalency soncentrations (TEQ; 457 pgig st
were found in the lower tidal Passaic River. Elevated median 2,3,7,8-TCDD {> 70 pg/g sed) and total PCDD/F TEG (=120
palg sed) concentrations were observed in-the tidal Passaic and Hackensack Rivers, ‘in upper Newark Bay, :and in the
Elizabeth River. The NJ Saline Human Health WQC fer 2,3,7,8-TCDD (0.0051 pgfl) was exceeded by the mediar concen-
fration at all af the tidal tributary and estuaring sampling locations; the Freshwater Human Health WQC was not exceeded
at any of the tributary heads-of-tide. The highest median total PCE concentrations were. found at the head-of-tideof the
Elizabeth River (67 ng/L) and in the tidal Rahway River (46 ng/L), which werte.the only locations where.the applicable N.J
Agquatic: Ghronic WQC were exceeded. However, the New Jersey Saline and Freshwater Human Health WQG for total
RCBs (0.064 rigiL) were exceaded by the medial-cancentration ‘at all .of the' head-of-tide dnd tidal sampling locations: The
median total DDT .(sum of DOT, DOD, and DDE; 26 ng/L), total chlordane {10. 1 rigiL), anid-dieldrin (1.26 ng/L) concentra-
tions were elevated in the tidal Rahwa_y River. Elevated median total DDT coneenfrations & 5.2 ng/L) were also found in‘the
Iower tidal P'assa'ic River, Elizabseth River an'd IoWeT Afthur Kill. The NJ Human Health 'WC)C for the individual 4.4 DDT

and Ellzabeth Rlvers and in the Arthur Klil The NJ Salme and FreshwaterAquatlc Chronlc WQC for total 4.4 DDT (‘I O ng/
L) were also exceeded in the tidal Rahway River, at the head-of-tide and in the tidal Elizabsath River, and in the upper Arthur
Kill. The:NJ Human Health WQC for total chiordane and dieldrin were exceeded by the median concentration at all of the
sampling lesations. Median total chlordane cancentrations greater than the NJ Freshwater Aguatic Chronic WQC (4.3 ng/
L) were found at the heads-of-tide of the Hackenssick, Elizabeth, and Rahway Rivers {4.510 6.2 ng/L). The medianr dieldrin
concentrations. were highest at the heads-of-fide of the Elizabeth and Rahway Rivers-(2.14 ng/L), Hackensack River {(1.73
ng/L), and in the upper-tidal Passaic River {1.47 ngi/l). The highest median total (7,050 ng/l) and total dissolved (5,840 ng/
Ly PAH conzentrations were found at the Elizabeth River head-of-tide. The meadian concentration for benzo(g)pyrene
exceeded the NJ Freshwater Human Health WQE (3.8 ng/L) at all of the head-of-tide locations,; and the NJ Saling Human
Health WQC {18 ng/L} in the tidal Passaic, Hackensack, Elizabeth, and Rahway Rivers, and in upper Newark Bay and the
upper Arthur Kiill. [n additioh, the WQG for offver individual PAH compounds were exceeded by the median concentration at
varidus sampling locations. Ratios of the congceritrations. of various individual PAH comibeounds indicate that the. gombus-
t'lon of pefroieum and gaslwoodlooal are the main ‘sources of F’AHS to the. harbor The contammant concentration data

t_he._ana!y_ses._c.ompleted to date, the foi_lowm__g areas of the harbor estuary hav_e been |<;:ientlerd as the most contamm_ate_d.
for the indicatéd compounds: Hackensdck River — Hg, Passaic River — 2;3,7,8-TCOD dnd total PCDDIF TEQ, Elizabeth
River - total PCBs (and patentially PAHs), Rahway River - tetal PCBs, DDT and matabolites, chlordanes, and dieldrin. The
Phase Grie NJTRWP data and analyses will be used, together with other CARP data and the CARP Model results, to

deveiop the NJTRWP Implementation Plan.
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introduction

The New York:-New Jersey Harbor estuary system is of

enormouys and interdependent ecological and economic
importange. The Port of New/ York and New Jersey s-cen-

tral to the 'econgmy of the region, and is the iargest porton
the East Coast of the Uniited States. The presence of foxic:

chemicals in water and sediments throughout the harbor
results in reduced water quality, fisheries restrictions/ad-
visories, reproductive impairments in some coastal spe-
cies, and general adverse impacts to the estuarine and
coastal ecosystems. Problems associated with the man-
agement of contaminated dredged material have resiilted
in uncertainty regarding construction and future mainte-
nance of the maritime. infrastructure that supports. ship-
ping in the Harhor.

The New York-New Jersey Harbor Estuary Program Cori:
prehensive Conservation and Management Plan (H P
CCMP; March 1998} has identified at least fifteen chemi:

cals o"f eohcern, ineluding polychlorinated bighenyls

(PCRs), diexins/furans (PCDD/Fs), chlorinated pesticidés,

polycyclic aromatic. hydrocarbons {(PAHS), and metals. The.
HEP CCMF’ |ncludes a humber of actlons to achieve |ts-.

Contammation .

(1) reduce. continuing discharges of the chemicals of
concern 1o the estuary;

(2} remediate selected contaminated sediments;
(3} minimize human health risks due tothe consump-
tion of fish and shelffish;

(4) better understand the problemiand take additional
actions as moré is learned.

The Joint Dredging Plan for the Port of New York and New

Jersey (Ostobsr 7, 1996) stresses the: econoiic impor-
tance of the port, and the associated need to’ dredge hayi-

gation channels and maintain port facilities. The Jaint.

Dredging Plan has two major objectives:
("l) to promote greater certainty and: predi'ctabiirty in_
materia! management
(2) to facilitate effective long-term environmentally
sound management strategies for addressing dredg-
ing :and disposal needs for the region.

As part of the commitments included in the Joint Dredg-
ing Plan, the States of New Jersey and New York agreed
to implement the HEP CCMP as it relates to a number of
sediment.and toxic contamination concerns. In respoense,
the HEP Contaminant Assessment and Reduction Pro-
gram (CARP) was devéloped and implemefitad, The New
Jersey Toxies Reduction Workplan for N¥-NJ Harber

(NJTRWP) is the New Jersey component of CARP.

provrde the NJ Department of Envrronrnental Protectren'
(NJDEP) with the information. it needs to rdentrfy sources
of the toxic chemigals. of concern, and to prioritize these
sources for appropriate action. In addition, the data from
these studies have béen compiled with the CARP data
collected by the New York State Department of Environ-

mental Conservation ifi the CARP Database. Finally, the
CARP data:collected by the two states has been used to
develop the CARP sediment and. contaminant fate, frans-
port and bicaccurmulation madel. The CARP Database and
CARP Model caf be ‘accessed at wiww.carpweb.org.

Phase One of the NJTRWP included a set of ambient water
guality studies. Samples were collected at the heads-of-
tide (Study |-C) and withi thie tidhal reaches (Study 1-D) of the
five major New Jersey tributaries to the harbor (the Pasgsaic,
Hackensack, Elizabeth, Rahway, and Raritan Rivers), and
within the estuarine areas-of Newark Bay, the Kill vart Kull,
and the Arthur Kill {(Study |-k water quality component). Te-
gether with hydrodyriamics studies (summarized in
Pecchioli, et al., 2008} and sampling of the discharges from
municipal wastewater {featment plants, combined .sewer
overflows, snd stormwater dutfalls (NJTRWP Study 1-G),
these sampling achivities compnsed Phase .One of the
NJTRWP (NJDEP, 2001). This'is by far the most compre-
hensive sampling for toxic contaminarnts ever to dgoout in
this econormically impottarit and-complex estuarine system.

The major objective of NJTRWP: Study 1-C (undertaken by
the U.8. Geological Survey) is to determine the loadings of
sediment and selected orgahic anid inorganic toxic corfarnii-
nants originating above the heads-of-tide of the major New
Jersey tributaries to NY-NJ Harbor. The primary goal of the
water quality components of NJTRWP Studies |-D and |-E
(undertaken by Stevens Institute-of Technology) is ta deter-
mine the relative impotance of the discharges of the toxic
contaminants originating within the tidal watersheds of these
tributaries.

A key program goal was the development of sampling-and
analytical protocels thal would provide significantly |owrer
detection limits than those achiaved in foutine envirommen-
tal sampling work. Large-volume ambient river and estuary
samples were: collected using a Trace Crganics Platform
Sampler (TOPS), which used glass fiber filters to gollest
arganic contaminants associgted with suspended sedi-
merits, and XAD-2 resift.columns to collect dissolved frac-
tion F’CBS and pesticides. The TOPS samples wereana-
lyzed using high reselution methods for PCBs, dioxins/
furans, PAHs, and pesticides: Grab and composite samples
were analyzed for Gd, Pb, Hg, methyl-Hg, and dissclved
PAHs.

The following NJTRWP workplan-and project reports-detail
the cbjectives, sampling and analytical methods, quality
assurance. protocols, and results of the NJTRWP studies:

+  NJDERPNJTRWP Wearkplan — Volume | (Revised/Ver-
sion 2 — February 2, 2001)

o NJIDEPNJTRWR Waorkplan — Valume [HQAPP {Version
2.3 — June 20Q7[Final])

»  Study I-C: Congenfrations and Loads of Organic Com-
pounds-and Trace: Elements in Tributaries to. Newark and
Raritan Bays, New Jersey (Wilsen and Bonin, 2007)

«  Study 1-C: Organic Compounds, Trace Elemenits, Sus-
pended Sediment, and Field Characteristics at the Heads-
of-Tide of the Raritan, Passaic; Hackensack, Rahway, -and
Elizabeth Rivers, New Jersey, 2000-03. (Bonin and Wilscn,
2006}
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#  Btudy I-D/E: The New Jersey Toxics Reduction Woarkplan
for WY-NJ Harbor — Ambient Monitoring of Water Quality Within
Maijor Tributaries and the Estuary, Final Report —April 2007
(Stevens institute of Technelogy, 2007)

% Study |-G: The Mew Jersey Toxics Reduetich Woerkplan
Study |-G Project Report (2007)

These documenis are/will be avaifable in electronic format
athttp-wwwe state. nj us/dep/dstinjtrwps

#lethods and Data Analysis

Sampling was conducted from June 2000 to June 2003 at

five (5) fixed sampling sites located o the banks of the

tributary rivers attheir head-of-tide, ten {10) fixed sampling

sites located on the banks within the tidal reach of the tribu-

tary rivers, -and five (5) ship-hoard locations. in the estuarine

aréas of the harbor (Figure 1). Sampling targeted defined

dry weatherflow river flow and wet waatharfhigh river flow
hydroioglc conditions. in the tributaries; and was conducted
over -a minimum time period of 4-5 hours. Btydy [-C sam-
plihg activifies were coordinated with the hydrograph at the
sampling station during wet weather/high river flow condi-
tion everits. Study [-D and [-E sampling: began approxumately
at slack high tide and continued for 4-5 hours during the
following ebl tide.

Figure 1
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Water quality sampling was performed using the Stevens
Modified Trace Organics Platform Sampler- (SIT-TOPS; Fig-
ire'2). The advantage of the S8IT-TORFS is its abifity 1o pro-
cess large volumes of water, aind thus obtam Iarge samples
of both the dissalved and suspended sediment fractions in
the. water column. Combined with high-resolution analytical
methods, this glldws for the cohsistent detection of trace
levels of the toxic contaminants.

The TOPS samples were analyzed using high-resclution
methods for PCBs {modified USEFA Method 1668a), diox-

Figure 2
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insffurans {modified. USEPA Method 1613b), PAHs (low-
resolution [LR ] GCIMS), and pesticides (HR GCMS). Grab
and cormpesite saniples were analyzed for Cd dnd Pb
(USEPA Method 1638), Hg (modified USEPA I\/Iethod-’fI'B"B:-‘lb'):i,
methyl-Hg (modified USERPA Method 1630), and. dissolved
PAHSs,

Because of the number and nature of the samples and
associated bianks collected, -a "maximum blank” approach
was developed to-assess the impact of blank contamina-
tion on the usahility of the sample data. In this “maximum
blank” approach, the Method, Equipment, and Field Blariks
associated with a sample are evaluated for each target
analyte. Of the three biarnk results, that having the largest
value — i.e. the "maximum blank” — is used to assess the
effects of blank ¢ontamination on the sample resilt. In or-
der for.a sample result to be usable, it must be at le
times (5x) greater than the “maximum blank” (3x for PCBs)
No other blank correction/subtraction is performed on the
sample resilt prior o Use,

The raw data for these.-studies, as reported by the analyti-
cal laboratories, are available in the CARP Database.

Results and Discussions

The major advantage of the Trace Organics Platform Sam-
pler (TOPS) is its ability o process large volumes of water.
Since it can process water at a much greater rate through
the filters than thiough the AD resin columns, significant
amounts of suspended solids. may be captured even in
waters with- low suspended sediment (SS). A 0.5um Car-
tridge GFF (C-GFF), followed by a 0.7um 142mmAE in-line
flat filker, is the optimal salution to minimize the amount of
88 passing into the XAD columns, and thus reducing the
error in the measufed “dissolved .concentrations”,

The design and jmplementation of the NJTRWP Phase
One studies focused on the collection of samples under
two conditions; dry weatherflow river flow and wet weather/
[ a result, the variahility in coritaminant
concentrations was- large at most of the samplmg loca-
tions. This was particularly frue at the head-of-tide and tidal
tributary locations, where the standard deviation egqualed
or exceaded the mean concentration for many contami-
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hants. Althougk' in most cases the mean ‘and i !
centrations were very similar, there were exceptions to this.
In-most of these cases, the mean value was substantially
higher than the rvedian, indicative of potential sample outli-
ers. Thus, for descriptive purposes and comgarison tg New
Jersey Water Quallty-'Crlterla (NJWQGC), the median vaiues Tnsie
are used in-this report, as — overall - they appear to better
reprasent central tendency in the concentration daia.
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In summary, Table 1 lists those locations where the median

concentration for @ chemical of concern exceeded an appli- At g
cable NJ WQC. Except for total Cd, total Ph, dissclved Hg,
and some of the individual PAH compounds, one or mare of

A0 R R W S S R . I———————— :

the NJ WQC for a-given contaminant were exceeded by the 505
median congentration cbserved in at least cne sampling <, e
Table % Stutmiary. of sxceedances of Mew Jursay Btate Water Quality Griteria fWGG) Tt
byt Tk dian Eotitaminant concentrations gl the NJTRWF samiling Tocationd,
Caftapinant: HumanHeAth WAC | Aquatic Chronic WAC. | ARuie Acte, solved Hg concentrations -(data. not shown) also varied consid-
—— Py T erably, ranging from 0.31 to 8.34 ng/L (a factor of 27). Median
__ : dissolved Hg coricéhtrations were highest at the Elizaketh River
S o head-of-tide (8.34 ng/L} and tidal Elizabeth (5.9 ng/L} statiorrs,
ot newee elevated at the Rahway River head-of-tide (2.9 nglL), and were
_ _ less than 2.0 ng/L at the remaining locations.
dizgotied R Hewa s Pone. MNone-
ezl tone HOWEE o e The New Jersey Sdline Human Health Water Quality Criteria (NJ
2A7EASS HewE e v WQC) for total Hg (51 ng/ly was exceeded by the median con-
centration in the tidal Passaic, Hackensack, and Ratway Rivers.
otel PORs wl sy s, e The NJ Freshwater Human Health WQC for total Hg was nat
) o exceeded by the median concentration at any of the head-of-tide
NoIGE: e WO locations. The NJ Saline and Freshwater Aquatic WQC for dis-

reh Fgy
9 Rgil.

solved Hg were not exceeded by the median concentration af any
sampling locatien.

HOWICIE Mo g

Median dissolved methyl-Hg concentrations. {data not shown) at
o the tributary head-of-tide: stations ranged from 0.0085-ng/L in the:
Hackensack River to appreximately 0.05 ngfL in the. Passai,
Elizabeth, and Raritan Rivers, with a high of Q. 103 ng/L in the.
Heme. Rahway River. Inthe tidal tributaries, median dissolved methyl-
Hg concentrations ranged between than 0.007 and 0.0

total chilefdane

— R B, the estuarine greas -of the harlbior median concentrations Were
! : & ey lower and typically less than 0.017 ng/L . Only-a limited nurmber
R [ TR R of samples were analyzed for total methyl-Hg.

et

Figure 4 shows the median tatal Pb concentration at each of the

location. Widespread exceedances of the WQG were found sampling locations. The median concentration was Icw at the

for 2,3,7,8-TCDD, total PCBs, 4,4'-DOD/DDE/DLDT, total

chlordane, dieldrin, and a few of the PAH compounds. In

addition, exceedances of the NJ WQC. for some com- Figaere 4;. Guerall Sedian Total Pb

pounds wete observad in individual samples collected

at various samphng locations during the course of the
eih the median concentrations at these

eed the NJ WQC.

KD B9
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ig o0 B0
each of the samplmg locations. At the tldal trlbutary and savm 0
estuary locations, median total Hg concentrations varied acen 00
considerfably, from a low of 9.1 hg/L (station RAR2) to I
high of 126 ngiL. (station HAC3) — afacter of 14. Concen- o
trations and varnigbility were lower among the head-of- e
tide stations (5.9 to 24.4 ng/L, a factor of 4}. Median dis- “

Barrialing Location
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Haekensack: River head-of-tide (396: ngiL), but was rela-
tively tigh at the Rahway' River head-of tide (9,155 ng/L. a
factar of 23 difference). The NJ Freshwater Human Health
WG for total Pbwas notf exceeded by the median conden-
ation. at any. of the head-of-tide locatiéihs. The total Phicon-
centration was below 3,300 ng/L in the fidal Raritan and
lower Hackensack Rivers (Station HAGY), and in-the-estua-
rine areas-of the harbor, and ranged up tc a maximum of
9,205 ng/l in the tida! mid-Passaic River (Station PAS2).

Median dissolved Pb concentrations {data not shown)
ranged from 28 ngiL at the Hackensack River head-of-tide
to a high-of 1,40G ng/L. in the Iower Arthur Kill (Statiah PA-3).
The NJ Saline and Freshwater Aquatic WQC: for dissolved
Pb were not exceeded by the median congentration at any
sampling logation.

Figure 5 shiows the median total, particulate; and dissolved
Cd concenfrafions at each of the sampling locations. In
contiast to Hy and Pb, where the overall median total con-
centrations were predominantly asseciated with the. par-
ticulate fraction (Hg = 88%, Pb = 86%), the overall median
total Cd concentratlon was dlstnbuted approxumate!y 67%

Figure #: Overall Median Disselved anid Particilate G
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The median total Cd concentration was: low at the
Hackensack River head-cof-tide (10.3 ngfL), and was
typically greater thar 80 ng/L (except at the Hackerigsack
and Raritan River heads-of-tide, and at the upper
Raritan River tidal station RARZ). The NJ Saline and
Freshwater Human Health WQC for total Cd were not
exceaded by the median concentration at: any of the
sampling locations.

The retiah dissclved Cd concentratiah was als low
at the'Hacketisack River head-of-tide. (2.4 ng/L);
was 1 plcally greater than 38 nglL (exce [

and at Statlon RAR2) The NJ Saline Aquatlc W@C Were.
not-exceeded by the median concentration at any:sam-
pling location,

The lowest madian metals concentrations were con-
sistently observed at the Hackensack River head-of-
tide. Except for total Hg, the range of median concentra-

23,18 TG B PCDDNF TEQ (pglg sed)

tians ohserved for-each metdl at the five head-of-tide sam-
pling locations-wete. generally similar to those seen-at the
ten tidal tributary and estuarine locations.

Dissolved and totdl metals goncentrations did ot ¢consis-
tently vary with fiver flow, except in the tidal Rahway River
and above the head-cf:tide, where total metal concentra-
tions tended to be greater-during wet weatherfhigh river flow
condition events. This is indicative of stormwater/rungff
sources for these contaminarits in the Rahway River

Dioxins/Furans {(PCDDIFs}

Only the suspended particulate fraction of the TOPS samples
was analyzed for dioxinsifurans. Figure 6 shows. the me-
dian total dioxinffuran (PCDDIF) and total PCDD/F minus
QCDBD (PCDD/F-QCDBD) congentrations. at each sarrip ingy
location. Total PCDDIF coricentrations were highest-at the
Elizabeth River stations (24 to 33 ng/g 'sed) and at the upper
Raritan River tidal station {35 ng/g sed), total PCCD/F £on-
centrations were less than 14 ng/g sed at all of the other
locations. Total PEGDDIF-QCDD concentrations were less
than 5 ng/g sed throughout the harbor, with the highest lev-
els (> 4 nglg-sed). at the Elizabeth River and lovwwetfmid-tidal
Hackensack River statioris. Overall, OCDD accouhted far
80% of the total PCDDJF gt the sampling locations,; with
greater than 80% GCDD found at the heads-cf-tide onthe
Passaic, Hackensack, and Raritan Rivers, and in the fidal
Raritan River.

Figure & Bzdizh Tofal Dianini uran Canceiirations
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Figure. 7 shows the median 2,3,7,8-TCDD and total PEDD/
F Toxic Equivalency '(TEQ) concentrations.at each sampling

______ 8-TGDD (353 pg -sed) and to-
tal PCDDfF TEQ (d57 pglg sed) concentrations were. [
at the lower tidal Passaic River Station PAST. Median 2 iT:E:S-
TCDD. coneentrations greater than 70 pglg sed were ob-
served in the tidal Passaic and Hackensack Rivers,; and in
upper Newark Bay Median fotal PCDD/F TEG concentrg-
tions were. also elevated (> 120 pglg sed) at these loca-
tions, as well -as in the Elizabseth River. 23,7 8-TCDD ac-
counted for 70-77% of the total PCDD/F TEQ in the tidal
Passgic River, and-40-57% in the tidal Hackensack River,
Newark Bay; upper Arthur Kill, and Kill van Kuil. Althcugh the
median total PCDD/F TEQ was elevated at the Elizabsth
River head-of-tide (1368 pg/g sed), none of this TEQ was
due fo 2.3,7,8-TCOD; in the tidal Elizabeth River, gh .
the total PCDDIF TEQ (152 py/g sed) was due to”
TCDD (63 pgiy sed).

The NJ 8aling Human Health WQC for 2,3,7,8-TCDD {00051
pg/L) was exceeded by the median concentration -at @il of
the sampling locations: (data. not shown). 2,3,7,8-TCDD was
not defected in a@ny of the samples cdilected at the
Hackensack ahd Rahiway River heads-of-tide. The Fresh-
water Human Health"WQC for 2,3,7,8-TCDD-{0.0050 pgiL)
was not exceeded by the median concentrations at the
Fassaic, Elizabeth, and Raritan River heads-of-fide.

The highest 2,3,7,8-TCDD and total PCDDIF TEQ concen-
frations were observed at the lower Passaic River Station
PAS1, and there was very little variability in the PCOD{F con-
gener distribution patierns for each sampling event at this
station (data not shown). This is indicative of a single source
of dIOXIns!furans 138 addltlon the 2.3,7.8- TCDD concentra-

ark Bay and the Pa__salc and Hackensack Rl_. (] pomts to
the existerice of a source along the Passaic River, probabily
between stations PAS1 and PASZ. The majorsource of this
2:3.7,8-TGOD has been atfributed to the Diamiond Alkali
(Lister Avenue, Mewark) site located on the Banks of the
lower Passaic River,

The median totzl PCDDIF (23.9 ng/g sed) and total PCDD/
F TEQ {136 pgfg sed) concentrations were elevaied at the
Elizabeth’ River head-of-tide, but none of the TEQ was due
to 23, 7.8 TCDD. [n the tidal Elizabeth River, the median
total PCDD/F (32.7 nglg sed) and total PCDDIF TEQ (152
pg/g sed) concentrations were about 35% higher than at
the head-of-tide, and about 35% of the medidn total PCDD/
FTEG (53 po/g sedj was due to 2,3,7,8-TCDD. The PCDD!
F congener distribution patterns were more vatiabie among
the sarripling events in the tidal Elizabeth River. Thie lower
chlorinated PCDD/Fs {fetra through hexa, |nciud1ng 2"3 7.8
TCDD). consistently .comprised a higher percentage of the
tPCDDFs:duting the low river flovidry weather sutveys-cam-
parad \With the high river flovwiwet weather surveys. This was
not thie. case with the. head-of-tide samples; Hiowever total
PCDDYF, fotal PCDDIF-QCDD, and total PCODIF TEQ con-
centrations gt the he'ad-of-tide were consistently higher (by
factors af 15 -24, data not shown) during high river flow/wet
weathar conditions compared to low river flowldry wezsther
conditions This indicates at least two different and signifi-

cant sources af PCOD/Fs to-the lower Elizabeth River: one
located above fhe head-of-tide (which is potentiaily a
stormwater/runoff source}, and the second (which is alsca.
source of 2,3,7,8-TCDD) located below the head-of-tide.

Polychlorinated Biphenvls {PCBs

Figure 8 shows the mediar total PCB concentration at each
of the sampling lpcatiahs. The highest cancentrations were
found at the head-of-tide of the Elizabeth River (67 ng/Lyand
in the tidal Rahway River {46 ngil); concentrations. were
less than 25 ng/L at the- other sampling locations. Median
concentrations tended ta be lower at the heads-of-tide (0.7
to 5.6 ng/L), except in the Elizabeth River (87 ng/L), com-
pared to the tributary and estuary locations (3.7 to 46 ng/L).
The NJ Saline and Freshwater Human Health WQC for total
PCBs (0.084 ng/L) were exceeded by the median concgh-
tration at all of the sarmpling locations. The NJ Saline Aguatic
Chronic WQC (30 ng/L). was exceeded by the median total
PCE concentration in the Rahway River. The NJ Freshwater
Agugtic Chronic WQGC (14 nhgil) was exceeded by the me-
dian total PCB concentration atthe Elizabeth River head-of-
tide.

Median dissolved tatal PCB concentrations ranged between
0.4 and 5.8 ng/L. Median concentrations tended to be lower
at the heads-of-tide (0.4 to 1.9 ng/L), except inthe Elizabeth
River (4.7 ng/L), compared fo the tributary and estuary loca-
tions (1.3 to 5.8 ng/L). Gverall, about 29% of the tetal PCBs
were found in the dissolved fraction and 71% in the sus-
pended particulate fraction. However, higher percentages
of the total PCBs were found in the suspended particulate
phase at the Elizabeth River head-cf-tide (93%) and in the
tidal Rahway- River (90%):.
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tions. As with the total PCB (ng/L) concentrations, the SUS-

pended particulate phase concentrations (expressed as
ngfg sed) were highest at the head-of-tide of the Elizabeth
River (2,740 ngfg sed) and in the tidal Rahway River (1, B20:
ng/g sed), as well.as in the.tidal Elizabeth River (1,610 ngfg_
sed). Median concentrations at the other tidal tributary -and
estuarine sampling: locations ranged between 283 and 955
nglg sed, and were also lower at the other head-of-tide
locations (57 to 334 ngfg sed).
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Figure 8: Madian Suspended Padisulate Eiasa Totat FORs

Sampling Lecasian

Figure 10 shows the overall mean PCB homoloy distribu-
tion -patterns. for the separate dissclved and suspended
s’ed‘irﬁe‘ht fr"action’s’ at the head-of-tide: Iocations ahd f'or the
d}s.soived PCB homolog distribution patterns are: ver.y.SIml-
lar at the tributary heads-of-tide and in-the downstreamtidal
areas of the haibor, and are-dominated by the tri- and fetra-
PCBs {31-37%). In contrast, while tihe hgad-of-tide sus-
pended sediment distribution is dominated by the penta-
{319%) -ang hexa- {24%) homologs (with larger percentages
of the higher chlorinated hemologs), in the-tidal areas of the
harbor the tetra- {27%) and penta-(25%) homclegs domi-
nate, with higher percentages of the lower chiorinated ho-
mologs also present. Throughout the harbor, as expected,
the- PCR homolog distribution patterns indicate a mixture of
the various ecmmercial Aroclors.
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Pesticides

The' HEP CCMP identified the pesticides DDT (with its me-
tabolites DOD and DDE), chilordane fand its metabolites),
and dieldrin as chemicals of concern, Figure 71 shows the
median tatal :copcentrations for these pestigides at each of
the sarpling logations. Overall, these compounds. ac-
counted for approximately 71% of the' median total pesti-
cide concentration at the sampling logations.

The median total DOT concentration {sum of 4,4'- and 2,4'-
DDT, DDD, and DDE) was elevated in the tidal Rahway
River (26 ngil}, with somewhat elevated concentrations (>

“Figurs 11: Metiar Total BDTs, Chiordanss, and Disldris
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8.2 ng/L) found iri the lower fidal Passaic River (Station PAST),
tidal Elizabeth River, and lower Arthur Kill. Median tota) DT

concentrations weie less than 3.8 ng/L at the remaining sta-
ticins.

4. 4-D0T, D_DD, a_.n__d .D_E_;)E_. T.he Human Health WQ(;_. fo.r ail
three of these compeunds were exceaded at the heads-of-
tide and in the tidal reaches of the Passaic, Elizabeth, and
Rahway Rivers, and in'the Arthur Kill. The NJ Saline-and Fresh-
water Aquatic ChronicWQC for total 4,4'-DDT (1.0 ngfil) were
also exceeded i the tidal Passaic (Station PAS1) and Rahway
Rivers, at the head-of-tide and in the tidal Elizabeth River, and
in the upper Arthur Kill. The NJ Saline and Freshwater Aguatic
Acute WQC for total 4, 4-DDT were not exceeded by the me-
dian cancenirations at any of the sampling locatians.

The median tetal chlordane concentration was elevated ‘in
the fidal Rahway River (1001 ng/L), with somewhat élevated
cancentratioris. at the Hesds-of-tids of the Hackensack, Eliza-
beth, and Rahway Rivers (4.5 to 6.2 ng/l). Median total chifo-
rdane concentrations were less than 3.7 ng/L at the remain-
ing stations. The NJ-8aling (0.1 ng/L) and Freshwater (010
ng/L) Human Health WQGC for total chlordane weré exceeded
by the median: coneentration at:all of the sampling locations.
The NJ Saline Aquatic Chronic WQC for total chlordane (4.0
ng/L) was exceeded by the median concentration in the
Rahway River. TheNJ Freshwater Aguatic Chranic WQC for
total chlordane (4.3 ng/L) was exceeded by the median con-
centration at the heads-of-tide of the Hackensack, Elizabeth,
and Rahway Rivers: The NJ Saline and Freshwater Aquatic
Acute WQC for total ehilardane were not exceeded by the me-
dign- concentration-at any of the sampling locationis.

The median dieldrin concentration was: highest at the heads-
of-tide of the Elizabeth arig¢h Rahway Rivers (2,14 rigfl), with
somewhat élevated coricentrations at the Hacketisack River
head-of-tide. (1.73 ng/l) the upperdidal Passaic River (Sta-
tion PAS3, 1.47 /L), and in the tidal Rahway River (1.26 ng/
L). Coneentrations vwere. less than 0.9 ng/l at the other sta-
tions. The NJ Saling (0.054 ng/l) and Freshwater (0.052 ng/
L) Human Health WQGC for dieldrin were exceeded. by the
median concentration at.all of the sampling locations: The:NJ
Saline and Freshwater Aguatic Chronic and  Acute WQC-for
dieldrin were not exceeded at-any of the sampling locstions.
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their tidia .stre.tches.(the Passaic, Hackensack_! and Raritar
Rivers), there was a tendency for the median dissolved
total DDT concentration to decrease in the upstrieam @
rection. Iri contrast, the median dissolved total chlortane

and dieidrin coneentrations tended to increase in the up-
stream direction,

Polyaromatic Hydirocarbons (PAHS)

Figure 12 shows the median total {dissolved + suspended
particulate fractions) and total dissolved PAH concentra-
tions gt each of the sampling locations. The highest me-
dian tctal (7,050 ng/L) and total dissolved {5,840 ng/l)
PAH concentrations were found at the Elizabeth River
head-of-tide. Total cancentrations were less than 1200
ng/L, ‘and total dissclved concentrations were igss thahn
1,310 ng/L; =t all.of the: other sampling locations,

Figurs. 12: Matlan Tofal 2nd Dissoisd Tatal PAHS
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pounds The NJ Saline Human Health WQC for
dibenz{a h)anthrace (18 ng/l) was exceeded by the me-
dian concentration in the tidal Rahway River, while the
Freshwater WQC (3.8 ng/L) was exceeded at the hegds-
of-tide of the Raritan and Elizabeth Rivers. The NJ Saling
Human Health WQC for benzo{a)pyrene {18 ng/L) was
exceeded at all of the sampling locations in the tidai
Passaic, Hackensack, Elizabeth, and Rahway Rivers, and
at'sampling Stations NB1-S and AK1-S. The median con-
centration for benzo(a)pyrene at all of the heads-of-tide
exceeded the Freshwater Human Health WQC (3.8 ng/L).
In addition, the rhedian concentration at the heads-of-tide
of the Passaic, Rahway, and Elizabeth Rwers exoeeded
the Freshwater ‘WQCT for
benzotbjflouranthene, and benzo(k)flouranthene--(each 38
hg/L). Thie median cohcentratian. at the hesds-of-tide of
the Rahway and Elizabeth Rivers exceeded the Freshwa-
ter WQIC forindenof1,2;3-cd)pyrene (38 ngil.):

Parent and alkyl-substituted PAHs have. both natural
sources (coal, oil seeps, forest and prairie. fires) and an-
thropogenic sources (fossil fuels and combustion}. Ra-

tios -of the corncentrations af variaus individual PAH -com-
pounds can potentisily be used to identify the types of
sources for the PAHs. found in environmental samples.
Based on the NJTRWP sample data, combustion of petio-
leum ‘and gasiwoodfenal are the main sources of PAHS o
the harbor; this is tobe expected Tor thig urbanized region.

Sedimentand Contaminant Loads at the Tributary Heads-
of-Tide

Using the contaminant concentration data collected as part
of this study and historic river discharge data from 1975-
2000, the USGS calculated the annual average load of sedi-
ment, organic cafbon, @nd associated contaminants for
each of the rivers. These estimated loads are presented in
Table 2, and represent the oads discharged at the heads-
of-tide of each of the rivers inte their downstream tidal wa-
tersheds.

the same. for the P_.Ssalc (- __‘I 000 Mgal) and Rantan‘
(279,000 Mgal). rivers, -and aceount for 44.6% and 49.6%,
respectively, of the total fiow from the five major New. Jersey
tributaries to NY-NJ Harber However, the estimated load of
sediment (and POC-to a lesser degree) is much larger ifv
the Raritan River(93.1 Mkg; 79.2% of the total) compared to
the Passaic River (22.7 Mkg; 19.3% of the total}. The
Hackensack and Rahway Rivers-each contribute about 2.5%
of the tatal flow and DOC, while the Elizabeth River accounts
for orily 1% of the.flow and DOC.

Table 2: Estinsted annuat aversge loads of sediment and
assaciated sontaminants st the hesds-of-tide of the Passaic, o
Hackensack; Elizabeth, Ralvway, and Raritan Rivers for the period 1975-2060.
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PAHSs, and total Cd at the Elizabeth River head-of-tide.
GConclusions and Recommimendations

Table 3 summarizes the NJTRWP Phasé One ambientwater
quality data based on comparisons to the applicable New
Jersey Water Quality Criteria (WQC), witha “secondary level”
comparisen to the available Long et al {1995) sediment
effects rarge median (ERM) guidelinevalues {i.e. NJTRWP
suspended sediment concentrations were comparad to
ERM values). Based on this analysis, those areas identi-
fied with an “XZ* (or "X* where there is no ERM} in this
table can be considered o be the most contaminated for
the' indicated cgmpound:

Hagkensack River — Hg

Passaic River — 2,3,7.8-TCDD (and total PCDDIF TEQ)
Elizabeth River —total PCBs (and potentially PAHS)
Rahway River — total PCBs, DDT and metakbolites,
chlordanes, and dieldrin

¢
&
¢
¢

However, it'should be stressed that contamination of the
study area by the hydrophobic. contaminants -of .concern —
dioxinsffurans (2.3,7,8-TCDD), PCBs, and various orga-
nochloring pesticides and PAHs — is widesbread.

In addition, based on the data collected and analyses.can-
ducted to date, note the following conclusions and recom-
mendations,

(1) Due ta their sizes, the largest loads of the contaminants
of concern from the upper freshwater watersheds of the NJ
teiibutaries to the tidal/lestuarine areas of the harbor wprigi-
nate inthe Raritar and Passaic Rivers, The ultimate fate of
these contaminant loads as they are transpoited down-
stream into the harbor estuary will be evaluated by the CARP
Wodel.

(2) Compared to its size; relatively large loads of total PCBs,
total PAHs, fotal DDTs, dieldrin, and the metals Hg, P, and
Cd are discharged at the head-of-tide on the Elizabeth River.
ANJTRWP Phasge Il frackdewn study has been implemerited
above the head-of-tide on this river (Wilson and Botin,
2007a) and should be followed up with additional trackedown
wiork.

(3) The NJ Hurnan Health W C and Long et-al. (1895) ERM
values for mercury were consistently exceeded in-the tidal
Passaic, Hackensack, and Rahway Rivers. A NJTRWP
Phase || Hyg trackdown study has been implementad in the
Hackensack River {to be described in a future NJTRWP
report); additional Hg work is needed in this river.

(4) Additional study is nieeded to evaluateé Pb contamination
in both the upper watershed @nd tidal reaches of the Rahiway
River, where there may be stormwater/runoff sources.of this
contaminant,

(5) The 2,3,7,8-TCDD WQC was exceeded in every sarmple
collected throughout the tidal tributary and estuarine areas
of the harbor. It appears that the harbor can be separated
into five sub-areas, with patential “sources” of dioxins/furars,
as follows:

4 Passaic River, Uppér Newark Bay, and the Hackénsack
River: elevated levels-of 2,3,7 8-TCDD {particularly in the
lower Passaic River) and high total PCDDIF TEG. Sighifi-
cant “sources” of 23,7 8-TCDD, with the lower Hackensack
River also a. source of furans.

4 Elizabeth River: elevated total PCDD/Fs, 2,3,7,8-TCDD,
and total PCODME TEGQ, Two different “sources” of tefra-
through hexa- PCDDIFS, ificluding 2,3,7,8-TCDD.

+ Rahway River: elevated total PCDD/Fs and 2,3,7.8-
TEDD, but total PCOD/F TEQ is not elevated.

4 Raritan River; the ypper tidal Raritan River has eleyated
levels of total PCODIFs due to relatively high concentra:
tions of QDD Total PCODIE inthe lower tidal Raritan River

Lable 3 Comparizons of Comarmant Walsr Colomn Concentrations from NETEWE S o B Water Quality Criteria andd
Long et al (1000 ERM values
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is similar to the lower Arthur Kill. 2,3,7,8-TCOD corcentra-
tions-are relatively low. Total PCDD/F TEG at the Raritan
River siteswere amaong the lowest in the harbor.

& ArthurKill, Kill Van Kull, and Lower Newark Bay: réla-
tively low/maderate fotal PCDD/Fs; and low 2:3,7,8-TCOD
anid total PCDB/F TEQ.

The most significant source of 2,3,7,8-TCDD tfo the harbor
contamination is being evaluated through the Lower Passaic
River Restoration Project and the Newark Bay Superfund
RI/FS. However, it appears that additional 2,3.7,8-TCDD
source trackdown work is needed in the Elizabeth and iower
Hackensack Rivers.

(6) The NJ Human Health WQC and Long etal. {1895) ERM
values were consistently exceeded for total PCEs through-
out the. entire study-area. The highest total PCE conceritra-
tions were. observed in the tidal Rahway River and above
the head-of-tidé:oh the Elizabeth River, where exceedances
of the NJ -Aguatic Shronic WQC were also fretuently ob-
served. NJTRWP Phase Il trackdown studies for PCBs

should be implemented in these two rivers.

(7 Cornisistent and widespread excesdances of the N.J Hu-
man Health and Aquatlo Chronic WQC for various pesti—
cides were observed throughout most of the harbor, with
certain pesticides particularly problematic in the following
areas:;

+ DDT - Passaic, Elizabeth, and Rahway Rivers, and the
Arthur Kill

¢ Chlordane — above the heads-of-tide of the Hackehsack,
Elizabeth, and Rahway Rivers, and in the tidal Rahway River
¥ Dieldrin - .above thé heads-of-tide of the Passaic, Eliza-
beth, and Hackensack Rivers, and in the tidal Elizabeth River,

In the.rivers with mare than one sarmpling station alang
their tidal stretches {the Passaic, Hackensack, and Raritan
Rivers), théfevwas a tendency for the median disstived total
DOT conCentrahon to decrease in the upstream direction;
this is.indicative of DDT sources Jocated in the.tidal tr:butary
and estuarine areas of the harbor. 1n contrast, the median
dissolved total chlordane and dieldrin congantrations
tended 10 increase in the upstream direction; this is further
evidence.-of notable sources of these pesticides above the
heads-of-tide on these rivers.

(8) The highest total PAH concentrations. were observed
above the Elizabeth River head-of-tide. In addifion,
exceedances of Nd WQC were observed for individual PAH
compaounds in the upper watersheds of the fributaries:

¢ benzo(a)pyrene — all rivers

4 dibenz{a,h)anthrace — Raritan and Elizabeth Rivers {and
tickal Rahway River) |

* benz{a)anthracene, benzo(bjflouranthene, and
benzo(k)ficuranthene Passaic, Rahway, and Elizabeth Riv-
ers

$ indeno(1, 2 3 cdlpyrene — Rahway and Ehzabeth River.

Benzo{ajpyrene concentrations exceeded the NJ Human
Health WQC in both the upper watersheds and the tidal
reaches of the tributaries (except for the Raritan River}, and

10

in upper Newark Bay. angthe upper Arthur Kill

Many contaminants were found largely in the suspended
sediment fraction - fdr example, dioxins/furans (99+ % in
the suspended sadimert fraction), PCBs (71%), Hg (88%),
and Phb (86%). Thus, whole water (total) concentrations of
these contaminants. were strongly-influenced by the amount
of suspended sediment in the water column at the time of
sample collection. In addition, this suggests that future
trackdown and soufce reductionfeliminations actions that
focus on ane of these foxic contaminants may also resulf in
reductions in the aothaer contaminants.

Overall, no consistent paterns were found between con-
taminant concentrations and dry weather/low flow and wet
weatherfhigh flow river conditions. However, in the tidal
Rahway River and above this tiver's head-of-tide, PCB gnd
metals concentrations did appear to congistently increase
during wet weather/high-river flow conditions, which is. in-
dicative of starmwaterfrunoff soutces of these contaminants.

Results of NJTRWP-Study |-G, which sampled the discharges
from municipal wastewater freatment plants (POTWs), com-
bined sewer overflows (GSOs), ahd starmwater outfalls:
(SWOs), will be summarized in a-companion NJDEP-DSRT
Research Project Sumimary:

The Phase One NJTRWFP data and analyses will be used,
together with other data and infermation - including the New

York State CARP datg, the CARP modeling results, and other
studies - to develop the NJTRW Implementation Plan. This
plan will integrate-and evaluate the available information for
each toxic contaminant and recommend a future course of
action for. source trackdown and reduction/elimination: How-
ever, based on the data and analyses completed to date -

ik

and the ongoing Passaic River and Newark Bay RFFS w
— it is recomrmiendad-that fiture NJTRWR trackdown activi-
ties in ambient watets be priotitized as follows:

#1. — Elizabeth River-above the head-of-tide (PCBs;
PAHSs, ‘and potentially 2,3,78-TCDD and pesticides)
#2 — tldal Rahway River-(PGBs, pesticides, and ‘Hg)
#3 — tidal Hackensack River {Hg)
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