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® 2.3,7,8-Tetrachlorodibenzo-p-dioxin (2,3,7,8TCDD} was
measured in sediments and suspended matter samples
from estuaries adjacent to an industrial site in Newark,
NJ, where chlorinated phenols had been produced.
Present day and recent historical levels of 2,3,7,8-TCDD
contamination were established through the use of ra-
dionuclide time tracers ("Be, ¥'Cs). Concentrations up to
21000 parts per trillion (ppt) were found in sediments
deposited near the site. Pre-1950 production of DDT at
the same industrial site provided another sensitive pollu-
tant source tracer. The total deposition of 2,3,7,8TCDD
in Newark Bay sediments since the late 1940s has been
approximately 4-8 kg, among the largest releases docu-
mented to date. Sediments dredged from estuaries in this
region have been disposed of on land surrounding Newark
Bay and at a coastal ocean dumpsite.

Introduction

Polychlorinated dibenzo-p-dioxins (PCDDs) in the en-
vironment originate as byproducts of industrial chemieal
processes and via combustion. A major industrial source
of PCDDs was the production of sodium 2,4,5-trichloro-
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phenate, which was used in the synthesis of the herbicides
based upon (24,5-trichlorophenoxy)acetic acid (2,4,5-T),
major components of Agent Orange (1), Between ap-
proximately 1948 and. 1969, a chemical manufacturing
facility located in Newark, NJ, at 80 Lister Ave. on the
west bank of the Passaic River (Figure 1) produced sodium
2,4,5-trichlorophenate, which was used on site to synthesize
2.4,5-T. Production capacity of 2,4,5-T at the plant av-
eraged ~800 tons/year (2, 3), approximately 15% of the
total U.S. output {4).

Although the manufacture of several additional chlori-
nated phenol products and a fire at the facility in 1960 led
to a complex mixture of PCDDs found in scil from the site
(5), a high relative abundance of a particular isomer,
2,3,7,8-TCDD, characteristic of sodium 2,4,5-trichlore-
phenate synthesis, was also found (5). On the basis of
animal feeding studies, this compound is among the most
toxic chemicals ever tested (6). At a level of ~2000 parts
per billion (ppb), 2,3,7,8-TCDD comprised ~15% of the
PCDDs in a surface soil sample from the site (5). In
contrast, 2,3,7,8-TCDD is only & minor component of the
PCDDs in incinerator gases and fly ash (7, 8) and in recent

lake sediments and air samples (9-11).

In this paper, we examine the levels, geographical extent,
and history of 2,3,7,8-TCDD contamination in sediments
of estuaries influenced by runoff and discharges from the
80 Lister Ave. site. Time scales are established via mea-
surements of natural and manmade radionuclides in sed-
iment core sections (12). The distributions of reiated
contaminants are also discussed. Octachlorodibenzo-p-
dioxin (OCDD) was the most abundant congener in the
80 Lister Ave. soil sample (5) and is a major component
of combustion-produced PCDDs (7-9). 2,3,7,8-Tetra-
chlorodibenzofuran (2,3,7,8-TCDF) is a highly toxic con-
taminant formed along with 2,3,7,8-TCDD during sodium
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2.4,5-trichlorophenate synthesis ({). p,p~DDD is a major
DDT-derived compound found in anaerobic sediments.
DDT was synthesized at the 80 Lister Ave. plant between
the early 1940s and 1859 (2, 3).

Experimental Section

Sediment samples were collected with gravity and piston
corers, Gram-sized suspended particle samples were col-
lected on precombusted, 25.4-cm-diameter quartz fiber
filters (Whatman QMA) by using a large-volume, in gitu
pumping system (LVFS} (13). Core sections and filters
were dried under a flow of air filtered through Florisil to
minimize atmospheric contamination. Sedirnent cores are
identified by a letter corresponding to the sampling site
(Figure 1) followed by a number to distinguish multiple
cores from the same site.

Chlorinated hydrocarbon analyses were performed on
individual filters and subsamples of ground sediment core
sections (ca. 1 g). Homogeneity of ground sediment sam-
ples was indicated by the reproducibility of chlorinated
hydrocarbon results for replicate subsampie analysis. In
a similar study of Hudson River sediments, p,p*DDD
analysis of two separate portions of 14 sediment samples
yielded an average coefficient of variation of 5.2% (14).
PCDD and polychlorinated dibenzofuran analysis was
based on GC-MS procedures employed at the University
of Nebraska (I5) and validated in several interlaboratory
comparison studies (16-18). Acid treatment of samples
prior to extraction (19) was found to improve recovery of
the !*C-labeled internal standards to 70 = 10% for
2,3,7,5TCDD, 90 * 10% for OCDD, and 60 £ 10% for
2,3,7,8-TCDF. The samples were extracted and analyzed

in batches consisting of four or five samples, some of which
were duplicates, and a method blank. Various standard
solutions containing known amounts of both analyte and
internal standard were analyzed at a frequency of one
standard for every three samples. The final volume of
samnple extract was adjusted so that the amount of analyte
was within the calibration range. The extent of dilution
that was required was determined on the basis of prelim-
inary analyses. In this way, the large range of concen-
tration was handled without contaminating the instru-
mentation and cross contaminating the samples. For all
sarnples, the measured isotopic ratios of the molecular ion
clusters were consistent with their theoretical values.
Results of procedural blanks and duplicate analyses are
presented in Table I. DDD analyses were carried out as
previously described (/4), modified to include capillary
column GC with pesk assignments confirmed by alkali
treatment of selected extracts to produce dehydrochlo-
rination products {20). Radionuclide analyses were carried
out by ¥ spectrometry using lithium-drifted germanium
and intrinsic germanium detectors with multichannel! an-
alyzers. All concentrations of chlorinated hydrocarbons
and activities of radionuclides are reported on a per drv
weight of sediment basis.

Results and Discussion

Sample Coliection and Dating. In 1985 and 1986, we
collected sediment core and suspended particle samples
from the Passaic River and adjacent estuaries, Sediment
core sections were analyzed for the y-emitting radionu-
clides "Be and ¥'Cs to establish the particle deposition
histories at our various coring sites. As a result of the short
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Table 1. Chlorinated Dibenzodioxin and Dibenzofuran
Data® .

sediment depth, 2,3,7.8-TCDD, OCDD, 2.3,/7.8TCDF,
coret cm ppt ppb ppt
Al f}-or 20 8.0 24
28-n0d ND (60} 22 200
Bl 0-2¢ 130 11 130
Ci : (20 300 12 160
D1 (-2 T30 9.4 440
2-4 1800 23 470
24-28 660 19 as0
48-314 7600 24 3100
D2 108-111 21000 38 4500
El 0= 310 3l 290
Fl 0-2 180 4.8 220
4-6 1200 10 580
12-16 680 7.5 370
24-284 - HIDOD 11 300
28-32 1100 5.5 530
12-36 390 5.6 180
12-36 380 5.7 ' 180
F2 A2-36 2900 42 730
4044 83 5.5 140
. 48-52 ND {41) 4.4 80
F3 - 230 47 180
H1 0-2¢ ND {36} 5.5 150
H2 20-244 150 59 300
Il 2-4¢ 75 5.3 150
Ji 48 180 31 1200
28-32 ND {22) NA ND (32)
K1 2-4 2700 13 1400
24 2500 15 1400
L1 0-2 430 14 490
Suspended Matter Samples
site G¥ 260 9.0 380
site J¢ . 120 13 220
Blanks/
method ND (42) 0.18 ND(1T)
blank 1
method ND (61) 0.61 ND {53)
blank 2
filter biank - ND(17) ND (1.8) ND (35)

¢ ND indicates none detected and is followed in parentheses by
the detection limit. NA indicates not anaiyzed. ®All zampies in
this table and in other publications from the Lamont laboratory
can be unambiguvusly identified by control numbers available
from the authors, “These samples are from the 1985 £ I year time
horizon defined in the text. “These samples are from the mid-
19605 time horizon defined in the text. *These results are from
dupiicate extraction and analysis of separate sample aliquots.
/Blank concentrations are based on 1 g, the approximate sample
size. Method blanks are results obtained with no sample. Filter
blank results ere from anelysis of an unused quartz fiber filter
similar to those used to collect the suspended matter samples.

half-life of "Be (53 days), detectable activity of this cosmic
ray produced radionuclide is characteristic of both sus-
pended matter samples and near-surface sediment samples
containing a significant component of particies deposited
within approximately 1 year prior to sample collection.
137Cs, derived as fallout from atmospheric testing of large
nuclear weapons, first entered natural water systems on
2 global scale in significant amounts in approximately 1954.
Its presence in a sediment sample usually indicates an
appreciable component of poat-1954 deposition. In cores
with continuous and relatively rapid sediment accumula-
tion, the maximum levels of fallout 'Cs can be associated
with the years of peak fallout delivery (1963-1964) (12,
21-23).

On the basis of our radionuclide results, gets of samples
were chosen at two different time horizons throughout the
study area. All of the sediment core samples were dom-
inated by fine-grained particles and had similar levels of

K, a natural radionuclide enriched in clay minerals rel-
ative to quartz sands. This indicates that the differences
in contaminant levels among our samples were not sig-
nificantly influenced by differences ir sediment charac-
teristics. Samples from within ~1 year of 1885 were either
suspended matter or "Be-bearing sediment core sections,
Sediment cores from four sites provided samples from a
mid-1960s time horizon defined by maximum levels of
fallout ¥'Cs (Figure 1}. An additional constraint on our
chronologies in the Passaic River-Newark Bay system is
provided by & minor, but consistent, near-surface ¥'Cs
maximum (Figure 2) that we associate with the highest
recorded freshwater discharge of the Passaic of the past
50 vears, which cccurred in April 1984 (24). The 5-day
discharge for 6 April through 10 April, 1984, was 40%
higher than the next largest recorded discharge for any
5-day period between 1940 and 1988, We hypothesize that
the record flow would have been accompanied by unusually
high suspended matter concentrations that would inhibit
desorption of *Cs from particles carried into the river
from the drainage basin.

Time Horizon Data. Results of PCDD analyses (Fig-
ure 1) indicate that the 80 Lister Ave. plant was a major
source of 2,3,7,8-TCDD to the natural water systems of the
study ares. At each time horizon, the highest concentra-
tions of 2,3,7,8-TCDD were found on particles from sam-
pling site D, adjacent to the plant. At this site and also
in Newark Bay at site F, the mid-1960s samples were
several times more contaminated with 2,3,7,8-TCDD than
their respective mid-1980s samples. We attribute this
pattern in space and time to the production of 2,4,5-T at
the 80 Lister Ave. plant from about 1948 to 1969. Sam-
pling site A is isolated from this particular industrial source
by the Dundee Dam and had levels of 2,3,7,8-TCDD ~2
orders of magnitude lower than site D. While the mid-
1980s’ data (Figure 1) suggest the possibility of an addi-
tional source of 2,3,7,8-TCDD to the Hackensack River,
some of the contamination at sampling sites B and C could
also have been derived from the 80 Lister Ave. plant.
During our sampling, salinities measured at the upper
Hackensack station (site B) were up to & third of those
observed in Newark Bay, indicating significant tidally
driven upstream transport in the Hackensack River estu-
ary. Also noteworthy were the relatively low levels of
2,3,7,8-TCDD found in New York Harbor sediments at site
H. The substantial inputs of industrial contaminants to
the harbor, evidenced by the high levels of PCBs and trace
metals found in these same samples (25), do not alter the
general trend of 2,3,7,8-TCDD levels decreasing with
distance from Passsaic River site D.

OCDD and 2,3,7,8-TCDF. In each of our samples, the
level of OCDD was many times higher than that of
2,3,7,8-TCDD (Table I, Figure 1). While OCDD was the
most abundant PCDD congener reported in the 80 Lister

"Ave, soil sample (5), the rather poor correlation between

OCDD and 2,3,7,8-TCDD levels in our samples (R? = (.36,
Figure 3) indicates that there is a significant regional
source for OCDD, a source that is depleted in 2.3,7.8-
TCDD relative to the local industrial source. Combustion
and the use of pentachlorophenol, a common wood pres-

ervative, are the most likely candidates for this regional
PCDD source (10).

A much higher correlation was found between the levels
of 2,3,7,8-TCDF and 2,3,7,8-TCDD in our samples (R? =
0.87, Figure 3). This suggests that the 80 Lister Ave, site
was a major source of 2,3,7,8-TCDF to the natural waters
of our study area. Similar to 2,3,7,8-TCDD, 2,3,7,8-TCDF
can be produced as a contaminant during sodium 2.4,5-
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trichlorophenate synthesis (7} and was found at elevated
levels in the 80 Lister Ave. soil sample (5).
Chronological Data. A more detailed chronology of
2,3,7,8-TCDD levels was developed for Newark Bay site
F from two sediment cores. Core F1 penetrated to sedi-
ments deposited in approximately 1954 (Figure 2) while
core F2 had a longer time record with deeper sections
containing no detectable '¥'Cs, indicating pre-1954 de-
position. Since DDT was also synthesized at 80 Lister
Ave,, the cores were analyzed for p,p“DDD, which is
produced in natural systems via reductive dechlorination
of p,p-DDT and is persistent in anoxic sediments (14).
Results of these analyses (Figure 4) indicate that pro-
duction of DDT at 80 Lister Ave. was the dominant his-

torical source of DDT-related compounds to Newark Bay

_ 884 _ Environ, Sci. Tachnol. Vol 25 NA B 16o+

profile is unique. DDT-related compounds in dated sed-
iment cores from other natural water systems were gen-
erally first detected at low levels in the early 19505 and
subsequently increased in concentration, reaching peak
levels in the 1960s or 1870s (12, 25). In the Newark Bay
cores, peak levels of p,p “DDD are observed prior to 1954,
consistent with production records for the 80 Lister Ave.
plant. These records indicate synthesis of ~ 100 million
1b of DDT, commencing prior to the end of World War il
and terminating in 1958-1959 (2, 3). The near-surface
maximum of the early 1980s coincides with the record
Passaic River discharge in the spring of 1984 that flooded
the plant and was the probable cause of the similar per-
turbation of ¥'Cs levels (Figure 2).

The 2,3,7,8-TCDD concentration profile derived from
these cores, although somewhat lacking in detail, sub-
stantiates our linking of the sediment chronology and time
horizon data with production records for the 80 Lister Ave:
piant. Compared to p,p~DDD, which traces site activity
that commenced prior to the end of World War II, the
profile shows a later onset of significant 2,3,7,8- TCDP
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contamination consistent with production of 2,4,5-T be-
ginning approximately in 1948, The maximum level of
2,3,7,8-TCDD contamination occurs during the period of
active 2,4,5-T production and the sample showing the
pear-surface maximum in ¥Cs and p,p~-DDD levels also
contains significantly higher levels.of 2,3,7,8-TCDD than
the adjacent samples that have been analyzed.

Efforts to obtain a complete chronology for the lower
Passaic River at site D, near the 80 Lister Ave. plant were
not as successful. Core DI provided the data for Figure
1, but did not penetrate into sediments deposited prior to
the fallout maximum (Figure 2). Core D2 is noteworthy
because its bottom section (108-111 ¢m) contained 21 000
ppt 2,3,7,8-TCDD, the highest concentration in any sample
that we have measured (Table I). The *'Cs and 2,3,7,8-
TCDD data are consistent with deposition of this sample
during the mid to later stages of sctive 2.4 5.T production
at 80 Lister Ave., from the late 1950s to early 1960s.

Sediment Budget, A measure of the significance of the
2,3,7,8-TCDD contamination is provided by some first-

order sediment budget calculations. From our data on .

Newark Bay samples (Table I, sites E-G, K, and L), we
estimate that the average fine-grained sediment deposited
in the bay during the past 40 years contained between 600
and 1200 ppt 2,3,7,8-TCDD. On the basis of a sediment
budget of Suszkowski (26), Olsen et al. (27) estimated the
annual deposition of fine-grained sediments in Newark Bay
at 1.7 X 10® kg/year. This yields a total deposition of 4-8
kg of 2,3,7,8-TCDD in Newark Bay over the past 40 years.
This total places our study area among some of the most
significant incidents of 2,3,7,8-TCDD contamination. For
comparison, estimates of the amount of 2,3,7,8-TCDD
released in the well-known cases of Seveso, Italy, and
Times Beach, MO, are about 0.25 end 8 kg, respectively
(1)

Most of the fine-grained sediment deposited in Newark
Bay is subsequently removed via maintenance dredging
of shipping channels (26, 27). Prior to 1970, when the most
highly contaminated sediments were being deposited, the
dredge spoils from this region were disposed of primarily
in upland sites adjacent to the bay, “generally as fill ma-
terial which was subsequently used for development” (26).
Since 1970, most of the dredge spoils have been dumped
in the Atlantic Ocean at & site located ~ 10 km off the New
dJersey coast (26, 28), In preliminary analyses of sediments
from the vicinity of that site, we have measured 2,3,7,8-
TCDD levels of up to a few hundred ppt.

Conclusions

Using & multitracer approach, we have described a major
incident of 2,3,7,8-TCDD contamination in sediments of
New Jersey estuaries. The dominant source of this com-
pound appears to be a single chemical manufacturing fa-
cility. The high levels observed in sediments of the lower
Passaic River and Newark Bay will have a major impact
on the future management of these estuaries. The current
practice of subagueous disposal of sediments dredged from
these waters at a coastal ocean dumpsite provides a sig-
nificant and perhaps dominant transport of 2,3,7,8-TCDD
to the continental shelf of the northeastern United States.
This study also establishes the persistence of 2,3,7,8-TCDD
and 2,3,7,8-TCDF in anaerobic sediments on a time scale
of several decades.
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Phenyltins in Water, Sediment, and Biota of Freshwater Marinas

Kart Fent* and Judith Hunn

Swiss Federa: Institute tor Water Resources and Water Poliution Control (EAWAG), CH-6047 Ké'si'anianbédﬁ{,—'é{o;i:s;;t;ﬁd-'“ -

B A geries of phenyltins and butyltins were determined
in the water column, sediment, and biota of two freshwater
marinas of Lake Lucerne, Switzerland. Considerable
concentrations of triphenyltin (TPT), diphenyltin (DPT),
and monophenyltin (MPT) were found for the first time
in all the compartments. In addition, tributyltin {TBT),
dibutyltin (DBT), and monocbutyltin (MBT) occurred in
significant concentrations. During 1988-1990, agueous
TBT concentrations followed a seasonal pattern with in-
creages of up to 752 ng/L in late spring, followed by a
successive decrease until winter, when concentrations
remainded around 100 ng/L. TPT and TRT concentra-
tions decreased during the observation period. Of the total
aqueous TBT, 95-99% was present in the dissolved phase.
In mussels Dreissena, TPT and TBT residues ranged up
to 3.88 and 9.35 ug/g, respectively, Vertical sediment core
profiles showed highest TPT and TBT concentrations of
up to 107 and 2043 ug/kg, respectively, in the top with
decreasing values with depth. Dating of the core and the
occurrence of only low concentrations of DBT and MBT
indicate that TBT is conserved in these sediments over
8 time period of years.

Introduction

Organotin compounds are entering the marine and
freshwater environment from their use in antifouling
paints. Small amounts of these biocides are released
continously from vessels into the water, thereby preventing
attachment of organisms. Municipal and industria}
wastewater, sewage sludge, and landfill leachates are ad-
ditional organotin sources (7 » 2}. Thus far, attention has
mainly been given to tributyltin (TBT), although tri-
phenyltin (TPT) has also been employed as a cotoxicant
with TBT in some long-performance antifouling psints.
Contamination of aquatic systems by TPT and the aquatic
toxicity of this cornpound are only little known. TPT and
TBT are both highly toxic to aquatic life (3). TBT is
particularly toxic to molluses (oysters) and gastropods
{3-8), teading to declines of dog whelk populations on
various coasts (8). Chronic toxic effects on oysters (shell
deformation) (9) and marine gastropods {sterilization of
fernales) occur at aqueous concentrations of a few nano-
grams per liter (8), and most susceptible marine algae (10,
11) and zooplankton species (12-14)} were negatively af-
fected at a few hundred nanograms per liter,

In contrast to TBT, concentrations of TPT in the ma-
rine and freshwater environment are fairly unknown. In-
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creased levels of TBT in water, sediment, and biota have
been linked primarily to boating activities. In the water
column, TBT residues were reported to lie in the high
nanograrms per liter range for seawater marinas, and in the
low to medium nanograms per liter range for open water
(9, 15-19). TBT residues in the sediments were found to
be considerably higher, typically in the range of ~200-1000
ug/kg (15-17), with decreasing levels with depth (20). In
water, degradation of TPT and TBT takes place, TPT
was shown to be photodegraded to diphenyltin (DPT) (21),
and TBT was biodegraded by successive dealkylation re-
actions leading to dibutyltin (DBT) as the principal deg-
radation product with lesser amounts of monobutyltin
(MBT) (22, 23). In sediments, TBT degradation was re-
ported to be much slower with half-lives of 4-5.5 months
(20, 22).

To date, little is known about the occurrence, temporal
variation, and behavior of organotin compounds in fresh-
water systems (15-17), especially in respect to phenyltins.
The purpose of this study was to determine the presence,
partitioning, and fate of phenyltins and butyltins in dif-
ferent compartments of freshwater marinas and detect and
monitor seasonal variations and trends throughout
1988-1990. The results document for the first time a series
of phenyltin residues in water, sediment, and biota. Al-
though the origin of TPT is attributed to antifouling paint
leachates, this compound has a growing importance as an
agricultural pesticide prone to contaminating the aquatic
system by leaching and runoff. This suggests that the
presented findings are applicable to more than this par-
ticular site. Qur study also gives for the first time detailed
phenyltin and butyltin sediment profiles in conjunction
with 197Cs profiles. The sedimentary record suggests that
TBT is conserved in these sediments over time periods of
years,

Experimental Section

Study Sites and Sampling Procedure. During 1988,
1988, and 1990, samples were taken in the 2.5-3 m deep
marinas Lucerne (SEG) and Stansstad {STA) of the oli-
gotrophic Lake Lucerne, located in the central part of
Switzerland (Figure 1). The marinas were selected on the
basis of different size and construction. Marina SEG was
constructed in 1978, has berths for 456 vessels, and is well
flushed, Marina STA hag berths for 242 vessels, was
constructed in 1965, and has a narrow entrance resulting
in poor flushing. Water samples were always collected at
the same location within the marinas adjacent to the -
vessels at midmonthlv intervale & aeaioto_ 0. a v
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capacitances were 0.20 F M and all inner-layer capaci-
tances were 1,40 F M7 (except for two whose values were
1.25 F M),

Additionally, Drs. Dzombak and Hayes criticize our
paper because the interrelationship among electrolyte
sorption constants, acidity constants, and site density is
not discussed. They present TLM parameters for a single
data set using FITEQL and a variety of assumed site den-
sities, inner-layer capacitances, and acidity constants.
Theirs and similar results (4) show very high correlations
between electrolyte binding constants and site density,
lesser but significant correlation between inner-layer ca-
pacitance and electrolyte binding constants, and no cor-
relation between acidity constants and any other model
parameters. Drs. Dzombak and Haves recognize that the
method used by Hayes et al. (4) to determine TLM pa-
rameters compietely compensates for variation in site
density by allowing the electrolyte binding constants to
vary and that a relationship between site density and
surface acidity constants will only hold if capacitance
values and electrolyte binding conatants are similar for the
various TLM parameterizations. This, is in fact, the case
for the studies we evaluated. In our evaluation of TLM
studies (I}, we found a strong correlation between site
densities and acidity constants. Our conclusion regarding
relationships between determinations of site density and
acidity constants was a generalization that is consistent
with the studies we evaluated. TLM parameterization
using widely different density, acidity constant, capaci-
tance, etc., were not found in the literature; therefore, the
effects of a wide range of values of these TLM parameters
could not be determined from available experimental
studies.

In our development of sets of TI1.M constants for cation
adsorption, we calculated values of K5 from the values
of K™ and K used by the original investigators. Values
of K% go derived were converted to a uniform set of K™
values using a single value of K. The values presented
are congistent with outer- and inner-layer capacitances of
0.2 and 1.4 F M, respectively, for iron oxides. Quter- and
inner-layer capacitances of 0.2 and 2.4 ¥ M2, respectively,
were used for manganese oxides. We have previously
provided (1) acidity constants and electrolyte binding
constants.

We are pleased that Drs. Dzombak and Hayes echo our
earlier recommendation, even though they apparently did
not read our conclusion (2} that “The methods used to
derive values of p*K™ are often poorly defined, subjective,
and differ among investigators. Much of the uncertainty
associated with p*K™ could be removed if all the exper-
imental work reported in the literature were re-evaluated
using a single set of objective criteria for deriving values
of p*Kit~,

The constants we presented (1) should not be viewed
as the “final and correct” set of TL.M parameters, however,
our contribution represents, in our opinion, a significant
improvement and is the most useful compilation of TLM
parameters currently available in the literature. Fur-
thermore, it is unlikely that a significantly better set of
values will be aveilable without the type of major recal-
culation effort we suggested in our earlier report (2).
Additionally, though there is indeed a wide availability of
very powerful microcomputers, the parameterization of the
nonlinear TLM is not nearly as simple as the comments
of Drs. Dzombak and Hayes would suggest, especially given
the necessity of ensuring physically meaningful values of
TLM parameters.

1254 Environ. Scl. Technol., Vol. 26, No. 6§, 1982

In summary, we contend that the values of K™ pres-
ented are internally consistent with the limitations and
uncertainties we have previously identified (I, 2).

Registry No. MnO,, 1313-13-9; Fe,04H,0, 12168-56-7;
goethite, 1310-14-1.
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Comment of “A Major Incident of Dioxin
Contamination: Sediments of New Jersey
Estuaries”

SIR: Set forth below are our comments on the paper
by Bopp et al. (1) on dioxin contamination in the Newark
Bay area. The authors were using a very limited data base
to cover a broad area (over 30 river miles). We disagree
that this dated core study, involving three cores, can
conclude anything about a specific source. While it may
be true that dioxin contamination in the 1850s" and 1960s’
sediment is greater than recent sediment levels, there are
inadequate data to conclude that “the dominant source of
this compound appears to be a single chemical manafac-
turing facility”. The limited data presented in this paper
seem only to promote misconceptions and do not consider
the actual validity and interpretive usefulness of the data,

Scientific studies should rely on a more significant
number of data points, use only independently validated
analytical results, fully report all data, consider other
sources, consider localized sedimentation rates, and qualify
or limit conclusions to the extent supported by the data.
Science should be used to identify and report fact-based
conclugions. Reporting only the partial data that are
“consistent” with a hypothesis is scientifically misleading,

(1) The authors claimed the 80 Lister Ave. site was the
dominant source of DDT and its derivatives. The authors
do not explain their large-volume filtered sampie data
which showed DDD concentrations in the Arthur Kill of
over 3-fold greater than any other location (530 vs 181 pphb)
and DDT concentrations in the Arthur Kill of almost twice
{260 vs 161 pph) the concentration of any other location
reported. These data were not consistent with the authors’
80 Lister Ave. source (2).

{2) The authors’ Figure 1 did not present all surface and
near-surface sediment PCDD/PCDF data. The 1985 fig-
ure should have included additional surface sediment and
suspended matter results reported in Tabie I and not just
selected data. When sample K (2700 ppt 2,3,7,8-TCDD
2-4 cm) is shown, the possibility of other 2,3,7,8-TCDD
sources in the center to southern sections of Newark Bay

0013-936X/92/0926-1254803.00/0 © 1992 Arnerlcan Chemical Society

NJDEPO0023832




becomes apparent., This datum directly contradicts the
authors’ statement of “. the general trend of 2,3,7,8-TCDD
levels decreasing with distance from the Passaic River site
D" (80 Lister Ave.). When 2,3,7 8-TCDF concentrations
are plotted on this same drawing, potentially significant
Sources are identified at locations K (1400 ppt) and J (1200
ppt) which greatly exceed the 440 ppt reported at 80 Lister
Ave. (location D). The two reported suspended matter
results show a TCDD/TCDF ratio of (.68 and (.55 vs
approximately 2.0~4.0 in sediments at the alleged source
location D. These data, if illustrated, would show that
there is not a general trend from the 80 Lister Ave. site.

{3) The authors cannot draw conclusiong from the age
of sediments at location D] because they did not confirm
a "'Cs maximum or the start of the pre-**Cs fallout sed-
imentation in thig core, which 1s needed for dating. They
report '"'Cs data in their papet at 51 cm, which was gs-
sumed to be a8 maximum in core DI. Adjacent sample D2
in ref. 2 was reported by the authors to have a "Cs value
of 1055 pCi/kg at 92-96 cm vs 821 pCi/kg at 48-52 cm,
which was claimed to be the magimum '*'Cs value repre-
senting the 1983 time period. Therefore, the depth of
92-96 cm was closer to the maximum 9Cs than the 48-52
¢m claimed by the authors,

{4) The authors presented several unsupported or poorly
supported descriptions of other data to discuss sediment
transport hypotheses. These statements should have been
further qualified as noted:

(I) The authors’ suggestion that river flooding at the 80
Lister Ave. site in 1984 was the cause of increased DDT
levels is without support. The 80 Lister Ave. soilg were
controlled by surface covers by the summer of 1983 (3)
under the supervision of the New Jersey DEP. There is
no documentation that runoff of DDD/DDT from the site
caused the suggested increase in Newark Bay sediment
concentrations, As stated breviously, there is little evi-
dence that the authors considered other sources of
DDT/DDD in their analyses.

(I) The authors suggest that the manufacturing building™
fire in 1960 at the 80 Lister Ave. site caused the high
OCDD, OCDF, and TCDF concentrations found in the
single site goil sample in their analyses used to characterize
the site. The single surface soji sample was collected from

an area where the 1960 manufacturing building was de-

molished, filled, and regraded as part of the plant recon- .

struction. Therefore, the soi] area tested was most likely
fill material placed after 1981. There is no basis, just *

supposition, that the fire caused the elevated OCDD/
OCDF/TCDF concentrations detected in the soil sample,

Also, there was no pathway to the river documented for -

the soil sample. B

(I} The authors’ statement that the 2,3,7,8-TCDOD
concentration profiles are “somewhat lacking in detail” is
a considerable understaterment, Due to the limited dating
at core loecation D1, no significant dated sediment dioxin
data are presented to compare between locations. The fact

miles to demonstrate 5 source link. Thjs attempt was
completely inadequate and inappropriate.

(IV) The authors alse claim 2,4,5-T production began
in 1948, 24,5-T Processing did not begin at the plant until
March 1951, per ref 3.

(V) The authors did not diseyss the sampling period
differences between the August 1985 to October 198g
samples (2). They shouid have explained the possible
impact that the timing of the sampling and analysis ge-
tivities had on the validity of the resylts,

(5) The authors’ data
dating of 2,3,7,8-TCDD.

Many 2,4,5-T registered uses ended in 1970. Esposito et
al. (ref 4, p 98), for example, identified 2,4,5-T as being
registered for application to lakes, ponds, and ditch banks

Other potentially significant 2,3,7,8-TCDD sources
identified in refs 4 and 5 were available to the authors,
There was no mention or evaluation in the paper of the
contributions from these other sources. The authors have
i the many waste handling firms, aven
those found to have had direct discharges to the Newark
Bay system (Chemical Control on the Elizabeth River, for
an example}. New Jersey claimed to be the first or second
largest chemical producer in the
18508-1960s. The
source of 2,3,7,8-TCDD for the entire watershed with only
two core analyses
terization is without support,

Some of the major potential sources of diozins in the

Passaic River have not been investigated {6). One known

site not considered by the authors is Prem;ias__l,_)mg. The .
New Jersey Department of Environiental Protection

(NJDEP) (9) reported that Prentiss Drug has over 200 ppb
2,3,7,8-TCDD present. The authors need mote than two
core samples to confirm g single source when such 8ig-
nificant other potential sources are bresent. There are
many Newark facilities and other Passaic River watershed,
and Newark Bay watershed, facilities that have not been
investigated as major manufacturing sources of dioxin.

(8) The authors did not consider localized dredging and
sedimentation rates around their suspected source. A
review on Army Corps of Engineers records indicates the
site area (location D) i

Newark Bay, or Kill Van Kull data points reparted by the
authors (2). No Aroclors are associated with the authors’
suspected source site (3) however,

These comments address only some of the obvigus
technical deficiencies in the Bopp et al. paper. This paper
used bad scientific practices in preselecting a hypothesis
and then presenting, or highlighting, only those data which
Were consistent with the hypothesis. Most disconcerting
18 the possibility that this type of presentation could cauge
other researchers to misdirect their studies and delay the
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day when this watershed is truly understood.

Registry Ne. DDT, 50-28-3; 2.3,7,8-TCDD, 1746-01-6;
2,37 8-TCDF, 51207-31-9; 2,4,5-T, 93-76-5.
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Hadiey Bedbury
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Dallas, Texas 75201

SIR: Our general response to the comments of Hadley
Bedbury is to urge interested parties to carefully read the
paper. We respond to specific comments as follows:

1. Our paper discusses the sources of DDT-derived
compounds to sediments of Newark Bay (not the Arthuar
Kill). The dominant feature of our p,p~DDI chronology
from Newark Bay (Figure 4) is the pre-1954 maximum of
490 ppb. The timing of this maximum distinguishes
Newark Bay from other natural water systems for which
DDT-derived compound chronologies have been reported
{I-3) and is consistent with an 80 Lister Ave. source.

In contrast to the mid-1980s’ Arthur Kill sample that
contained 590 ppb p,p-DDD, our four Newark Bay sus-
pended particle samples contained 103, 107, 110, and 112
ppb (4). The Arthur Kill sample provides evidence of a
very recent source of DDT-derived compounds to waters
around Staten Island. We plan to utilize this tracer to
place limits on the amount of up-estuary (into Newark
Bay) transport of particle-associated contaminants that
occurs in the system.

9. This comment indicates that an essential point has
been missed. Not all near-surface sediment samples
qualify as having been deposited within a year or two of
core collection. As mentioned in our response to the other
letter, net particle accumulation rates in estuaries can vary
over ahort distances from zero to over 10 cm per year. This
is precisely why, for each core, an independent indicator
of the time of deposition {such as Be-7 activity or a Ca-137
activity profile with depth) is needed. In the case of core
K1, Cs-187 activity was maximum in the 0-2-cm sample
and penetrated to a depth of only 6 cm (4). This could
indicate either very low net accumulation or perhaps loss
of the core top at this site. In either case, the 2-4-cm
section from this core would be expected to contain a
significant component of particles and associated contam-
inants deposited between the early 19508 and the mid-
1960s. This would account for the high level of 2,3,7,8-
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TCDD in this sample compared to our mid-1980s’ samples
and also explain the high 2,3,7,8-TCDF level.

3. This argument depends on the assumption of similar
net particle accumulation rates for cores D1 and D2, A
closer inspection of the data (4) would have revealed ev-
idence that D2 has a significantly faster accumulation rate.
The (—4-cm sample in this core had a Be-7 activity of 2126
+ 192 pCi/kg. The 0~2-cm sample of core D1 had a sig-
nificantly lower activity {716 + 236 pCi/kg) and Be-7 was
not detected in the 2—4-cm sample {124 3 239 pCi/kg).
Our assignment of a mid-1960s" date to the 48-51-cm
(bottom) section of core D1 is consistent with the Be-7 data
and with the location of the “a” horizon and the Cs-137
profile shown in Figure 2.

4, 1. The signal that we associated with the 1984 flood
event, including the elevated level of p,p*DDD in core F1,
is primarily a dating tool that was used to define our “a”
horizon. It is clear from our Figure 4 that the perturbation
in levels of DD'T-derived compounds that we associate with
this event is minor compared to the pre-1954 maximum
levels. In discussing possible sources of the increased levels
of p,p~DDD, we felt that it was appropriate to note the
flooding of a facility where approxzimately 100 million
pounds of DT had been produced.

II. The soil sample analysis (5) was the only detailed
PCDD characterization of the site that we found in the
open scientific literature. It was necessary to indicate that
both the fire and the manufacture of several additional
chlorinated phenol products at the facility were probable
contribuiors to the complex mixture of PCDDs in that
sample.

III. Chronological data on 2,3,7,8-TCDD levels from
cores F1 and F2 complement the p,p~DDD chronology
{(Figure 4) and our time horizon data (Figure 1). Our
interpretations rely on multiple tracers and the several
lines of evidence presented in the paper.

IV. Initiation of 2,4,5-T production at the plant in 1951
instead of 1948 would not change our interpretation of the
2,3,7,8-TCDD chronology from Newark Bay cores F1 and
F2 (Figure 4). If anything, the data are better explained
by the later start of production.

V. “Sampling period differences” would be expected to
have the greatest effect on our suspended particle samples.
Based on contaminant analyses (4), such differences appear
to be relatively minor. For example, our four Newark Bay
suspended particle samples were collected in April 1985,
August 1985, March 1986, and October 1986. Levels of
p.p-DDD ranged only from 103 to 112 ppb. Levels of
~v-chlordane ranged between 23 and 35 ppb. Of the con-
taminants that were measured, only p,p-DDT levels
spanned as much as a factor of 2 (from 12 to 25 ppb).

5. These comments do not acknowledge the significance
of our upper Passaic (site A) and New York Harbor (site
H) time horizon samples. The low levels of 2,3,7.8-TCDD
at these sites relative to our lower Passaic and Newark Bay
sites require, as 8 minimum explanation, a significant point
gource of 2,3,7,8-TCDD to the lower Passaic. While in-
terpretation of our data does not require another major
source of 2,3,7,8-TCDD, we also did not rule out that
possibility. Specifically, we stated that “the mid-1980s’
data (Figure 1) suggest the possibility of an additional
source of 2,3,7,8-TCDD to the Hackensack River™.

6. The success of our approach depends on vur ability
1o locate areas of rapid net sediment accumulation. Such
areas will accumulate particle-reactive contaminants
transported within the natural water system. For the case
of PCBa cited in the comment, it is interesting to note that
the sample with the second highest levels of Aroclor 1242

0013-936X/02/0026-1256803.00/0 @ 1892 Amarican Chemical Soclety
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and 1254 components (4) was from site A on the Passaic,
above the Dundee Dam. This suggests that downstream
transport is a significant contributor to the PCBs accu-
mulating in the lower Passajc. The similar analysis of
2,3,7,8-TCDD levels presented in our paper indicated that
transport over the Dundee Dam was not a significant
source of 2,3,7,3 TCDD to the lower Pagsaic. We maintain
that contaminant analysis of dated core sections is one of
the best tools available for studying the sources and fate
of particle-associated contaminants in natural water sys-
tems.

Registry No. DDT, 50-29-3; 2.3,7,8-TCDD, 1746-01-6;
2,3,7,8-TCDF, 51207-31-9; 2,4,5-T, 93.76-5.
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SIR: Recently, Bopp et al. (1) reported on the levels and
geographical extent of 2,3,7,8-tetrachlorodibenzo-p-dioxin
(2,3,7,8-TCDD, dioxin) and related compounds in sedi-
ments coliected from the Newark Bay estuary. The au-
thors described a depositional profile in four sediment
cores from the lower Passaic River and Newark Bay
through measurements of £,2-DDD and the radionuclides
Be and 97Cg, They concluded that a former chemical
manufacturing facility was the dominant source of
2,3,7,8-TCDD and & major source of 2,3,7,8-tetrachloro-
dibenzofuran (2,3,7,8-TCDF). Like Bopp et al., we have
been interested in dioxin contamination of the Newark Bay
estuary (2, 3, 12), Accordingly, we feel it would be useful
to discuss a few points raised by Bopp et al. (1),

Firat, the results of their linear least-squares analvses
shown in Figure 3 for 2,3,1,8-TCDD, 2,3,7.8-TCDF, and
OCDD concentrations in sediments are not consistent with
the authors’ hypothesis that chemical profiles in Newark
Bay sediment cores couid be correlated with industrial
activity during discreet periods of time (I). The data used
in their calculations were derived from 2% dioxin mea-
surements taken, in most cases, at different depths ranging
from (-2 em to as deep as 108-111 cm in 11 sediment
cores. Statistical correlations among 2,3,7,8-TCDD,
2,3,7,8- TCDF, and OCDD concentrations should have been
calculated using data from the same depths; i.e., the same
relative time horizons asserted by the authors based on
their radionuclide measurements, Using the nine samples
from Table I (1) that were claimed by the authors to be
associated with the 1985 + 1 year time horizon (0-2-cm
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depth), we calculated a legs significant correlation hetween
the concentrations of 2,3,7,8-TCDD and 2,3,7,8-TCDF (R?
= 0.69}) than reported by the authors (R? = 0.87).

Second, the authors (I} asserted that dioxin analyses in
sediment core sections showed that a single site was the
dominant source of 2,3,7,8TCDD to Newark Bay; however,
this was not supported by their data. For example, of the
11 sediment core sampling stations shown on the map of
the study area (Figure 1), only one site (site D) was located
within 2 mi of the suspected source. Geochronologies using
(s appear to have been derived in only three sediment
cores. The 2,3,7,8-TCDD and DDT profiles in Figure 4
(1) were derived from two cores at one sediment sampling
station located nearty 5 mi from the former chemical
manufacturing facility.

It is our opinion that these sampling stations were lo-
cated too far apart to be able to relate chemical releases
from any possible industrial source, including the former
chemieal manufacturing plant. Becauge many of the
chemical, textile, and petroleum production and manu-
facturing activities along the waterway over the past 40
vears (4) are known or suspected to be linked to the for-
mation of dioxins {5), numerous potential sources of
2,3,7.8-TCDD were likely present within the heavily in-
dustrialized and populated Newark, NJ-New York City,
NY, metropolitan area 6, 7). For example, the New .J ersey
Phase I Dioxin Investigation, completed in 1986, iden-
tified at least six industrial sites within the Newark Bay
watershed with 2,3,7,8-TCDD soil concentrationg greater
than 1 part per billion (ppb) (6). At sites identified by the
New Jersey Department of Environmental Protection and
Energy (NJDEPE) or by the U.S, Environmental Pro-
tection Agency (USEPA) as part of the National Dioxin
Study (5), elevated dioxin concentrations were measured
in sediments from adjacent rivers, including the Hacken-
sack River (5-7), Third River (6, 7), Elizabeth River {583,
and Raritan River {5-7. Recently, we have shown that
the 2,3,7,8-substituted dioxin patterns in numerous po-
tential industrial and municipal outfalls, which are known
to be present in the estuary, correlate with the isomer
patterns observed in surficial sediment samples collected
throughout Newark Bay (2).

Third, the authors gave the impression that the average
concentration of 2,3,7,8-TCDD in soil at the former
chemical manufacturing facility was 2000 ppb (7). The
authors’ information was obtained from a soil bicavaila-
bility study that described 2,3,7,8-TCDD concentrations
in two soil samples from the Newark site (9). It was un-
clear from that study whether the sampies were collected
from the former chemical manufacturing site or from a
neighboring scrap metal vard (9). The exact locations of
those soil samples were not. established in that study,
Furthermore, virtually all sampling to date has focused on
suspected hot spots, which represent lesg than 2% of the
surface area of the site {10, 11). Our on-going work sug-
gests that the amount of dioxin-contaminated soil that
could have entered the jower Passaic River through runoff
from the former chemical manufacturing facility is inad-
equate to account for the pervasive contamination de-
seribed hy Bopp et al. (7).

On the basis of the results of recent fingerprinting re-
search, we have shown that dioxin contamination at var.
ious locations throughout Newark Bay is almost certainly
due to contamination from many sources (2, 3). For ex-
ample, we have demonstrated that the Presence of one
dioxin isomer, 1,2,8,9-TCDD, that was measured in bottom
sediments and aquatic biota from Newark Bay is clearly
due to the presence of numerous commercial, residentiat,
municipal, and industrial sources (3). Furthermore, ad-
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ditional studies conducted by our group have shown that
the concentrations and distributions of dioxin in Newark
Bay sediments are not unlike those found in sediments
from other waterways located in heavily industrialized or
populated areas (12).

The work conducted by Bopp and colleagues is repre-
sentative of that which is needed to better understand the
degree of coniamination present in many of America's
waterways. A number of studies will be needed to fully
understand the distribution of chemicals in bottom sedi-
ments in the Newark Bay estuary and other areas. Their
work illustrates the complexities of the sampling and
analytical programs required, as well as the difficulties
associated with the interpretation of the resuits. Hope-
fuily, research of this type will encourage others to conduct
comprehensive fleld investigations to characterize chem-
ically-contaminated sediments in lakes, rivers, and streams.

Registry No. 2,3,7,8-TCDD, 1746-01-6; 2,3,7,8-TCDF,
51207-31-9; octachlorodibenze-p-dioxin, 3268-87-9.
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SIR: We do not agree with the assertions of Wenning
and Paustenbach concerning the correlation between the
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levels of 2,3,7,8-TCDD and 2,3,7,8-TCDF in our sediment
core samples (our Figure 3). The highest levels of both
compounds were found in samples that represent the pe-
riod of appropriate industrial activity at the 80 Lister Ave.
site, and we would expect some correlation to be main-
tained in more recent samples. In the Hudson River and
estuary, for example, we have noted that the levels of
particle-associated substances on sediments accumulating
in depositional areas decreases with a half-time of a few
vears following curtailment of a direct input to the river
(7). We interpret this response as a reflection of sediment
transport, mixing, resugpension and burial within the river
system. For & large input, a correlation between levels of
two introduced contaminants could persist long after
cessation of direct inputs, Additional inputs from the site
that postdate the period of industrial activity would also
contribute to preserving a correlation between contaminant
levels in recently deposited sediment samples. We spe-
cifically discussed the record high flow in the Pagssaic River
in the spring of 1984, which flooded the 80 Lister Ave. site,
as a possible source of such inputs.

The observation of a somewhat less significant correla-
tion between 2,3,7,8-TCDD and 2,3,7,8-"TCDF levels for
the mid-1980s’ samples compared to the entire data set
was to be expected. Ezclusion of samples deposited in the
1950s and 1960s eliminates the highest levels of both
2,3,7,8-TCDD and 2,3,7,8-TCDF, enhancing the relative
importance of other sources of TCDFs not related to
TCDDs (e.g., PCBs).

It also appears that the authors have misinterpreted our
dating information. The same depths in sediment cores
do not necessarily represent the same time horizons. For
example, radionuclide profiles have allowed us to identify
the mid-1960s’ time horizon as occurring at about 30 ¢
in core Al and at about 50 cm in core D1. In estuaries, net
sediment accumulation rates can vary from zero to more
than 10 cm per year over short distances (2).

Concerning the sources of 2,3,7,8-TCDD to Newark Bay,
we stated that “The dominant source of this compound
appears to be a single chemical manufacturing facility™
We take issue with the assertion that the conclusion is not
supporied by the data. The high levels of 2,3,7,8-TCDD
found in the vicinity of the plant as well as the particularly
high levels found at sites D and F for the mid-1960s’ time
horizon are certainly observations that support the hy-
pothesis. Furthermore, the very high levels in the section
of core D2 representing the late 1350s to the early 1960s
are in accord with the hypothesis. We also disagree with
the implication that 5 mi down-estuary is too long a dis-
tance for tracing an input of particle-associated contam-
inants. Again citing our past work on the Hudson River
a8 an example, major deposition of particle-associated
radionuclides released from the Indian Point power gen-
erating nuclear reactors occurs 40 mi down-estuary in New
York Harbor (3).

Finally, with respect to dioxin “fingerprinting”. we
suggest that the authors analyze their own Newark Bay
data (presented in their ref 2) in terms of the fraction of
TCDDs represented by the single isomer 2,3,7,8-TCDID.
In their most highly contaminated samples, the 2,3,7,8-
isomer comprises most of the TCDDs. Our observations
(4) suggest that dominance of the 2,3,7,8-isomer could be
useful for distinguishing the TCDD contamination in
Newark Bay sediments from that found in sediments of
other waterways. In their calculation of toxicity equiva-
lents, Wenning and Paustenbach (their ref 2) provide the
rationale for focusing on this single isomer when consid-
ering PCDD contamination in Newark Bay. 2,3,7,8-TCDD
dominates the dioxin-associated toxicity of their most
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contaminated Newark Bay sediment samples.

Registry Np, 2,3,7,8-TCDD, 1746-01-6; 2,3,7,8-TCDF,
51207-31-9,
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Comment on
Coastal North

“Formic and Acetic Acids in
Carolina Rainwater”

SIR: The article by Avery et aj, (1) presents interesting
data on the concentrations of formic and acetic acids in
precipitation samples. The paper contains calculationg

acidity may be developed by applying this definition to
different reference levels, For a solution containing a
mixture of Polyprotic acids, the generalized expressions
for these quantities are given in egs 1 and 2, where {H-Acy]

(H-Aey] = [H'] = £ ¥ (2 - 2){H,A - (031 1)

i=lr=(

[HA-Acy] = [HY) + & 2 x[H APt - [OH7 (2
i=lx=]

is the mineral (or strong acid) acidity, [HA-Acy] is the
total acidity, [H*] is the hydrogen ion concentration,
[H,A?] is the concentration of weak bage ; coordinated
with x protons with charge y - «, [OH"] is the hydroxide
ion concentration, [H, A*] is weak base i coordinated with
X protons and charge y + X, 1t is the number of wealk acids

Table 1. Caleulation of Acidity Functions and Contributions of Formic and Acetic Acidge

in solution, 2 is the number of protons that weak acid { wili
release in a itrati i

unnumbered equations on bage 1877 was used for the
calculation of the contribution of formate to acidity

and a similar equation was used ig calculate the acetate

that mineral acidity is equal to [H*]. Due to the presence
of weak acids in the samples, thig assumption is probably
not valid. Furthermore, eq

% contribution of formate = {formate] / [H*] x 100

ing egs 1 and 2 to the Avery et al. samples results in

eqs 4 and 5.

[H-Acy] = [H*] ~ [CHOO] - [CH,CO0 - [HCO,] -

[HAAcy) = [H*] + [CHOOH] + [CH,COOH] +

heading indicate acidity caleulated by first asguming it to
be equal to [H*], using eq 4, and eq 5. The fingl two
columns show the contribution of formic and acetic acids
to total acidity.

The caleulationg show first that the assumption that

based upon

other components on the mineral and totg) acidity cannot

is
d. [H*] overestimates minera] acidity and under-
estimates total acidity. Second, the contributions of formic
and acetie aci
gested by
the G1 se

be predicted.

The statement that “ammoniym - 18 fully protonated
and hence does not contribute to the
concentration” is also in error. If the species enters the

formic acid acetic acid carbonic acid
season  pH €t [HA] [A Ct [HA] (A ¢ [H,CO) [HCOy)
NG1 4,72 3.5 0.3 3.2 21 1.1 1.0 10 9.8 (.3
NG2 467 35 04 31 29 1, 09 10 og 0.2
NG3 4.62 L& 0.2 13 1.8 1.0 0.8 10 9.8 0.2
G1 4.41 9.0 1.6 74 4.8 3.3 L5 10 9.9 0.1
G2 4.51 7.3 1.1 82 35 2.2 1.3 10 9.9 0.2
a3 4,38 128 2.4 04 4.2 3.0 1.2 10 9.9 G.1
all 449 T4 11 63 35 oy L3 10 g9 0.2

"All concentrations in microequivalents per liter.
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Avery et al. The highest contributiong were for
ason (2.5 and 5.2%) while the overall average
contributions were 2.0 and 4.2%. These caleulations are
the simplifying assumptions noted above, and

@)

These calculations require the assumption

The three columns under the “acidity”

2[CO4™T - [OH] (4

2[H,CO31 + [HCO,] - [OH] (5)

ds are significantly less than the 23% sug-

. The impact of

hydrogen ion

acidity total acidity
mineral  totg] contrib, %

{H* {eq 4) {eq 5)  formig acelic
18,1 148 40.3 0.8 27
21.4 17.1 42,7 0.9 26
24,0 ) i 45.0 0.4 2.3
38.9 29,9 63.7 2.5 5.2
30,9 23.3 54.1 20 4.1
41.7 30.0 67.0 3.6 14
32.4 24.7 58.7 2.0 4.2
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