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SECTION V., A,
NS: R

"Additive Effect”: To heighten or increase the
intensity of a peak in a chromatogram (enhancement).

Aerobe: A microorganism that lives only in air or
free oxygen.

: The reduction of
a chemical component from a higher to a lower type by
the action of aerobic microbes.

Anaerobe: A microorganism that flourishes without
free air.

: The reduction
of a chemical component from a higher to a lower type
by the action of anaerobic microbes.

:+ A specific PCB microbial,
degradation process whereby chlorine is selectively
removed from a congener as the result of anaerobic
microbial actions.

Aroclor: Trade name (Monsanto) for a series of
commercial .PCB and polychlorinated terphenyl mixtures
marketed in the United States.

Aroclor degradation: A reductive modification with
respect to the proportions of the individual PCB
congeners present in the specific Aroclor.’

: Any change (either. reductaen
or enhancement) in-the. unxque chagacte:1st1cs of: the :
composition of a speq1f1c A:oclor.- P

Chromatogram: A tracing of the detector -output from a
chromatograph which consists of a series of peaks:;with
time.

Chromatographic pattern:alteration: Any:.change:a¥
modification in chromatographic peak: patteta relative
to the chromatogram produced by a known teference
material (e.g., a SpélelC Aroclor) :

Congener: One of the 209 PCBs or other group of
compounds, not necessar11y the same homolog. ;

Degrade: To reduce from a higher to a lower type.

o
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Enhance: To heighten or increase in intensity.
Environmental aging (weathering): The process whereby

the Aroclor(s) present in an environmental sample
undergoes modification with respect to the proportions
of individual PCB congeners present as the result of
partial vaporization, adsorption onto surfaces, and/or
extraction into water. True molecular solution in
water is shown (on chromatograms) as the non-selective
loss of the more volatile and more water-soluble
congeners from the Aroclors in the sediments.

"High-end drop-off": The pattern alteration observed

when higher chlorinated PCB congeners (usually penta-
and hexa-) undergo anaerobic dechlorination.

-liqui : Gas
chromatography with a capillary column.

Homolog: One of the 10 degrees of chlorination of
PCBs (Cj2Hg9Cl through Cj;2Cljg) or other group

of compounds varying by systematic addition of a
substituent.

Isomer: Any PCB or other compound which has the same
molecular formula, different positional
substitutions. 2,2'-Dichlorobiphenyl and
2,3-dichlorobiphenyl are isomeric; 4-chlorobiphenyl
and 2,3,4-trichlorobiphenyl are not. :

*Low-end drop-off*: The pattern alteration observed
when lower chlorinated PCB congeners are removed from
samples by weathering.

Pattern alterations: Changes in a characteristic
chromatographic pattern. The effect of the changes
will be reflected by peak enhancements, reductions, or
both. (See chromatographic pattern alterations.)

¢ One of 209 individual
compounds having the molecular formula
(C12HaCl-10-n, where n = 0-9. This definition
includes monochlorobiphenyls, but not biphenyl.

PCB degradation: A conversion whereby a PCB congener
of a higher chlorine content is reduced (converted) to
one of a lower chlorine content.

PCB “"enrichment®: A term used to describe
compositional distribution differences between vapor
phase and solid or liquid phase Aroclors. The vapor
phase is enriched with lower chlorinated congeners
relative to a specific Aroclor standard.
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PCB transformation: Any change whereby a PCB congener
is converted into another compound.

Qualjitative: Having to do with establishing the
presence or identity of a compound.

Quantjitative: Having to do with measuring the amount
or concentration of a compound in a sample.

Retention time: Time between injection and detection
of a compound on a chromatographic system under
specified conditions, expressed in seconds or minutes.

Transformation: Any change which gives a different
appearance.

Weathering: A process which gives a compositional
change in an Aroclor residue (see environmental aging).
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Polychlorinated biphenyls (PCBs) can be reductively
dechlorinated by a biologically mediated process under
anaerobic conditions at normal environmental temperatures.
Chlorines are preferentially removed from meta and/or para
positions. Ortho substituted chlorobiphenyls are usually
the predominant products.

A pronounced concentration effect has been observed in
laboratory experiments. Dechlorination appears to proceed
more readily at elevated PCB concentrations.
Dechlorination has been observed at the highest
concentrations tested (5,000 ppm of Aroclor 1254).

Dechlorination of Aroclors 1242, 1248, 1254, and 1260 has
been observed in laboratory experiments. Dechlorination of
Aroclor 1260 tends to be slower than the other Aroclors.

Different dechlorination patterns have been obtained by
using microorganisms from different sediments, and from the
same sediment under different conditions. Different
patterns have also been described for environmental
samples. These patterns may be the result of
dechlorination by different species or strains of
microorganisms.

Dechlorination is most rapid about 25°C. It proceeds more
slowly at 12°C, and has not been observed at 4°C, or at
37°C and above.

Dechlorination of PCBs is inhibited by oxygen. Inocula are
still active after intermittent exposure to air.

Addition of carbon sources/electron donors may stimulate
PCB dechlorination. Substrates shown to support
dechlorination are acetone, glucose, and a mixture of
acetate, propionate, butyrate, and hexanoic acid. Results
of feeding experiments suggest that dechlorination activity
may be more easily lost if such carbon sources are
constantly available.

Greater PCB dechlorinating activity is generally associated
with inocula prepared from PCB contaminated sediments. It
appears that the dechlorinating microorganisms conserve
energy from dechlorination of PCBs.

Dechlorination of aromatic compounds is a biological
electron acceptor for some anaerobic microorganisms and
thus relieves the condition most limiting for growth in
anaerobic sediments. In addition dechlorination has been
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shown to provide energy for microbiol growth. Thus
dechlorination offers a selective advantage (benefit) to
microorganisms. This is the rationale for why
dechlorinators may be expected to develop in sediments
contaminated with PCBs.

PCB dechlorinating activity has been retained after eight
successive transfers with pyruvate as the electron donor
and PCBs as the electron acceptor.

Dechlorination reduces the toxicity of a PCB mixture such
as Aroclor 1242.

Dechlorination yields lesser chlorinated PCB congeners that
can be more rapidly and extensively degraded aerobically
than the initial mixture.

The following references support and further detail the
above propositions concerning biodegradation of PCBs:

Alder, A.C., M. Haggblom, and L.Y. Young. 1990.
Dechlorination of PCBs in sediments under sulfate
reducing and methanogenic conditions. Abstract Q-47.
90th Annual Meeting of the American Society for
Microbiology. Anaheim, CA.

Bedard, D.L., M.L. Haberl, R.J. May, and M.J. Brennan.
1987. Evidence for novel mechanisms of
polychlorinated biphenyl metabolism in Alcaligenes
eutrophus H850. Appl. Environ. Microbiol. 53:1103-1112.

Bedard, D.L., R.E. Wagner, M.J. Brennan, M.L. Haberl,
and J.F. Brown, Jr. 1987. Extensive degradation of
Aroclors and environmentally transformed
polychlorinated biphenyls by i

H850. Appl. Environ. Microbiol. 53:1094-1102.

Brown, J.F., Jr. and R.E. Wagner. 1990. PCB movement,
dechlorination and detoxication in the Acushnet
estuary. Environ. Toxicol. Chem. In press.

Brown, J.F., D.L. Bedard, M.J. Brennan, J.C. Carnahan,
H. Feng, and R.E. Wagner. 1987. Polychlorinated
biphenyl dechlorination in aquatic sediments. Science
236:709-712.

Brown, J.F., R.E. Wagner, D.L. Bedard, M.J. Brennan,
J.C. Carnahan, R.J. May, and T.J. Tofflemire. 1984.
PCB transformations in upper Hudson sediments.
Northeast. Environ. Sci. 3:167-179.

el
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Brown, J.F., R.E. Wagner, H. Feng, D.L. Bedard, M.J.
Brennan, J.C. Carnahan, and R.J. May. 1987.
Environmental dechlorination of PCBs. Environ.
Toxicol. and Chem. 6:579-593.

Chen, M., C.S. Hong, B. Bush, and G.-Y. Rhee. 1988.
Anaerobic biodegradation of polychlorinated biphenyls
by bacteria from Hudson River sediments. Ecotoxicology
and Environmental Safety 16:95-105.

Dolfing, J., and J.M. Tiedje. 1987. Growth yield
increase linked to reductive dechlorination in a
defined 3-chlorobenzoate degrading methanogenic

coculture. Arch. Microbiol. 149:102-105.

Kohler, H.P.E., D. Kohler-Staub, and D.D. Focht.
1988. Cometabolism of polychlorinated biphenyls:
enhanced transformation of Aroclor 1254 by growing
bacterial cells. Appl. Environ. Microbiol.
54:1940-1945.

Mohn, W.W. and J.M. Tiedje. 1990. Strain DCB-1
conserves energy for growth from reductive
dechlorination coupled to formate oxidation. Arch.
Microbiol. 153:267-271. :

Nies, L. and T.M. Vogel. 1990. Effects of substrate on
dechlorination of Aroclor 1242 in anaerobic sediments.
Appl. Environ. Microbiol. In press.

Quensen, J.F., III, S.A. Boyd, and J.M. Tiedje, 1990.
Dechlorination of four commercial polychlorinated
biphenyl mixtures (Aroclors) by anaerobic
microorganisms from sediments. Appl. Environ.
Microbiol. In press.

Quensen, J.F., III, J.M. Tiedje, and S.A. Boyd. 1988.
Reductive dechlorination of polychlorinated biphenyls
by anaerobic microorganisms from sediments. Science
242:752-754.

Research and Development Program for the Destruction
of PCBs. Eighth Progress Report. 1989. General
Electric Company Corporate Research and Development.
Schnectady, NY.



SECTION V. F.

SPECIAL RESEARCH INVESTIGATION - PHASE II

EVALUATION OF PCB TRANSFORMATIONS IN
NEW BEDFORD HARBOR SEDIMENTS

Authorization to conduct Phase II of the Special
Research Investigation was received by Yoakum and
Associates, Inc. (hereinafter referred to as "YAI") on
May 22, 1989.

Phase II of the investigation was designed by Anna M.
Yoakum to determine the identity of the individual PCB
congeners undergoing reductive dechlorination and to
ascertain, if possible, the most probable
transformation pathways.

The analytical support for Phase II consisted of two
tasks, Task 15 and Task 18.

3.a. Task 15. Analysis of selected NBH sediment
samples by levels of chlorination using gas
chromatography/mass spectrometry (hereinafter
referred to as "GC/MS") as described in EPA
Method 680 (1985).

3.b. Task 18. Congener-specific PCB analysis of
selected NBH sediment samples using GC/MS and a
custom approach adapted from Alford-Stevens et
al. (1986) and EPA Method 680 (1985).

3.c. Analytical support for the Phase II Investigation
was provided by International Technology
Corporation, Analytical Services (hereinafter
referred to as "ITAS"), Knoxville, Tennessee, as
their project YOK 43544.

3.d. Data evaluations for the Phase II Investigation
were performed by YAI.

Seven (7) samples from the Task 7 Investigation
representing five (5) sampling sites were selected for
the Phase II study.

4.a. Archived sample extracts from Task 7 were used in
the Phase II Study.

4.b. On June 15, 1989, the storage vials and their
seals were inspected by personnel from YAI and
ITAS to verify the integrity of the sample
extracts.



4.c. The Task 7 samples selected for further
characterization covered the entire range of
dechlorination observed from the least
(NBH-112-02) to the most advanced (NBH 105/106
and NBH-110-02).

4.d. The reported PCB concentrations (as Aroclors)
based on the Task 7 study ranged from an average
concentration of 100 ppm for the composite sample
NBH-113-01/02 to 44,000 ppm for sample
NBH-112-02.

4.e. The Task 7 samples chosen by YAI for the Phase II
Investigation were:

4.e.1. NBH-110-02,

4.e.2. NBH-111-01,

4.e.3. NBH-112-02,

4.e.4. Composite of NBH-105 and NBH-106, field
duplicates from the same sampling site,
and

4.e.5. Composite of NBH-113-01 and NBH-113-02,

the 0-3" and 3"-6" samples from site
NBH-113, respectively.

4.f. The instructions for the preparation of the Phase
II samples from the Task 7 extracts were
confirmed by memo from Anna M. Yoakum to Nancy
Seabolt on June 16, 1989. A duplicate of this
memo is attached as Document No. 001070.

The Phase II sample extracts were analyzed for PCB
concentration by three approaches: (1) as commercial
mixtures (e.g. Aroclors) using packed-column GC/EC
data, (2) by level of chlorination (homologs) by
GC/MS, and (3) quantitation of individual PCB
congeners or isomer groups using a DB-5 capillary
column and full-scan GC/MS.

To assure the integrity of the data and to verify that
no changes had occurred during storage, the extracts
were analyzed by packed-column GC/EC prior to their
submittal for analysis by GC/MS.

6.a. Duplicate copies of the original chromatograms
from projects BME 40786 and BME 40805 and the YOK
43544 chromatograms are attached as Document Nos.
001071-001086.

6.b. Aroclor concentrations were calculated for the
Phase II (YOK 43544) samples using the packed
column GC/EC data.
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A comparison of the Task 7 data and the YOK 43544 data
as percent Aroclors 1016 and/or 1242 and Aroclor 1254
as well as total Aroclors as mg/kg are accurately
reported in Table 1 hereof.

Based on the favorable comparison of packed column
GC/EC chromatograms and Aroclor data, the five (5)
Phase II sample extracts were submitted for analysis
by capillary column (DB-5) GC/MS.

The levels of chlorination in the Phase II extracts
were determined by GC/MS using two different
instruments and two different calibration approaches.

9.a. The calibration approaches are described in the

YOK 43544 project narratives, duplicates of which
are attached as Document Nos. 002742 and 003069.

9.b. The quantitation routine used for homolog series

10.

11

11

determinations by GC/MS automatically quantitates
all PCBs present in the samples. It is not
necessary that all PCBs quantitated be present in
the standard.

.c. Duplicate copies of the GC/MS data packages are
attached hereto as Document Nos. 002740-003814.

Results of homolog distribution analysis (as weight
percent) for Phase II (Task 15) are reported in Table
2. Data represent the average of two GC/MS
determinations.

a. Table 2 hereof accurately depicts the homolog
distribution of the Phase II samples.

Using current, state-of-the-art, analytical
methodology., not all PCB congeners that occur in a
commercial mixture (Aroclor) or in an environmental
sample can be separated into single peaks with the use
of only one GC capillary column.

.a. As a consequence, the unambiguous identification
and subsequent accurate quantitation of the 209
polychlorinated biphenyl congeners which are
theoretically possible cannot be accomplished
using this approach.

.b  When coelution of PCB congeners occurs, peaks are
quantified as aggregates of congeners. Despite
these limitations, much valuable information can
be derived from the analysis of environmental
samples using DB-5 (SES54) capillary columns and
high resolution gas chromatography/electron
capture detection (HRGC/ECD).

-3 -
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A National Bureau of Standards (NBS) standard
reference material (SRM) which certifies both the
identity and concentration of individual PCB congeners
in a commercial Aroclor mixture is not available. In
order to perform congener-specific PCB analysis,
therefore, it is necessary to rely upon both
literature references and individual PCB congeners as
standards and retention time markers.

This experimental approach permitted the determination
of 143 chromatographically distinguishable PCB
congeners or congener groups in the Phase II
investigation.

.a This approach provides a valid means of
quantitating the changes in the relative
abundance of PCB congeners found in the sediments
when compared to the composition of the
commercial products used by manufacturing
facilities in the proximity of NBH.

.b In addition, the use of GC/MS provides tentative
identification of non-PCB compounds found in the
samples as well as PCB congeners formed during
dechlorination which are either absent from or
present only as very minor constituents in
Aroclor 1016, Aroclor 1242, and Aroclor 1254.

A cross-reference of PCB congener elution order for
SE-54, DB-1, and DB-5 capillary columns prepared for
use in Phase II data evaluations is contained in
Table 3 hereof.

a The relative retention times (RRT) in column 2
and the structure in column 3 of Table 3 for
biphenyl and all 209 PCB congeners are listed in
the order of elution for an SE-54 column as
reported by Mullin et al. (1984). Retention
times were determined relative to a reference
standard, octachloronaphthalene. All 209
theoretically possible congeners were available

as reference compounds for the RRT determinations.

14.b The number for each PCB congener in column 4 is

according to the system of Ballschmiter and Zell
(1980), which was followed by Mullin et al.
(1984). The numbering system adopted by the
International Union of Pure and Applied Chemists
(IUPAC) is the same as the BZ number, with three
exceptions. Congeners BZ# 199, 200, and 201 have
the IUPAC numbers 200, 201, and 199 respectively.

14.c The eighty-seven (87) chromatographic domains

listed in column 5 were identified by Schulz et

- 4 -
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l4.e

14.f

14.g

al. (1989) as being essentially base-line
separated on SE-54 chromatograms. Each domain
contains either one well resolved peak or a
cluster of unresolved peaks.

Based on the data generated by Schulz et al.
(1989), 132 PCB congeners were identified in one
or more of eight commercial PCB mixtures. In
column 6, the congeners identified by the symbol
* were not detected in any of the commercial
mixtures (i.e., concentrations were less than
0.05%). Congeners identified by the symbol -
were not detected in Aroclor 1016, 1242, or 1254
(i.e., concentrations were less than 0.05%) but
were identified in other commercial mixtures.

Brown and Wagner (1986) have identified 140
individual PCB congeners or isomer groups
detectable by capillary GC or GC/MS on a DB-1
column. The numbers in column 7 were assigned
for 118 distinguishable peaks based on the order
of elution for the DB-1 column. (Plaintiff
Attachment Doc. No. XII E.R. 0388)

The numbers listed in column 8 represent
distinguishable chromatographic peaks for the
DB-5 capillary column used in GC/EC (Task 7) and
GC/MS (Task 18). The assigned peak numbers
coincide where applicable, to those employed by
Brown and Wagner (1986). Differences relating to
column elution separations and/or GC/MS
differentiation of coeluting congeners having
different chlorine numbers were assigned the
notation peak number prime(l) when

appropriate. The DB-5 column has been reported
by Alford-Stevens et al. (1985) to provide the
same retention order and essentially the same
separation capabilities as an SE-54 column.

Column 9 lists the GC/MS scan numbers
representing peak elution order for a DB-5 column.

The accurate references for data in Table 3 are:

Alford-Stevens, A., T.A. Bellar, J.W.
Eichelberger, and W.L. Budde, 1985. EPA Method
680. Determination of Pesticides and PCBs 1n
Water and Soil/Sediment by Gas Chromatography/
Mass Spectrometry. EMSL Office of Research and
Development, U.S. EPA, Cincinnati, Ohio 45268.

Ballschmiter, K. and M. Zell. 1980. Analysis of
Polychlorinated Biphenyls (PCB) by Glass
Capillary Gas Chromatography: Composition of

- 5 -
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Technical Aroclor-and Clophen-PCB Mixtures.
Fresenius Zeitschrift fur Analystische Chemie.
Vol. 302:210-31.

Brown, J.F., Jr., and R.E. Wagner. 198s6.
Polychlorinated Biphenyl (PCB) Movement and
Transformation in Acushnet Estuary Sediments. Draft
of September 26, 1986.

(Plaintiff Attachment Doc. No. XII E.R. 0388 and
0388-4)

Mullin, M.D., C.M. Pochini, S. McCrindle, M. Romkos,
S.H. Safe, and L.M. Safe. 1984. High-Resolution PCB
Analysis: Synthesis and Chromatographic Properties of
All 209 PCB Congeners. Environ. Sci. Technol., Vol
18:468-476.

Schulz, D.E., G. Patrick and J.C. Duinker. 1989.
Complete characterization of Polychlorinated Biphenyl
Congeners in Commercial Aroclor and Clophen Mixtures
by Multidimensional Gas Chromatography-Electron
Capture Detection. Environ. Sci. Technol., Vol
23:852-859. '

Table 3, attached hereto, contains an accurate
cross-reference of PCB congener elution order for
SE-54, DB-1, and DB-5 capillary columns.

Congener-specific analyses (Task 18) of the Phase II
samples were performed on a Finnigan 4023 GC/MS using a
DB-5 capillary column and full-scan data collection.

GC/MS identifications were made using retention times and
full-scan mass spectra. PCBs were confirmed from full mass
spectra of all peaks found in the total ion chromatograms
for each sample. .

The GC/MS study (Phase II) provided collaborative data for
the Phase I (Task 7) study. Good agreement between the
elution patterns and relative peak heights of the HRGC/ECD
and total ion current mass chromatograms (RICs) from GC/MS
allowed a straightforward correlation between the results
of the two detection techniques. GC/MS was further used
for congener-specific evaluations to resolve non-isomeric
co-eluting compounds. ‘

17a.

17b.

Duplicates of the reconstructed ion chromatograms
(RICs) for Aroclor 1242 and Aroclor 1254 are included
as Figures 1 and 2 hereof, respectively.

Duplicates of the RICs for the Phase II samples
JJ1004/5, JJ1006, JJ1007, JJ1008, and JJ1009/10 are
included as Figures 3-7 hereof, respectively.

- 6§ -
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17¢c. GC/MS scan numbers and DB-5 peak identification have
been added to selected peaks in Figures 1-7.

Concentrations (expressed as mg/kg, dry weight basis) of
individual PCB congeners in Task 18 sediment samples from
NBH are accurately reported in Table 4 hereof.

Quantitative data are presented only for those peaks where
the presence of PCB congeners could be verified.

Table 4 accurately represents the presence and
concentration of PCB congeners in the samples of the
Phase II Investigation.

A comparison of the analytical results for the total PCB
content of the Phase II samples as determined from packed
column GC/EC data (Table 1) as Aroclors and from individual
congener quantitations (Table 4) are found in Table 5
hereof. The lower values for PCB concentrations as Aroclor
mixtures result primarily from Method 8080 quantitation
restrictions which fail to take into account the
transformation peak enhancements.

Two of the Task 7. sample locations, NBH-110 and NBH-113,
showed the presence of new, full-scale peaks in both the
packed column and DB-5 capillary column chromatograms.
These peaks were tentatively identified as mono—-, di-, and
trichlorobiphenyls, based on their early elution times.

Examination of the mass spectra for these peaks in the
corresponding Task 18 samples, JJ1006 and JJ1009/10,
revealed that the peaks were not PCB congeners. The
compounds were tentatively identified as being mono-, di,
and trichloronaphthalenes.

23a. Mass spectra for four peaks, present in sample JJ1006,
and tentatively identified as chloronaphthalenes by
computer library searches, are illustrated in Figure 8
hereof.

A subsequent request was made to ITAS by YAI that standards
be obtained and that the identity of the compounds be
confirmed.

On July 19, 1989, the compounds were confirmed as being
mono-, di-, and trichloronaphthalenes. Duplicates of the
GC/MS confirmation data package are attached herewith as
Document Nos. 003720-003814.

The NBH transformation pattern, described by Brown and
Wagner (1986) as Pattern H, was confirmed in these samples
by the GC/MS data.
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The congener-specific data from Table 4 were used to
determine the distribution of PCBs in Phase II sediment
samples.

It is reasonable to expect that those PCB congeners which
are relatively abundant in the commercial PCB mixtures
(Aroclors 1016, 1242, and 1254) used by industries in the
NBH area would also be relatively abundant in NBH
sediments. This simple picture is modified, however, by
the physical/chemical properties unique to each congener.
Congener partitioning, or translocation, between different
environmental compartments can occur as the result of vapor
pressure, solubility and lipophilicity (as measured by
octanol-water partition coefficient).

Once commercial mixtures of PCBs are released into the
environment their compositions can change due to the
differential behaviors of the congeners.

Two congeners may be equally abundant in the commercial
mixture while differing in physical/chemical properties and
also in their susceptibility to in-situ anaerobic reductive
dechlorination.

Any change resulting in the formation of altered congener
distributions destroys the identity of the Aroclor
originally present in the samples. There is no doubt that
PCBs are present, but the source of a particular congener
may have been the original Aroclor release or it may be the
product of dechlorination of higher chlorinated congeners
from the original Aroclor formulations.

Changes observed in the relative abundance of PCB congeners
in four (4) of the Phase II (Task 18) samples are presented
in Table 6 hereof.

Table 6 accurately lists the relative abundance of PCB
congeners in selected NBH sediments and Aroclor standards
expressed as weight percent of total PCBs present.

Selection criteria and data provided by Schulz et al.
(1989) were used in determining those congeners for which
their absence could be established by retention times on
SE-54 (Mullin et al., 1984).

Verification of the absence of additional congeners in
Aroclor 1242 and Aroclor 1254 as reported by Schulz et al.
(1989) was done using GC/EC and GC/MS data for the DB-5
capillary column.

The Aroclor 1242 and Aroclor 1254 congener-specific
quantitations were in agreement with those of Brown and
Wagner (1986) which employed response factors determined by
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an independent approach described previously (Brown et al.,
1987).

Data generated in the Phase I (Task 7) and Phase II (Tasks
15 and 18) investigations have been used by YAI to evaluate
anaerobic reductive dechlorination in NBH samples.

Data currently available from the site specific studies of
Brown and Wagner (1986); Lake, Pruell, and Osterman (1989);
and Quensen and Tiedje (1990) indicate that in-situ
anaerobic reductive dechlorination of PCB congeners is
occurring in New Bedford Harbor sediments.

These data indicate that the dechlorination regime is a
complex, multifaceted system in which the higher
chlorinated congeners (octa, hepta, hexa, and penta-)
appear to be preferentially dechlorinated.

The cascading nature of the dechlorination process is
evident upon examination of chromatograms from different
locations within the estuary. This same phenomenon is
shown for progressive incubation periods in the Aroclor
1248 dechlorination experiment of Quensen and Tiedje (1990)
using NBH microbes.

Laboratory studies by Abramowicz et al. (1989) confirm the
sequential, primary dechlorination pathway of BZ105 to be
234-34 -——> 24-34 -—-> 24-3 ---> 2-3 ---> 2- for Hudson
River microbes and 234-34 ---> 24-34 --—-> 24-4 -——> 2-4
--—> 2 for Silver Lake microbes. The para- removal
orientation from BZ 66 (24-34) to yield BZ 25 (24-3) has
been observed in NBH.

Numerous transient increases have been observed for
congeners which are first produced by the dechlorination of
more highly chlorinated congeners and then subsequently
dechlorinated.

The anaerobic dechlorination of PCBs in NBH is structure
dependent.

Congeners most sensitive to the dechlorinating agent(s) in
New Bedford Harbor carry the following reactive groups:

2345-, 2346-, 234-, 235-, 245-, and -34.

The most prevalent dechlorination pathways occurring in NBH
sediments are shown in Figure 9 hereof.

The dechlorination regime observed in NBH selectively
removes chlorine from the meta- and para- substitution
positions.
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S1.

52.

53.

S54.

The dechlorination proceeds in a step-wise manner with the
removal of the meta chlorine from the 2345-, 2346-, 234-,
235-, and 236- groups. The dechlorination of the 236 group
has been observed in samples showing advanced
dechlorination. The congeners BZS1 (24-26) and BZS53
(25-26) are formed by the dechlorination of BZ91 (236-24)
and BZ95 (236-25), respectively.

Chlorine is removed from the para- position for the group
245- and specifically from the -34 group of congeners BZé66
(24-34) and BZ70 (25-34) to yield BZ25 (24-3) and BZ26¢
(25-3), respectively.

Lesser chlorinated, ortho substituted PCB congeners are
accumulating in NBH sediments. Ortho chlorines are more
resistant to reductive dechlorination than meta and para
chlorines.

The PCB congener dechlorination pattern observed in NBH
sediments is similar to that seen by Brown and Wagner
(1989) at numerous sites around the country.

The extent of the dechlorination observed is variable and
appears to be dependent upon at least the following
inter-related factors:

51.a PCB concentration,
51.b sediment depth horizon,
S1.c presence and concentration of anaerobic microbes,

51.4 congener structure (chlorine number and substitution
pattern).

Commercial PCB products (Aroclors) are complex mixtures of
individual congeners, each of which behave independently so
that a wide range of dechlorination rates would be
anticipated to occur simultaneously.

The extent and the position of the chlorination of each
congener appears to alter the pathway and rate of
biotransformation.

In laboratory experiments, Quensen and Tiedje (1990) and
Quensen, Tiedje, and Boyd (1988), have demonstrated PCB
dechlorination by anaerobic bacteria.

S4.a Dechlorination rate was found to be related to PCB
concentration; the most rapid dechlorination occurred
at the highest (700 ppm) concentration studied.

S4.b Lag times have been observed in laboratory experiments
before dechlorination is observed.
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56.

57.

Site specific investigations indicate the following:

55.a The rate at which dechlorination occurs appears to be
concentration dependent.

55.b Dechlorination rates appear to be congener specific.

55.c Dechlorination does not appear to be occurring at a
constant rate.

55.d It is easier to estimate the extent of dechlorination
which has occurred than to estimate the rate at which
it has occurred.

Brown and Wagner (1986) and Lake et al. (1989) have used
half losses to characterize the dechlorination reaction.

56.a Brown and Wagner (1986) normalized Aroclor 1254 data
to peak 61 and Aroclor 1242 data to peak 39 so that
relative changes could be compared among samples
showing differing degrees of dechlorination.

56.b Lake et al. (1989) used the same peaks to calculate
the percentages of Aroclor 1242 and Aroclor 1254 as
original composition of the Aroclor mixture in the
samples.

56.c In both investigations, peaks 39 and 61 were
considered most resistant to dechlorination changes.

56.d Quensen and Tiedje (1990) have demonstrated that both
peaks can be dechlorinated with NBH microbes.

56.e There are indications from the Task 18 study that
certain congeners in peak 39 are formed from Aroclor
1254 in advanced stages of dechlorination.

56.f In addition to the apparent resistivity to
dechlorination of the 236 group, it appears that peaks
61 and 39 are being formed at approximately the same
rate as they are being dechlorinated.

It is unlikely that the rate of dechlorination in NBH is a
first order kinetic reaction. Nevertheless, a measure of
the effectiveness of the dechlorination of specific PCB
congeners can be expressed in terms of half-losses.

S7.a For a first order reaction, the number of half losses,
X, corresponding to a reduction of concentration to a
fraction, C/C,, of the original concentration is X
or tj/2 = —-1.443 1n C/Cq,.

S7.b One half-loss equals 50% removal; six half-losses
represent greater than 98% removal.
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58.

59.

60.

61.

62.

63.

By assumlng a time of Aroclor input into the estuary and by
assuming a first order kinetic reaction, estimates of
average rates of dechlorination on a specific congener
basis can be calculated using the formula t;,, = 0.693/k
where

k = dechlorination rate and
ty1,/2 = half loss, expressed as years.

Based on plant records to determine mean weighted usages,
environmental exposure periods of 30 years for Aroclor 1254
and 23 years for Aroclor 1242 were estimated.

The assumption can be made, based on the homolog
composition of Aroclors 1242 and 1254, that more than 95%
of the penta and all of the hexa and higher chlorinated
biphenyls in NBH sediments are due to Aroclor 1254
releases. In the Phase II data evaluation involving
half-loss calculations, the mono- through tetra- congeners
were calculated using the Aroclor 1242 environmental
exposure period of 23 years. The 30-year exposure period
for Aroclor 1254 was used for all remaining congeners
(penta and higher).

Congener dechlorination transformations based on half-loss
(or doublings) are plotted in Figures 10-13 for four (4)
selected NBH sediments.

Figures 10-13 hereof are comparative abundance plots
showing the measured abundance of each congener relative to
the predicted starting mixture of Aroclor 1242 and Aroclor
1254 in the samples derived from packed column GC/EC data.

62.a Fiqures 10 and 11 illustrate advanced dechlorination
in sample numbers NBH 110-02 and NBH 105/106,
respectively.

62.b Moderate dechlorination has occurred in sample number
NBH 111-01 (Figure 12).

62.c Slight dechlorination is shown by sample number NBH
112-02 (Figure 13).

Plots illustrating the extent of congener dechlorination
transformations in Aroclor 1248 which occurred using Site
19 and Site 17 microbes (data from Quensen and Tiedje,
1990) are shown in Figures 14 and 15 hereof, respectively.

63.a The extensive dechlorination illustrated in Figure 14
for the Site 19 microbes is very similar to that shown
in Figures 10 and 11.

63.b While the dechlorination with the Site 17 microbes is
not as extensive as that occurring with the Site 19
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64.

65.

66.

67.

68.

69.

70.

71.

microbes, greater than 75% of the hexa and penta
congeners shown in Figure 15 have been dechlorinated
to penta and tetra congeners. This demonstrates the
presence of the dechlorinating agent(s) in NBH
sediments containing less than 50 ppm total PCBs.

63.c The total PCB content of the Site 17 and Site 19
sediments was 38 and 585 ppm, respectively.

This experiment illustrates the onset of dechlorination at
Site 17, but at a slower rate than at Site 19, presumably

due to a less well established microbe population at Site
17.

The dechlorination regime for PCBs in NBH is characterized
by a step-wise removal of chlorine atoms from the biphenyl
structure; therefore, the relative reactivity for the
individual PCB congeners to the dechlorinating agent(s) can
be expressed as the number of half-losses observed.

Relative reactivity data (as half-losses or doublings) and
dechlorination rate constants for two NBH samples (NBH
110-02 and NBH 105/106) exhibiting advanced dechlorlnatlon
are contained in Table 7 hereof.

Table 8 hereof contains half-loss/doubling data and
dechlorination rate constants for samples NBH 111-01 and
NBH 112-02.

Both half-loss values and dechlorination rate constants
vary widely. Both are highly congener dependent and sample
dependent.

Sample number NBH 112-02 exhibits the least dechlorination
and has the highest PCB concentration (58,000 ppm).

69a. Based on the PCB concentration distribution observed
and the extensive dechlorination occurring in the
northern reaches of the NBH estuary (YAI Task 10
Report), it is inappropriate to consider this sample
as a typical NBH sediment.

69b. It is significant to note that evidence of reductive
dechlorination was observed in this sample as
illustrated by Figure 13.

Congener selectivity patterns for the dechlorination
process and the prominent dechlorination pathways (Figure
9) were derived from the data given in Tables 7 and 8.

Experimental findings of the YAI investigations are in

agreement with the studies of Brown and Wagner (1986) and
Lake et al. (1989) in the following areas:
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72.

73.

74.

75.

76.

77.

78.

71.a The spatial distribution of PCBs in New Bedford Harbor
sediments is spotty and extremely variable.

71.b The concentrations of PCBs in NBH sediments vary
considerably.

71.c In-situ reductive dechlorination of PCB congeners has
occurred in NBH sediments.

71.4 The dechlorination process preferentially removes meta
and para chlorines from the more highly chlorinated
congeners, thereby lowering the chlorine content of
the PCB residues in the NBH sediments.

A comparison of the chlorine content of a dechlorinated
Task 15 sample, NBH 105/106, and Aroclor 1254 is shown in
Figure 16.

72.a The total chlorine content of sample number NBH
105/106 is 44.8%.

72.b The total chlorine content of Aroclor 1254 is 54%.

The properties of PCB congeners differ depending on the
chlorine substitution, thus, environmental alterations may
influence the toxicological significance of PCB mixtures.

Both Brown and Wagner (1986) and Lake et al. (1989) have
reported a decrease in concentration of congeners which are
associated with toxic effects as a result of anaerobic
dechlorination of NBH sediments.

Brown and Wagner (1986) have estimated the removal of
congener (BZ 105) 234-34 as being greater than 90%, based
on a mean half-time of removal of 8 +2 years. They
consider BZ 105 to be the primary biochemically active
congener in NBH sediments.

Lake et al. (1989) projected a half-life for BZ 105 of 7.5
years and 4.4 years for two of their samples showing fairly
extensive dechlorination. They also reported preferential
attack on the potentially toxic coplanar and mono-ortho
substituted congeners.

A decrease in concentration, as the result of anaerobic
dechlorination, of some congeners known for their
bioaccumulation potential (e.g. 245-245, 245-25, 245-24)
was also reported by Lake et al. (1989).

Brown and Wagner (1986) have reported that the
dechlorination of NBH sediments has resulted in a net loss
of pharmacologically active congeners. Included in this
group are congeners having chlorine substitution at both
para positions (4,4') and at least two of the four meta
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79.

positions (3,3',5,5') as well as having the possibility of
a coplanar configuration when no more than one ortho
position is substituted with chlorine. According to
Duinker, Schulz, and Petrick (1988), 13 congeners satisfy
these conditions. The fate of these 13 congeners in
selected NBH sediments is shown in Table 9 hereof.

78.a The two Phase II samples included in Table 9 show
early (NBH 112-02) and advanced (NBH 105/106) stages
of dechlorination.

78.b All thirteen congeners listed in Table 9 have been
reported to be AHH inducers and as such, have been
treated as having toxicological significance.

78.c Eight (8) of the 13 congeners were not found in either
of the samples at an analysis limit of 0.01% (based on
Total PCB content of samples).

78.d4 All thirteen congeners contain one or more of the
following substitution groups: 34-, 345-, or 2345.
All three of these groups are extensively
dechlorinated by NBH dechlorination agent(s).

78.e Greater than 90% removal has occurred for 4 of the 5
congeners of interest present in the advanced
dechlorination sample. The structure, half-loss, and
percent removal for these four congeners in Sample NBH
105/106 are as follow:

1. BZ 37, 34-4, ty, p = 6.7 yrs,
% Removal = 90.6

2. BZ 77, 34-34, t1/2 = 6.2 yrs,
% Removal = 92.4

3. BZ 105, 234-34, ty/2 = 4.4 yrs,
% Removal = 99.1

4. BZ 156, 2345-34, ti/2 = 6.2 yrs,
% Removal = 96.6 .

78.f The congener showing the least removal (BZ 118) has a
half-loss of 16.5 years and is 71.8% removed. This
congener is undergoing formation as well as
dechlorination which accounts for the lower percent
removal.

78.g There is every indication that the remaining eight
congeners, listed in Table 9 but not detected in the
samples, would undergo extensive dechlorination if
they were present at concentration levels less than
the reported analysis limits.

A plot showing the progressive removal of the five
congeners listed in Table 9 from the Phase II samples as
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80.

81.

82

83.

84.

85.

the result of anaerobic dechlorination is shown in
Figure 17.

Both Table 9 and Figure 17 clearly demonstrate the
effectiveness of the anaerobic reductive dechlorination in
the detoxification of the PCBs in NBH sediments.

A treatment similar to that of Table 9 is presented in
Table 10 hereof for the same NBH samples showing
dechlorination losses for the non-ortho (coplanar)
congeners.

8l.a Nineteen congeners are considered coplanar.

81.b Eleven of the 19 coplanar congeners were not detected
(<0.01%) in either sample.

8l.c Significant dechlorination losses are occurring for
congeners (BZ) 37, 77, and 80.

81.d The remaining five (5) congeners are mono- and
dichlorobiphenyls and are not considered toxic.

According to McFarland and Clarke (1989), using potential
toxicity, environmental prevalence, and relative abundance
in animal tissues as-criteria, thirty-six (36) of the 209
possible PCB congeners are of environmental concern.

82.a The fate of thirteen (13) of these 36 congeners in
selected NBH sediments is shown in Table 9.

82.b Two additional congeners (BZ 70 and 74) are included
in Table 11 hereof, which presents dechlorination
losses for the 48 PCB congeners having mono-ortho
chlorine substitution.

82.c The remaining 21 congeners contain either di or
triortho chlorine substitution and are included
because of their reported prevalence and/or
bioaccumulation.

An evaluation of dechlorination of monc-ortho congeners
(Table 11) revealed that those congeners in this
classification which are of toxicological concern are
undergoing dechlorination and subsequent detoxication.

The dechlorination/detoxication process appears to have
started in the northern reaches of the estuary and has
moved southward into the middle harbor and beyond.

Evidence of dechlorination of Aroclor 1254 in samples
containing less than 10 ppm total PCBs was observed in
chromatograms generated by American Analytical
Laboratories, Inc. (AAL) from samples collected by Balsam
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Environmental Consultants, Inc. (Balsam) as part of its
March 1990 supplemental thin-layer sampling program.

86. Based on the observed reduction in concentration of the AHH
inducing congeners listed in Table 9, a PCB concentration
of 50 ppm in a dechlorinated sample of NBH sediment
(similar to NBH 105/106) is equivalent to a PCB
concentration of 8.7 ppm in a sample which has not
undergone reductive dechlorination.

86.a. Data from the NUS/GZA Grid Sampling Program, analyzed
by ITAS (Plaintiff's RFA Nos. XII.E. 36, 37 and 44;
Documents 491170 to 491674, 505001 to 506749, 50100 to
503505, and 581001 to 582671), have been examined to
evaluate the dechlorination/detoxication process in
the middle harbor.

86.b. Data from the Balsam/AAL March 1990 supplemental thin
layer study have been examined to evaluate the
dechlorination/detoxication process in sediments
containing total PCB concentrations less than 50 ppm.

87. The accurate references cited in the RFAs for SPECIAL
RESEARCH INVESTIGATION - PHASE II, Evaluation of PCB
Transformations in New Bedford Harbor Sediments are:

Abramowicz, D.A., H.M. Van Dort and M.J. Brennan.
1989. Microbial dechlorination of PCBs: 1II. Single
congeners. General Electric Company Report on
Destruction of PCBs, Eighth Progress Report, p. 61-70.

Alford-Stevens, A., T.A. Bellar, J.W. Eichelberger,
and W.L. Budde, 1985. EPA Method 680. Determination
of Pesticides and PCBs in Water and Soil/Sediment by
Gas Chromatography/ Mass Spectrometry. EMSL Office of
Research and Development, U.S. EPA, Cincinnati, Ohio
45268.

Alford-Stevens, A., T.A. Bellar, J.W. Eichelberger,
and W.L. Budde. 1986. Characterization of commercial
Aroclors by automated mass spectrometric determination
of polychlorinated byphenyls by level of

chlorination. Anal. Chem. 58: 2014-2022.

Ballschmiter, K. and M. Zell. 1980. Analysis of
Polychlorinated Biphenyls (PCB) by Glass Capillary Gas
Chromatography: Composition of Technical Aroclor-and
Clophen-PCB Mixtures. i i i

Analystische Chemie, Vol. 302:210-31.

Brown, J.F., Jr., and R.E. Wagner. 1986.
Polychlorinated Biphenyl (PCB) Movement and
Transformation in Acushnet Estuary Sediments. Draft
of September 26, 1986.
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(Plaintiff Attachment Doc. No. XII E.R. 0388 and
0388-A)

Brown, J.F., Jr., R.E. Wagner, J. Feng, D.L. Bedard,
M.J. Brennan, J.C. Carnahan, and R.J. May. 1987.
Environmental Dechlorination of PCBs. Environ.
Toxicol. Chem. 6:579-593.

Brown, J.F. Jr., and R.E. Wagner. 1989. PCB
dechlorination and detoxication in the Acushnet
Estuary. Environ. Sci. Technol. In press.

Duinker, J.C., D.E. Schulz, and G. Petrick. 1988.
Multidimensional gas chromatography with electron
capture detection of toxic congeners in
polychlorinated biphenyl mixtures. Anal. Chem. 60:
478-482.

Kennan, N., S. Tanabe, and R. Tatsukawa. 1988. Toxic
Potential of non-ortho and mono-ortho coplanar PCBs in
commercial PCB preparations: "2,3,7,8 - T4CDD
toxicity equivalence factors approach.” Bull.
Environ. Contam. Toxicol. 41: 267-276.

Lake, J.L., R.J. Pruell, and F.A. Osterman. 1989.
Dechlorination of PCBs in Sediments of New Bedford
Harbor. EPA Report: Narragansett, Rhode Island.

McFarland, V.A., and J.V. Clark. 1989. Environmental
occurrence, abundance, and potential toxicity of
polychlorinated biphenyl congeners: considerations
for a congener-specific analysis. Environmental
Health Perspective. 81: 225-239.

Method 8080, "Organochlorine Pesticides and PCBs,
"Test Methods for Evaluating Solid Waste, SW-846, 3rd
Ed., U.S. Environmental Protection Agency, Office of
Solid)Waste and Emergency Response: Washington, D.C.
(1986) .

Mullin, M.D., C.M. Pochini, S. McCrindle, M. Romkos,
S.J. Safe, and L.M. Safe. 1984. High-Resolution PCB
Analysis: Synthesis and Chromatographic Properties of
All 209 PCB Congeners. Environ. Sci. Technol., Vol.
18:468-476.

Quensen, J.F., III, J.M. Tiedje and S.A. Boyd. 1988.
Reductive dechlorination of polychlorinated biphenyls
by anaerobic microorganisms from sediments. Science
242:752-754.

Quensen, J.F., III, and J.M. Tiedje. 1990.
Dechlorination of Aroclor 1248 by microorganisms from
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1452L

New Bedford Harbor. Michigan State University, East
Lansing, MI 48824.

Schulz, D.E., G. Patrick and J.C. Duinker. 1989.
Complete characterization of Polychlorinated Biphenyl
Congeners in Commercial Aroclor and Clophen Mixtures
by Multidimensional Gas Chromatography-Electron

Capture Detection. Environ. Sci. Technol., Vol
23:852-859. :
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FIGURE 16 HOMOLOG DISTRIBUTION (% OF TOTAL Cl)
AROCLOR 1254 VS. SAMPLE NBH 105/106 (JJ 1004/5)
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Table 1. Comparison of PCB Concentrations Measured as Aroclors
for Task 7 and Phase II

Sample

Task 7 - NBH 105 & 106

Phase II JJ 1004/5

Task 7 NBH-110-02

Phase II JJ 1006

Task 7 NBH 111-01

Phase II JJ 1007

Task 7 NBH-112-02

Phase II JJ 1008

Task 7 NBH-113-01/02

Phase II JJ 1009/10

% Aroclor % Aroclor
1016/1242 1254
68.5 31.5
66.1 33.9
Not Reported 100.

Not Reported 100.

46.5 53.
45.1 54.
63.6 36.
61.0 39.
25.0 75.
27.3 72.

Total
Aroclors

(ppm)
445,

620.

3000.
2800.

9900.

9100.

44,000.

41,000,

100.

150.



TABLE 2.

HOMOLOG DISTRIBUTION FOR TASK 15 SEDIMENT SAMPLES FROM NBH
CONCENTRATIONS EXPRESSED IN WEIGHT PERCENT

SEDIMENT SAMPLE IDENTIFICATION

' ' ' ! '

HOMOLOG E NBH 110-02 E NBH 105/106 E NBH 111-01 E NBH 112-02 E NBH 113-01/02
LEVEL E (JJ 1006) E (JJ 1004/5) 5 (JJ 1007) s (JJ 1008) E (JJ 1009/10)
MONO ! <0.01 0.1 0.03 0.51 0.01

DI ! 0.81 14.3 5.8 11.6 2.2
TRI ! 18.3 33.3 20.4 25.0 9.2

TETRA ! 48.0 33.4 32.1 28.9 33.5

PENTA ! 24.3 14.4 31.8 25.4 42.6
HEXA ! 8.4 4.6 9.7 8.2 12.3

HEPTA ! 0.14 c.07 0.32 0.1 0.24

ks



CONOIOAD™WN-

[} able 30
- Relative
Sequence Retention
Number Timoe . (RRT)1?

0.0997
0.1544
0.1937
0.1975
0.2243
0.2245
0.2566
0.257
0.2709
0.2783
0.2785
0.2973
0.3045
0.3165
0.3238
0.3298
0.3315
0.3378
0.3387
0.3398
0.3508
0.3521
0.3625
0.3636
0.377
0.3782
0.38
0.382
0.3911
0.3937
0.4007
0.4024
0.4031
0.4135
0.4163
00417
0.4187
0.4242
0.4267
0.4334
0.4375
0.445
0.4488
0.451%
0.4554
0.4557
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GC/MS
Scan #7
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877

977
1032
1038
1070
1070
1104
1104
1120
1130
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1158
1173

1183
1187
1191
1191
1201
1201
1213
1213

1223

1230
1235
1239
1247
1246
1249

1262
1262
1262
1268
1273
1280

1292
1292



Sequence
Number

Relative
Retention
Time (RRAT)1?

0.4587
0.4593
0.461

0.4639
0.4643
0.4651
0.4671
0.4685
0.4738
0.4757
0.4832
0.4858
0.486

0.487

0.4984
0.4989
0.499

0.4999
0.504

0.5057
0.5102
0.5142
0.5155
0.5212
0.5214
0.5267
0.529

0.5331
0.5331
0.5341
0.5407
0.5408
0.5415
0.5431
0.5437
0.5447
0.5464
0.5464
0.5486
0.5518
0.5549
0.5562
0.5666
0.5676
0.5676
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1367
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1394
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Time (RRT)?

0.5744
0.5779
0.5814
0.5816
0.5862
0.588
0.5894
0.5968
0.5969
0.5986
0.6016
0.6024
0.6029
0.6062
0.61
0.6105
0.6132
0.6142
0.6149
0.6149
0.618
0.6171
0.6175
0.6183
0.6224
0.6243
0.6256
0.6257
0.6295
0.6314
0.6349
0.6453
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0.6563
0.6563
0.6584
0.6608
0.6626
0.6628
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0.6672
0.668.
0.6693
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38
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42
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pcB
Congeners
Not Found+4

* % % % 8|

Brown
Peak #
(DB-1)5

58
58

59

DB-5
Peak
Number6

58
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GC/MS
Scan #7
{(4023)

1392

1399
1399

1406

1415
1417

1420
1420
1420

1427

1434
1434
1434
1440

1444
1447
1446
1461

1459
1465

1469
1473
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Sequence
Number

136
137
138
139
140
141
142
143
144
145

147
148
149
150
1561

162
153
154
158
156
157
158
159
160
161

163
164

166
167
168
169
170
171
172
173
174
175
176
177
178
179

181

Relative
Retention
Time (RRT)?

0.6707
0.6707
0.6789
0.6796
0.6828
0.6848
0.6853
0.6871
0.6871
0.692
0.692
0.6955
0.6968
0.7016
0.7035
0.7036
0.7049
0.7068
0.7078
0.7203
0.7205
0.7284
0.7305
0.7329
0.7396
0.7396
0.7399
0.7403
0.7416
0.7429
0.7501
0.7612
0.7537
0.7572
0.7611
0.7653
0.7654
0.7655
0.772
0.7737
0.7761
0.7814
0.7848
0.7965
0.7968
0.8031
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130
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160
163
164
138
186
158
129
126
178
166
175
182
187

183
162
128
167
1856
174
181
177

Domain
Number3d

PCB
Congeners
Not Found4

* »

Brown
Peak #
(DB-1)5

70
70
71
71
72
72

73
73

pDB-5
Peak
Number6

74
75
74°
76

77
78
79
80

82

GC/MS
Scan #7
(4023)

1487

1490

1494
1493

1507
1500
1509

1516
1521
1525

1528

1557
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Sequence
Number

182
183
184
185
186
187
188
189

191
192
193
194

196
197
198
199
200
201

202
203
204
205
206
207
208
209
210

Relative
Retention
Time (RRT)?

0.8089
0.8089
0.8108
0.8152
0.8184
0.8197
0.8217
0.8269
0.8278
0.8293
0.8362
0.8397
0.8447
0.8494
0.8625
0.874

0.874

0.8845
0.8876
0.8938
0.8938
0.9142
0.932

0.9321
0.9423
0.962

0.9678
1.0103
1.0486

Structure
{Substitution
Pattern)t

2,2',3,3',4,4',6
2,2',3,3',6,5',6,6°
2,3,3',4,4',5
2,2',3,3',4,5,6

2’3' .I4D4. '5'
2,2!',3,3',4,5',6,6°
2,2',3,4,4',5,6,6'
2,3,3',4,5,56',6
2,2',3,3',4,5,5'
2,2',3,3',4,4',6,6'
2,2*,3,4,4',5,6'
2,3,3',4',5,5',6
2,3,3',4,4',5',6
2,2' 0303.l4'50606.
a,3°,4,4',5,5'
2,2',3,3',4,4',5
2,3,3',4,4',5,6
2,2',3,3',4,5,5',6
2,2',3,3',4,5,6,6'
2,2',3,3',4,4',5,6
2,2',3,4,4',5,56°,6
2,3,3',4,4',5,5°
2,2',3,3',4,5,5',6,6°"
2,2',3,3',4,4*,5,6
2,2',3,3',4,4',5,6,6'
2,2',3,3',4,4',5,6'
2,2',3',4,4',5,56',6
2,2',3,3',4,4',5,6',6
2,2*,3,3',4,4',5,5',6

BZ
Congener
Number2

171
202
156
173
167
200
204
192
172
197
180
193
191
199
169
170
1980
198
201
196
203
189
208
1956
207
194
205
206
209

t+Based on retention time data for the RT marker 208 and
congener standard 209, the octachlorobiphenyl congener
supplied as 200 appears to be 194.

Domain
Number3

PCB
Congeners
Not Found4

Brown
Peak #
(DB-1)5

106

110
110
111
113
112
114
115

117
118

pB-5
Peak
Numbers

118

GC/MS
Scan #7
{4023)

1593

1719+

1610

1645

1697

1719+

1804
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Table 1.

Note 1.

Note 2.

Note 3.

Note 4.

Cross-reference of Congener Elution Order for
SE-54, DB-1 and DB-5 Capillary Columns

The relative retention times and structure for
biphenyl and all 209 PCB congeners are listed in
the order of elution for an SE-54 column as
reported by Mullin et al. (1984). Retention times
were determined relative to a reference standard,
octachloronapthalene. All 209 theoretically
possible congeners were available as reference
compounds for the RRT determinations.

The number of each PCB is according to the system
of Ballschmitter and Zell (1980), which was
followed by Mullin et al. (1984). The numbering
system adopted by the International Union of Pure
and Applied Chemists (IUPAC) is equivalent -to the
BZ number, with three exceptions. Congeners BZ#
199, 200, and 201 have the IUPAC numbers 200, 201,
and 199 respectively. Both usages are found in
the literature. The IUPAC numbering system was
used by Schulz et al. (1989).

The complete characterization of PCB congeners in
commercial Aroclor mixtures has been reported by
Schulz et al. (1989). On the basis of the relative
retention times of all 209 possible chlorobiphenyls,
all congeners present were identified and quanti-
tated. The actual retention times for each congener
were determined on an SE-54 column. Identification
and quantitation of congeners known to coelute from
the SE-54 column were obtained with a multidi-
mensional gas chromatography technique using either
0V-210 or C-87 columns. Eighty-seven (87) chromato-
graphic domains were identified which were
essentially base-~line separated on the SE-54
chromatographs. Each domain contains either one
well-resolved peak or a cluster of unresolved peaks.

Based on the data generated by Schulz et al. (1389),
132 PCB congeners were identified in one or more of
eight commercial PCB mixtures. The congeners
identified by the symbol * were not detected in any
of the commercial mixtures (i.e., concentrations
less than 0.05%). Congeners identified by the
symbol - were not detected in Aroclor 1016, 1242,

or 12564 (i.e., concentrations less than 0.05%) but
woere identified in other commercial mixtures.

Note 5. Brown and Wagner (1986) have idontified 140 individ-
ual PCB congeners or isomer groups detoctable by
capillary GC or GC/MS on a DB-1 column. Numbers
were assigned for 118 distinguishable peaks based on
the order of elution for the DB-1 column.

Note 6. Distinguishable chromatographic peaks for the DB-5
capillary column used for GC/EC (Task 7) and GC/MS
(Task 18) wero assigned peak numbers coinciding,
where applicable, to those employed by Brown and
Vlagner (1986). Differences relating to column
elution separations and/or GC/MS differentiation
of coeluting congeners having different chlorine
numbers were assigned the notation pecak number prime
(') when appropriate. The DB-5 column has becn re-
ported by Alford-Stevens et al. (1985) to provide
the same retention order and essentially the same
separation capabilities as an SE-54 column.

Note 7. This tabulation lists GC/MS scan numbers representing
peak elution order for DB-5 capillary column.
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GC/MS
Scan #

Tr

Tr

Tr

Tr
Tr

Tr

Tr

(GCJEC)

(GC/EC)

1645

1610
(GC/EC)

1593

1587
1581
(GCJEC)
1568
15857
1652
1545
1535
16528
1525
*1821

1621
1516
1509
1507

DB-§
Peak #

110
110
109

106
106

102
99

95
95

94
93
91
89
88
.85
83
82

80

79
78
77

74
74

tapLe

82#2 Congener Structurel

203
196

201

170
190

180
200

156
1

177
174
167
128
187
173
168
138
137
130

179

141
105

132

“+.

Congener-specific Ar

Results are expressed as mg/kg (ppm) dry weight (1050C) basis

23456-245
2345-2346

2345-2356

2345-234
23456-34

2345-245
2346-2356

2345-34
2346-234

2356-234
2345-236
245-345
234-234
2356-245
2356-235
2346-34
234-245
2345-24
234-235

2356-236

.Not PCB

2345-25
234-34

234-236

:is of Task 18 Sediment Samples from NBII

Sample Identification

NBH 110-02
(JJ 1006)

<0.56

<0.§

<0.5

4.1
<0.56

<0.5
<0.58

<0.5
<0.5
<0.5
7.2
<0.5
19.
<0.5
120.
<0.5
<0.5

<0.5

<0.5
<0.5

<0.5

NBH 105/106
(JJ 1004/5)

<0.1

<0.1

<0.1

<0.1
<0.1

<0.1
<0.1

<0.1
<0.1
<0.1
0.4
<0.1
0.94
<;.1
5.9
<0.1
<0.1

<0.1

<0.1
<0.1

<0.1

NBH 111-01
{JJ 1007)

<0.5

<0.5

5.0

27.
<0.5

<0.5
<0.5

<0.5
<0.5
<0.5
- 29,
<0.6
22.
<0.5
260.
<0.58
13.

<0.5

8.8
3S.

27.

NBH 112-02
(JJ 1008)

<1.

<1.

35.

77.
<1.

150.
<1.

-3
E

24.

<t1.

240.

<1.

26.

43.

1430.

60.

110. .

<1.

170.

720.

380.

NBH 113-01/024

(JJ 1009/10)

Not PCB

Not PCB

1.9



.GCIMS'
Scan #

1500

1494
1493
1490
1487
1475
1473
1469

1465

1461
1459
1447
1446
1444
1440

1434

1427

1420

*1417

DB-5
Pecak #

75
73
73
72°
71
69°'
69
67

65

63
64
61"
61
60
59

58
58

57
56
66"
65

Bz

153
188
146
122
134
118
149
107

135
144

82
151
77
110
136
8s

87
118

97
83
109
78

150

2

Congener Structured

245-245
2356-246
235-245
345-23
2356-23
245-34
236-245
235-34

235-236
2346-25

234-23
2356-25
34-34
236-34
236-236
234-24

234-25
2346-4

245-23
235-23
2346-3
345-3

236-246

*Found in samples but not in standards

NOH 110-02
(JJ 1006)

260,

40.
<0.5
24,
250.
320.
<0.5

27.

<0.5
50.
<0.5
450,
90.
'<0.5

21,

34.
<0.5
<0.5

3.1

NBH 1057106
(JJ 1004/5)

1.

NBH 111-01
(JJ 1007)

360.

NBH 112-02
(JJ 1008)

1000.

Retention Time/Congener Standard

1.5
<0.1
<0.1

7.4
18.
<0.1

1.5

<0.1

<0.1

32.

<0.1

0.81

2.4
<0.1
<0.1

<0.1

52.

<0.

[4]

22.
580.
320.

39.

36.

<0.5
52.

<0.

(&}

790,
65.
14.

G8.

170.
27.
<0.5

<0.5

220.
49.
100.
2170.
1020.
230.

200.

240.

170.

2900.
260.
490.

970.

760.
110.
<1.

<t.

NBH 113-01/024
{JJ 1009/10)

Not PCB

of



GC/MS
Scan #

1418
1406

1399

1394

1392

1382
1374
1373
1367
1362
1351

1345
1342

1338

1328

1319
13186

DB-§
Peak #

&8
54

63

49
48°'
48
47
46

44"
44

36’

BZ#

119

99

101

90

56
60

84
92

91
296
66
70
74

67

100

40
96

64
41

72
42

69
37

‘44

104

2

Congener Structurel

246-34
245-24

245-25
235-24

23-34
234-4

236-23
235-26

236-24
236-25
24-34
25-34
246-4

245-3
246-24

23-23
236-26
236-4
234-2
26-34
25-35
23-24
236-3
34-4

23-256

246-26

‘*Found in samples but not in standards.

NBH 110-02
(JJ 1006)

120.
380.

380.

<0.6

70.

340.
410.
67.
31.
23.

Tr
7.8

<0.6§6
12.

5§80.

120.
<0.5

230.

NBH 105/106
(JJ 1004/5)

3.9
11.

16.

<0.1

2.7

12.

24.
4.6
2.4
3.5

Tr
0.5

<0.1
0.81

45.

8.7
0.94

26.

Retention Time/Congener Marker

NBH 111-01
(JJ 1007)

57.
500.

780.
140.
100.

190.
480.
600.
720.
<0.56

29.
0.68

66.
<0.5

370.

180.
82.

390.

NBH 112-02
(JJ 1008)

<1.
1180.

3260.

1300.

420.

400.
2020.
1600.
2230.
1390.

<1.
<1.

220.
<1.

1670.

450.
580.

1520.

NBH 113-017024
(JJ 1009/10)

6.0

15.

Not PCB

3 of &



GC/MS
Scan #

1302

1297

1292

1280
1273
1268

1262

1249
Tr 1247
1246
1239
1235
1230
*1223

1213

1201

*1196

1

0B-5
Peak # BzZ# 2

33 48
33 75
33 47
32 49
31 73
31 52
27 45
26 22
26" 51
25" 53
25 20
25 33
24 28
24" 50
23 31
22 25
21 26
20 29
19 34
17 32
17 16
16 27
16 24

Congener Structured

245-2
246-4
24-24
24-25

26-35
25-25

236-2
23-4
24-26
25-26
23-3
34-2
24-4
246-2
25-4
24-3
25-3
245-
35-2

26-4
23-2

. 26-3
236-

Phenanthrene (Tentative 1D)

*Found in samples but not in standards.

NBH 110-02
(JJ 1006)

280.

1020.

1650.

<0.5
<0.5
95.
350.
<0.56
65.
<0.8
68.
230.
930.
<0.5
2.6

90.

85.

18.

81.

46.
<0.
58.
28.
74.

<0.

14.

oo o

NBH 105/106
{JJ 1004/5)

N

NBH 111-01
(JJ 1007)

330.

720.

890.

39.
160.
<0.5
52.
250.
500.
<0.5
430.
130.
270.
<0.5
<0.5

240.

36.

Present

NBH 112-02
(JJ 1008)

760.

1400.

2370.

240.
940.
68.
260.
1790.
2080.
<1.
2780.
140.
§20.
<1.
<1i.

1360.

180.

NBH 113-01/024
(JJ 1009/10)



GC/MS ,

Scan #

1191

1187

*1183

*1174
Tr*1173
1158
*1157
*1149

1130

1120

1104

1070

1038
1032
*1029
977
*g78
877

DB-5

Peak

156
16°

14

13
13

Bz# 2

17
15

18

13
12

Congener

24-2
4-4

25-2

3-4
34-

Trichloronapthalene

12 11 3-3
10 19 26-2
Trichloronapthalense
Trichloronapthalene
8 5 23~
8 8 2-4
7 6 2-3
6 9 25-
6 7 24-
] 4 2-2
5 10 26~
4 3 4-
3 2 3-
Dichloronaphthalene
2 1 2-
Chloronapthalene
1 0 Biphenyl

TOTAL PCBs (ppm, dry basis)

*Found in samples, but not in standards.

Structurel

NBH 110-02
(JJ 1006)

<0.56

140.

<0.5

Pre;ent
<0.5
12.

Present

Present

9.5

26.

<0.5

<0.5
<0.8
Present
<0.5
Present
<0.5

9550.

NBH 105/106
(JJ 1004/85)

15.
6.9
44.

11.

Absent
2.3
3.0

Present

Absent

36.

40.

2.3
13.

<0.1
<0.1
Present
0.40
Absent
<0.1

874. -

NBH 111-01
(JJ 1007)

110.
91.

630.

39.

Absent
<0.5
29.

Present

Absent

310.

140.

22.

68.

<0.5
<0.5
Present
0.03
Absent
<0.5

13000.

NBH 112-02
(JJ 1008)

560.
910.

2780.

150.

Absent
7.0
170.
Present
Absent

2750.

570.

310.

800.

66.
14.
Present
190.
Absent
930.

58000.

NBH 113-017024
(JJ 1009/10)

Present

Present
Present

1.8

Present

Absent

157.
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Table 3. Congener-specific Analysis of Task 18 Sedimen
Samples from NBH
Y
_A
Note 1. When a peak was detected by GC/EC but not by ti
sensitive GC/MS procedure, it is listed as Tr
instead of the GC/MS scan number.

Note 2. The BZ# is according to the system of Ballschm.
and Zell (1980).

Note 3. Congener structure notation follows the practi«
Brown et al. (1987) whereby the numbers indica“
substitution pattern on each ring are given sej
ly, separated by a dash. For example, congene
BZ#105 (2,3,3',4,4'-pentachlorobiphenyl) will t
listed as 234-34. It is easier to follow the :
wise dechlorination pathways when this notatior
used.

Note 4. Because of the high background and low PCB sigr
for this sample, only those peaks which were c¢
firmed as being PCBs were quantitated and repor

REFERENCES - Table 3

Ballschmiter, K. and M. Zell. 1980. Analysis of
Polychlorinated Biphenyls (PCB) by Glass Capillary Gas
Cbromatbgraphy: Composition of Technical Aroclor-and Clc¢
Mixtures. Fresenius Zeitschrift fur Analytische Chemie,
Vol 302:210-31.

Brown, J. F., Jr., R. E. Wagner, H. Feng, D. L. Bedard,
Brennan, J. C. Carnahan, and R. J. May. 1987. Environn

Dechlorination of PCBs. Environ. Tox. and Chem. Vol 6:
579-593.



Table 5. Comparative PCB Data for Phase II Samples

Total PCBs, mag/kg (ppm), dry basis

Table 1 Table 4
Sample (as Aroclors) (as individual congeners)

NBH-105/106 620. 874.
(JJ 1004/5)
NBH-110-02 2800, 9550.
(JJ 10086)
NBH 111-01 9100. 13,000.
(JJ 1007)
NBH-112-02 41,000. 58,000.
(JJ 1008)
NBH-113-01/02 150. 157

(JJ 1009/10)



Table 6. Relative Abundance of PCB Congeners in Selected NBH Sediments and Aroclor Standards
Results are expressed as Wt. % Total PCBs present. Sediment Results are calculated on dry (1050C) basis.

Sample Identifications

GC/MS DB-5

Scan # Peak # Bz#2 Congener Structure3d NBH 11‘0-02 NBH105/106 NBH 111-01 NBH 112-02 Aroclor 1254 Aroclor 1242
Tr (GCJ/EC) 110 203 23456-245 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
110 196 2345-2346
Tr (GC/EC) 109 201 2345-2356 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
1645 106 170 . 2345-234 <0.01 <0.01 0.04 0.06 0.20 <0.01
106 190 23456-34
1610 102 180 2345-245 0.04 <0.01 0.21 0.14 0.38 <0.01
Tr (GC/EC) 99 200 2346-2356 <0.01 <0.01 <0.01 - <0.01 <0.01 <0.01
1593 95 156 2345-34 <0.01 <0.01 <0.01 0.26 0.84 <0.01
' 95! 171 2346-234 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Tr 1587 94 177 2356-234 <0.01 <0.01 <0.01 0.01 <0.01 <0.01
Tr 1581 93 174 2345-236 <0.01 <0.01 <0.01 0.04 0.07 <0.01
Tr (GC/EC) 91 167 245-345 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
1568 89 128 234-234 0.07 0.05 0.22 0.43 1.34 <0.01
Tr 1557 88 187 2356-245 <0.01 <0.01 <0.01 <0,01 <0.01 <0,01
1652 85 178 2356-235 0.20 0.11 0.18 0.05 . 0.12 <0.01
1545 83 158 2346-34 <0.01 <0.01 <0.01 0.08 0.27 <0.01
1635 82 138 234-245 1.25 0.68 2.01 2.53 7.76 <0.01
1528 80 137 2345-24 <0.01 <0.01 <0.01 0.10 0.25 <0.01
1525 79 130 234-235 <0.01 <0.01 0.10 0.19 0.30 <0.01
Tr 1521 78 179 2356-236 <0.01 ~ <0.01 <0.01 <0.01 <0.01 <0.01
1516 ) 7 141 2345-25 <0.01 <0.01 0.07 0.33 0.87 <0.01
1509 74} 105 234-34 <0.01 <0.01 ' 0.27 1.27 2.97 0.17
1507 74 132 234-236 <0.01 <0.01 0.21 0.68 1.78 <0.01

SN



Sample Identifications

gg::s# PEE;S# BZ#2° Congener Structure3 NBH 110-02 NBH105/106 NBH 111-01 NBH 112-02 Aroclor 1254 Aroclor 1242
1500 75 153 245-245 2.70 1.24 2.80 1.77 4.20 <0.01
1493 73° ° 146 . 235-245 0.42 0.17 0.40 0.38 0.62 <0.01
1490 72 122 345-23 <0.01 <0.01 <0.01 0.08 0.17 <0.01
1487 7 134 2356-23 0.25 <0.01 0.18 0.19 0.21 <0.01
1475 69' 118 245-34 2.60 0.85 4.49 3.85 8.14 0.a7
1473 69 149 236-245 3.32 2.08 2.48 1.80 3.87 <0.01
1469 67 107 235-34 <0.01 <0.01 0.31 0.40 0.44 <0.01
1465 65 :33 ggigfgg 0.28 0.17 0.28 0.35 0.64 <0.01
1461 63 82 234-23 <0.01 <0.01 <0.01 0.40 1.10 <0.01
1459 64 151 2356-25 0.52 0.28 0.40 0.30 0.55 <0.01
1447 61’ 77 34-34 <0.01 <0.01 <0.01 0.01 <0.01 0.20
1446 61 110 236-34 4.67 3.71 6.12 5.13 10.10 0.55
1434 60 136 236-236 0.93 0.47 0.50 0.44 0.80 <0.01
1440 89 85 234-24 <0.01 <0.0% 0.11 0.86 0.98 <0.01
1434 o 3 234-23 0.22 0.09 0.53 - 1.73 3.94 0.35
1427 57 97 245-23 0.35 0.27 1.32 1.34 2.04 0.12
1420 gg 183 ggi;gg <0.01 <0.01 0.20 0.19 0.26 <0.01

56! 78 345-3 <0.01 <0.01 <0.0% <0.01 <0.01 <0.01
1417 s5' 150 236-246 0.03 <0.01 <0.01 <0.01 <0.01 <0.01
1415 55 119 246-34 1.25 0.45 0.44 <0.01 <0.01 <0.01

1406 54 99 245-24 3.95 1.2 - 3.91 2.09 2.72 0.13



Sample Identifications

GC/MS 1DB-5

- - 5 1 1242
Scan # 1 Peak # BZ#Z' Congener Structure3 NBH 110-02 NBH105/106 NBH 111-01 NBH 112-02 Aroclor 1254 Aroclor 4

1399 53 101 245-25 3.95 1.85 6.02 5.79 9.62 0.51
53 90 235-24
1394 50 56 23-34 <0.01 <0.01 1.06 2.31 0.76 3.12
50 60 234-4 '
1392 51 84 236-23 0.73 0.31 0.79 0.75 1.10 <0.01
51 92 235-25
1382 49 91 236-24 3.53 1.39 1.48 0.70 0.68 0.04
1374 48! 95 236-25 4.26 2.78 3.74 3.58 5.76 0.27
1373 48 66 24-34 Q.70 0.53 3.91 2.83 1.71 4.06
1367 47 70 25-34 0.32 0.27 3.47 3.95 6.10 4.59
1362 46 74 245-4 0.24 0.40 1.70 2.47 1.21 2.62
1351 44! 67 245-3 Tr Tr 0.22 <0.01 <0.01 <0.01
44 100 246-24 0.08 0.06 0.01 <0.01 <0.01 <0.01
1345 42 40 23-23 <0.01 <0.01 0.44 0.38 <0.01 0.38
1342 41 96 236-26 0.12 0.09 <0.01 <0.01 <0.01 <0.01
1335 39 64 236-4 6.02 5.17 2.85 2.95 1.06 4.34
39 a1 234-2
as 71 26-34
.39 72 25-35 )
1325 38 - 42 23-24 1.25 1.00 1.38 0.79 <0.01 1.25
38 59 236-3
ag! 37 34-4 <0.01 0.11 0.63 1.04 <0.01 1.78
1319 37 44 23-25 2.39 2.94 3.01 2.69 2.63 3.33
1302 33 48 245-2 2.91 2.08 2.53 1.34 0.09 2.30
33 75 246-4
33 47 24-24

1297 32 49 24-25 10.6 9.28 5.60 2.44 1.52 2.93

Nevo



Sample Identifications

GC/MS DB-5
Scan # 1 Peak # Ve LE Congener Structure3 NBH 110-02 NBH105/106 NBH 111-01 NBH 112-02 Aroclor 1254 Aroclor 1242

1292 31 73 26-35 17.1 12.40 6.88 4.20 8.76 4.1¢
31 52 25-25 '
1280 27 45 236-~2 <0.01 0.35 0.31 0.40 <0.01 0.77
1273 26 22 23-4 <0.01 0.36 1.27 1.66 <0.01 3.12
1268 26! 51 24-26 0.99 0.22 <0.01 <0.01 <0.01 <0.03
1262 25! 53 25-26 3.63 0.65 0.41 0.47 0.04 0.70
25 20 23-3 <0.01 0.17 1.95 3.17 <0.01 6.27
25 a3 34-2
1249 24 28 24-4 0.67 5.33 3.91 3.68 <0.01 7.50
1247 24! 50 246-2 <0.01 <0.01 <0.01 <0.01 0.14 <0.01
1248 23 31 25-4 0.7% 6.65 3.80 4.93 <0.01 9.4
1239 22 25 24-3 2.3a9 3.25 1.00 0.24 <0.01 0.55
1235 21 26 25-3 9.66 8.47 2.11 0.93 <0.01 1.35
1230 20 29 245- <0.01 <0.01 <0.01 <0.01 <0.01 0.10
1223 19 34 35-2 0.03 0.01 <0.01 <0.01 <0.01 <0.01
1213 17 32 26-4 0.93 1.62 1.85 2.42 <0.01 3.81
17 16 23-2
1201 16 27 és-a 0.88 0.60 0.28 0.32 <0.01 0.55
16 24 236-
I A en  ME W vE o sn
1187 14 18 25-2 1.45 5.09 3.33 3.95 <0.01 6.91
1183 13 13 3-4 <0.01 1.31 0.31 0.26 <0.01 0.26
1173 12 11 3-3 <0.01 0.26 <0.01 0.01 <0.01 <0.01

1158 10 19 26-2 0.12 0.35 0.22 0.31 <0.01 0.49



. Sample Identifications

GCJMS D3-5
sean 21 Peak # BZ22* Congener Structured  NGH 110-02  NaH105/106 NBH 111-01 NBH -112-02 Aroclor 1254 Aroclor 1242

1130 8 5 23- 0.10 447 2.43 4.87 <0.01 9.05
8 -8 2-4 '

1120 7 6 2-3 ’ 0.27 4.63 1.06 1.01 <0.01 1.62

1104 6 9 25- <001 0.26 0.17 0.56 <0.01 0.58
6 7 24- )

1070 5 4 2-2 0.08 1.46 0.53 1.42 <0.01 2.57
5 10 26-

31038 4 3 4- <0.01 <0.01 . <0.01 0.12 <0.01 0.10

1032 3 2 3- <0.01 <0.01 <0.01 0.03 <0.01 <0.01

577 2 1 " 2- <0.01 0.05 0.03 - 0.33 <0.01 0.57

877 1 +] Biphenyl <0.01 <0.01 : <0.01 o 1.64 <0.01 0.01

Extent of Dechlorination Observed Advanced Advanced Moderate Slight

Table 2. Relative Abundance of PCD Cenpeners in Seleoxed NBH
Sedimantu and Areslaesr LCtandarda

Note 1. When a peak wam detooted by GC/EC but net by the
leun mwnsitive QC/M3 preesdure, At is linxed am Tr
{GC/EC) inatead of The GC/MIS scan number.

Nete 2. The DZ# L= mocording to the aystem of Dallasshmixer
and Zell (1000).

Note 3. Congenasr struature notation Tollowa the practioce
of Drewn et al. (1007) whaereby the nusbera indi-
‘eating the aubatitution pattern en eash ring are
given separately, separated by a dash. Fer
example, eongener DIZ» 100 (2,3,3°,4,4°~pentachloro-
biphenyl) will be listed as 234-04, It ia easier o
follew Tthe atepwise dechlorinatien pathways when
this notation 1is used. )

-REFERENCES

Dallsehmiter, K. and M. Zell. 1000. Analysis eof
Pelyshlerinated Diphenyls (PCO) by Olass Capillary QGas
Chremategraphys Compesition of Teohnisal Aresler-and N
Clephen«PCO Mixtures. remen » Zeltnohri? r Ana che
Lhamia, Vel 202312310-21. .
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MALF-LOSS DATA AND DECHLORINATION RATE CONSTANTS FOR PCB CONGENERS

SELECTED SAMPLES EXNIBITING ADVANCED DECHLORINATION
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AROCLOR MIXTURE, THE SAMPLE UAS ASSIGNED A VALUE OF 0.01 FOR CALCULATION PURPOSES.
LIKEWISE FOR CASES WHERE THE CONGENER WAS PRESENT IN THE SAMPLE AND NOT IN THE AROCLOR.

AND 23 YEARS FOR TETRA- AND LOUER CONGENERS.

3) CONCENTRATIONS EXPRESSED AS WEIGHT X OF TOTAL PCBS PRESENT.
4) IN CASES WMERE A CONGENER MAS MOT DETECTED IN THE SAMPLE YET UAS PRESENT IN THE

NOTES: 1) A NEGATIVE VALUE FOR # OF NALF-LOSSES INDICATES PEAK FORMATION (DOUBLING).
2) ASSUMES AN ENVIRONMENTAL EXPOSURE PERIOD OF 30 YEARS FOR PENTA- AND WIGHER CONGENERS,



TABLE 7 (cont.)

!
HALF-LOSS DATA AND DECHLORINATION RATE CONSTANTS FOR PCB CONGENERS
SELECTED SAMPLES EXHIBITING ADVAMCED DECHLORIMATION

SANPLE 1D SAMPLE 1D
NBM 110-02 & OF MALF- RATE 4 NBH 105/106 A1242+ # OF HALF- RATE X

08-5 (44 1006) A1254 HALF- LOSS COMSTANT REMOVED/ DB8-5 C(JJ 1004/5) A1254 HALF- LOSS CONSTANT REMOVED/

PEAK # (C) (Co) LOSSES t1/2(yrs) k(yrs-1) FORMED PEAX # - (€) (Co) LOSSES t1/2(yrs) k(yrs-1) FORMED
n 0.25 0.21 -0.2% 19.0 F 15 0.79 1.54 0.96 23.9% 0.029 48.6 R
£13 3.95 2.2 -0.54 45.2 F 114 1.62 2.51 0.63 36.51 0.019 35.6 0
85 0.20 0.12 -0.74 66.7T F 27 0.35 0.51 0.54 42.59 0.016 I
k3] 17.10 8.76 -0.97 95.2 F 8 4.17  S5.97 0.52 44.23 0.016 30.2 R
19 0.03 0.0% -1.59 200 F 65 0.7 0.22 0.36 83.33 0.008 21.9R
55¢ 0.03 0.0V -1.59 200 F 3 0.17 o0.21 0.31 96.77 0.007 19.4 R
S 0.05 0.0% -2.32 400 F 51 0.31 0.37 0.27 Mm.n 0.006 171 R
49 3.53 0.8 -2.38 419 F 5 1.46 1.70 0.22 104.55 0.007 13.9¢8
3 6.02 1.06 -2.51 468 F a3 1.24 1.43 0.20 150.00 0.00S 13.2 R
32 10.60 1.52 -2.80 S97 F 37 2.94 3.1 0.08 287.50 0.002 5.4 R
&4 0.08 0.0 -3.00 700 F 61 3.Nn 3.80 0.03 1000.00 0.001 2.4 R

8 0.10 0.01 -3.32 900 F 19 0.01 0.0V 0.00 0.0
10 0.12 0.01 -3.59 1100 ¢ &4’ 0.01 <0.0t -0.01 0.7 F
41 0.12 0.01% -3.59 1100 F 23 6.65 6.21 -0.10 T.1F
7 0.27 0.01 -4.76 2600 F 24 5.33 4.95 -0.11 7.7¢
1 2.91 0.09 -5.02 3133 F 10 0.35 0.32 -0.11 8.2 F
24 0.67 0.0% -6.07 6600 F 14 5.09 4.56 -0.16 11.6F
23 0.71 0.0t -6.15 7000 f 33 1.00 0.83 -0.28 21.2 F
16 0.8 0.0% -6.46 8700 F 54 1.24 1.01 -0.30 23.0 F
51 3.3 0.04 -6.51 8975 F 48’ .78 2.1 -0.40 32.0°F
17 0.93 0.0 -6.54 9200 F 15 1.7 1.29 -0.42 33.6F
26 0.99 0.01 -6.63 9800 F 33 2.08 1.55 -0.43 34.3 F
55 1.25 0.01 -6.97 12400 F 25! 0.65 0.48 -0.45 36.7 F
3a 1.25 0.01 -6.97 12400 F 64 0.28 0.19 -0.58 9.7¢
14 1.45 0.01 -7.18 14400 F 1 0.01 0.01 -0.60 S1.5F
22 2.39 0.00 -7.90 23800 f 69 2.08 1.32 -0.66 58.1 F
Q 9.66 0.01 -9.92 96500 F 39 5.17 3.22 -0.68 60.3 f
25 <0.01 «0.01 16 0.60 0.3 -0.73 65.3 F
é <0.01 <0.01 60 0.47 0.27 -0.79 2.8 F
13 <0.01 «<0.01 3 1240 5.7 -1.12 M7 F
15¢ <0.01 <0.01 85 0.1 0.04 -1.46 175 F
12 <0.01 <0.01 3R 9.28  2.45 -1.92 29§
20 <0.01 <0.0) 7 4.63 1.07 -2.11 333 ¢
110 <0.01 <0.01 49 1.39  0.26 -2.43 440 F
15 <0.01 «<0.01 (73 0.06 0.01 -2.59 500 F
109 <0.01 <0.01 13 1.5 0.17 -2.93 863 f

NOTES: 1) A NEGATIVE VALUE FOR # OF HALF-LOSSES INDICATES PEAK FORMATION (DOUBLING).
2) ASSUMES AN ENVIRONMENTAL EXPOSURE PERIOD OF 30 YEARS FOR PENTA- AND HIGHER CONGENERS,
AND 23 YEARS FOR TETRA- AND LOUER CONGENERS.
3) COMCENTRATIONS EXPRESSED AS WEIGHT X OF TOTAL PCBS PRESENT.
4) 1M CASES WHERE A CONGENER MAS NOT DETECTED IN THE SAMPLE YET WAS PRESENT IN THE
AROCLOR MIXTURE, THE SAMPLE WAS ASSIGNED A VALUE OF 0.01 FOR CALCULATION PURPOSES.
LIKEWISE FOR CASES WHERE THE CONGEMER WAS PRESENT IN THE SAMPLE AND NOT IN THE AROCLOR.
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TABLE 7 (cont.)

HALF-LOSS DATA AND DECHLORINATION RATE CONSTANTS FOR PCB CONGENERS
SELECTED SAMPLES EXNIBITING ADVANCED DECNLORINATION

SANPLE 1D
ueM 110-02 # OF  NALF- RAYE X
08-5 (4J 1008) A1254  NALF- LOSS CONSTANT REMOVED/ 08-5

PEAX # (C) (Co) LOSSES t1/2(yrs) k(yrs-1) FORMED PEAX &
4 <0.01 <0.01 a2
44 <0.01 <0.0% 41
26 <0.01 <0.01 21
95 <0.01 <0.01 26
56* <0.01 <0.01 12
% <0.01 <0.01 55
38/ <0.01 <0.01 L)
61 <0.01 <0.01 110
42 <0.01 <0.01 109
4 <0.01 <0.01 n
27 <0.01 <0.01 ”
3 <0.01 «0.01 8s
" <0.01 <0.01 3
88 <0.01 <0.0% 55¢
78 <0.01 <0.01 95
2 <0.01 «0.01 56

1 <0.01 <0.01 9%

SAMPLE 1D

CJ4J 1004/5)
)

NOTES: 1) A NEGATIVE VALUE FOR # OF MALF-LOSSES INDICATES PEAK FORMATION (DOUBLING).
2) ASSUMES AN ENVIRONMENTAL EXPOSURE PERIOD OF 30 YEARS FOR PENTA- AND WIGHER CONGENERS,

AND 23 YEARS FOR TETRA- AND LOWER CONGENERS.
3) CONCENTRATIONS EXPRESSED AS VEIGNT X OF YOTAL PCBS PRESENT.

4) IN CASES WMERE A CONGENER WAS NOT DETECTED IN THE SAMPLE YET WAS PRESENT IN THE

AROCLOR NIXTURE, THE SAMPLE MAS ASSIGNED A VALUE OF 0.01 FOR CALCULATION PURPOSES.

NBH 105/106 A1242+

A254

LIKEWISE FOR CASES WHERE THE CONGEMER WAS PRESENT IN THE SAMPLE AND MOT IN THE AROCLOR.

HALF- RATE

X

LOSS CONSTANT REMOVED/
t1/2(yrs) k(yrs-1) FORMED
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2500 F
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TABLE 8.

RALF-LOSS DATA AND DECHLORIMATION RATE CONSTANTS FOR PCB CONGEMERS
SELECTED SAMPLES EXHISITING EARLY TO MODERATE DECHLORINATIOM

SAMPLE 10 SANPLE 1D
BN 111-01A1242¢ # Of WALF- RATE 4 NBH 112-02 A1242+ # OF HALF- RATE X

08-5 (34 1007) A1254 HALF- LosS CONSTANT REMOVED/ 08-5 (JJ 1008) A1254 HALF- Loss CONSTANT REMOVED/

PEAX & (C) (Co) LOSSES t1/2(yrs) k(yrs-1) FORMED PEAK # ) (Co) LOSSES t1/2(yrs) k(yrs-1) FORMED
&3 0.01 0.61 5.9 5.07 0.137 98.3 ® 61 0.01 0.12 3.61 6.37 0.109 91.8 R
] 0.01 0.46 5.53 S.42 0.128 97.8 & 20 0.0% 0.06 2.61 8.81 0.079 a3.6
80 0.01 0.7 4.05 T.41 0.09% 93.9 R 24° 0.0% 0.05 2.45 9.39 0.074 81.7 R
a3 0.01 0.15 3.09 .n 0.090 93.3 R 22 0.24 0.34 0.51 45.10 0.015 9.7 R
T2 0.01 0.09 1.3 9.29 0.075 89.3 R 3 4.20 5.9% 0.50 46.00 0.015 29.3 R
6 0.0 0.09 3.7 7.26 0.096 88.9 R a3 0.08 0.11 0.40 75.00 0.009 2.0 R
2 0.03 0.26 3.10 7.42 0.093 83.3 & 47 3.95 5.18 0.39 58.97 0.012 23.7 R
24 0.01 0.08 2.95 7.80 0.089 87.0 R 106 0.06 0.08 0.38 78.95 0.009 23.1 R
0.07 0.48 2.1 10.83 0.064 85.4 R 95 0.26 0.33 0.33 90.91 0.008 20.6 R
n 0.27 1.1 2.66 11.28 0.061 84.2 R 24 3.68 4.58 0.3 74.19 0.009 19.6 R
59 0.11 0.54 2.29 13.10 0.053 79.6 R 89 0.43 0.52 0.28 107.14 0.006 17.7 R
74 0.21 0.98 2.22 13.51 0.051 78.6 & 25 3.7 l.82 0.27 85.19 0.008 17.1 R
20 0.01 0.05 2.7 10.60 0.065 7.8 R 15 0.99 1.19 0.26 88.46 0.008 16.8 R
4 0.01 0.05 2.17 10.60 0.065 77.8 R 82 2.53 3.03 0.26 115.38 0.006 16.4 R
H ] 0.53 2.32 2.13 14.08 0.049 77.2R 27 0.40 0.47 0.23 100.00 0.007 14.8 R
93 0.0 0.04 1.95 15.38 0.045 74.0R 26 1.66 1.94 0.22 104.55 0.007 14.4 R
a9 0.22 0.74 1.7 17.24 0.040 70.2 R 23 4.93 5.74 0.22 104.55 0.007 1%.1 R
106 0.04 0.1 1.46 20.55 0.034 63.6 R 37 2.69 3.08 0.19 121.05 0.006 12.6 R
é 0.17 0.40 1.2 18.85 0.037 S7.1 R 8 4.87 5.52 0.18 127.78 0.005 11.8R
5 0.53 1.16 1.13 20.35 0.034 54.2 R 48 2.83 3.1 0.15 153.33 0.005 10.0
a2 2.01 4.27 1.09 27.52 0.025 52.9r 5 1.42 1.57 0.14 164.29 0.004 9.4 R
” 0.10 0.20 0.99 30.30 0.023 49.5 R 33 1.34 1.44 0.10 230.00 0.003 6.8 R
37 3.01 5.25 0.80 28.75 0.024 42.7 R &3 0.40 0.43 0.10 300.00 0.002 6.8 R
So 1.06 1.82 0.78 29.49 0.024 41.8 R 14 3.95 4.22 0.09 255.56 0.003 6.3 R
8 2.43 4.07 0.75 30.67 0.023 40.3 R 102 0.14 0.15 0.08 375.00 0.002 5.5 R
47 3.47 5.42 0.64 35.94 0.019 36.0 R 2 0.33 0.35 0.08 287.50 0.002 5.1 R
15 0.7 1.05 0.56 41.07 0.017 32.3R 16 0.32 0.34 0.07 328.57 0.002 4.6R
s 1.95 2.82 0.53 43.40 0.016 30.9 R 3a/ 1.04 1.09 0.06 383.33 0.002 4.2 R
38 0.63 0.80 0.35 65.7 0.011 21.4 R 39 2.95 3.06 0.05 460.00 0.002 3.6 R
65 0.28 0.35 0.33 90.91 0.008 20.5 R ” 0.33 0.34 0.04 750.00 0.001 2.7R
26 1.27 1.43 0.17 135.29 0.005 11.3R T4 _ 0.68 0.69 0.03 1000.00 0.001 2.0 R
a7 0.31 0.35 0.16 143.75 0.005 10.5R 58 1.73 1.75 0.02 1500.00 0.0005 1.1 R

a3 3.80 4.23 0.16 143.75 0.005 10.3 ® 12 0.01 0.01 0.00 0.0

46 1.70 1.8 0.12 191.67 0.004 7.8R 94 0.01 0.01 0.00 0.0

NOTES: 1) A NEGATIVE VALUE FOR # OF NALF-LOSSES INDICATES PEAK FORMATION (DOUBLING).
2) ASSUMES AN ENVIRONMEMTAL EXPOSURE PERIOD OF 30 YEARS FOR PENTA- AND HIGHER CONGENERS,
AND 23 YEARS FOR TETRA- AND LOWER CONGENERS.
3) CONCENTRATIONS EXPRESSED AS WEIGHT X OF TOTAL PCBS PRESENT.
4) IN CASES WHERE A CONGENER WAS NOT DETECTED IN THE SAMPLE YET WAS PRESENT IN THE
AROCLOR MIXTURE, THE SAMPLE WAS ASSIGNED A VALUE OF 0.01 FOR CALCULATION PURPOSES.
LIKEWISE FOR CASES WHERE THE CONGENER WAS PRESENT IN THE SAMPLE AND NOT IN THE AROCLOR.
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RALF-LOSS DATA AND DECHLORINATION RATE CONSTANIS FOR PCB CONGEMERS
SELECTED SAMPLES EXMIBITING EARLY TO MODERATE DECHLORINATION

TABLE 8 (cont.)

PAGE 2 OF 3

AROCLOR MIXTURE, THE SAMPLE WAS ASSIGNED A VALUE OF 0.09 FOR CALCULATION PURPOSES.
LIKEWISE FOR CASES WHERE THE CONGEMER WAS PRESENT IN THE SAMPLE AND NOT IN THE AROCLOR.

AND 23 YEARS FOR TETRA- AND LOUER CONGENERS.

3) CONCENTYRATIONS EXPRESSED AS WEIGHT X OF TOTAL PCBS PRESENT.
4) IN CASES WUMERE A CONGENER WAS MOT DETECTED IN THE SAMPLE YET WAS PRESENT IN THE

NOTES: 1) A NEGATIVE VALUE FOR # OF NALF-LOSSES INDICATES PEAK FORMATION (DOUBLING).
2) ASSUMES AN ENVIRONMENTAL EXPOSURE PERIOD OF 30 YEARS FOR PENTA- AND HIGHER COMGENERS,



TABLE 8 (cont.)

HALF-LOSS DATA AND DECHLORINATION RATE CONSTANTS FOR PCB CONGENERS
SELECTED SANPLES EXNIBITING EARLY TO MODERATE DECHLORINATION

SAMPLE 1D
NBN 111-01A1242¢ # OF HALF-
D8-5 (3 1007) A1254 NALF- LOSS
PEAK 8 (C) (Co) LOSSES t1/2(yrs)

85 0.18 0.07 =1.45

21 .11 0.63 -1.75

49 1.48 0.39 1.92

22 1.00 0.25 -1.9
(YY) 0.22 0.01 -4.46

55 0.44 0.01 -5.46

19 <0.01 <0.0%
26 <0.01 <0.01

88 <0.01 «<0.0t

99 <0.01 <0.01

12 <0.01 <0.01

3 <0.01 «<0.01

41 <0.01 <0.01

12 <0.01 «<0.01

n <0.01 <0.01
567 <0.01 «<0.01
110 <0.01 <0.01

% <0.01 <0.01
95° <0.01 «<0.01
109 <0.01 <0.01
55 <0.01 0.0

MOTES: 1) A NEGATIVE

AROCLOR MIXTURE, THE SAMPLE WAS ASSIGNED A VALUE OF 0.01 FOR CALCULATION PURPOSES.

RATE 3
CONSTANT REMOVED/
k(yrs-1) FORMED

...........

26°
957

91

88
1y
56/
55
109
110

SAMPLE 1D

NBH 112-02
(JJ 1008)

A1242¢

# OF
HALF-
LOSSES

HALF- RATE X
LOSS CONSTANT REMOVED/
t1/2(yrs) k{yrs-1) FORMED

<0.01
<0.01
<0.01
<0.01
<0.01
<0.01
<0,0%
<0.01
<0.01

VALUE FOR # OF HALF-LOSSES INDICATES PEAK FORMATION (DOUBLING).
2) ASSUMES AN ENVIRONMENTAL EXPOSURE PERIOD OF 30 YEARS FOR PENTA- AND NIGHER CONGENERS,

AND 23 YEARS FOR TETRA- AND LOWER CONGENERS.
3) CONCENTRATIONS EXPRESSED AS WEIGHT X OF TOTAL PCBS PRESENT.
4) IN CASES WMERE A CONGENER WAS NOT DETECTED IN THE SAMPLE YET MWAS PRESENT IN THE

ooocoecooe
2222%38E

LIKEWISE FOR CASES UHERE THE CONGENER WAS PRESENT IN THE SAMPLE AND NOT IN THE AROCLOR.

9.7
125
132
133
142
200
500
800

4400

26785
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TABLE 9.

PCB CONGENERS WITH SPECIAL PHARMACOLOGICAL SIGNIFICANCE I[N NBH SAMPLES
EXHIBITING EARLY AND ADVANCED STAGES OF DECHLORINATION

COMPOSITION IN SAMPLE
(AS WEIGHT PERCENTAGE OF ODECHLORINATION

| COMPOSITION IN AROCLOR | TOTAL PCBs PRESENT) | HALF-LOSSES
| (AS VEIGHT PERCENTAGE, %)} |
CHLORINE | | NBH 112-02 XBM 105/106 | WBH 112-02 NBH 105/106
SUBSTITUTION | | | €3 1008) | (44 1004/5) | (JJ 1008) | (JJ 1004/5)
82 # PATTERN | 1254 | 1242 | EARLY | ADVANCED | EARLY | ADVANCED
E2 Sewe | @0t v e om | o sk
77 3,37,4,4¢- : <0.01 0.20 : 0.01 <0.01 : 3.61 3.7
81 3.4,4',5- { <0.01 <0.01 : <0.01 <0.01 { ND NO
105 2,3,3/4,4'- : 2.97 0.17 : 1.27 <0.01 : -0.01 6.81
114 2,3,4,4,5- : <0.01 <0.01 : <0.01 <0.01 } NO NO
118 2,37,4,4,5- l 8.14 0.37 : 3.8% 0.85 : -0.18 1.82
13 2',3,4,4',5- : <0.01 <0.01 : <0.01 <0.01 : NO
126 3,37,4,4°,5- l <0.01 <0.01 : <0.01 <0.01 : ND
156 2,3,37,4,6°,5- { 0.8 <0.01 : 0.26 <0.01 : 0.33 4.86
157 2,3,37,6,4°,5'- : <0.01 <0.01 I <0.01 <0.01 : ND ND
167 2,37,4,4,5,5'- : <0.01 <0.01 l <0.01 <0.01 : ND NO
169 3,3',4,4’,5,5'- : <0.01 <0.01 : <0.01 <0.01 :
189 2,3,3',4,4',5,5'- : <0.01 <0.01 : <0.01 <0.01 : NO

NOTES: 1) A NEGATIVE NALF-LOSS VALUE INDICATES PEAX FORMATION (DOUBLING).
2) THE ANALYSIS LIMIT IS 0.01X OF THE TOTAL PCBs PRESENT IN THE SAMPLE.

PAGE 1 OF 1


http:2,3,3',4,4',5,5'-cO.01
http:3,3',4,4',5,5'-cO.01
http:5,5'-cO.01
http:2,3,3',4,4',5'-<0.01
http:2,3,3',4,4',5-0.14
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http:2,3,4,4',5-<0.01
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TABLE 10.

COMPARISON OF DECHLORINATION LOSSES BETWEEN NBR SEDIMENTS EXHIBITING EARLY
AND ADVANCED DECHLORINATION LOSSES FOR NON-ORTHO (CO-PLANAR) CONGENERS.

| CONC. IN SAMPLE (PPM)| X OF TOTAL PCBS | X OF TOTAL PCBS | # OF MALF-LOSSES |

CHLORINE | =-=---=cccomemcneeenns IR LT PR ER T R | mesecceemanmcoennn R |
SUBSTITUTION | JJ 1004/5] JJ 1008 | JJ 1004/S| JJ 1008 | AROCLOR | AROCLOR | JJ 1004/5| JJ 1008 |

8Z # PATTERN | ADVANCED | EARLY | ADVANCED | EARLY | 1262 | 1254 | ADVANCED | EARLY |
------------------------ R I [ Il
2 3- | Noco.1) | 14 | <«0.01 | 0.02 | «0.01 | <0.001 | W | -1.59 |
I I I I I I I I I

3 4- | NDCO.1) | 66 | <0.01 | 0.11 | 0.1 | <0.01 | »2.7 | -0.98 |
| I I I | | | I I

1 3-37- | 2.3 | 7| 0.26 | 0.01 | <0.01 | <0.01 | 6.7 | -0.01 |
I | I | I | I I l

12 3,4 | ! I | I | I I I
| SN €150 | ¢1.26) ¢€0.26| <(€0.16] €<0.01| -2.93] -0.71 |

13 3,4 | I | I I I I [ |
I I I I | I I I I

14 3,5- | NOCO.1) | NOCD) | <0.01 | <0.01 | 0.0t | <0.01 | N | ND |
I I | | I I I I I

15 4,60 | 6.9 | 910 | 0.29 | 1.57 | 2.33 | <0.01 | 0.96 | -0.18 |
| I I ! | I I I |

35 3,37,4- | NO(C0.1) | NOCY) | <0.01 | <0.0% | 000 | <0.01 | N | ND |
I I | | | I I | I

35 3,3/,5- | NOCO.1) | NOCY) | <0.01 | <0.09 | 0.0t | <«0.01 | N | ND |
I I | I | | | | I

37 3,4,40- | 0.9 | 580 | 0.11 | 1.00 | 1.77 | <0.01 | 3.42 | 0.06 |
| I I I I I | I I

38 3,4,5- | 80C0.1) | mOC(D) | <0.01 | <0.01 | 0.18 | <0.01 | W | N [
| | I | | | | | |

39 3,67,5- | #0¢0.1) | NOC1) | <0.01 | <0.01 | <0.01 | <0.01 I s | ND ]
I I | | I I [ I I

144 3,37,4,47- | NO(0.1) | 3.5 | <0.01 | 0.01 | 0.18 | <0.01 | 3.72 | 3.61 |
I I I | | | I | I

3,37,6,5- | NOCO.1) | NOC1) | <0.01 | <0.01 | «0.00 | <0.00 | s | ND |

I | I | I | I I |

3,37,4,5- | NDC0.1) | wO(1) | <0.01 | <0.01 | 008 | <0.0t | w | ND |

| I I | | | I I |

3,3/,5,5/- | * (<4.8) | * (<1600) | * (<0.53)] * (<2.76) | * (<6.08)} * (<1.71}] 2.62 | 0.19 |

I | | | I I | I |

81 3,4,4,5- | M0(0.1) | NO(1) | «0.01 | <0.01 | <0.01 ] <0.0t ) | NO |
| I | | | | | | I

126 - 3,37,4,4%,5- | WO(0.1) | NO(C1) | «0.00 | <0.01 | «0.01 | <0.00 | | 0 |
| | | I I I | I |

127 3,37,4,5,5' | w0¢0.1) | No(1) | «0.00 | <0.01 | 000 |<«0.01 | w | NO |
! I | I | I | | |

169  3,37,4,47,5,5'<] #0(0.1) | wo(1) | <0.01 | <0.0% | 000 | <001 | % | ND |

NOTES: 1) NDCO.1) INDICATES COMGENER NOT DETECTED AT ANALYSIS LIMIT OF 0.1 PPN,
2) A NEGATIVE HALF-LOSS VALUE INDICATES PEAX FORMATION (DOUBLING). .
3) * C80 CO-ELUTES WITH ANOTHER TETRACHLORO- [SOMER, C&6, XNOWN TO BE PRESENT IN BOTH AROCLORS 1242 AND 1254.
VALUE IN ¢ ) IS VALUE FOR B8OTH C80, IF PRESENT, PLUS C&6.

4) C INOICATES SUM OF BZ 12 AND 13 WHICH CO-ELUTE OM THE 08-5 COLUMN.
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TABLE 11.

COMPARISON OF DECHLORINATION LOSSES BETWEEN NBH SEDIMENTS EXHIBITING EARLY
AND ADVANCED DECHLORINATION LOSSES FOR MONO-ORTHO CONGENERS

| CONC. IN SAMPLE (PPM)| X OF TOTAL PCB8S | X OF TOTAL PCBS | # OF HALF-LOSSES |

CHLORINE | -vev-ecccccoacnnnnans | =o-eesemmenenaenaan. | eeeesememeeanonanaas | seeeccemmenneneaaaan |

SUBSTITUTION | JJ 1004/S| JJ 1008 | JJ 1004/S] JJ 1008 | AROCLOR | AROCLOR | JJ 1004/5{ JJ 1008 |

ez # PATTERN | ADVANCED | EARLY | ADVANCED | EARLY | 1242 | 1254 | ADVANCED | EARLY |
--------------------------- R B It ] I et
1 2- | 0.04 | 190 | 0.05 | 0.03 | 0.57 | <0.01 | 2.91 | 0.08 |
I I | I I I | I |

7 2,4 | I | | I I I I I
] c2.3 | (310 ] ¢€0.26| (¢0.56] (0.88| (<0.01 ] (C1.16| ¢ -0.06]

9 2,5- | I ! | I | ! I I
I I I | | | ! I I

6 2,3~ | 40 | 570 | 4.63 | 1.01 | 1.2 <001 | -2.11 | -0.03 |
I I I I | I | I I

8 2,40 | | | | l | ! | l
] (36] (2750 | (417 | (.87 (9.05] <0.01| 0.52 | 0.18 |

5 2,3- | I I I I I | I |
I I I I I | | I |

3 2,3,5- | w(0.1) | wNOC1.0) |  <0.01 | <«0.01 | <0.01] <0.01|] N | |
I I I I I ! | I I

3% 2',3,5- | 0.1 | NDC1.0) | 0.01 | <«0.01 | <«0.01 | <0.01 ] -0.01 | -0.01 |
I I I I I | I ! |

ra 2,6,5- | NO(CO.1) | NDC1.0Y | <0.01 | <0.01 | 0.1 <0.01 | r 2.61 |
| | | | | | | [ |

26 2,3:,8- | 7 | 520 | 8.74 | 0.93 | 139 | «<0.01 ] -3.21 | -0.13 |
I I | I I I I I |

Fe] 2,3%,4- | 20 | 140 | 3.25 | 0.2 | 0.56 | <0.01 ] -3.14 | 0.51 |
| I | I I I | | !

3 2,40,5- | 58 | 2780 | 6.65 | 4.93 | 9.41 ] <0.01 | -0.1 | 0.22 |
| | | | I ! | I I

28 2,6,40- | 4 | 2080 | 5.33 | 3.68 | 75| <0.01 | -0.11 | 0.31 |
I I | | | | I | |

21 2,3,4- | w0(0.1) | w0(1.0) | <0.01 | «0.01| <«0.00] <.01] w» | o |
I I | I I I I | |

3 2',3.4- | | | I I | | | |
| C1S| €10 | €017 | (3.7 ] (6.27| ¢ <0.01 | 4.61 | 0.27 |

20 2,3,3- | | | | | | | | |
I I I | I I | | |

2,3,47- | 3.2 | %0 | 0.36 | 1.66 | 3.18 |  <0.01 | 2.56 | 0.22 |

I | | [ | I I I

2,31,5,5'- | SEE NOTE &) | | | | | | |

i | | | | | | |

NOTES: 1) NO(0.1) INDICATES CONGENER NOT DETECTED AT ANALYSIS LIMIT OF 0.1 PPHM,
2) A NEGATIVE HALF-LOSS VALUE INOICATES PEAK FORMATION (DOUSLING).
3) C INDICATES SUM OF TWO CONGENERS WHICH CO-ELUTE ON THE 08-5 COLUMN.
4) CORRESPONDS TO FOUR CO-ELUTING AND/OR UNRESOLVED TETRACHLORO-PCE ISOMERS.
ACCORDING TO SCHLUZ et. al., C72 IS NOT PRESENT IN AROCLOR 1242 OR 1254.
TRANSFORMATION REACTIONS: 2,2’,3'5- (C72) GOES TO 2,3,5- (C26) AND 27,3,5- (C34),
€26 WAS COMPLETELY REMOVED, C34 OETECTED IN ONE SAMPLE.
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TABLE 11 (cont.)

COMPARISON OF DECKLORINATION LOSSES BETWEEN NBH SEDIMENTS EXHIBITING EARLY
AND ADVANCED DECHLORINATION LOSSES FOR MONO-ORTHO CONGENERS

Y4

S8

61

74

76

55

56

m

120

124

108

107

NOTES:

| CONC. IN SAMPLE (PPM)| X OF TOTAL PCBS | X OF TOTAL PCBS | # OF RALF-LOSSES |

CHLORINE | =<---e-eceecncncnacen | seemememeemenmininees | IREEREEECELIEERETETEL: | =oemeecoemmmmmeees |
SUBSTITUTION | JJ 1004/S| JJ 1008 | JJ 1004/S| JJ 1008 | AROCLOR | AROCLOR | JJ 1004/5| JJ 1008

PATTERN | ADVANCED | EARLY | ADVANCED | EARLY | 1262 | 1254 | AOVANCED | EARLY |

2,37,4,5/- | NDCO.1) |  NDC1.0) | <0.01 | <0.01 | «0.01 | <0.01| % | N
2,3,3/,5- | NDCO.1) | NDC1.0) |  <0.01 | «0.01 | <0.01| <0.0t| w | ND
I I | | | ! I I
2,3',4,5- | TR(0.1) | NDC1.0) | »0.01 | «0.00 | <0.001] <«0.01] -0.01 | ND
I | | | I | I I
2,3,3,5- | WDCO.1) | NO(1.0) |  <0.0% | «0.01 | «0.01} <0.01] N | ND
I | I | I | | |
2,3,47,5- | NDCO.1) | ND(1.0) |  <0.01 | «0.01 | <0.01] <0.01| % | ND
I I | I | ! | I
2,3,6,5- | NDCO0.1) | NOC1.0) | <0.01 | «0.01 | «0.01| <0.01 | % | NO
I I [ | | | | |
2,4,47,5- | 3.5 | 1390 | 0.4 | 2.47 | 2.62 | 1.21 | 2.62 | -0.25
| | I I I I I |
2,37,47,5- | 2.4 | 2230 | 0.27 | 3.95 | 4.59 | 6.1 | 6.26 | 0.39
I I | | I I | I
27,3,6,%- | ND(O.1) | NDC1.0) |  <0.01 | «0.00 |  <0.00 | <0.01| N | ND
| I I ! I I I |
2,37,6,4'- | 6.6 | 1600 | 0.53 | 2.83 | 4.06 | 1.71 | 2.62 | 0.15
| I | l I I l I
2,3,37,4- | NOCO.1) | NOC1.0) | <0.01 | «0.,01 | <001 | <0.01| N0 | ND
| I | | | I I I
2,3,3',4'- | | | | I | [ |
| CNOCO.1)| 1300 ] (<0.00 ] (2.3} (3.12| (C0.76| <(7.8| (-0.07
2,3,4,6 | | | | I I I I
I I | | I I | |
2,3,3°,5,5- | w0.1) | w0¢1.0) | <0.01 | «0.01 | «0.01| <«0.01| W | ND
I I I | | I | I
2,37,4,5,5- | w0(0.1) | wDC1.0) | <0.01 | «0.01 ] <0.01| <«0.0t| s | ND
I I I I I | I I
27,3,64,5,5'- | w0¢0.1) | wO(1.0) |  <0.01 | «0.01] <«0.01| <0.01] w8 | ND
I | [ { [ [ | |
2,3,37,4,5- | W0(0.1) | w0(1.0) | <0.01 | «0.01 | «<0.01] <0.01] w | ND
| | | | I I | I
2,3,37,4',5- | w0(0.1) | 230 | <0.01 | 0.40 | «0.01 | 0.44 | 3.9 | -t.22

1) ND(CO0.1) INDICATES CONGENER NOT DETECTED AT ANALYSIS LIMIT OF 0.1 PPM,
2) A NEGATIVE HALF-LOSS VALUE INDICATES PEAX FORMATION (DOUBLING).
3) ¢ INDICATES SUM OF TWO CONGENERS WHICN CO-ELUTE ON THE D8-5 COLUMN.

4) TR(O.1) INDICATES TRACE CONCEMTRATION OETECTED BELOW 0.1 PPM DETECTION LINMIT.
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TABLE 11 (cont.)

COMPARISON OF DECHLORINATION LOSSES BETWEEN NBH SEDIMENTS EXHIBITING EARLY
AND ADVANCED DECHLORIMATION LOSSES FOR MONO-ORTHO CONGENERS

| CONC. IN SAMPLE (PPM)| X OF TOTAL PCBS | X OF TOTAL PCBS | # OF HALF-LOSSES |

CHLORINE | -==-ceccecccccanneaa. | eoemecaoriecennans | sememeiomceeeecnn-s IEREREEE LRI ERERETET R |

SUBSTITUTION | JJ 1004/S| 44 1008 | JJ 1004/5| JJ 1008 | AROCLOR | AROCLOR | JJ 1004/5| JJ 1008 |

82 # PATTERN | ADVANCED | EARLY | ADVANCED | EARLY | 1262 | 1254 | ADVANCED | EARLY |
Trressesesssesssooeasiiae | oreesneneeneeaen | eeeemnresnneeaneeea | oreeesmoresaneeenas | sooememmnneeneeenes I
123 2/,3,4,67,5- | NOC0.1) | NO(C1.0) |  <0.01 | <«0.01 ] <«0.00| <0.01| w | T
I I I I | | | I I

106 2,3,3',4,5- | wo(0.) | w0(1.0) |  <0.0% | «0.00 | <«0.01 | <«0.00] s | w |
[ | I | | | | I I

18 2,37,4,47,5- | 7.6 | 2170 | 0.85 | 3.85 | 0.37 | 8.4 | 1.82 | -0.18 |
I | | I I I | I I

14 2,3,4,4,5- | woc0.1) | wW0C1.0) | <0.0% | W01 | <«©.01] <«0.08] N | N |
I | ! I | I I I !

122 2',3,37,4,5- | w0C0.1) | ¥ | <0.01 | 0.08 | <0.01 | 0.17 | 2.53 | -0.27 |
| I I | I I I | |

105 2,3,31,4,4¢- | NDC0.1) | 70| «0.01 | 1.27 | 0.17 | 2.97 | 6.81 | -0.01 |
I | | | | I | | I

159 2,3,3/,4,5,5'- | w0¢0.1) | w0(1.0) | <0.01 | <«0.01] <0.01| <0.09| w | 1
| | I I I I I | |

162 2,3,34,47,5,5*- | wWO(0.1) | wO(1.0) |  <0.0% | 001} <«0.01] <«w0.01| w | |
| | | | | I I | |

167 2,3,4,4',5,5'- | NDCO.1) | wDC1.0) |  <0.01 | <«0.00 ] <0.01| <0.01| w | w |
| | | I | | | I I

156 2,3,3,6,40,5- | wW0(O.1) | 150 |  <0.01 | 0.26 | <0.01 | 0.8 | 4.86 | 0.33 |
| I | | I | I | I

157 2,3,3',4,4',5'- | w00.1) | w0(1.0) |  <0.0% | <0.01 | «<0.01| <0.001| W | w |
| I | I | | I I |

189 2,3,37,4,47,5,5- | w0c0.1) | w0(1.0) | <0.01 | <0.01§ <«0.01| <0.01| w | w |

NOTES: 1) ND(O.1) INOICATES CONGENER NOT DETECTED AT ANALYSIS LIMIT OF 0.1 PPM.
2) A NEGATIVE HALF-LOSS VALUE INDICATES PEAX FORMATION (DOUBLING).
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Table 2
Occupational P(CB8 Exposures

PC8 Mixtures
Study ysed at Facility

Comments and Measured
Arwr_Congcentrations

Quw et al., 1976 Aroclor 1242

Fischbein et al., Aroclors 1254,
1242, 1221 & 1016

Maroni et al., french and Italian PCB
1981a mixtures of S4% and
42% chlorine content

smith et al., 1982 Aroclors 1242 &
1016

The wnitial 1974 arr
concentrations of the capacitor
impregnation room were measured
in 4 different areas. The
reported levels were: 320, 1080,
1440 and 2220 jug/m3.

The air concentrations of the
capacitor manufacturing workers
were divided into four
categories: none (0-70 ug/m3),
Tow (71-410 ug/ml), medium
(411-600 ug/m3), and high
(600-11,000 ug/ml).

Plant A workroom air
concentrations were measured

as: an average of 154 ug/m3
(with a range of B80-255) in areas
where high power capacitors were
made; an average of 193 ug/m3
(with a range of 149-275) for
areas of low power capacitor
assembly: and an average of S9
ug/m3 (with a range of 49-70) in
the filter department.

The air concentrations at a
capacitor manufacturing plant
were measured in the capacitor
processing and maintenance areas
and found to average 81 ug/ml
(with a range of 0-264).

—-S4-—



Taple 1 (caontinyea)

Stugy

PCB Mixturas

Jsed 3t Faciiaty

Comments and Measured
Alr Congentratigns

Lawton et 31., 1985

Fischbein, 198§

Smith and 8rown,
1986

Smith and Brown,
1986

Aroclors 1254,
1242 & 1016

Aroclors 1254,
1016 & 1221

PCB mixtures
not specified

Primarily
Aroclors 1254,
1242,1016

1242,

The authors reported that
earlier workroom air
concentrations were at least
the 690 ug/m3 measured 1n 1976
at these two capacitor plants.

This apparent second reporting
of the population previously
discussed in 1979 lists the mean
air concentration as 7 ug/m3 in
the lowest exposure area and 410
ug/m3 in the equipment and
quality control areas, while
levels of 900 and 11,000 ug/m3
were measured in the areas where
the capacitors were filled and
washed.

The mean air concentrations
taken from personal monitoring
samples were 154 ug/m3 for
capacitor repairmen, 147 ug/m3
for the solderer/hanger, and 127
ug/m3 in the miscellaneous
assembly areas.

Alr measurements taken in the
mid to late 1970's ranged from
161-1260 ug/m3 in the capacitor
impregnation rooms of two small
capacitor plants while the
maintenance area was reported to
be 150 ug/m3. In a larger
capacitor plant the impregnation
rooms ranged from 50-299 ug/m3.

~-55-
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VII ECOLOGICAL IMPACT

BACKGROUND PCB CONCENTRATIONS

1.

Attachment Q.VII.QO01lA is a true and accurate copy

of an article entitled "A Study of the Distribution

of Polychlorinated Biphenyls in the Aquatic
Environment." The article is coauthored by Hans J.
Crump-Wiesner, Herman R. Feltz, and Marvin L. Yates and
was published in the professional journal, Pesticides
Monitoring Journal, Volume 8, No. 3, 1974.

The Crump-Wiesner et al. (1974) study is based upon
PCB data collected from the National Monitoring Progran
discussed in the report performed in January 1971 and
subsequent analyses performed in 1973 and 1974.

Many of the locations selected for analysis were based
upon a U.S. Geological Survey benchmark network which
provides basic data on selected stream basins
throughout the United States.

i

Many of the U. S. Geological Survey locations selected
for analysis were originally chosen to ensure minimum
interference by humans.

Many of the U.S. Geological Survey locations selected
for analysis were originally chosen in state parks,
national forests, and areas set aside for scientific

study.

Data presented in the Crump-Wiesner et al. (1974)
report indicate that significant concentrations of PCBs
are widespread in the nation's water resources.

Preliminary data presented in the Crump-Wiesner et
al., (1974) report indicate that, in unfiltered water
samples collected from 12 of 35 states in the study,
PCB concentrations ranged from 0.1 to 4.0 micrograms
per liter or parts per billion (ppb).

Preliminary data presented in the Crump-Wiesner et
al., (1974) report indicate that significant '
concentrations in sediments of PCBs are indicated in
sediments from areas generally located away from
industrial centers.

Preliminary data presented in the Crump-Wiesner et



10.

11.

12.

13.

14.

15.

16.

17.

al., (1974) report indicate that in 13 of 16 states
surveyed, PCB concentrations in sediments ranged frca
5.0 to 2,400 micrograms per kilogram or parts per
billion (ppb).

Attachment Q.VII.0001 is a true and accurate copy of
an article entitled "Toxic Contaminants in Rainfall in
Canada: 1984" authored by William M. J. Strachan and
published in the professional journal, Environmental
Toxicology and Chemistry, Volume 7, pages 871 - 877,
1988.

In the Strachan (1988) report, triplicate rain samples
were collected from Caribou Island in eastern Lake
Superior, Agawa Bay in Lake Superior Provincial Park,
the Cree Lake Research Station in northern Saskatchewan
and Kouchibouguac National Park in New Brunswick.

In Table 5 of the Strachan (1988) report, total PCB
concentrations in rainfall were reported at ranges of
1.7 to 23.0 nanograms per liter (ng/l or ppt) in
various locations near Lake Superior, 1.1 ng/l in
Kouchibouguac National Park and 3.1 ng/l (or ppt) in
Cree Lake Research Station.

Attachment Q.VII.0002 is a true and accurate éopy of
the article entitled "Evidence of Deposition of
Anthropogenic Pollutants in Remote Rocky Mountain
Lakes", coauthored by Merrill Heit, Catherine Klusek,
and Jill Baron, published in the professional journal,
Water, Air and Soil Pollution, Volume 22, pages 403 -
416, 1984.

In the study by Heit, et al., (1984), sediment samples
were collected from four high altitude lakes in Rocky
Mountain National Park during 1981.

The four high altitude Rocky Mountain lakes in the
Heit, et al., (1984) study included Lake Louise, Lake
Husted, Lake Haiyaha, and The Loch.

Lake Louise, Lake Hustad, Lake Haiyaha, and The Loch
are not directly affected by any point sources of
pollution such as the presence of dwellings, sewage, or
roads.

Table 3 in the Heit, et al., (1984) report indicates
mean total PCB concentrations in surface sediments.of
310 nanograms per gram or parts per billion (ppb) in
Lake Louise, 540 ppb in Lake Husted, 160 ppb in Lake
Haiyaha, and 98 ppb in The Loch.



13.

19.

20.

21.

22.

23.

24.

25.

26.

Evidence is presented in the Heit, et al., (1534
paper which indicates that remote high altitude lakes
in the Rocky Mountain National Park have received
inputs of anthropeogenic pollutants such as PCBs.

The levels of PCBs in surface sediments of the four
lakes studied in the Heit, et al., (1984) report are
typical of values reported elsewhere in the literature
for other remote lakes and rural aquatic systems.

Surface sediment sample analyses performed as part of
the Heit, et al., (1984) study were based on composite
samples collected from several cores within each lake
from the top 2 centimeters of the sediments.

Attachment Q.VII.0003 is a true and accurate copy of
an article entitled "PCBs and Chlorinated Hydrocarbon
Pesticides in Antarctic Atmosphere and Hydrosphere,"
coauthored by Shinsuke Tanabe, Hideo Hidaka and Ryo
Tatsukawa, and published in the professional journal,
Chemosphere, Volume 12, No. 2, pages 277 - 288, 1983.

PCBs were measured in air, water, ice, and snow
samples collected in the vicinity of the Japanese
Research Stations in Antarctica and in adjacent oceans
during December 1980 to March 1982 in the Tanabe, et
al., (1983) study.

Cross contamination from sampling equipment, glassware
absorbents, and solvents were checked preliminarily and
were found to be negligible.

Data shown in Table 2 of the Tanabe, et al., (1983)
study indicate that PCBs were detected in the vicinity
of Antarctica at concentrations ranging from 160 to
1,000 picograms per liter (i.e., 0.16 to 1.0 nanograms
per liter or ppt) in snow pack samples, 52 to 72
picograms per liter (i.e., 0.52 to 0.72 ppt) in
seawater samples, 310 to 610 picograms per liter (i.e.,
0.31 to 0.61 ppt) in ice samples, and 48 picograms per
liter (i.e., 0.048 ppt) in lake water samples.

Significant differences were not found between PCB
concentrations detected in samples of- surficial snow
and deep snow in the Tanabe, et al., (1983) study.

The fact that significant differences were not
detected between PCB concentrations detected in samples
of surficial snow and deep ‘snow suggests that a steady
load of PCBs has been transported to Antarctica over
the period the sample snow pack was deposited (Tanabe,
et al., 1983).



27.

28.

29.

30.

31.

32.

33.

34.

35.

Significant concentrations of PCBs have been fcound :in
air samples collected from the Antarctic Ocean which
suggest the aerial transport of PCBs to Antarctica.

Attachment Q.VII.0004 is a true and accurate copy of
the paper, "Chlorinated Hydrocarbons in the North
Pacific and Indian Oceans," coauthored by Shinsuke
Tanabe and Ryo Tatsukawa, and published in the
professional journal, Journal of the Oceanograpical
Society of Japan, Volume 36, pages 217-226, 1980.

PCB concentrations detected in the surface water of
the North Pacific and Indian Oceans showed a uniform
distribution within a range of 0.23 to 1.1l nanograms
per liter (ng/l or ppt).

PCB concentrations detected in surface water samples
from the North Pacific and Indian Oceans were less than
concentrations previously reported for surface water
samples from the Atlantic OQOcean.

Table 2 in the Tanabe & Tatsukawa (1980) study is an
accurate representation of PCB surface water sampling
data from the North Pacific and Indian Oceans.;

Attachment Q.VII.0005 is a true and accurate copy of
"Evidence of Atmospheric Transport and Deposition of
Oorganochlorine Pesticides and Polychlorinated Biphenyls
in Canadian Arctic Snow", authored by Dennis J. Gregor
and William D. Gummer, published in the professiocnal
journal, Environmental Science and Technology, Volunme
23, No. 5, pages 561-565, 1989.

Snowpack samples representing snow accumulation for
the winter of 1985/1986 were collected at a total of 12
sites widely distributed throughout the Northwest
Territories, Canada during the Spring of 1986 in the
Gregor and Gummer (1989) study.

Total PCB concentrations in snowpack samples from the
Northwest Territories, Canada ranged from 0.02 to 1.76
nanograms per liter (ng/l or ppt), with most of the
sample concentrations less than 1.0 ng/l1 (or ppt).

Table III in the Gregor and Gummer (1989) study is a
true and accurate representation of PCB sampling
results for snowpack samples from the Northwest
Territories.

2. Figure 1 in the Gregor and Gummer (1989) study is
an accurate depiction of the northwest territories

D



36.

37.

38.

39.

40.

42'

43.

44.

snowpack sampling sites.

3. PCB compounds, which cannot be explained by the
presence of local sources, are present in Canadian
Arctic snow at measurable concentrations.

4. Release of PCBs to the Arctic aquatic environment
and biota, undoubtedly occurs at the time of
snowmelt. -

5. The only reasonable source for PCB compounds in

the Canadian Arctic environment is long-range
atmospheric transport.

Attachment Q.VII.0006 is a true and accurate copy of
the paper "Chlorinated Hydrocarbons in the Sargasso Sea
Atmosphere and Surface Water”, coauthored by T. F.
Bidleman and C. E. Olney, and published in the
professional journal, Science, Volume 183, pages
516-518, 1974.

Seawater samples were collected from the Sargasso Sea
near Bermuda in the Bidleman and Olney (1974) study.

Seawater samples of the surface microlayer collected
from the Sargasso Sea were analyzed and found to
contain total PCB concentrations of up to 19.3
nanograms per liter (ng/l1 or ppt).

Seawater samples collected from the subsurface were
analyzed and found to contain total PCB concentrations
of up to 3.6 nanograms per liter (ng/l or ppt).

Chromatograms from analysis of seawater samples from

the Sargasso Sea resembled patterns in Aroclor 41.254
or Aroclor 1260.

Attachment Q.VII.0007 is a true and accurate copy of
the article "Polychlorinated Biphenyls in Sediments of
the Tidal Hudson River, New York, co-authored by
Richard F. Bopp, H. James Simpson, Curtis R. Olsen, and
Nadia Kostyk, and published in the professional
journal, Environmental Science and Techhology, Volume
15, No. 2, pages 210-216, 1981.

In the Bopp et. al., (1981) study, PCB concentrations
in recent fine-grained sediment samples from a number
of large rivers and estuaries were compared.

In the Bopp et. al., (1981) study, PCBs in surficial
sediments from Chesapeake Bay were reported as 0.07 ppm
for Aroclor 1242 and 0.09 ppm for Aroclor 1254.
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In the Bopp et. al., (1981) study, PCBs in surficial
sediments from the Delaware River were reported as 0,32
ppm for Aroclor 1242 and 0.14 ppm for Aroclor 1234.

In the Bopp et. al., (1981) study, PCBs in surficial
sediments from the Columbia River, Oregon were reported
as 0.06 ppm for Aroclor 1242 and 0.04 for Aroclor 1254.

In the Bopp et al., (1981) study, PCBs in surficial
sediments from the Mchawk River in new York were
reported as 0.38 ppm for Aroclor 1242 and 0.32 ppm for
Aroclor 1254.

PCB concentrations of 20 nanograms per liter (ng/l or
ppt) have been reported from surface water in the New
York Bight, 15 kilometers from the mouth of the Hudscn
River.

The mean concentration of Aroclor 1242 in the Hudson
River recent fine-grained sediments is approximately 10

ppm.

The Hudson River sediments are more contaminated than
in other rivers and estuaries evaluated in the Bopp et.
al., (1981) study. '

Table 1 is a summary table entitled "Background PCB
Concentrations", which summarizes information on
background concentrations in various environmental
media.

Table 1 accurately summarizes the information
presented in the references listed thereon as to
background concentrations in various environmental
media.

Table 1 is admissible in evidence as a summary of the
information presented in the references lisged thereon
in background concentrations in various environmental
media.

The concentration in the drinking water in New Bedford,

Massachusetts has been measured to be greater than 2
ppb.

Because of the widespread distribution of PCB
throughout the world at levels greater than 0.79 parts
per trillion, it is unrealistic to use that crite;xon
as a goal for the PCB water column concentration in New
Bedford Harbor.
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Attachment Q.VII.0008 is a true and accurate copy of
an article entitled "Epizootic Neoplasia in Soft Shell
clams collected from New Bedford Harbor" and is
genuine. This article is coauthored by Carol L.
Reinisch, Ann M. Charles and Amy M. Stone, all of whom
were employed by the Department of Comparative
Medicine, Tufts University School of Veterinary
Medicine, Boston, MA (hereafter, Reinisch et al.,
(1985).

Reinisch, et al., (1985) study on epizootic neoplasia
is a professional journal article published in
Hazardous Waste, Volume 1, Number 1, 1985.

The work described in Reinisch et al. (1985) was
undertaken by the authors pursuant to contract No.
NA-82-FA-C-00048 awarded by the Natiocnal Marine
Fisheries Service.

Reinisch, et al., (1985) study on Epizootic Neoplasia
contains the following statements in the abstract:
"Soft shell clams (Mya arenaria) were collected from
tidal flats in southeastern New England, and their
hemolymph analyzed for the presence of neoplastic
cells. The prevalence of neoplasia varied from 10
through 90 percent with the 'highest prevalence found in
New Bedford Harbor, a site containing high levels of
pollutants, including PCBs, could be detected in
neoplastic cell extract's derived only from clams
collected from New Bedford Harbor. These studies
suggest an association between the high prevalence of
disease and the location of soft shell clams at or near
an industrially contaminated site."

According to statements contained in the Reinisch et
al. (1985) study, the two predominant types of
neoplasms are gonadal and hematopoietic.

According to statements contained in the Reinisch et
al. (1985) study, atypical hemocytes can be found in
both the connective tissues and the hemolywph in
hematopoietic neoplasm (Hn).

As stated in the Reinisch et al. (1985) study, a
"leukenic" aspect of Hn disease is indicated by the
presence of large, round anaplastic cells with numerous
mitotic figures proliferating in the hemolymph.
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The prevalence of Hn disease in clams ccllectad freo-
the Cape Cod, Massachusetts area is between 10.3 and
27.5 percent, as presented in the Reinisch et al.

(1985) study.

According to the Reinisch et al. (1985) study, the
prevalence of Hn disease approaches 90 percent in

Mya arenaria collected from the New Bedford Harbor,
Massachusetts area.

New Bedford Harbor, Massachusetts is a site that is
heavily contaminated with many industrial pollutants as
well as polychlorinated biphenyls (PCBs).

Mya arenaria used in the Reinisch et al. (1985) study
were labeled and maintained at the Marine Bioclogical
Laboratory, Woods Hole, Massachusetts.

Mya arenaria used in the Reinisch et al. (1985) study
were collected at selected tidal flats in coastal
southeastern New England. Hemolymph samples used to
assess neoplasia in the Reinisch et al. (198S5) study
were obtained by withdrawing 0.1 ml of cocelomic fluid
from Mya arenaria specimens via the posterior adductor
muscle. .

In the Reinisch et al. (1985) study, the number of
cells in the hemolymph were counted using a
hemocytometer.

Permanent cell preparations in the Reinisch et al.
(1985) study were made by placing hemolymph on
poly~L-lysine coated slides.

The diagnosis of neoplasia in the Reinisch et al.

(1985) study was based primarily upon cellular
morphology, the number of circulating cells/ml, and the
failure of neoplastic cells to adhere to uncoated glass
slides.

According to observations in the Reinisch et al.
(1985) study, neoplastic cells do not extend
pseudopodia and fail to adhere to glass surfaces, while
90 percent of normal haemocytes adhere to glass
surfaces within ten minutes.

According to the Reinisch et al. (1985) study the
number of circulating haemocytes/ml in normal Mya
arenaria is between 1 x 106 and 6 x 106 haemocytes/ml
while the number of neoplastic cells/ml hemolymph in
diseased clams can be as high as 5x108 cells/ml.
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According to the Reinisch et al. (1985) study, the
prevalence of clams with neoplasia was assessed at Tin
Can Island (in New Bedford Harbor), Green Pond (Zast
Falmouth, Massachusetts; 16 miles from New Bedford
Harbor), and Tin Bridge (Pocasset, Massachusetts:; 14
miles from New Bedford).

The Tin Can Island study area in the Reinisch et al.
(1985) study is located in the Acushnet River between
New Bedford and Fairhaven, Massachusetts.

According to data in the Reinisch et al. (1985)
study, the prevalence of Hn disease was 66 to 88.2
percent at Tin Can Island and 10 to 20.4 percent in
Green Pond and Tin Bridge.

According to data in the Reinisch et al. (1985)
study, 77 percent of the clams from Tin Can Island had
more than 105 neoplastic cells/ml of hemolymph while
only 44 percent of the clams from Green Pond had more
than 105 neoplastic cells/ml of hemolymph.

According to data in the Reinisch et al. (198S5)
study, the prevalence of clams with neoplasia was
subsequently assessed at adjacent sites in or near New
Bedford Harbor. '

Sites in or near New Bedford Harbor which were
selected for hematologic analysis in the Reinisch et
al. (1985) study are shown in Figure 3 of the study.

Sites in or near New Bedford Harbor which were
selected for hematologic analyses in the Reinisch et
al. (1985) study included locations close to one
reported site of PCB discharge (site no. 1), sites
further down the Acushnet River (sites no. 2, no. 3),
one site just outside the Hurricane Barrier (site no.
4), and one site to the east of the Acushnet River out-
flow at Hacker Street Flats (sita no. 5).

At least 68 percent of the clams from four of the
five sites in or near New Bedford Harbor were reported
as neoplastic in the Reinisch et al. (1985) study.

According to the Reinisch et al. (1985) study, 90
percent of the clams at Hacker Street Flats were
neoplastic.

According to statements in the Reinisch et al. (1985)
study, a review of environmental studies indicated_that
a lagoon near the Hacker Street Flat site was heavily
contaminated with a variety of industrial wastes,
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including heavy metals, cyanides, acids, and solvents,
as well as PCBs.

According to the Reinisch et al. (1985) study, 1.3
percent of the clams at the Hurricane Barrier site were
neoplastic.

The data in the Reinisch et al., (1985) study, with
the exception of those for the Hurricane Barrier,
suggest an association between high prevalence of
neoplasia and the location of Mya arenaria at, or near,
PCB contaminated sites.

Normal haemocytes from 4 individual clams and
neoplastic cells from six individuals were collected at
Tin Can Island or Green Pond and were analyzed by
packed column gas chromatographic technique for
Aroclors 1242 and 1254 in the Reinisch et al. (1985)
study.

In the Reinisch et al. (1985) study, Aroclor 1242 was
detected at 45 ug/g (ppm) dry weight and Aroclor 1254
was detected at 53 ug/g (ppm) dry weight in neoplastic
cells derived from Mya arenaria collected from Tin Can
Island.

[

In the Reinisch et al. (1985) study, Aroclors were
not detected at significant levels in haemocytes from
normal clams of New Bedford origin or normal or
neoplastic cells from clams collected from Green Pond.

It is emphasized in the Reinisch et al. (1985) paper
that an unequivocal cause and effect relationship has
not been established between pollution and neoplasia of
Mya arenaria.

Reinisch et al., (1985) state that data from other
studies linking prevalence of neoplasia or other
molluscan tumors directly with pollution such as oil
spills has been inconsistent.

The diagnosis of hematopoietic neoplasm in its early
stages is difficult (Reinisch et al., 1985).
Attachment Q.VII.0009 is a true and accurate copy of a
paper entitled "Prevalence of Neoplasia in Ten New
England Populations of the Soft-Shell Clam (Mya
arenaria), coauthored by Robert S. Brown, Richard E.
Wolke, Saul B. Saila, and Chris W. Brown, published in
the professional journal, Annals of the New York
Academy of Sciences, Volume 298, 1977 (hereafter, Brown
et al., 1977).
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Neoplasia has been reported infrequently, but
consistently, in molluscs since 1887.

The frequency of reports of neoplasia in molluscs has
increased dramatically during the last 10 years pricr
to the Brown, et al. (1977) publication.

According to the Brown et al. (1977) paper, neoplasia
has been reported in 15 species of bivalve molluscs,
including 4 species of oysters, 6 species of clams, and
5 species of mussels.

Reports suggest that multiple causes and factors may
be involved in molluscan carcinogenesis.

The Brown, et al. (1977) study inveolved the
collection of specimens from 10 locations with varying
types and degrees of environmental pollution.

Locations selected for the collection of Mya arenaria
and incidence of neoplasia are accurately presented in
Table 1 of the Brown et al. (1977) study.

Locations selected for the collection of Mya arenaria
specimens for the Brown, et al. (1977) study are shown
in Table 1 of the report.

Mya arenaria specimens collected for the Brown et al.
(1977) study were collected between January and
September 1976.

Hematopoietic neoplasms have been found only in
southern New England populations of Mya arenaria while
gonadal neoplasms have been found predominately in
northern New England populations.

Geographically isolated clam populations may be
genetically susceptible to different types of
neoplasms.

Environmental conditions for the 10 sites in_the _
Brown et al. (1977) study are accurately summarized in
Table 1.

Both types of neoplasms, hematopoietic and gonadal,
are apparently malignant neoplasms based on their
characteristic appearance, invasiveness, metastasis,
mitotic activity, associated tissue necrosis, and
mortality.

The detection of neoplasia in nominally polluted
areas such as Sandy Point, Rickford, and Quonochontaug
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suggest that neoplasia is not necessarily the result =z:
exposure of clams to high concentrations of pollutan<s.

Neoplasia was not detected in clams from sites in
Providence and Portland, while sites known to ke
polluted with petroleum hydrocarbons such as Bourne,
Searsport, and Quonsett had a high prevalence of
neoplasia.

Two histopathologic methods were employed to
diagnose neoplasia in 1,325 Mya arenaria specimens in
the Brown et al. (1977) study: 1light microscopic
examination of all organ systems and microscopic
examination of living, or stained and fixed, blocd
cells.

The prevalence of neoplasia in Mya arenaria varied
widely among the 10 sites evaluated in the Brown, et
al. (1977) study, ranging from 0 to 64 percent.

Epithelial hyperplasia was noted in clams from both
polluted and non-polluted areas evaluated in the Brown
et al. (1977) study.

Diseases such as neoplasms can occur in epizocotics
and are found in such widely geographically separated
areas as the east and west coasts of the United States
and in Australia.

Attachment Q.VI.0010 is a true and accurate copy of
a paper entitled "A Comparison of the Incidence of
Five Pathological Conditions in Soft-Shelled Clams,
Mya arenaria, From Environments With Various Pollution
Histories", coauthored by H. A. Walker, E. Lorda, and
S. B. Saila, and published in the professional
journal, Marine Environmental Research, Volume 5, 1981
(hereafter Walker, et al., 1981).

There appears to be a relationship between the
pollution history of areas and incidence of
pathological conditions in Mya arenaria populations
surveyed.

Some recent field and laboratory work suggests that
an infectious agent may be involved in the spread of
neoplasia Mya arenaria populations and that various
environmental factors as well as hydrocarbons may
influence the progression of the disease.

Many factors complicate the analysis of data
presented in the Walker et al. (1981) stgdy, and the
cause of neoplasia cannot be drawn from inferences.
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Table 2 consists of a synopsis of the five
pathological conditions evaluated in the Walker, et
al. (1981) study.

Mya arenaria specimens used in the Walker, et al.
(1981) study were collected in 1977 and 1978.

Figure 3 in the Walker et al. (1981) study is an
accurate representation of the incidence of five
disease conditions for Mya arenaria evaluated in 17
study locations.

As shown in Figure 3 of the Walker, et al. (1981)
study, 52 percent of the Mya arenaria specimens
collected from New Bedford Harbor were determined to
have a condition described as hyperplasia.

As shown in Figure 3 of the Walker et al. (1981)
study, 31 percent of the Mya arenaria specimens
collected from West Falmouth, Massachusetts were
determined to have a condition described as
hyperplasia.

Hyperplasia is a condition in which there isg an
increase in the number of cells present, often leading
to an increase of size.

Neoplasia is a benign or malignant condition
characterized by uncontrollable, new growth of tissues.

Table 1 in the Walker et al. (1981) study is a
summary of environmental conditions at the 17 study
locations.

In the Walker et al. (1981) study, two percent of
the Mya arenaria specimens from New Bedford Harbor
were determined to have a condition identified as
neoplasia.

As shown in Figure 3 of the Walker et al. (1981)
study, 22 percent of the Mya arenaria specimens
collected from the Winnipaug Pond, Rhode Island site
were determined to have a condition described as
hyperplasia.

The site at Winnipaug Pond, Rhode Island, has lower
concentrations of PCBs and metals compared to the New
Bedford Harbor site. :

Attachment Q.VII.0011 is a true and accurate copy of
the paper entitled "Proliferative Disorders in Bivalve
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other than Heteromastus filiformis either feed witnin
the upper layers of the sediment or they are
suspension feeders. '

The irrigated burrows produced by the polychaete,
Nereis succinea, may effect the distribution and flux
of substances in the sediments.

Benthic infaunal species diversity in estuarine
systems is always reduced relative to deeper water
environments due primarily to greater environmental
stresses within the estuarine environments.

The references cited in Attachment Q.IX.0004 are
articles written by authorities on the topic which the
article addresses, and both the authors and the
document are relied upon generally by experts in the
field.

BENTHIC SPECIES COMPOSITION OF LOCAL NEW ENGLAND ESTUARIES
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Attachment Q.VII.0013 is a true and accurate copy of
a report entitled "New Haven Harbor Ecological Studies
Summary Report, 1979," Section 7.0 Intertidal, prepared
by Stephen Dudley and Katherine D. Harvell of
Normandeau Assoclates, Inc. of Bedford, New Hampshire
(NAI, 1979%9a).

New Haven Harbor is an urbanized estuary containing
over 600 acres of intertidal habitat and soft substrate
flats.

Industrial and municipal wastes are added to the
fluctuating physical and chemical regime of New Haven
Harbor.

Four sewage treatment plant outfalls empty into the
inner New Haven Harbor.

Table 7-2 in the NAI (1979) report shows the .
dominant taxa collected at New Haven Harbor intertidal
stations from 1971 through 1977.

Tables 7-2 of the NAI (1979) report is a true and
accurate representation of the dominant taxa collected
at the new Haven Harbor intertidal stations from 1971
through 1977.

The softshell clam, Mya arenaria is the most ‘
numerous bivalve sampled in the New Haven intertidal
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comnunity.

The bivalve, Gemma gemma is the second most nunercus
bivalve in New Haven Harbor intertidal samples.

The dominant gastropod collected in New Haven Harbor
intertidal samples is the mud snail Ilyanassa obsoleta
(previously, Nassarius obsoletus).

The most common large polychaete collected from New
Haven Harbor intertidal samples is the sandworm, Nereis
succinea.

Nerei succinea was common in New Haven Harbor in
most years between 1971 and 1977 and at all benthic
sampling stations.

In addition to Nereis succinea, Capitella capitata
is common in New Haven Harbor.

Spionid polychaetes exhibited highly variable
distributions and densities in the NAI (1979) study.

Spionid polychaetes such as Polydora sp. and
Streblospio benedicti are also abundant in New‘Haven
Harbor.

Dominant taxa collected in the New Haven Harbor
intertidal area are characteristic "opportunistic"
species.

Attachment Q.VII.0014 is a true and accurate copy of
a report entitled "New Haven Harbor Ecological Study
Report," 1979, Section 6.0 Subtidal Benthos, by David
J. Hartzband, Andrew J. McCusker, Richard McGrath,
Allen B. Michael, and Donald A. Rhoads, Normandeau
Associates, Inc. of Bedford, New Hampshire.

Figure 6-1 is an accurate representation of the
benthic sampling locations used for the New Haven
Harbor Ecological Study Summary Report (1979).

The Quinnipiac River discharges into the New Haven
Harbor. Benthic subtidal sampling for, the NAI (1979Db)
report was performed using a ponar grab sampler.

Samples of benthic invertebrates consisted of five
replicates collected at each of the locations between
1973 and 1977. .

The subtidal benthos of New Haven Harbor is ‘
spatially and seasonally variable in terms of species
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composition, faunal densities, and species richness.

The subtidal benthods in New Haven Harbor has teen
characterized by extreme year to year variability in
species composition, faunal densities, and species
richness.

The most abundant fauna in New Haven Harbor are
either '"opportunistic," have short live spans, or are
highly mobile species that are rarely present during
the full annual cycle.

Table 6-2 lists all benthic species collected over
the course of the NAI (1979) study period of 1373 to
1977.

Table 6-2 in the NAI (1979) report lists
approximately 300 identified taxa of benthic
invertebrates.

The New Haven Harbor benthic sampling program
performed by NAI (1979) is more extensive and extends
over a greater number of years than benthic studies
performed in other nearby estuaries.

Among the nearly 300 identified taxa of benthic
invertebrates in Neéw Haven Harbor, many species were
encountered very rarely and in small numbers.

Rare species encountered during the New Haven Harbor
benthic sampling program should not be considered
representative of the area.

The magnitude of total species list encountered
during New Haven Harbor benthic sampling program
should not be considered indicative of a healthy
estuarine benthic habitat.

Table 6-3 of the NAI (1979) report is an abridged
list of benthic species occurring in one or more
percent of combined replicate samples over the years
1973 to 1977.

Table 6-3 of the NAI (1979) report is an accurate
representation of the New Haven Harbor benthic
community.

Attachment Q.VII.0015 is a true and accurate copy of
the report "New Haven Harbor Ecological Studies 1981,
Summary Report Supplement 1977-1980," prepared by
Normandeau Associates, Inc., Bedford, New Hampshire,
June, 1981. .



251. New Haven Harbor is a shallow estuary located on thre
highly developed southern shore of Connecticut.

252, The major source of fresh water to the New Haven
Harbor 1is the Quinnipiac River.

253. The New Haven Harbor estuary has been impacted by
intense urbanization and assbciated industrialization.

254. Three sewage treatment plants empty into the inner
New Haven Harbor.

255. Water circulation in New Haven Harbor is normally
driven by semi-diurnal tides from Long Island Sound.

256. The mean tidal range is New Haven Harbor is 1.9
meters.

257. Riverine discharge controls the salinity structure

of New Haven Harbor.

258. Outer New Haven Harbor has hydrographic
characteristics similar to the Long Island Sound.

259. Salinity concentrations in the New Haven Har¥bor
exhibit the greatest variability at Station 3, in the
inner harbor, as depicted in Figure 4.1-2 in NAI
(1981).

260, Patterns of species assemblages observed throughout
the years 1973 to 1980 show substantial variability of
the benthic fauna within the inner New Haven Harbor
(NAI, 1981).

261. The fact that a species displays "opportunistic"
traits such as rapid population growth or high
mortalities in an area adjacent to environmental
pollution does not always indicate that pollution is
responsible for this behavior.

262. In New Haven Harbor, "opportunistic" species
dominate areas less than 20 meters deep.

263. In Long Island Sound, "opportunistic" species
dominate areas less than 20 meters deep.

264. In Long Island Sound, "nod;opportunistic" species
dominate areas greater than 20 meters deep.

265. The dominance of "opportunistic® species in less
than 20 meters of water suggests that storm-generated
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disturbance is a major factor in determining
distribution.

Active processes in shallow estuarine environnents
may be responsible for the presence of "opportunistic"
species.

_ Shallow water stations exhibit a minimum in species
richness and density during the summer months.

Shallow water stations exhibit a minimum in species
richness and density due to low dissolved oxygen and
organic rich, silt-clay sediments.

Table 4.6-1 is an accurate representation of
invertebrate fauna collected from epibenthic trawls in
New Haven Harbor from 1971 through 1980 as part of the
NAI (1981) summary report supplement.

Figure 3-1 in the summary report accurately shows
the sampling locations for benthic invertebrates.

Studies in New Haven Harbor estuary have shown that
dissolved oxygen has a pronounced annual cycle.

The lowest dissolved oxygen concentrations in New
Haven Harbor occur in summer (July, August and
September) .

Attachment Q.VII.0016 is a true and accurate copy of
"Ecologic Study of the Thames River Estuary
(Connecticut)" authored by D.S. Tolderlund, U.S. Coast
Guard Academy, New London, Connecticut, Report No.
RDCGA 575, 1975.

Figure 3 in the Tolderlund (1975) report, is an
accurate depiction of the bottom grab sample stations.

Benthic species were sampled between May 15-17,
1972, using a Peterson Bottom Grab Sampler and between
June 23-26, 1972, using a biological dredge.

The most widespread polychaete species collected
during the Tolderlund (1975) study was the cone wornm
Pectinaria gouldii which occurred at 16 of the 30
sampling stations based on the presence of tubes in the
sediments.

The water column salinity at one location in the
Thames River varied by as much as 24 parts per
thousand during the summer.
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The bottom salinity along the length of the Thanes
River estuary never varied by more than 3 percent on
any given day and ranged from 27 parts per thousand tso
30 parts per thousand.

Table 4 is a true and accurate representation of the
benthic species data based on bottom grab sample
counts.

Benthic species sampling in the Tolderlund (1975)
study may have underestimated the abundance of smaller
benthic invertebrates.

Predominant species encountered in bottom grab
samples collected during the Tolderlund (1975) study
included polychaetes, (Pectinaria gouldii, Nephtys
caecea, Scoloplos robustus) and bivalves, Mercenaria
mercenaria and Mulina lateralis).

Table 6 is an accurate representation of the species
encountered in biological dredge samples during the
Tolderlund (1975) study. Figure 9, in the Tolderlund
(1975) study, is an accurate representation of the
biological dredge sample stations for benthic
invertebrates. ,

Attachment Q.VII.0017 is a true and accurate copy of
the report entitled, "Trident Dredging, Thames River
Channel, Draft Environmental Impact Statement," March
23, 1979, U.S. Navy.

Chloroform levels are high and dissolved oxygen
levels are low in the upper reaches of the Thames
River estuary (U.S. Navy, 1979).

In general, water quality of the Thames River
estuary increases substantially as it flows toward
Long Island Sound.

Evidence of nutrient enrichment and high coloform
counts indicates a substantial pollution load applied
to the upper reaches of the Thames River estuary. -

The uppermost sampling station in the Thames River
estuary (U.S. Navy, 1979) is dominated by the
polychaete Streblospio benedicti and the bivalve
mollusc Pellina agilis.

Benthic species diversity and abundance are lowest
in the two uppermost sampling stations in the Thames
River estuary (U.S. Navy, 1979).
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Mid-channel sampling stations have high diversitcy
and low species abundance in the Thames River estuary. - “)

The benthic survey in the U.S. Navy (1979) report
indicates that species complexes composing the Thares
River bottom community are dominated by pioneer
organisms.

Table D-1, in the U.S. Navy (1979) report, indicates
that dominant polychaetes in the upper Thames River
estuary include Streblospio benedicti, Capitella
capitata, and Nephtys incisa. Benthic species
distribution in the upper Thames River estuary are
"patchy" in distribution.

Table D-1, in the U.S. Navy (1979) report, is a true
and accurate representation of the benthic species
present in the Thames River estuary.

Benthic species sampling Stations 8, 9, and 10, in
the U.S. Navy (1979) report, contain faunal
assemblages typical of nearshore benthic communities.

Benthic species composition at sampling Stations 8,
9, and 10 contain faunal assemblages typical of
nearshore benthic communities and include Nuctla
proxima, Empelisca vadorum, and Nephtys incisa.

Mya arenaria were not abundant in the sampling g )
stations included in the U.S. Navy (1979) report. —

Attachment Q.VII.0018 is a true and accurate copy of
the dissertation entitled, "Comparative Structure and
Response to (Petroleum) Disturbance into Nearshore
Infaunal Communities," authored by Jeffrey L. Hyland,
Ph.D. Dissertation, University of Rhode Island, 1981.

In the Hyland (1981) study, one area within the
Pettaquamscutt River in Rhode Island was sampled for
benthic species.

The benthic sampling in the Pettaquamscutt River was
performed in a shallow marshy area with extremely
variable salinities. .

The Pettaquamscutt River is located in the general
vicinity of lower Narragansett Bay, Rhode Island as
shown in the figure in Appendix I.

Benthic sampling consisted of 10 replicate samples
collected on five separate occasions in 1977 and 1978.
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The polychaete Streblospio benedicti was the
dominant polychaete in the Pettaquamscutt River study
area.

The polychaete Streblospio benedicti exhibited a
sporadic peak in abundance in August 1977 samples.

The polychaete Streblospio benedicti and the
oligochaete Tubificodies gabriellae were the two most
abundant species encountered in the Pettaquamscutt
River study area.

The Pettaquamscutt study area in the Hyland (1981)
study contained a large proportion of species with
sporadically variable densities including Streblospio
benedicti, Scoloplos robustus, Ampelisca abdita,
Gammarus mucronatus, Tubificodies gabriellae, Nereis
succinea, and Heteromastus filiformis.

In the Pettaquamscutt River study area, species with
persistent abundances were not encountered.

Appendix IV, in the Hyland (1981) dissertation,
contains a list of benthic species found in natural
bottom sediments of the Pettaquamscutt River study
areas. |

The most common bivalve encountered in the
Pettaquamscutt River study area was Macoma balthica.

The polychaete Capitella capitata was rarely
encountered at the Pettaquamscutt River study area
except at test plots subjected to environmental
disturbance.

The high level of dominance for Streblospio
benedicti and Tubificodies garbriellae in the
Pettaquamscutt River study area is characteristic of
the benthos in upper reaches of estuaries.

Attachment Q.VII.0019 is a true and accurate copy of
the paper entitled "Salinity and Faunal Distribution in
the Pocasset River, Massachusetts," coauthored by H. L.
Sanders, P. C. Mangelsdorf, Jr., and G. R. Hampson, of
the Woods Hole Oceanographic Institution, Woods Hole,
Massachusetts. The study was published in "Limnology
and Oceanography,® Volume 10 (Supplement), pgs. R216-
R229, 1965). - A

The Pocasset River in Massachusetts has a small
volume, moderate tidal amplitude, and moderate
freshwater runoftf. .
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The Pocasset River in Massachusetts is classified as
a fluctuating estuary characterized by pronounced
diurnal change in the salinity gradient throughout the
estuary.

‘The Pocasset River in Massachusetts is a small

estuary emptying into the eastern shore of Buzzards
Bay.

.Benthic faunal samples were collected in triplicate
using a wide-diameter coreliner at seven sites located
throughout the course of the estuary.

The seven locations sampled in the Pocasset River
represent a wide range of salinity regimes.

The seven locations of benthic sampling are
accurately represented in Figure 1.

Salinity fluctuations have the greatest magnitude at
sampling stations 1 through 4.

In a gradient, the minimum number of species occurs
in the middle reaches for the zone of maximum salinity
variation.

The Pocasset River in Massachusetts is a fluctuating
estuary with small volume and with low salinities or
freshwater conditions in the upper reaches, and regions
of pronounced diurnal or tidal salinity changes
throughout most of its length.

Table 3 represents an accurate description of the
numbers of species found at the seven Pocasset River
benthic sampling stations.

Faunal impoverishment should be expected in areas of
strong salinity fluctuations, as opposed to areas of
lesser salinity fluctuations.

Figure 2, in Sanders, et. al., (1965), is an
accurate representation of the salinity of sediment
and bottom water at the seven Pocasset River sampling
locations.

Rigid, periodic short-term fluctuations in water
salinity stabilizes or buffers the salinity of the
sedinment.

Rigid, periodic short-term fluctuations in the water
salinities greatly reduces the degree of physiological
stress imposed on the infauna.

Many of the benthic species in the Sanders, et. al.,
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(1965) study are widely distributed throughout the
Pocasset River Estuary.

Dominant benthic species in the Sanders, et. al.,
(1965) study have a distribution confined to a specific
portion of the Pocasset River.

Benthic invertebrate species collected from
peripheral populations away from areas of the center
of species distribution exist under suboptimal
conditions.

Based upon Table 3 in the Sanders, et. al., 1965
paper, dominant polychaete species include Hypaniola
grayi in the upper reaches of the Pocasset River
estuary where highest salinity fluctuations occurred,
and Streblospio benedicti and Polydora ligni in the
middle reaches of the Pocasset River estuary.

Dominant molluscs in the Pocasset River include
Gemma gemma and Hydrobia sp. which are found primarily
in the middle to lower reaches of the estuary.

Changes in the benthic species composition of the
Pocasset River took place between August, 1963 and May,
1965. ,

The second most abundant species in 1963, the
polychaete Polydora ligni, was rare in 196S5.

The most abundant polychaete species collected in
1963, Hypaniola grayi, was not encountered in 1965.

Infauna must contend with a changing salinity regime
resulting in appreciable physiological stress.

Sediment salinities are stable and constant in
marked contrast to the salinities in the immediately
overlying water.

Benthic infauna live under much more stable salinity
conditions than benthic epifauna and can escape the
appreciable physiological stresses imposed on epifauna.

Benthic species populations in samples from the
Pocasset River estuary averaged 107,000 individuals per
square meter.

Benthic species populations in samples from the
lower Pocasset River estuary averaged about 36,500
individuals per square meter.



338. The Pocasset River is a small estuary of 2.:25
kilometers in length. ::)

339. The distribution of marine and freshwater species in
an estuary may be determined primarily by the rate and
magnitude of salinity change.

340. Attachment Q.VII.0020 is a true and accurate copy of
a paper entitled "Almyracuma proximoculi Gen. Et Sp.
Nov. (Crustacea, Cumacea) From Brackish Water of Cape
Cod, Massachusetts," authored by N.S. Jones and W.D.
Burbanck, and published in the professicnal journal,
Biological Bulletin, Volume 116, pgs. 115-124, 1959.

341. The substrate composition of the Pocasset River
contains sand, gravel, and plant debris, but is
indicative a disturbed environment with charccal
fragments and small pieces of iron slag.

342. Charcoal fragments and iron slag in the Pocasset
River may be residue from a former iron foundry.

343. Table 2, entitled "Comparison of New Bedford Harbor
Benthic Species With Species in Other Local Estuaries,”
is an accurate summary of benthic species community
patterns in the New Bedford Harbor, New Haven Harbor,
Thames River, Pocasset River, Pettaquamscutt River and
Alewife Cove estuary.

3
344. Table 2 accurately summarizes the benthic species g
data derived presented in the sources referenced
therein.
345. Table 2 is admissible in evidence as a summary of

the benthic species data presented in the sources
referenced therein.

346. The polychaete Streblospio benedicti has been
described as abundant at each of the following New
England estuarine systems: New Bedford Harbor, New
Haven Harbor, Thames River, Pocasset River,
Pettaquamscutt River and Alewife Cove estuary.

347. The polychaete Polydora ligni has been described as
present, although not abundant, at the following five
Nev England estuaries: New Bedford Harbor, New Haven
Harbor, Thames River, Pocasset River, Pettaquamscutt
River and Alewife Cove.

348. In general, species assemblages encountered in the
following New England estuaries are similar: New
Bedford Harbor, New Haven Harbor, Thames River,
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Pocasset River, Pettaquamscutt River and Alewife ~svs
estuary.

In general, species assemblages in the New Haven
Harbor and the Thames River estuary appear most
comparable to the New Bedford Harbor Upper Estuary.

~ Dominant species in the five New England estuaries
in Attachment Q.VII.0020 are species normally
classified as "opportunistic."

The polychaete species common to the five New
England estuaries include Streblospio benedicti,
Capitella capitata, Polydora ligni, Pectinaria
gouldii, and Eteone heteropcoda.

The gastropod Nassarius obsoletus has been reported
at most of these five New England estuaries.

The soft shell clam Mya arenaria is common to most
of these five New England estuaries.

The chronic, widespread pollution of New Bedford
Harbor Estuary from sewage, stormwater runoff and
industrial wastes can easily account for the
"gtressed" character of benthic communities in the
Upper Estuary.

There has been no information presented by the
plaintiff that differentiates the reported or
potential effects to aquatic organisms from PCBs fronm
those effects that would occur from the other reported
chronic anthropogenic pollution to New Bedford Harbor
(i.e., sewage, heavy metals and other contaminants).

An examination of estuarine benthic communities in
other regional urban estuaries reveals that the
structure of the estuarine benthic community in New
Bedford Harbor does not appear to be incrementally
affected by the presence of PCBs more than what would
have been expected as a result of the presence of other
contaminants common to urban estuaries.

The following articles were written by. authorities in
the topic which the article addresses, and both the
authors and the documents are relied upon generally by
experts in the field.

Bidleman, T. F. and C. E. Olney (1974). Chlorinated

hydrocarbons in the Sargasso Sea Atmosphere and Surface
wWater. Science 183: 516-518.



Bopp, R. F., H. J. Simpson, C. R. Olsen, and N. Kostyk (1351, .

' Polychlorinated biphenyls in sediments of the Tidal
Hudson River, New York. Environ. Sci. Technol. 15:
210-216.

Brown, R. S., R. E. Wolke, S. B. Saila and C. W. Brown (1977).
Prevalence of neoplasia in 10 New England Populations
of the soft-shell clam (Mya arenaria). Ann. N.Y.
Acad. Sci. 298: 522-534.

Crump-Wiesner, H. J., H. R. Feltz, and M. L. Yates (1974). A
study of the distribution of polychlorinated biphenyls
in the aquatic environment. Pesticide Monit. J. 8(3):
157-161.

Farley, C. A. (1976). Proliferative disorders in bivalve
mollusks. Mar. Fish Rev. 38: 30-33.

Gregor, D. J. and W. D. Gummer (1989). Evidence of
atmospheric transport and deposition of organochlorine
pesticides and polychlorinated biphenyls in Canadian
Arctic snow. Environ. Sci. Technol. 23(5): 561-565.

Heit, M., C. Klusek, and J. Baron (1984). Evidence of
deposition of anthropogenic pollutants in remote Rocky
Mountain Lakes. Water, Air, Soil Poll. 22: 403:416.

Hyland, J. L. (1981). Comparative Structure and response to
(petroleum) disturbance in two nearshore infaunal
communities. PhD. Dissertation, University of Rhode
Island, Kingston.

Jeffries, H. P. (1972). A stress syndrome in the hard clanm,
Mercenaria mercenaria. J. Invert. Path. 20: 242-251.

Jones, N.S. and W.D. Burbanck (1959). Almyracuma proximoculi
Gen. et Sp. Nov. (Crustacea, Cumacea) from brackish
water of Cape Cod, Massachusetts. Biol. Bull.
116:115-124.

Normandeau Associates, Incorporated (1981). New Haven Harbor
Ecological Studies, Summary Report Supplement, 1977~
1980.

Normandeau Associates, Inc. (1979). New Haven Harbor
Ecological Studies, Summary Report, 1979, Section 6.0
Subtidal Benthos and Section 7.0 Intertidal.

Reinisch, €. L., A. M. Charles, and A. M. Stone (1984).
Epizootic neoplasia in soft-shell clams collected from
New Bedford Harbor. Hazardous Waste 1: 73-81. :
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(1965). Salinity and faunal distribution in the
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(Supplement) 10: R216-R229.

Strachan, W. M. J. (1988). Toxic contaminants in rainfall in
Canada: 1984. Env. Toxicol. Chem. 7: 871~877.

Tanabe, S. and R. Tatsukawa (1980). -Chlorinated hydrocarbons
in the North Pacific and Indian Oceans. J. Oceanogr.
Soc. Japan 36: 217:226.

Tanabe, S., H. Hidaka, and R. Tatsukawa (1983). PCBs and
chlorinated hydrocarbon pesticides in Antarctic
atmosphere and hydrosphere. Chemoshere 12(2): 277-288.

Tolderlund, D. S. (1975). Ecological Study of the Thames
River Estuary (Conn.). U. S. Coast Guard Academy, New
London, Ct. Report No. RDCGAS57S, 135 pp.

U. S. Navy (1979), Trident Dredging, Thames River Channel,
Draft Environmental Impact Statement.

Walker, H. A., E. Lorda, and S. B. Saila (1981). A comparison
of the incidence of five pathological conditions in
soft-shell clams, Mya arenaria, from environments with
various pollution histories. Mar. Environ. Res. 5:
109-~123.

whitlach, R. B. (1989). Recolonization dynamics and
bioturbation processes in marine sediments:
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Superfund Site.

Zajac, R.N. and R.B. Whitlach (1982). Responses of estuarine
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10:1-14.

POPULATION DYNAMICS

358. The carrying capacity of a marine ecosystem is equal
to the number of individual organisms that can be
supported by the available resources.

359. The competition for one or many resources generally
limits population growth in most marine ecosystenms.

360. If necessary resources are available in unlimited
supply, optimal population growth rates will occur and
the population would increase exponentially.
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Within a stable ecosystem organisms allocate energy
to maintenance, growth, and reproduction.

If population density surpasses the carrying
capacity of the ecosystem based upon available space
or resources, there will be fewer resources per
individual and the allocation of energy to growth and
reproduction will decrease.

A disturbed or stressed ecosystem that results in a
decrease of population size will reduce competition,
resulting in resources not being as limited: growth and
reproduction will be maximized leading to a decrease in
density-related mortality.

Responses of individual organisms and the community
to a change in the population of a species are termed
"compensatory mechanisms" when they act to compensate
for population losses.

Compensatory mechanisms permit a population to
persist in the face of mild disturbance, to recover
from a population loss or impact, and to recolonize a
disturbed site.

Compensatory mechanisms found in populations of
estuarine invertebrates act to sustain a population
even under continued stress.

Organisms found in the Upper Estuary of New Bedford
Harbor have been recruited from other nearby
populations outside of New Bedford Harbor.

A stress or disturbance in the ecosystem that
eliminates or functionally disables part of the
population puts the surviving members of the population
at an advantage.

A high population density is more likely to invite
predation, spread disease and parasitism, induce
cannibalisa in some species, and increase competition
amongst all species.

When population density is decreased, the effect
that predation, disease and parasitism, or similar
factors has on growth, reproduction and survival is
decreased.

Density-dependent mortality factors are generally
responsible for determining the equilibrium density of
a species population.

J



372.

373.

374.

375.

376.

377.

378.

379.

380.

isl.

382.

383.

Denéity-dependent factors can include competition
for food, competition for habitat, or the competition
of predators or parasites.

Many environmental factors can lead to mortality in
species population; however, generally only one or at
the most very few are responsible for control of that
population.

In order for species population to maintain an
equilibrium it is only necessary that one reproductive
adult be replaced by one reproductive adult in the next
generation.

In species which reproduce tens of thousands to
millions of eggs and sperm per reproductive event, over
99.999 percent of the eggs and larvae or juveniles may
die before reaching reproductive age.

Reproductive strategies of species are important in
determining population resiliency or elasticity and
ability to recover from impact or stress.

Recovery of a population to its original state
depends upon the degree or the magnitude of the effect
or disturbance and the species affected.

When a community or population impact is eliminated
or removed, the recovery of that population will
depend to a large extent upon recruitment of juveniles
from unaffected nearby populations.

Recruitment is a term used to describe the
successful survival of juvenile to an adult
reproductive stage, or the successful passage of
individual organisms from one year class to the next.

R-selected reproductive strategies are exhibited by
non-selective feeders who devote more energy to species
survival through reproduction than to individual
survival through growth and protection of young.

R-selected species have rapid development to the
reproductive stage and have many reproductive efforts
per year at the expense of evolving mechanisms and
behaviors to avoid predation.

R-selected species have a large rcproductive effort
to insure quick recovery and overall success in a
disturbed ecosystenm.

Temperate estuaries are systems which constantly
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experience stress and variability in environnenza:
conditions.

R-selected species have evolved to be successful in
the variable environment found in temperate estuaries.

Most estuarine benthic invertebrates have planktonic
larvae and produce large numbers of them to insure
dispersal and survival of the species.

Many estuarine benthic invertebrates in temperate
estuaries are considered opportunists.

Many of the estuarine species which are opportunists
are found in temperate estuaries like New Bedford
Harbor.

Species currently found in the Upper Estuary in the
Bedford Harbor or likely to be found after capping are
typical of estuarine opportunists.

The opportunistic species found in the Upper Estuary
of New Bedford Harbor or likely to be found after
capping are successful at rapidly responding to
population impacts.

R-selected species have selected for optimal
reproductive effort and planktonic larvae:; this has
enabled their populations to respond to the variable
environment impacts typical of temperate estuaries like
New Bedford Harbor.

Coastal currents along the southeastern shore of
Massachusetts distribute planktonic larvae from other
locations in Buzzards Bay and Long Island Sound to New
Bedford Harbor.

Even if all organisms in the Upper Estuary at New
Bedford Harbor were eliminated, populations of those
species currently found there would quickly reestablish
themselves by recruitment from other nearby
populations.

The survival of species populations in the Upper
Estuary in New Bedford Harbor are more dependent on the
relative success of species populations throughout
Buzzard's Bay and Long Island Sound than upon the
success of those individual organisms in New Bedford
Harbor. .

In general, species populations throughout Buzzard's
Bay and lLong Island Sound can be considered a source of

‘u
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recruitment for species populations in New Bedford
Harbor.

There is substantial transport of the planktonic
larvae of marine species found within Buzzards Bay ans3
Long 1Island Sound by the regional hydrodynamics.

Planktonic larvae of estuarine species generally
stay in the plankton for a period of several days to
several weeks,

Planktonic larvae can be transported within a period
of several days to several weeks from several to
hundreds of kilometers.

Most of the species found in the Sanford Ecological
Services, (SES) 1987, survey of the benthos of New
Bedford Harbor have planktonic larvae.

It is likely that those benthic species collected by
SES, (1987) from in New Bedford Harbor are found in
other areas of Buzzard's Bay and Long Island Sound.

Populations of reproductive adults can respond to
their environment and its variability by exhibiting
variability in population size. |

Estuarine soft-bottom communities have a highly
variable species composition.

Year-to-year fluctuations in species composition of
estuarine benthic communities in New Bedford Harbor may
reflect the variable adult mortality brought upon by
hydrodynamic and climatic factors.

Samples of estuarine communities taken in close
proximity are often found to be less alike in species
composition than samples taken widely apart
geographically.

Patchiness in the distribution of estuarine benthic
species in New Bedford Harbor can be explained by the
dispersal or concentration of planktonic larvae by
currents.

Patchiness in the distribution of estuarine benthic
species can be explained by small scale habitat
heterogenety and can be explained by inter-and intra-
specific competition as well as amensalistic
interactions.

McCall (1977) stated that the rapidity with which
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Long Island Sound species colonize a bottom erncty of
macrofauna suggests that these species are specially
adapted to maintaining populations in a frequently
disturbed environment.

According to McCall (1977) when one considers that
Long Island benthic communities have been studied for
over a century, little is known about species' life
histories. ‘

McCall (1977) indicated that species such as
Capitella capitata and Streblospio benedicti are able
to discover recently created empty habitats and
quickly recolonize them in great abundance.

McCall (1977) considers these species; i.e.,
Capitella and Streblospio to be successful in
colonizing disturbed habitats.

The effect of sub-lethal concentrations of
contaminants upon the growth mortality and
reproduction of estuarine species is not well known.

The effect of environmental contaminants on species
population in the marine and estuarine environment is
difficult to describe and poorly understood. l

McFadden (1977) defines compensation as the tendency
of populations of living organisms to experience: a)
an increase in death rate or decrease in birth rate as
they grow in density, establishing some ultimate upper
limit, and b) a decrease in death rate or increase in
birth rate as population density declines, thus leading
to stabilization before extinction, or eventual return
to higher numbers.

McFadden (1977) indicates that when compensation
involves changes in birth and death rates in response
to population density changes, the biological processes
involved are often termed "density dependent.”

If all the reproductive efforts of marine benthic,
invertebrates and fish were successful ‘in that they
survived to reproductive age and spawned again, by the
end of ten generations the mass of organisms in the
ocean would be greater than the mass of water presently
there.

There has been no direct evidence presented that the
PCBs have either lethal or sub-lethal effects on
individual organisms currently residing in the Upper
Estuary of New Bedford Harbor.



416. Even if PCBs had a sub-lethal or lethal effect on
individual organisms residing temporarily or
permanently in the Upper Estuary of New Bedford Harbtor,
there is no data available to predict what the effect
of these impacts to individual organisms would be on
the entire species populations.

417. Estimation of population impact caused by PCBs in
the Upper Estuary of New Bedford Harbor to species
populations residing there would have to consider the
size and area occupied by the parental stock of the
species from which the Upper Estuary recruits its
young.

418. It is often impossible to distinguish between
relations that are causal or predictive compared to
simply correlative because typically there is no a
priori theoretical justification for the choice or
selection of independent variables or for fluctuations
or changes in the nature of these independent
variables, or for the way in which the high
dimensionality of the phenomenon being described has
been accounted for.

419. The principles of population dynamics discussed
above apply to avian populations in the New Bedford
Harbor/Buzzard Bay area as well.

420. The following references are articles written by
authorities on the topic which the article addresses,
and both the authors and document are relied upon
generally by experts in the field.

McCall, P. L. 1977. Community patterns and adaptive
strategies of the infaunal benthos of Long Island
Sound. J. Mar. Research 35(2): 221-263.

McFadden, J. T. 1977. An argument supporting the reality of
compensation in fish populations and a plea to let
them exercise it. In W. Van Winkle, ed., Proceedings
of the Conference on Assessing the Effects of Power-
Plant-Induced Mortality on Fish Populations, Perganon
Press, New York.
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3ioaccumulation of 2CBs by marine organisms i3 ncnt an
:ndication of toxicity to the organisms.

3icaccumulation and toxicity are unlikely to rerresernts
concurrent aquatic hazards under stabilized environmenzal
conditions -- i.e., high concentrations of tox:ic
substances ultimate.y Kill crganisms, whereas cniy .=s53:=:
levels of the substances (nonlethal levels) are
associated with biocaccumulation.

This principle is incorporated into the experimental
design of most laboratory bioaccumulation tests, in which
test organisms are exposed to concentrations of PCBs thac
are low enough to preclude the toxicity (in particular,
the mortality) that would render the tests useless.

EPA's water quality criteria for PCBs (EPA, 1980) are
predicated upon residue considerations, as contrasted to
toxicological considerations (EPA, 1990).

According to Pruell, et al., 1989, sediment-associated
constituents can affect biota toxicologically or resuic
in high concentrations of constituents in tissues of
indigenous organisms.

According to Capuzzo and Farrington, undated, Attachment
Q.VII.0021, a general question that remains unanswered
was reported to be the extent to which body burdens of
chemical constituents in marine bivalves relate to
biological effects, particularly at the population level.

Coho salmon (a freshwater life stage) that contained body
burdens of up to 57.00 ppm Aroclor 1254 after being
exposed to the formulation for 260 days exhibited no
observable toxicosis (Mayer et al., 1977).

Channel catfish (a freshwater species) characterized by
body burdens of up to 32.0 ppm Aroclor 1260 during a _
193-day exposure period exhibited no observable toxicosis
(Mayer et al., 1977).

Twenty-eight (28-day) survival of juvenile sheepshead
minnows containing body burdens of as much as 230 ppm
(wet wt.) Aroclor 1016 was not significantly lower than
survival of control fish, and up to 77 ppm Aroclor 1016
in eggs of adults did not affect survival of embryos or
fry (Hansen et al., 1975).
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~TEerilan >¥s3ITers CInTalninI as much 35 13l zzo 2T T
Ar2clor 1234 were characcerized Iy survival ind Iriw-n
that were ccrmparalZle To control crzanisms durisg oz
3d-we2x mcnicczing zerizd (Lowe 27 al 1372)

Sgot (a Zish) with bDody burdens oI as much as 27 czIm e
wt.) Aroclor 1254 were unaffected toxicolcgically Zurinz
a corsnic (l40-day) bicaccumularicn study (Harzsn = al
1371) .

Maximum acceptable toxicant concentrations (MATC,
geomertric mean of no-observed-effect concentracicn ani
lowest-observed-effect concentration) for several vizal
biological functions cof adult minnows exposed =2 Clcochan
A50 for 40 days and monitored for sublethal effects I:r

an additional 260 days were (adult body burden of Clcohen
A50; ppm, wet wt. ; Bengtsson, 1980) --—

a. Swimming ability of adults: >170 - >180 ppm:
b. Hatching time for eggs: 5 ppm; and
c. Hatchability of eggs: S0 ppm.

Survival and several sublethal characteristics (fin rot
and mouth erosion) of sheepshead minnows containind body
burdens of Aroclor 1254 that ranged from 59.0 to 73.8
ppm, dry wt. (accumulated after 29 days of exposure :=o
sediment from inner New Bedford Harbor {(NBH]) were not
significantly different from survival and sublethal
characteristics of control fish (Hansen et al., 1986).

According to Capuzzo and Farrington, undated, Attachmen:
Q.VII.0021, abundant populations of soft-shell clams and
quahogs were reported in “heavily impacted" parts cf
inner NBH despite infaunal nature and high PCB burdens of
the organisms.

According to Kolek and Ceurvels, 1981, overt effects of

PCB uptake on marine organisms indigenous to the NBH area
were not observed (during 1976 through 1980) even though
some organisms contained PCB levels in excess of 500 ppm.

a. No sampled or observed organisms exhibited gross
abnormalities or indications of disease.

b. Seasonal development of reproductive organs of
finfishes appeared to be normal.

According to Bellmer, undated, “"Despite very high levels
of contaminants as well as evidence of bioaccumulation,
these (NBH] wetlands are functioning as effective systems
and have high resource values . . . these wetlands

-2~
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Potential For Depuration of PCBs 3y Marine Orcanisms

437.

438.

439.

440.

441.

442.

443.

444.

In general (with species-srecific and other differences
acknowledged), the more-water-soluble 2CBs tend o :ze
more available than the less-water-soluble PCBs to marin=
organisms, and., consequently, are more likely to be rnaxsn
up by the organisms.

PCBs adsorbed to sediments have a low bioavailability =o
marine organisms (Fresenius et al., 1984).

Biocavailability of PCBs in sediment is directly related
to water solubility of PCB congeners/isomers and sediment
grain size, and inversely related to content of organic
carbon in sediment and animal size (Fresenius et a%.,
1984) .

If biocaccumulated, the more-water-soluble PCBs are more
likely than the less-water-soluble PCBs to be depurated
(eliminated) by the organisms.

American oysters were reported to have lost 100% of
accumulated Aroclor 1016 (approximately 130 ppm, wet wt.)
when placed in uncontaminated water for a period of 356
days (Pardsh et al., 1974).

Pinfish lost 61% of accumulated body burdens of Aroclor
1016 during a S6-day depuration period (Hansen et al.,
1974).

Blue mussels with relatively low body burdens of Aroclor
1242 (0.070 ppm, wet wt.) were characterized by a
biological half-life (BHL) for the material of 8 days
during an 89-day depuration period in Puget Sound
(Calambokidis et al., 1979).

American oysters exposed for 24-30 weeks to 1-5 ppb
Aroclor 1254 accumulated body burdens of 101-425 ppm
PCBS, wet wt. (BCFs = 85,000 x - 101,000 x), but
depurated essentially 100% of material during 12-28 weeks
(Lowe et al., 1972).
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3..e mussels with low zody Zurfens of ArzcLlor 1234 (.-
Tom, wet wT.) were cnaracterized by a 35L Isr <ha
material I 23 Zdays (Talam>zzxkidlis 27 al., 1373)

Grass sprimp exposed Isr 3-3 wee<s T cImparativaly Low
concenctraticns of Arcclor 1234 (0.04 - 0.62 opc) Losct
about 50-98% of body turcdens (0.2 - 10 ppm 2C8s, wet wI.)
during a 4-week depuration pericd (Nimmo et ai.. 137%)
Spot (a fish) lost 73% of accumulated Aroclor 1 7
ppm, wet wt.) during an 84-day depuration pe-~ insen

et al., 1971).

3lue mussels exhibiting lcw bedy kurdens of Zrcclilor 126
(0.180 ppm, wet wt.) were characterized by a 3HL fcr =
material of 39 days (Calambokidis et al., 1979).

BHL for hexachlorobiphenyl in purple sea urchins ranged
from 8.66 to 15.75 days (Tjeerdema and Jacobs, 1387).

Fiddler crabs rid their "bodies of up to 100% of
unspecified PCBs during depuration periods of 14-21 days
(Clark et al., 1986).

Contaminated cockles (body burdens of 6.83 ppm Aroclor
1242) eliminated 64% of PCBs (BHL = 7 - 14 days) ddring a
21-day period (Langston, 1978).

Elimination rates for cockles decreased with increased
chlorination, and removal of isomers with more than
S-chlorine atoms was not observed (Langston, 1978).

In two depuration studies conducted with polychaetes
(Courtney and Langston, 1978), body burdens of Aroclor
1254, which were relatively low (0.39 - 0.49 ppm, wet
wt.), were reduced by up to 33% during a 3-week
observation period.

BHL of four PCB congeners accumulated in blue mussels was
(Pruell et al., 1986)

a. 2,3,4', trichlorobiphenyl: 16.3 days:

b. 2,2',4,5,5', pentachlorobiphenyl: 27.9 days:

c. 2,2',3,3',4,4' hexachlorobiphenyl: 36.5 days: and

d. 2,2',4,4',5,5,' hexachlo£obipheny1: 45.6 days.
Polychaete worms rid their bodies of about 50-88% of
accumulated PCBs during approximately 2 months in

uncontaminated media (Fowler et al., 1978; Elder et al.,
1979).
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Jepuration oI FC3s Dy Tc.yclhaet2 wirTs was
concer:ra:-on—*e*e"denc, wizh higher inizial l2s3 rz-=2s

evicent in polycnhaer2s containing ntizher zedy zurisnz f ;)
Taterial (Tow.er ez a: 1378) i

Quahcgs transplanted from New 3edford Harzor (XN3H) 72
‘uncontaminated” depuraticn site lost 903% of accumulated
Arcclcr 1242 and 80% of Aroc*or 1254 during an

appr Ximately l-year pericd (Deucert et al., 1981).

Release of organic constituents by bivalve molluscs was
reported to vary as a function of compound solubili=v,
concentration, and partitioning between water and =issuses
(Capuzzo and Tarrington, undated).

According to Capuzzo and Farmington, undated, in the case
of blue mussels maintained in NBH -- a selective loss of
lighter-chlorinated biphenyls was reported to be eviden=
between pre- and post-spawning periods; heavier
chlorinated biphenyls, however, were retained.

The Potential of PCBs To Biomagnify In Marine Food Chainé

460.

461.

The importance of water, as compared to food (prey). as
sources of PCBs in marine organisms has been extensively
studied and debated without widespread agreement.

a. Transfer of xenobiotic constituents from water =2 —<)
aquatic organisms is termed bioconcentration.

b. Transfer of xenobiotic constituents from prey
(lower trophic levels in food chains) to aquatic
organisms in substantial amounts is termed
biomagnification.

Scura and Theilacker (1977) evaluated the transfer of
Aroclor 1254 in a three-component marine food chain
established in the laboratory.

a. The marine organisms constituting the food chain
were -- primary producer: algal flagellate
(Dunaliella. sp.):; primary consumer (herbivore):
rotifer (Brachionus plicatilis and secondary
consumer (low-level carnivore): larva of northern
anchovy (Engraulis mordax).

b. Water to which algae (and rotifers) were exposed
contained from 0.0026 to 0.0136 ppb Aroclor 1254,
which was representative of PCB levels in
nearshore waters off of southern California.



462.

C. Anchcvies were maintained Lo wazt2r IZnTainins
0.002 £z Arcc.cr 1234

o! Concentratisns o Arcclosr 1234 I 3lzas, whiszo
apreared o reach st2alv-state l2vel3 wisthin 3
days afrer exposure of orzanisms o zest
material, ranged from 0.12 to 0.38 prm, dry w=

e. Concentrations of Arcclor 1254 in consumers,
which also reached equilibrium within 5 days of
the time that consumers were initially fed prev,.
ranged from 0.29 to 0.54 ppm for rotifers and
from 1.11 to 2.67 ppm for fish.

£. Although the above-described body burdens cf
Aroclor 1254 in the three test organisms
suggested amplification of PCBs in a step-wise
fashion up the food chain, supplemental studies
performed by Scura and Theilacker (1977)
indicated that such was not the case.

g. When concentrations of PCBs in algae and rotifers
were converted from a whole-body to lipid basis,
differences between the two species were no
longer evident -- i.e., what appeared to bﬁ
biomagnification was simply a reflection of the
greater lipid content of rotifers.

h. In the case of the last link in the evaluated
food chain -- anchovy lipids contained a
substantially higher concentration of PCBs (27.46
ppm) than rotifer lipids (2.80 ppm) but, in
additional tests, PCB levels in lipids of unfed
anchovies maintained in contaminated water
(0.0025 - 0.0045 ppb PCBS) ranged from 37.33 to
62.67 ppm.

i. Consequently, the conclusion reached in this
investigation was that PCB accumulation is not a
food-chain phenomenon, but, rather, is the result
of direct partitioning of the compounds between
seavater and marine organisms.

Tanabe et al. (1984) identified physiochemical mechanisms
operating at lower trophic levels and several factors not
including biomagnification (i.e., metabolic capacity and
life span) functioning at higher trophic levels as
explaining PCB increases they observed at upper levels of
a four-species food chain (zooplankton, myctophid fish,
squid, and a mammal, the striped dolphin) in the western
North Pacific Ocean.
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465. Ostercerg and Xeckes (1977) reported <hat PC3
concentraticns actualily decrease at successive
levels 1n the Mediterranean Sea.
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466. A panel of marine scientists addressing acceptabie .avels
of PCBs in the New York Bight (NOAA, 1979) commented =
the "generally held belief" that levels of zollutants :n
gilled marine animals are controlled mostly by
concentrations of the pollutants in water.

467. The Office of Technology Assessment (1987) reported that
bioaccumulation of organic chemicals depends primarily 2n
the substances' ratio of lipid solubility to water
solubility. ,

468. Macek et al. (1979) concluded that, with the exception =2 P
DDT. "the process of biomagnification, as classicaily )
defined, probably does not occur within communities c:Z —
aquatic organisms.”

469. Bellmer (undated), addressing wetlands/estuary of the
Acushret River in New Bedford Harbor concluded that :these
data showed no clear evidence for biomagnification

470. There is a scientific basis for concluding that PCBs co
not biomagnify in marine food chains.

Report/Source: Predicting biocaccumulation of sediment-
associated organic contaminants -~ development of a
requlatory tool for dredged material evaluatioft (Rubinstein
et al., undated .

471. Laboratory Study B addressed the. range and variability of

‘ the "accumulation factor" (AF) for polychaete worms and
tellenid bivalves exposed in tle laboratory for 42 days
to a suite of PCB congeners and the PCB formulation
Aroclor 1254 in sediment from New Bedford Harbor (NBH).
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The formola Icr Isriving Tne 2T owas (all Tessutamzn-:
sxrressed in dry wt.): AF (2C3 cznc. in tissus o
QrzanisTs, £oo ¢ ligiiocomzTent of crzaniszms, %) o Rl
csnc i sedirent, oz 5 T0C content of zadiman-,
Alcthough sarilous garametric (i.e., normal ) sTaTisTiozl
croccedures were employed to evaluate significance =°
differenc2s 1in calculated AFs. the wvaiidity 2f zhe
crccedures apparently was not evaluated -- i1.2., ==

=2
extent to which raw data conformed o the assumpticns
lnherent 1n the use of parametric statistical pr ol
was not assessed and/or reported.

Mortality of organisms expzosed to sedimenzary 2
?CBs (levels as high as 41.3 ppm Aroclor 1254, ¢
NBH Sample 2) and other unmeasured consti:tuents
attributed to PCBS.

The cause of the above-referenced mortality was reporzed
as "unknown."

The relative distribution of PCB congeners in organisms
generally reflected the distribution of congeners in
sediments.

Species exposed to the highest evaluated sedimentary
concentration of PCBs (41.3 ppm Aroclor 1254, dry wt.:
NBH Sample 2) exhibited the lowest mean AF (1.02 x).

Species exposed to the lowest evaluated sedimentary .eve.
of PCBs (0.03 ppm Aroclor 1254, dry wt.. Jamestown
Island, Narragansett Bay) exhibited the highest mean ~F
(4.02 x).

Report/Source: a) Bioavailability and biological effects of

PCBs and PAHs to marine bivalve molluscs: laboratory and
field experiments with Mercenaria mercenaria (Capuzzo and
Farrington, undated); b) The relationship between lipid
composition and seasonal differences in the distribution of
PCBs in Mytilus edulis L. (Capuzzo et al., undated); and ¢)
Bioaccumulation and biological effects of PCBs on marine
bivalve molluscs in New Bedford Harbor, Massachusetts
(Capuzzo et al., undated).

479.

Attachment Q.VII.0021 is a true and accurate copy of a
document authored by J.M. Capuzzo and John W. Farrington
entitled “Biocavailability and Biological Effects of PCBs
and PAHs to Marine Bivalve Molluscs: Laboratory and
Field Experiments with Mercenaria mercenaria."”




33

483.

484.

485.

486.
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488.

489.

490.

noe L WI1.23210 3iZressss ZLzavallazililc - Solhd
ciolzgical =ffscts 3I FC5s and FiHS T marine sivalos ’
ToLl.sCs j)
UnccnzaminaTsd Zoi2 Tmizsels wWers TIAnIT.LantsI o frim o -ns
Sandwizn mussel teds o the Hurricane 3Sarrier in lew
Sedford Harzor (N3d) and two disztant oifshcre rafsrance
areas: Cleveland lLedge (in Buzzard's 3ay) and Nant.cke-
Sound. .
The three gJrcups of transplanted mussels were mainzained
in cages suspencded 1 m above the ccean dottom Ior a v=2ar

(Novemper 1984 to November 1985).

The rthree groups of transplanted mussels were mcniz:s
biweekly for uptake of individual PCB congerers, .ig:id
content, and condition index.

The three groups of transplanted mussels were nct
analyzed for metals or petroleum hydrocarbons although
those constituents were recognized as important
contaminants in NBH.

Neither water nor sediment at the three exposure sites
was analyzed for PCBs (or other xenobiotic constituents).

Condition of mussels remaining at the Sandwich beds was
not monitored during the course of the study.

J

—

Condition index of mussels ([(dry wt. of soft tissues
dry wt. of shell] x 1,000) transplanted in NBH was
significantly lower than indices for reference mussels
during just the pre-spawning period (approximately
December 1984 through June 1985).

The experimental design of the study precludes the
establishment of a causal relationship between body
burden of PCBs in mussels and condition index of the
organisms.

A causal relationship between body burdens of PCBs in
mussels and condition index of the organisms is not
claimed in the report. -

The absence of condition measurements for Sandwich
mussels during the course of the study confounds an
understanding of the extent to which the condition of NBH
mussels approximates the "natural” condition of Sandwich
mussels, and the "better" condition of reference mussels
reflects more advantageous environmental circumstances
(e.g.. greater current speed and/or food supply) at the
reference sites.
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Jenera. Juesticn that remains unanswered was r2pors-=:3
2 Ze toe extent to which body burdens of chemical
ecnstituents in marine bivalves relate to bioiogica.l
effects., particularly at the population level.

Abundant populations of sof=-shell clams and
repcrted to TZe present 1n “heavily impacted”
harbor.
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Report/Source: Preliminary data report: New Bedford Harbor

Project (Hansen et al., 1986) supplemented by additional cdazs
(Hansen, 1987).

495.

496.

497.

498.

499.

500.

This study was designed to address toxicity and
bioaccumulation potential of sediment collected from
several sampling stations in the inner part of New,
Bedford Harbor (NBH) during January 21-22, 1986.

Sediment was analyzed for PCBs (Aroclor 1254 and “"toral
PCB homologues), various metals, and total organic carzzc:o
(TOC) .

a. TOC content of sediment ranged from (dry wt.) 4.123%
(lower part of inner harbor) to 11.3% (upper par: °
inner harbor).

-

b. TOC levels in upper part of inner harbor were quite
high and would be expected to limit the
bioavailability of PCBs by complexing them in
sediment (e.g.., EPA, 1990; Rubinstein, undated).

Sediment was not analyzed for organic constituents other
than PCBs and TOC.

Water established in testing vessels with sediment was
not analyzed for PCBs or other xenobiotic constituents.

Laboratory toxicity tests were performed with sediment
and amphipods and sheepshead minnows.

A laboratory bioaccumulation test was conducted with
sheepshead minnows.

-10-
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In the first set of tests (Test 1l and 2), amchizods wers
exrosed £or 10 days to sediment (six samples 2f zreaz-er-
sacd.ment and control material) washed with £:

£.zwing

P

fiitered seawater (approximately 13 exchanges per Zay).

a. Treatment sediment was ottained frem inner NBH ac
four sampling stations south of Interstats Rcute
I-195 and at two stations north 9of 1-195.

b. The sediment samples were reported to contain & rang
of metal concentrations and a gradient of PCB levels
which were reported as both Aroclor 1254 and the sur
of measured PCB homologues (dry wt.) --—

1]

JU) x)

i. Station 5: 7.31 ppm Aroclor 1254 (10 ppm PCBs
homologues);

ii. Station 7: 13.3 ppm Aroclor 1254 (17 ppm PC3B
homologues);
1ii. Station 6: 19.3 ppm Aroclor 1254 (unrepor=ed ~~;)

amount of PCB homologues):

iv. Station 8: 30.9 ppm Aroclor 1254 (56 ppm 2C3
homologues):

v. Station 12: 231 ppm Aroclor 1254 (220 ppm PC3
homologues); and

vi, Station 14: 1,100 ppm Aroclor 1254 (2,600 ppm
PCB homologues).

c. Biological responses of amphipods monitored
during this set of tests were survival at Days 4
and 10 of tests and daily emergence of organisms
from sediment.

In the second set of amphipod tests (Tests 3 and 4)

organisms were exposed for 10 days under dynamic
(£low-through) conditions to treatment sediment (and
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Zl..71Ins I oThis ssdivent :ni CInTIool matTeroial z -
from oseverzl of The azcva-iZanTiilad sampling soitoiiss
(3zazi:zns 2, 12, ani 13)

El This 327 I TEsSTS Was i2siined, lnozart, T
eval.uaze the TIxics.cI3s ca. 2£fiz2czs I Tewial
concentraticns in sedimenz in thatr mazerial
optrained from Statiocn 12 and 3 213% dilutizn =f
materlal from Staticn 14 were characzerizzi v
the same levels of Aroclor 1254 (231 ;;m), cus
different levels of metals (approx mat2ly an
orcer-of-magricude more metals at Stat:icn 12)

b. In addizizcn, 14% of material Zrom Staticn 12 ani
3% of materiai from Station 14 were similarly

paired (32-33 ppm Aroclor 1254 for zoth
materials; about an order-of-magnitude mcre
metals in the Station-12 dilution).

c. Daily survival of amphipods was monitored during
these tests.

S04. Results of the amphipod study indicated that:

a. Sediment from Station 5 (7.31 ppm Aroclor 1254;
10 ppm PCB homologues) was characterized by
toxicity that was not significantly different
from toxicity of control sediment (Tests 1 and
2): and

b. Sediment from Station 14 (the station with the
highest reported levels of PCBS) had a
"no-effect"” concentration of 6% (i.e., 66
Aroclor 1254 and 156 ppm PCB homologues (
and 4).

505. The effects of the presence of metals on toxicity of
sediment cannot be determined.

a. Although sediment from Station 12 and the 21%
dilution of material from Station 14 contained
the same amount of Aroclor 1254, sediment from
Station 12, in addition to containing more metals
than the diluted material, contained only
approximately 40% of the PCB homologues measured
in the diluted material.

b. As is apparent from the above-described
circumstances, the comparable toxicity that was
observed for the two sedimentary materials may
have been a function of the higher metal levels
of sediment from Station 12 being countered by
the higher PCB-homologue level of the dlluted
material from Station 1l4.

-12~
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S, Similarly, Tne Lis filliTicn ZIoszadimans foo-
Szazicn 12 Cconzalned zozh a nizher wme<zal a2l
and 3 lower :IC3-ncmoligie L2vel Than Th2 3
sedimentary Zilizicn It S5T3Tisn L.

2 The esu.ts 2f thils latter galred exgeriTent Wiz
not fully rerorzed by Hansen.

3ased .gen the abcve-presented ‘no-cobserved-efiacs
concentrations of sedimentary PCBS, the maximum
acceptable toxicant concentration (MATC) for sedimenzar:
PCBs in NBH sediment ranged from »>10 pprm PCB homclzzues
(Tests 1 and 2) to >156 ppm PCB homologues (Tes<s 3 anz
4).

a. The MATC is the geometric mean of the
no-observed-effect concentration and the
lowest-observed-effect concentration.

b. The above-referenced MATC range is "open-ended"
because multiple xenobiotic constituents other
than PCBs (i.e., metals and, undoubtedly,
numerous unmeasured constituents) were present in
sediment that produced the lowest-observed-effect
concentrations for amphipods.

The experimental design of the amphipod study precludes
the establishment of a causal relationship between 2C3
levels in sediment and toxicological responses of
amphipods.

Laboratory Toxicity Test with Sheepshead Minnows

S08.

Sheepshead minnows tested for sensitivity to sediment
from inner NBH were adult fish that were exposed for 29
days under apparently static (possibly static eplacement)
conditions to material obtained from --

a. Station S: 7.31 ppm Aroclor 1254 (10 ppm PCB
homologues) ;

b. Station 7: 13.3 ppm Aroclor 1254 (17 ppm PCB
homologques);

c. Station 8: 30.9 ppm Aroclor 1254 (S6 ppm PCB
homologues);

d. Station 12: 231 ppm Aroclor 1254 (220 ppm PCB
homologues); and

-13-
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2 sTazoicn 140 1,199 zzom Arcolio 1234 42,230 oo os
aImslcgues)
The Iish ower2 monlTsosd It osuTouoil o ini ozeverzl
3izl3Thal anomanie®s (Iln T oand moimn o 2rcssiio
AT zhe end of the 29-day exvrcsure zerizsd., surv:iving Zisn
w2re induced to spawn and ferzilized 2g9gs i Iisn were
transierred to uncontaminated f.cwing wastar

Developing embryos and fry were monizored in
uncontaminated flowing water for an additional 28 Zavs
for survival and, in <he case of frv, £in ro<%.

Results of the sheepshead minnow study caused zhe auznsrs
to conclude that:

a. Adult fish exposed to sediments collected from
above I-195 died (actually, survival of adulr:
fish was 72% for Station 12 [220 ppm PCB
homologues] and 0% for Station 14 (2,600 ppm PCS
homologues]: in addition, an unexplained
reference was made to a seemingly untested 28%
dilution of material from Station 12);

b. Survival of embryos and fry produced by adulcts
exposed to sediments was reduced (actually,.
statistically significant reduced survival was
only characteristic of young fish associated wi:z:
sediment from Stations 12 and 14, the most
contaminated stations); and

¢. Fin rot was common in surviving adult £ish and
their progeny (statistically significant
increases in fin rot only occurred in adult £:Ish
exposed to sediment from Stations 12 and 14).

In the sheepshead minnow study., concentrations of PC3s
were reported just for sediment to which adult fish were
intermittently exposed, not for associated water, with
which fish had continuous contact.

Since water apparently was not exchanged duting the _
29-day exposure period (or perhaps was exchanged to only
a limited degree), aqueous levels of PCBs to which adult
fish were exposed may have been higher than would occur
in inner NBH. .

Results of the sheepshead minnow study indicate that the

MATC for sedimentary PCBs in NBH was >56 ppm PCB
homologues.

-14-
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S16. The experimental design of the sheepshead minncw szudy
prec.udes the establishment of a causal relationshic
between PCB levels in sediment and toxicological
resconses of fish.

Laboratory Bicaccumulation Test with Sheepshead Minnows

517. Adult sheepshead minnows that survived the 29-day
exposure (9-11 days exposure in the case of sediment frcm
Station 14) to sediment from inner NBH in the
above-described laboratory toxicity test were evaluated
for body burdens of Aroclor 1254 and PCB homologues.

518. At the end of the exposure periods, fish had accumulated
body burdens of Aroclor 1254 that generally approximarted
levels in sediment to which fish were exposed.

a. At the lowest test concentration (7.31 ppm
Aroclor 1254 in sediment), body burdens of fish
were reportedly an order-of-magnitude higher
(15.6-21.0 ppm Aroclor 1254, dry wt.).

b. At the highest test concentration (1,100 ppm
Aroclor 1254 in sediment), body burdens of
organisms were reportedly an order-of-magnitude
lower (100-107 ppm Aroclor 1254).

519. With regard to reported composition of PCB body burdens
in sheepshead minnows:

a. The less chlorinated PCBs (i.e., 2-chlorine,
3-chlorine, and 4-chlorine biphenyls) were
typically proportionally-represented (or
over-represented) in fish relative to
concentrations in sediment: and

b. The more-chlorinated PCBs (S-chlorine,
6-chlorine, and 7-chlorine biphenyls) were always
underrepresented in fish relative to levels in
sediment.
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minncws caused The autncrs o ccncoude that
3 ZC3 ccncenTratiins Lo aZulT Iish o were ziTilizo -
tevels in s2diments:
b. ~Fredominance of more-cnlorinated PC3 cconceners i
sediment reiative tTo f£ish sSuggests That fisn wera
not exposed to sediment for sufficient perizds -f
Time;

c. PCB concentrations in eggs produced by adulcs
female fish were slightly lower rhan .eve.s 2°
PCBs in females; and

d. Metals (which were also evaluated during the
study) were not accumulated from sediment oy
adult fish.

As previously discussed in this document, adult
sheepshead minnows may have been exposed to
environmentally unrealistic concentrations of water-bor-ne
PCBs during this study.

Report/Source: Pilot Study: summary of ambient water quality

conditions: from New Bedford Harbor pilot study.
pre-operational monitoring, progress report, 23 February 1988
(EPA and COE, 1988; only aquatic toxXicity tests reviewed).

522.

523.

S524.

525.

526.

Ambient water collected from four sampling stations in
inner New Bedford Harbor (NBH) during July 1987 was
reported to be nontoxic as evidenced by the sea urchin
sperm test.

Ambient water collected from four sampling stations in
inner NBH on September 24, 27, and 28, 1987, was reported
to be nontoxic as evidenced by the sea urchin sperm test.

Ambient water collected from four sampling stations in
inner NBH on September 22, 1987, was reported to be
nontoxic in comparison to site ‘control’ water as
evidenced by the sea urchin test.

Ambient water collected from four sampling stations in
inner NBH during July 1987 was reported to be nontoxic to
sheepshead minnows.

Ambient water collected from four sampling stations in

inner NBH during September 1987 was reported to be
nontoxic to sheepshead minnows.
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23, ATIi2nT waIer JO0-..2CTel Ifctm Ilur 3&TDilnI sTiTLIns oo
inner N5 <during Julyv 1387 was rergcrIed T e nInTHLIo o
Tysid shrimp. in comparison %O sSiT2 ‘CCcnIrsl  water, i3
measurad 2y survival of sarimp.

529. Ambient water from inner NBH was not evaluated f:or
TOoXiClity to mysid shrimp during Sertemper 1387.

330. Results of <oxicity zests gerformed during

macroalcae and ampient water coliieczed Ircm
by unacceptable or questionable scientific gua.izy.

531. Results of toxiclity tests performed during Septemper 1387
with macroalgae and ambient. water collected from four
sampling stations in inner NBH were reported to be
characterized by unacceptable scientific quality (test
conducted with water collected on September 22); or

532. Toxicity of ambient water to macroalgae was reported to
be attributable to “other than PCB concentrations.’

533. Toxicity of ambient water to macroalgae was reported <o
be "quite possibly" attributable to copper.

534. Copper concentrations (total concentrations) in ambientc
water at the three most "up-estuary" sampling stations i-
inner NBH were reported to be "consistently” greater =toan
EPA's acute marine water quality criterion of 2.9 ppD.

Report/Source: PCB concentrations in Mytilus edulis from the
July and September mussel deployments; from New Bedford -
Harbor study, pre-operational monitoring, progress report
(Pruell et al., 1988).

535. Lower-molecular-weight PCB congeners were generally
accumulated more rapidly and to higher levels. in blue
mussels deployed in New Bedford Harbor (NBH) than
higher-molecular-weight congeners.

536. The experimental design of the mussel study was
characterized by several basic defects, which are
inconsistent with appropriate scientific practices.

a. The reference location was shifted from Cleveland

Ledge in Buzzard's Bay (the reference statlon
employed by Capuzzo et al. (undated] in another
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C. During the first rart cf zhe mussel study
June depioyment), none of four critical rad
samples were analyzed for PCBs aiter Day 3
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Aalrhough parametric (i.e., normal) cne-way .
ana.iyses-of-variance (ANOVAS) were employed to evali.az=
statistical significance of location-related differences
in body burdens of total PCBs in mussels, the validizy =
this statistical approach apparently was not evaluated -
i.e., the degree to which log-transformed data conformed
to assumptions inherent in the use of parametric ANQV:s
was not assessed and/or reported.

=

If log-transformed data did not conform to assumptions
inherent in the use of parametric ANOVAS, purported
“among-location" differences in PCB body burdens of
mussels may be nonexistent from a statistical perspective.

Report/Source: Ambient water quality criteria for

polychlorinated biphenyls (EPA, 980; mammalian toxicology aniZ
human~health effects excluded from review).

539.

540.

S41.

Attachment Q.VII.0022 is a full and -accurate copy of :t:e
above-captioned document.

Attachment Q.VII.0022 is a public record setting forth
the activities of the office or agency: or matters
observed pursuant to duty imposed by law as to which
matters there was a duty to report; or factual findings
resulting from an investigation made pursuant to
authority granted by law.

A PCB criterion to "protect salt-water aquatic life" was
identified as 0.030 ppb PCBs applied as a 24-hr average.

a. The criterion was based upon bioconcentration
factors (BCF = conc. of PCBs in tissue of
organism ¢ conc. of PCBs in water [under
steady-state conditions)) generated in laboratory
tests with one freshwater species (brook trout)
and two madne species (spot and sheepshead
minnows) .
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¢. The crirterion was cdesigned 7o zTrowect ~umen
ccnsumers of ’'salt-water aguatic 1:fe, as

-

ccntrasted to being designed to protecs
aquatlic 1.fe themselves.

The 0.030 pob ‘residue-based” 2CB crice
srganisms s characterized by severa. s

a. The criterion, although based primariiy upen 3CTs
derived for Aroclor 1254, was (1s) extrapc.ated
to all types of PCBS.

b. The criterion was derived by employing a
“lipid-correction” factor of 16%, as contrasted
to the contemporary factor of 10%, which pertains
to the edible part of the Atlantic herring, the
most “"fat-laden" of "important" consumed marine
species (EPA, 1986). (A high lipid-correction
factor generates a low value of the chtedon.)

In the case of marine (and freshwater) fishes, field
studies were reported to apparently produce BCFs at .eas:
10 x higher than reported laboratory studies.

a. This supposed differential in BCFs was the Das:is
for speculating that field organisms obtain a
substantial portion of PCB body burdens via

biomagnification (i.e., uptake of PCBs from prey).

b. The above-referenced field and laboratory studies
were performed with different species of marine
fishes.

i. In the case of field studies, the species
were speckled seatrout and several species
that were only identified as "fishes" and

. which were not clearly identified in terms of
BCFs in the cited literature (Nimmo et al.,

1975).

ii. In the case of laborito:y studies, the
species were spot, sheepshead minnows, and
pinfish.

c. The purported difference in BCFs between field-
and laboratory-evaluated fishes could be an
artifact associated with:

-19-~
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: ilflerent szecias I flsnes svallizzei
Ll nadeguzta (lIw) characTarizaTions tI TS
ZIncen=trastizins oI amzient (Iielld) wazser
pIAY nigh aguecsus concenzrazions cf PC3s jenarall
eva.uarted in laboraszory studies. as
contrasted o low .evels Typicaiiy measurel

:n field studies (levels cf 2CBs in wat2r zand
3CFs for exposed organisms may be inversely
related);

v, derivaticn of labcratcry-based 3CFs zv .32 °°
ncminal, as ccmpared to measured,
concentrations of PC3s in test water (nzminszl
levels are likely to be higher than actual
levels because of adsorption of PC3s on
surfaces of testing apparatus (e.g., =est
aquaria):; and/or

V. the inability of relatively short-term
laboratory studies to document equilibrium
(maximum) body burdens of PCBs in test
organisms.

S44. Toxicity-based PCB criteria for marine organisms were not
identified because of the absence of sufficient
scientifically acceptable toxicological data (EPA, 198¢).

a. Scientifically acceptable acute toxicological
data pertained to just six tests with three
invertebrate species (American oyster, brown
shrimp, and grass shrimp).

b. Scientifically acceptable chronic toxicologica:
data pertained to just two partial life-cycle
tests with one fish species (sheepshead minnows).

545. Toxicity-based PCB criteria for marine organisms, if
developed, will not be scientifically credible if
criteria are not qualified in terms of exposure time of
organisms to PCBS.

546. Attachment Q.VII.0023 is a true and accurate copy of
. portion of an EPA document entitled "Quality Criteria for
Water -- 1986," May 1, 1986, published by the United
State Environmental Protection Agency, 440/5-86-001,
Office of Water Requlations and Standards, Washington,
D.C. (1986 Water Quality Criteria Document)

5S47. Attachment Q.VII.0023 is a public record setting forth

the activities of the office or agency; or matters
observed pursuant to duty imposed by law as to which
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The lobster, Hamarus americanus, is a decarod.

The hepatorancreas (zomalley) cf the lcoszer is nz-
amedible muscle.

The FDA action level criteria of 2 ppm does not arp.y =¢
the lobster tomalley.

Report/Source: Ratios of edible tissue to whole body PCB

concentrations in flounder and lobster from New Bedford
Harbor: final report (Hillman et al., 1987).

552.

S553.

554.

S55.

SS6.

557.

558.

This study is based upon 30 winter flounder and 22'

American lobsters collected in June 1985 from the three

fishery closure areas (Areas 1-3) in the New Bedford -
Harbor (NBH) area and the unclosed Area 4. )

A sampling plan was developed by Battelle to collect
winter flounder (Pscudoleleuronectes americanus) and
lobster (Homarus americanus) in order to provide an
estimate of body burdens of PCBs in representative mar:ine
species in the New Bedford Harbor area.

The sampling plan provided for collection of different
size classes, small, medium and large.

The sampling plan provided for collection of these pecies
from each of the four closure areas.

The sampling plan thus provided 12 distinct classes of
specimens of each species.

Three replicates of each species in each size class was

taken from each closure area.

The specimens of lobster and winter flounder thus _
provided a reasonable representation of these species 1n
the New Bedford Harbor area.
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565.

566.

567.
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The sampling plan develored 2y 3atz2ile was suifician-ly
22ust T2 provide estimates of Tetween and wiTthlin saTol2
variafi.ity 1n 2C3 Zcdy burden in each size cliass - 23:n
species from each closure area.

The results of the 3atzelle study of body surienis :I
°C3s in the edible cissue of the winter flounder and
.cbster from New 3edfcrd Harbor are the most f2llacls
data available to prov:ide informaction of PC3 tcdy zurisns

in marine species in this area.

The results from the Battelle study on the winter
flounder and lobster body burdens are more reliable than
any past studies of body burden cf PCB in marine spec:ies
collected from New Bedford Harbor.

Any differences in estimates of PCB body burden in the
edible tissue from the lobster and the winter flounder
when compared to the Battelle study are due to biases
introduced in the sampling plan or error, in the analys:is
of PCBs in the edible tissue in the other studies.

Any differences between the estimates of PCB body burden
in the edible tissue of the winter flounder and lobscter
compared to the Battelle study are a result of depuratiocn
of PCB from the edible tissue of these species Cetween
the time they were collected and the time the Battelle
study was conducted.

Edible muscle and whole-body tissues of flounder, as well
as edible muscle, hepatopancreas, and whole-body tissues
of lobsters, were selectively evaluated for total PCBs
and 2-Cl through 9-Cl biphenyls on a wet-weight basis.

None of the numerous caiculated ratios of PCB
contamination in tissues of flounders and lobsters were
evaluated for statistically significant differences.

Only 1 of 20 flounders evaluated for total PCBs in edible
muscle contained levels greater than the 2 ppm FDA action
level. .

The above-referenced single flounder, which contained
muscle with a 4.8 ppm PCB level, was a medium-sized fish,
with an unknown history of movement, captured from Area ¢.

The median total PCB level in muscle of the 20 evaluated
flounders was --

-22-
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d. Area 4: 0.24 oom.
$70. licne cof the 12 Icbsters evaluated for totali 2C3s :in
edible muscle contalned levels greater than the 2 ozm 22

action level.

€71. The median total 2CB level in edizle muscle ¢f =n= 12
_obsters was --

a. Area l: 0.83 ppm;
b.‘ Area 2: 0.46 ppm;
¢. Area 3: 0.23 ppm; and
d. Area 4: 0.06 ppm

572. Despite the exclusive relevancy of the FDA action level
(2 ppm PCBS) to edible muscle of fishes and decapods
(EPA, 1986), the authors of this report frequently
compare the action level to concentrations of PCBs in
whole-body tissues of flounders and lobsters and, even,
to concentrations of PCBs in the hepatopancreas of
lobsters.

Report/Source: Polychlorinated biphenyl (PCB) analyses of
marine organisms in the New Bedford Harbor area: 1976-1980
(Kolek and Ceurvels, 1981)

573. Attachment Q.VII.0024 is a true and accurate copy of the
above captioned document.

574. Attachment Q.VII.0024 is a public record setting forth
the activities of the office or agency; or matters
observed pursuant to duty imposed by law as to which
matters there was a duty to report; or factual findings
resulting from an investigation made pursuant to
authority granted by law.

575. Evaluation of trends in PCB body burdens of American
lobsters (and other migratory species) was reported to be
confounded by seasonal movements of lobsters in and out
of the New Bedford Harbor (NBH) study area.
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$78. Yo samp.ed or observed organisms exhibited 3ross
abnormalities or indications of disease.
373. Seasonal develorment 0of reprocductive organs of Zinmiisnasz

apreared <o kte normal.

Reporz/Source: Heavy metals in Merceneria mercener:ia and
sediments from the New Bedford Harbor Region of Buzzard s
3ay, Massachusetts (Genest and Hatch, 1981).

580. As illustrated below, much scientific research has
demonstrated the presence of contaminants other than 2C3s
in New Bedford Harbor and Buzzards Bay.

581. The above-captioned article was written by authcrities cn
the topic which the article addresses, and both the
authors and the document are relied upon generally oy
experts in the field.

582. Quahogs and associated surficial sediment were collecz=2d
monthly during April 1978 through March 1979 from three
locations in Buzzard's Bay east of New Bedford Harrtor
(NBH) .

$83. Ouahogs and sediment were analyzed for five metais --
cadmium, copper., iron, lead, and zinc.

584. Annual mean bioaccumulation factors (BFs) for quahogs
exposed to sediment were (conc. in tissue, dry wt. -
conc. in sediment, dry wt.) --

a. iron: 0.03 x;

b. 1lead: 0.56 x;

c. cadmium: S5.04 x;

d. copper: 6.72 x; and
e. zinc: 6.92 x.

585. The pronounced relationships observed throughout the
study between concentrations of metals in sediment and
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588.

589.

S90.

591.

592.

593.

594.

595.

596.

597.

This study is based upon a total of 13 sediment sampies
collected from New Bedford Harbor (NBH) on January 21-22.
1986, and January 6, 1987.

b

Sediment of NBH was repcrted to be contaminated wizh
cemplex mixture cof potentially toxic constituencs.

Sediment in some areas of NBH contained extremely nigh
concentration of metals.

Concentrations of cadmium in sediment of the northern
part of NBH were generally much higher than levels
reported for other estuarine(ine environments.

- Concentrations of copper in sediment of the northern par:

of NBH were generally much higher than levels reported
for other estuarine environments.

Concentrations of chromium in sediment of the northern
part of NBH were generally much higher than levels
reported for other estuarine environments.
Concentrations of nickel in sediment of the northern par:
of NBH were generally much nigher than levels reported
for other estuarine environments.

Concentrations of lead in sediment of the northern par<
of NBH were generally much higher than levels reported
for other estuarine environments.

Concentrations of zinc in sediment of the northern part
of NBH were generally much higher than levels reported
for other estuarine environments.

This report stated that the major source of sedimentary
metals in NBH was probably an industrial outfall located
approximately 2 km south of Station J (refer to attached
Figure 1).

Sediment of NBH contained numerous polycyclic aromatic
hydrocarbons (PAHs).

This reported stated that the major sources of
sedimentary PAHs in NBH were probably combustion
processes and/or Combined-Sewer-Overflows (CSOs).
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Many srecies of fish, shellfisa, fenthic invartebraces
misrating shorebirds, and wateriaswl live eizher
TempCrarily Oor permanentiy in tixe Urper IZstuary I MNew

3edford Harbor.

New Bedford Harbor is a parcicularly favored w
greound for several species of ccastal waterfc:

X
bt g

Report/Source: New Bedford Harbor Superfund Project wet_and

assessment:

bioconcentration/bicaccumulation to PC3s and

metals in Acushnet River biota (Sanford Ecological Services,
1989) only biocaccumulation of PCBs in aquatic food chains
evaluated).

601.

602.

603.

This study purports to address biocaccumulation and
bioconcentration of xenobiotic constituents (PCBs and
metals) in the Acushnet River biota.

a. Bicaccumulation is conventionally defined as
transfer of xenobiotic constituents from
unspecified environmental sources (e.g., water,
sediment, and food) to agquatic organisms.

‘b. Bioconcentration is conventionally defined as
transfer of xenobiotic constituents from water o
aquatic organisms.

Much of the study actually addresses biomagnification of
PCBs in three supposed estuarine food chains (two aquatic
chains and one terrestrial chain).

a. Biomagnification is conventionally defined as
transfer of xenobiotic constituents from prey
(lower trophic levels in food chains) to aquatic
organisms in substantial amounts.

b. In the study, the term "bioconéentration? is
misused to mean storage of foreign constituents
in particular "locations" of organisms.

In order to document the occurrence of biomagnification

~in a food chain it is necessary to quantify the temporal
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site-specific food-habit studies =that :hese
surposed f£cod chains were crerative ‘
Acushnet River Zstuary.

5. No attempt was made to Zdocument s
temporal variability of the suppc

(8]

c. No attempt was made to relate age, size, or l:izii
content of collected organisms to pody burdens :=?
PCBS.

d. No preliminary estimate was made to ascertain
numbers of samples of each species by sex, age,
weight, and lipid content that was necessary %o
demonstrate, with any statistical reliability,
the presence or absence of biomagnification
within the food chain.

The conclusion that biomagnification of Aroclor 1254 was
“strongly suggested" in the sea lettuce/ribbed mussels
and black-duck food chain represents a gross misuse oZ
data in that PCB levels in black ducks were measured in
only a single duck, which had an unknown history of
movement .

Evaluation of the ribbed-mussel and ring-billed-qull £ocd
chain was reported to "“suggest" that biomagnification of
Aroclor 1254 "may" be occurring in the chain.

a. The above-referenced assertion is not justified
based upon evaluation of the raw data upon which
the assertion is based.

b. The mean level of Aroclor 1254 in mussels was
reported to be 10.60 ppm, wet wt.- (if duplicate
samples from each of five sampling stations are
not preliminarily averaged), or 12.03 ppm (if the
averaging technique consists of obtaining the
mean of each set of duplicate samples for each of
the five sampling stations and, then, employing
each of the station means to obtain a "grand”
mean).
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cf guli data (mean body curden cf Arcclor 12
13.99 ppm). after Cochran’'s test indicated
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Therefore -- the differences reported between
body burdens of Aroclor 1254 in musse€ls versus
gulls have a greater than S0% probability of
being random in nature.

Ribbed mussels were reported to contain body burdens of
Aroclor 1242 as well as Aroclor 1254.

a.

However, Aroclor 1242 was not reported to be
detected in ring-billed qulls.

The absence of Aroclor 1242 in gulls further
weakens the case for a trophic link between
mussels and gulls, as well as the case for
biomagnification between the two supposedly
linked animals.

No visual evidence of OCB-related ecotoxicity was noted
in the tidal wetland vegetation of the Acushnet River

estuary.

The poor scientific quality of this report precludes it
from contrlbutlng to an understanding of PCB dynamics in
organisms indigenous to the New Bedford Harbor area.
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612.

613.

614.

Seciment 22 N3H ccntainsd ZC3s That isgezrsi ot oz2
mixTures I Arsc.crs 1016 and/sr 1232 (which wera
indiszinguishatie IoIm osacn cThor) and Arceliz 123
Secdiment-3ss52cLated cInsTiTients <in o 3zffsct zizza
Toxicclogicaioy or (emphasis adcded to Zdistinguish zezwsasn
aiternatives) resu.t 1n nish ccncentraticns 3f
ccenstituents in tissues cf indigernous orsanisms

Organic carbon content of sediment is a major fac:tor
controlling biocavailability of nonpolar organic
constituents such as PC3S.

e

Remediation of excessive concentrations of =C3s
sediment of NBH should reflect the environmental
implications of constituents that do not covary
distributionally with PCBs and the combined effects of
all constituents associated with sediment of NBH. -

As inferred above, biological effects from constituencs
other than PCBs (e.g., metals) are to be expected in NBH.

Report/Source: A summary of data on tissue contamination from

the first three years (1986-1988) of the mussel watch projec:
(NOAA, 1989) '

615.

616.

617.

618.

619.

620.

Body burdens of arsenic, chromium, silver, and
low-molecular-weight polycyclic aromatic hydrocarbons
(LMW PAHS) in blue mussels at selected stations in
Buzzards Bay were reported to have significantly
increased during the period of 1986 through 1988.

Body burdens of PCBs in mussels remained stable durirg
the above-referenced period. ,

Molluscan body burdens of PCBs normalized for lipid
content were more variable (coefficient of wvariation =
S7%) than body burdens reported.in terms of whole soft
tissue (coefficient of variation = 50%).

Molluscan body burdens of PCBs were not correlated with
lipid content of mollusks (correlation coefficient =
-0-005) .

The scientific usefulness of describing PCB body burdens
of mollusks in terms of lipid content of the organisms 1s
questionable according to results of this study.

Molluscan body-burden data were reported to incorporate

species differences and not to be univet§a11y and
strongly correlated with sediment contamination.
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522.

623.

625.

626.

627.

628.

629.

630.

631.

632.

T 3analyses, as fonTrastet -

S22iTent analy SInTrasTeI TI TCLLL3CAn znalvIscs

w2r2 rasgreed o roviis Dettar Teasures 5f diffzranczs

in com-maminacicn amonT sives. ‘)
——

In Th2 3IZI5 (1388) we=wlzand sculy. $:iTIZlS3 TaksEn it oToz

Scres 3each reference size wet.andi study irea contaLned

~2vels of 2C3s and metals comparable to the wet.3ani s2udvy

site in the New Bedfcrd Earicr EZstuary.

In the SES (1988) wetrland study, levels of chrcmium were
found in the sediment at the Pores 3each reference s:i:za
ranging from 3 t> 180 parts cer million.

1 (b

In cthe SES (1988) wetland study, .eve:s 0f ccpper war
found in the sediment at the Popes Beach reference 3
ranging from 8 to 1400 parts per million.

2

In the SES (1988) wetland study, levels of lead were
found in the sediment at the Popes Beach reference site
ranging from <5 to 430 parts per million.

In the SES (1988) wetland study, levels of zinc were
found in the sediment at Popes Beach reference site
ranging from 26 to 800 parts per million.

The SES (1988) wetland study reported that growth Jf sea

lettuce (Ulva lactuca) growth was lush and green., an

indication that inner New Bedford Harbor waters have

enriched levels of nitrogen and phosphorus. }

Reinisch, et al. (1986) is a report reasonably relied
upon by experts in the field of environmental toxicolcgy.

In the SES (1988) wetland study the reference study area
at Popes Beach was near Hacker Street Flat which has been
reported (Reinisch et al., 1986) to have very high levels
of metals, PCBs and other contaminants (1988).

In order for sampling results from environmental studies
to be statistically reliable it is necessary to have
estimates of within - and between sample variability.

In the SES (1988) wetland study, there was no effort to
collect statistically reliable data on wetlands flora,
benthic invertebrates and estuarine fishes, saltmarsh
insects, birds, terrestrial mammals, or endangered.
threatened, rare, and unique species.

All results reported in SES (1988) is of an observational
and qualitative nature, much of it relying on secondary

sources of information.



£33. T2 3Z5 (U388) weTlzanli sTuly reTozTed Tnat o tnens o usos
SizZ censuses coniucted o 2lzInt days ZnoInlvoine s
Thtse 235 wer2 any szfsciaes oI T2zt Zzolmentaloco omas
z22n Tossancs

<3+ The 3538 (1388) wez-land study reocrzad ozt the Zioi
census was conducted cn eighzt dates On cnly cne =2
Tncse Zat2s was a geregrine falcon signzed

635. In the SES (1388) wetland study the applicatizn 2of
non-parametric statiscical tests or community s=Tructurcs
analyses to the data resulting from bird censuses r2s..-:

636. The SES (1988) wertland study states that there are =nc
visual signs of sctress that may be the result cf reavy
metal or PCB toxicity in the vegetational communizy.

637. There are no visual signs of stress that may be the
result of heavy metal or PCB toxicity in the vegetaticna.
community.

638. The SES (1988) wetland study states that the contaminated
saltmarshes did not have a lower productivity than,zhe
control marshes.

639. The contaminated saltmarshes did not have a lower
productivity than the control marshes.

640. The SES (1988) wetland study states that it is not Xnown
what factor(s) are requlating the distribution of
(benthic] organisms within the Acushnet River Estuary:. :5:
may be a natural biological phenomenon or a combinaticn
of stresses including possible exposure to low salinizy
water, nutrient enrichment, and sublethal toxic effecrts
of heavy metals, as well as PCBs.

641. It is not known what factor(s) are regulating the
distribution of (benthic] organisms within the Acushnet
River Estuary; it may be a natural biological phenomencn
or a combination of stresses including possible exposure
to low salinity water, nutrient enrichment: and sublethal
toxic effects of heavy metals, as well as, PCBs.

642. The SES (1988) wetland study states that it is unlikely
that “small mammals inhabiting wetlands/uplands adjacent
to the Acushnet River Estuary are being negatively
impacted by the presence of the high contaminant levels.”

643. It is unlikely that small mammals inhabiting
wetlands/uplands adjacent to the Acushnet River Estuary
are being negatively impacted by the presence of the high
contaminant levels.
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Th2 53ZS (1388) wez.ani 3TLiV 5TETS3 tThaAaT TImLs =Dis:-

from 2C3s Tz ncnaguatic wiillliiie scecies lzcatsioin ot .)
lower =Traophic L2vel (2., nerzivorss) weuld oot o ze —
zn-iziza=24 zassd oo ozvailasl2 litsrasura ani tha G-

Irsm oTals s3Toldv

Toxic effects from PC3s to nonagquactic wi.dlifs s
-ccated :in the lower =zrcphnic level (e.g. herdivs
wou.d not ze anticipated based on available lize
and the data frem this study.

in the SES (1988) study, the statement that
"biomagnificacicn of —he PCB contamination levels arctsar

i

to be occurring within the wetlands of the Acushne:z Z:.=2:
Estuary based on the results of this study” is withcu:s
any statistical foundation.

The SES 1988 wetland study states that the presence cf
high levels of PCBs and heavy metals in the New Bedford
Harbor System and especially within the Inner Harbor and
Upper Acushnet Estuary is generally viewed as the major
environmental issue within New Bedford Harbor. (ES)

The presence of high levels of PCBs and heavy metals in

the New Bedford Harbor System and especially within the

Inner Harbor and Upper Acushnet Estuary is generally

viewed as the major environmental issue within New

Bedford Harbor. (ES) )

The presence of high levels of heavy metals in addit:cn
to PCBs is generally viewed as the major environmental
issue within New Bedford Harbor. (ES)

The SES 1988 wetland study states that a comparison of
the Pope Beach and Acushnet River Estuary wetland
suggests that the structural characteristics of the
estuary wetlands have not been altered by the PCB
contaminant levels. (ES)

A comparison of the Pope Beach and Acushnet River Estuary
wetland suggests that the structural characteristics of
the estuary wetlands have not been altered by the PCB
contaminant levels. :

The SES 1988 wetland study states that the wetlands
within the Acushnet River Estuary appear to represent a
diverse and productive system. (ES)

The wetlands within the Acushnet River Estuary appear to
represent a diverse and productive system.

The SES 1988 wetland report states that heavy metals (Cr,
Cu, Pb and Zn) are bioaccumulating within the tissues of
selected organisms. (ES) )
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661.

662.

663.

664.

66S.

=2avy TezTa.3 (Co. L, Fhoani In) zrze sitalcomllaTons
N1ThLn The Tls3u8s I selectsi CrzanlsTs

The2 3Z3 1388 wezTlzanZ sTiody 2TatsSs TnET Tomiz o 2ffscoz:oioo-
2735 T2 =Te2rrestrizloszecliles LogzTed I otns Lowsr Trizou:
levels are nct anticizatad. (ZS)

Toxic effects from PC3s to terrestrilal species .ccatad o
tne lcwer trophlc .evels are noT anticipated.

The SES 1988 wetland report states thart althcuch zhe
waters cf the Acushnet River Estuary are c.ass.:fied as 353
Dy the Massachusetzs Divisicn of Water 2oliuticn Conzroal
they do not meez the $3 crizeria because c¢f the crszlam:s
with dissoived oxygen, coliform bacrteria, heavy mezal.s

as well as PCBs. (3-14%)

Although the waters of the Acushnet River Estuary are
classified as SB by the Massachusetts Division of Water
Pollution Control, they do not meet the SB criteria
because of the problems with dissolved oxygen, coliform
bacteria, heavy metals, as well as PCBs.

The SES 1988 wetland study states that total
concentrations for copper and lead were 10 to 1000 times
higher than the US EPA Marine Water Quality Criteria of
2.9 parts per billion and 140 parts per billion,
respectively. (3-17)

Total concentrations for copper and lead were 10 to 1000
times higher than the US EPA Marine Water Quality
Criteria of 2.9 parts per billion and 140 parts per
billion, respectively.

At no point in the SES study is there any mention of .79
parts per trillion PCB as an ambient water quality
criteria for PCBs.

The SES 1988 wetland study states that elevated levels of
selected metals (Cr, Cu, Pb, and Zn) were detected in
surface sediments (0-30 cm deep) throughout the wetland.
(3-26) .

The SES 1988 wetland study states that the occurrence of
relatively high concentrations of selected metals at
locations within the Popes Beach and Acushnet River
Estuary Wetlands suggests that metal contamination in
this area is a geographically widespread phenomenon.
(3-26)

The occurrence of relatively high concentrations of

selected metals at locations within the Pope Beach and
Acushnet River Estuary Wetlands suggests that metal
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672.
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676.
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The 3ZS 1388 wet.3and s37.3y 3T2Ies ToaT TosT infaunzl
sceci2s .ive ooThe ugter (0-10 ¢m) layer I otne
sedirent (3-60)

Most infaural species live in the upper (0-10 cm) Lavar
zZ the sedirent.

The SES (1988) wetland study states that among =he avizan
species recorded during the censuses there were a
comparatively high density of water birds for the ew
Zngland region at these dates. (3-67)

conducted in September 1986 at the Pope 3each site
recorded far fewer species and numbers of individuals
than the Acushnet Estuary September survey. (3-67)

The avian census conducted in September 1986 at the Pope
Beach site recorded far fewer species and numbers of
individuals than the Acushnet Estuary September survey.

The SES (1988) wetland study states that its comparisons
of the study site, the Upper Acushnet River Estuary, with
the Popes Beach site showed no significant reduction z£
bird species or density in the study site saltmarsh and
uplands edge habitats.

The SES (1988) wetland report states that the
Massachusetts Natural Heritage Program was unaware of azanv
rare plant or animal special population or ecologicai.v
significant natural communities in the study area. (3-81)

The Massachusetts Natural Heritage Program did not
consider the Roseatetern colony on Bird Island in
Buzzards Bay to be relevant to the SES study.

The SES (1988) wetland study states that elevated levels
of metal were detected in the saltmarsh vegetation. (5-2)

The SES (1988) wetland study states that the potential
adverse affects of metals released from marsh sediments
is the metal enrichment in the saltmarsh grass litter, an
integral part of the detrital food web within
saltmarshes. (5-2)°

The SES (1988) wetland study states that the avian census
did not reveal any decrease in bird diversity or
abundance at the Acushnet River Estuary when compared to
the control site. (5-3)
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579.

681.

682.

683.

684.

685.

a2 5Z5 (1388) weT.ani sTLlV 3TATS3 Tnat There L3 lils-ls
sclanztific Licerazurs zval.zola whlich Zeziiled =rhe
2ZZ2CcTs oI ZI2nMSUMLNT TlenmTilTETLU® 3TouUnTs I PIEs o
T3TiTus wWLLZLLIZI2 3ZecL2s

Thera 1s lltt.e sclentiiic LizTsracure which Zetallzsd -hs
effects of consuming guantizative amounts of ZC3s :n
varicus wildlife species. (3-3)

The SES (1988) wetland study states rthat heavy meta.s
appear to be bicaccumuiating within the bicta <f =
Acushnet River Estuary.

The SES (1988) wetland study states that metal
contaminants are of concern in the Acushnet River ZsTuzry
and its associated wetlands. (6-4)

The SES (1988) wetlands report states that since th
construction of the hurricane barrier, sediment accret:i:zn
rates in the Upper Acushnet River Estuary have ranged
from 1.7 to 4.0 cm per year. (7-1)

Sediment accretion rates in the Upper Acushnet River
Estuary range from 1.7 to 4.0 cm per year.

The SES (1988) wetland report, states that based on these
rates of accretion, 17 to 40 cm (0.6 to 1.3 feet) of
sediment would accumulate on the bottom of the estuary
within 10 years, covering existing contaminants. (7-1)

The SES (1988) wetland report, states that the zone of
bioturbation is primarily within the top 9 cm (3.5
inches). (7-1)

The zone of bioturbation is primarily within the top 9 cm
(3.5 inches).

Report/Source: Wetland study report for the New Bedford

Superfund Site: final report, IEP, June 1988.

686.

In part, this study purports to address bioaccumulation,
particularly biomagnification, of xenobiotic constituents
(including PCBs and various metals) in Acushnet River
biota.

a. Bioaccumulation is conventionally defined as
transfer of xenobiotic constituents from
unspecified environmental sources (e.g., water,
sediment and food) to agquatic organisms.
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icmasniiication LS ZoovenTiInally isfinanoa:
ransfer 2% xenzzizTic cons3TiTuenTs frsm ooz
Tow@r TTIsALCs 12val3 in fasnd smaing) moiv -
CIINL3ETS 1M 2UDSTEINTIAL ITCUNTS

Statements aprearind Throujnout This r2Torot
indicate that the author(s) may nct unders=znz
zhe difference between bioaccumulation and

olomagnification.

Such statements (or phrases) typlcaily em
terms “food chain” or "trophic  to refer
'bioaccumulation,’ Lleaving the reader .nsz.r2 :z3
to whether “general’ biloaccumulation cf
constituents in aquatic speclies occury:ing
different food-chalin or tropnic levels is ze.nz
alleged or, conversely, if biomagnificaticn
between trophic levels 1is being suggested.

o1y
O
R

In the IEP (1988) wetland study, it was suggested that
differences in the benthic community structure between
the wetland study areas could be attributed to
environmental variables other than concentration of

various

contaminants, ©.9., such as sediment textural

characteristics and sediment chemistry.

The study primarily focuses upon a food chain (wek) cha=
purportedly consisted of grass shrimp being eaten by
mummichogs and winter flounder.

a.

The PCB
limited

a.

No attempt was made to document through
site-specific food-habits studies that this
purported food chain is operative in the Acushne:
River wetlands.

No attempt was made to document temporal
variability of the purported food chain.

No attempt was made to relate age, size, or lipid
content of collected organisms to body burdens of
PCBS.

No preliminary estimate was made of the number of
organisms required to establish the presence or
absence of biomagnification at an acceptable
level of statistical precision.

data base for the main _focus of the study was
as follows --

Grass shrimp: three replicates for each of six
wetland areas (Areas 1,2 (a reference area in
another biocaccumulation study; Sanford Ecol.
Serv., 1988] 3, 4, 5, and 9):
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631.

692.

693.

3. Murmigchcegs: tnrze
Je<_.ind areas (=
2 jinTar Ilounisr:
ar23 (Area 2)
Confusion exists as bo T
In that the repors nc
e Wet.ands 2, 5, and 9"
Sites 2, 3, and 9" [(p. 1
states {p. 169] that 'Si

2 = Wet

The previously-referenced replicates for grass shris

mummichogs, and winter flounder appear to have been

2 r20.1C3TS83 Ior 2acn I Toras
z2a3 2, I, and 3); a=d

Twd rs2llC3T35 I o Tn® wETlin:
he saTo 1ng lccaticns zr fishes
ifies these samp.ing lccazizns =2

(p. 176 cf report; and Wewl.and

75 of report]. The report =zhen
te 1 = Wetlands 1, 3, and 3; 3i==

lands 4 and 9; and Sitce 3

Adetliand 2."

LS

analytical replicates of the same biological samples, (as
contrasted to replicates pertaining to different grcug

of animals),

thereby precluding a determination of

natural variation in body burdens of PCBs in these three
types of agquatic organisms.

The report is characterized by the critical omission of
not identifying whether PCB levels reported in organisms
pertain to wet or dry weight of organisms.

Evaluation of the purported grass shrimp and
mummichog/winter flounder food chain was reported to
indicate that:

a.

"movement of PCBs through food chains is

occurring...";

"PCB ... ingestion by mummichogs

is prcbasly

related more to its predation on consumer

organisms, such as shdmp

“the mummichog,

in turn,

no,
,

serves as a food source
for several species of larger finfish as well as
predatory wading birds
trophic levels is therefore likely ...": and

PCB transfer to these

"the winter flounder is also omnivorous, feeding
on isopods, copepods, amphipods, shrimp, crabs,
and some seaweed .... PCB
ingestion through any of these species is
possible .... biocaccumulation of PCBs through
these food chains is indicated by the data.”

worms, mollusks,

It was also reported that data "were geared" to
an evaluation of
"bioaccumulation/bioconcentration" patterns
between “lower trophic levels" and winter

flounder "or other sport finfish" [emphasis

added].
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riinter flouncder (an unspecified numzer £ 2
w~ere colleczed from just a sinjle werwl.and ar
(Area 2), which was supposed.y a reference a

It was reported that "flounder was only -3
of Werland 2, making comparisons wita =ais
specles impossible.”

Concerning 2CB biomagnification in the purzor=za2
grass shrimp - mummichog trophic link, it was
reported that "detailed statistical analyses
cannot be done on these data due to the
insufficient number of samples and subsamples"
and that "the data lack the power to discriminate
statistically significant differences between
species ... [or] trophic levels..

695. With regard to statistical interpretation of PCB body

burdens

a.

in grass shrimp versus mummichogs:

the mean PCB level in grass shrimp collected f::cm
all wetland areas except the reference area (Area

2) was 8.13 ppm (PCB values for individual —
wetland areas were: 7.63, 25.33, 2.40, 3.60, ard

1.67 ppm);

A7 4

the mean PCB level in mummichogs (also excludirg
the reference area) was 26.05 ppm (PCB values fcr
individual wetland areas were: 44.00 and 8.1 0

ppm) ;

a parametric statistical evaluation (parametric
unpaired “t" test) applied to the two data sets
(after Cochran's test indicated homogeneity of
variances of the two data sets) demonstrates the
absence of a significant difference¢ at P = > 0.10
(with the assumption of a two-tailed alternative
to the null hypothesis);

consequently, the observed difference ip PCB body
burdens of grass shrimp and mummichogs is
statistically nonsignificant.

696. The statement in the I[EP (1988) wetland study that the
data presented in the SES (1988) bioaccumulation study
“clearly indicate a PCB bloaccumulatlon/b1omagn1f1cat10n
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639. In order to collect an adequate number of samples wiznh
which to draw conclusicns regarding differences bertween
sampling results, it is necessary to document witnhin -
and between sample variability.

700. All conclusions reached in the SES (1987) or the IEP
(1988) biocaccumulation study are without foundation
because analysis of body burdens of PCBs in the species
sampled was conducted without regard to the individual
organism's age, size, sex, weight, or percent lipid
content. =

701. The statement in the IEP (1988) wetland study that
‘biomagnification of PCBs is apparent in several of the
food chains investigated and suggest a widespread
condition throughout the Acushnet River Estuary and
Buzzards Bay.,” is without basis.

702. 'No neoplasms or tumors were reported on livers of
examined winter flounder (13 fish).

703. The overall effect of PCB contamination and
biocaccumulation on the biological systems in the estuary
was reported as not being readily apparent.

704. A large part of this report (approximately S0%) was
devoted to bioaccumulation and biomagnification
investigations other than the IEP study (in particular,
the biomagnification investigation performed for the
Acushnet River estuary by Sanford Ecological Services
(1988]) as well as general and/or unsubstantiated
comments pertaining to the issues of bioaccumulation and
biomagnification.

705. Unreferenced independent investigations were cited as

having "... demonstrated the dethmental impacts of PCBs
on ... biological attributes in other fish species.”
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“er.and Study Report for tne New 3edford Surerfund Size zy I3,
Inc. (1988)

707. In the IEP (1988) wetland study wetland two, .ccac-ed
approximately 3,000 £f£eet to the east of the Acushne:
River Estuary., was se.ected as a comparative cr rsferancs
site to which wetlands in the New 3edford Harzcr Zszuarow
would be compared.

708. In the section of the IEP (1988) wetland study descrizing
sampling methodology for sediment collections, the word
"random" as used in the discussion does not apply in a
statistical sense.

709. In the IEP (1988) wetland study, samples of saltmarsh
sediments from the five wetland area studies indicated
that chromium, copper., lead., zinc, and PCBs were found at
all locations at similar ranges of concentrations.,

710. The IEP (1988) wetland study states that metal
contamination is widespread throughout the New Bedford
Harbor Estuary.

711. Metal contamination is widespread throughout the New
Bedford Harbor Estuary.

712. The IEP (1988) wetland study states that metal
contaminants may have been released from industrial
activities into the estuary over a longer period of time,
and in higher concentrations, than the PCBs.

713. Metal contaminants may have been released from industrial
activities into the estuary over a longer period of time.
and in higher concentrations, than the PCBs.

714. The IEP (1988) wetland study states that "the data from
both the SES {1987] and IEP (1988) (studies] have
limitations for extensive quantitative analysis; only
qualitative statements can be made regarding the
comparison of the two data sets."

715. The data from both the SES [1987] and IEP [1988]
(studies] have limitations for extensive quantitative
analysis; only qualitative statements can be made
regarding the comparison of the two data sets.
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720.

721.

722.

723.

724,

Tna IZz (1388) we<T.and 3TUIy 3T2TS3 TnaT oS Iliillcit. -
STaTements 2?2 Cacksd Ty rsccgnlizille trends LnoTns
sencenTrasiins 2f Shemizzls inoThe weslaind svITacs
LlThcugnh The 1mpllo3tiin I The DTV LLUS TwWT o 3TaTaTEnc:
s that any diffzrences in Zata colleczzd zZetween
respective wet.and areas can indicace a trand, =zhe
statistical foundaticn for concluding char rrends =xiss
1n ~hese data has not zeen estab.ished.

In the IZP (1988) wetland study. analysis cf wvariance
using different level taxa dy lumpling gerera wiznh
or orders resuits in information =that nhas lizzls2,
usefulness in defining or Zescribing the szructurs
benthic or intertidal communities since within zaxa
nigher than species there are likely to be a wvariszty ¢
niches occupied by various species.
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In the IEP (1988) wetland study, the use of diversicy
evenness indices to define a community structure is no:
presented in sufficient detail to ascertain whether or
not different taxonomic groups were included as part of
the analysis.

-

I
{1

In the IEP (1988) wetland study, if such community
structure indices as species diversity and evennes's
included different level taxa, then usefulness of the
community structure analyses is limited and conclusicrs
drawn from the analyses, misleading.

In the IEP (1988) wetland study, the fact that diversizy
index varied between sampling periods and wetlands is =z
foundation for quantifying the structure, function cr
health of the benthic wetland communities.

In the IEP (1988) wetland study, it was suggested that
differences in the benthic community structure between
the wetland study areas could be attributed to
environmental variables other than concentration of
various contaminants, e.g., such as sediment textural
characteristics and sediment chemistry.

Differences in the benthic community structure between
the wetland study areas could be attributed to
environmental variables other than concentration of
various contaminants, e.g., such as sediment textural
characteristics and sediment chemistry.

The IEP (1988) wetland study states that: "diversity in
wetland one, the wetland study area in the upper estuaryl
was low, indicative of the stress, as estuaries generally
are (Rhoads, et. al., 1978)."

~42-



T23 Thne filversity LnoTne weT.ani sTudy irsa Lo o-ne UoIes
IsTuary was Lcw, .ndicative oL The sTress, a3 2sTuiifiscs
zen2ra.ly 3zz2 (Rhcads, =23, 2l 1378)

22 e finiisn $opU.3tion sTUCY JondulIEc Ty 1EP lnoTnals
1388 wezland stucy nas little uselulness 1n delining Tos
joouxac cn structure and usage of the New 3edicrzd Harz:ceo

R

[
w
(re

tuary zZy endemlic cr migratory finfish scecies tecau
~ne sampling methodology emplcyed and the samp.ins
equency used.

[RINOD L

hr"\

727. The finfish study conducted by IEP (1988) in their
wetland study failed to guantitatively estimazes wiz:h
reliability, either demersal or celagic finfisa scec:
oecause of the sampling metnodology employed and zhe
sampling frequency used.
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728. Any conclusions reached in the IEP finfish study (1388)
conducted during the wetland study are speculative
because the {foundation of] data used in making these
conclusions is inadequate.

729. In the study of avifauna conducted during the IEP (1988)
wetland study, there was no data collected that would
indicate frequency or fidelity of usage of the Upper New
Bedford Estuary as a feeding habitat for any of the:'tern
species. -

730. During the IEP (1988) wetland study no species listed as
threatened or endangered were observed in the New Bedfcrid
Harbor Estuary during the study period.

731. In the IEP (1988) wetland study, there were no neop.asmTs
or tumors of the livers observed in the winter flounder
Pseudopleuronectes americanus, that were examined.

A Wetland Analyses in a Highly Polluted Harbor - New Bedford.
Massachusetts, USA by the Army Corps of Engineers USACE-NED
(1989)

732. The USACE-NED (1989) wetland analysis report states that
the least tern nests primarily on mainland beaches in
variable size colonies and forages on the silverside,
Menidia menidia.

733. The least tern nests primarily on mainland beaches in
variable size colonies and forages on the silverside,
Menidia menidia.

734. In the USACE-NED (1989) wetland analysis report, any
conclusions related to differences in community structure
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3¢t the IZP (1988) and tne USACE-NED (1389) repcrss zhas
Ce.. 2Xtracts frcm the soft snell ¢lam (Mva arsrnaria)
tumors were related to presence of PC3 congeners, c.zinz
a paper by Relnisch et al., (1984).

The cenclusion by IEP (1988) and USACE-NED (1389) Zces
not correctly portray zhe conclusicns or the Zasis I:or-
the conclusicns reached in the Reinisch et a:., (138%1)
report.

In the discussion of biocaccumulation findings in che
USACE-NED (1989) wetland analysis report, all statements
indicating that biomagnification may be taking place with
any of the food chains studied are without statistical
foundation. Differences seen may have been attributable
to chance.

Statements in the USACE (1989) wetland analysis reporct
relating to the capability of certain speed currents
resuspend certain size sediment particles do not take
into consideration the other physical factors in the
sediment bed that retard the resuspension of sedimenz
particles. (28)

The statement in the USACE-NED (1989) wetland analys:is
report relating current speed to resuspension of sedimen:
particles is therefore inaccurate.

Statements in the USACE-NED (1989) wetland analysis
report relating to differences in the community structure
in the wetlands studied are not supported by the data
since the analysis was confounded by taking into
consideration different level taxa within the comparison
period.

Utilizing taxa above species level in statistical
comparisons or in community structure indices does not
adequately account for the fact that generally subtaxa
within families or within orders may have substantially
different ecological niches. .

In the USACE-NED (1989) wetland analysis report,
community structure indices and other analyses compared
the results of samples using taxa, some of which were the
generic or family level.
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In The USACI-NID (1383) wez.z:nd z2nalvsis regcrT, =--os
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1naZeguiTte s3amp.lilng flan

"g-ndQ,;S -~ F ~'v~e FimFEFYorm AT - - -t Tty STomecrare ~
Studies of zhe finfish compunity .n the Ucrer Tuary i

vew 3edford Harbor ugon which the JSACE-NED (1389)
wetland ana.iysis repors relies were flawed by havinz
inacdeguate sampling both in terms of replicarion ci
samples and frequency of samples.

Conclusions reached in the USACE-NED (1989) wertland
analysis report relating to the finfish communiczy and
Cpper New Bedford Harbor are based upon inacdeguate
numbers of samples.

The USACE-NED (1989) wetland analysis report states (rasz2
36) that the concentration of Aroclor 1254 in che
ring-billed qull, the muscle, the snail, and the mouse
indicates that biomagnification may be taking place
within this food chain.

The reports upon which the USACE-NED (1989) wetland
analysis report relies have not developed a statistically
reliable foundation with which to make this conclusion
relating to biomagnification.

The conclusion in the USACE-NED (1989) wetland analys:is

report that the data for Peromyscus leucopus "suggest
that biomagnification of PCBs may be taking place withi=z
this food chain as well" is not supported by the darta.

There is inadequate data from the study of Peromyscus
leucopus in the USACE-NED (1989) wetland analysis repor=:
to base any conclusion on biomagnification within a fcod
chain participated in by Peromyscus leucopus.

In the USACE-NED (1989) wetland analysis report, the
statement that "in general the data show a gradual
increase in the order of magnitude of the PCB
concentration from vegetative matter to herbivore/filter
feeder levels is not supported by the data.

The statement in the USACE-NED (1989) wetland analysis
report relating to the relative concentration of PCB from
vegetative matter to herbivore/filter feeder level is
inaccurate.

The USACE-NED (1989) wetland analysis report states that
“to ascertain whether animal populations are in decline
due to the presence of contaminants or other biotic
factors within the estuary, transplant experiments and

‘experiments which expose organisms to known quantities of

existing contaminants need to be performed." (39)
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The TUSACZ-NED (1389) wetland anaiysis report sza

clant bliomass vegetatiwve structure, zenthic an

cocmmunilty composition structure and avian dir
Y'“

and mammal do not demonstrate PCB and heav
contamination effects.

736. Composition and structure of the avian 7 in <he
wet.ands in New 3edford Harbor dc nor S
contaminaticn effects. (39)

757. With regard to the IEP study., Bellm: .-ted that ro
neoplasms were observed on livers of winter flounder (13
fish) collected by LEP.

758. With regard to both the IEP and Sanford studies (and
possibly other studies), Bellmer stated that “"despite
very high levels of contaminants as well as evidence of
biocaccumulation, these [NBH] wetlands are functioning as
effective systems and they have high resource values.
These wetlands continue to support and produce biota
representative of New England estuaries. Plant biomass
and vegetative structure, benthic and fish communizy
composition .and structure, and avian and mammal {sic] <o
not demonstrate PCB and heavy metal contamination
effects. Most data for PCBs found in the literature are
from tissue level studies."”

759. With regard to the IEP and Sanford studies (and possibly
.other studies), Bellmer concluded that "... these data
showed no clear evidence for biomagnification...”

BENTHIC STUDIES, New Bedford Superfund Project Benthic
Sampling, Prepared by Sanford Ecological Services, Inc. January
1987 _

760. Sanford Ecological Services, Inc. (SES, 1987) conducted a
sampling of the benthic community in New Bedford Harbor
“for the purpose of determining the existing benthic
community within the area."”

761. The SES (1987) study states that 22 randomly selected
stations were sampled at each of which 3 samples were
collected using a Smith-McIntyre grab (0.1 meter 2 1n
area). .
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Thers L3z o olnZizaticn i oTnhe SIS (1387 zentohiz oztold
Tnat szTaticons samg.ad were gncsen faniiTly, 1na
5Tatistical sense, Cr =tnhat -2rplicate samplos Tiken it
23cn statlicn were chosen in a randem fashicn, in a

sTat.stical sense.

It is unclear how many samp.ing stations were used in =na
SES (1387) study.

(A1}
n
N

SES (1387) renthic study indicated that a tctal =
benthic samp.es were ccllected.

There is no indication that in the laborartory
identification of species in the SES (1387) tenthic s=zuivy
the quality control prccedure for resorting samples was
effective and accurate in determining the identificart:ion
of species or species abundances within a sample.

There is no documentation as to why some species were
categorized as infaunal versus epifaunal species.

In the SES (1987) benthic study. it is not clear whether
station 16 had 3 replicates sampled or only 2.

In the SES (1987) benthic study. there is no
justification other than conjecture that sample 17-3 was
actually a sample taken from station 16.

In the SES (1987) benthic study the listing under
polychaetes of the species Hydroides dianthus may ce
same species as individuals classified as Serpulidae

-

)
®

Ur ot
¢

The Infaunal Community of a Polychlorinated Biphenyls Polluced
Harbor, New Bedford, Massachusetts, USA (Bellmer, 1988)

771.

772.

773.

Bellmer (1988) states that "The analyses presented in
this text are based on limited data (one sampling
period). This analyses [SIC] should be viewed as
preliminary in nature."

The Bellmer (1988) report states that “physiological
studies indicate no clear relationship between pollutant
concentrations and the survival of benthic organisms.”

The Bellmer (1988) report states that "the use of a
community structure indices{al] with these data is
effective for revealing the ecological effects of PCB and
heavy metals."
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There s no sclentific jusziiicaTticn for cone.ulinI oTos
statement referenced above

In the Zel.rer (1988) zentnli:z rezcrs zhe reisrenzce -
Sokal and Rehif (19380) discussing zhe desian 22 zZh2
zenthic f£ield sampling zrogram is misleading Sckai ani
Rohlf (1980) had no part in designing this £field samrplinz

crogram.

The Bellmer (1988) study states that 22 stations were
sampled using a 0.1 m2 Smith-McIntyre grab.

The Bellmer (1988) study states that 4 stations in zhe
upper estuary were sampled using a Van Veen grab which
sampled the surface area of 0.04 m2.

The 0.04 m2 Van Veen grab sampled area approximately 2.3
times less than the 0.1 m2 Smith-MciIntyre grab.

In any benthic study the number of species and
individuals sampled should be determined based on the
surface area and volume of the sediments sampled and is
dependent upon the characteristics of the distribution of
each species.

There is no evidence that the characteristics of the
distribution of the species sampled was taken into
consideration in designing the sampling plan in Bellmer
(1989).

There is no indication in the Bellmer (1988) benthic
study that the results from sampling with the 0.04 m2 Varn
Veen grab and the 0.1 m2 Smith-McIntyre grab were
normalized to account for the use of different size
sampling gear.

There was no intercomparability study conducted between
the 0.04 Van Veen grab and the 0.1 m2 Smith-McIntyre grab
to assure that the basis for comparing the results of
these samples was valid.

Such an intercomparability study should have been
conducted to validate the comparison of results from the
two different-sized grabs.

In Table 1 of the Bellmer (1988) benthic report, the
numbers of species and numbers of individuals collected
at each station is substantially different from the
numbers of species and individuals collected from each
station as reported in the SES (1987) study.

The (number of] species reported in the SES (1987)
benthic study includes taxa that are at a higher level of
species, i.e. genera and family.
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Tven if sgecies repor:zad as epifaunal species zy SES
(1987) are eliminated from the SES (1987) data zables.
the number of species and individuals are not the sare as
reported in Table 1 of 3ellmer .('1988).

There are many environmental variabilities including
sediment characteristics as well as salinity,
temperature, and dissolved oxygen, that can afiect =zhe
distributicon and abundance of species.

Only a limited number of environmental parameters
associated with these other characteristics were
documented in the SES (1987) benthic study.

It is probable that the distribution of species in the
New Bedford Harbor Estuary is limited by the sediment
oxygen demand.

It is likely that the species distribution and abundance
in New Bedford Harbor is limited by interspecific
dynamics of the endemic species.

It is probable that the distribution and abundance of
benthic species in New Bedford Harbor could be limited :

O
=<

food supply.

It is probable that the distribution and abundance of
benthic species in New Bedford Harbor could be limited by
habitat availability.

It is probable that the distribution and abundance of
benthic species in New Bedford Harbor could be limited
New Bedford Harbor by predation.

b
1]

The statement in Bellmer (1988) that "several studies
have shown a strong relationship between grain size and
organic content of the substrate (Mayer, et. al. 1985)"
has no relevance to this analysis of the behthos in New
Bedford Harbor.

In the Bellmer (1988) study the statement that "the
density of individuals per samplals] ranged from 1,450 to
20,875" is of limited usefulness since no units were
presented.

The various regression analyses presented in the Bellmer

(1988) benthic report are of no usefulness since it has
not been demonstrated in any way that numbers of species
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In the Bellmer (1988) benthic study Figure 7d is
meaningless since the abscissa units are meaningless.

In the Bellmer (1988) benthic report Figure 7e is
limited usefulness since it has not been demonstra
that the density of species varies either linearly
logarithmically with concentration of PCB.

(1 O

In the Bellmer (1988) benthic report Figure 7f is of no
usefulness because the units on the abscissa have not
been specified and there has been no demonstration that
numbers of species vary in any way linearly or
logarithmically with concentration of mercury.

In the Bellmer (1988) benthic report Figure 7f is of no
usefulness because the units on the abscissa have pot
been specified and there has been no demonstration that
numbers of species vary in any way linearly or
logarithmically with concentration of arsenic.

In the Bellmer (1988) benthic report Figure 7h is of nc
usefulness since the abscissa has no units and there has
been no demonstration that arsenic levels vary linearly
or logarithmically with Shannon diversity indices.

In the Bellmer (1988) benthic report Figqure 7h is of no
usefulness since the abscissa has no units and there has
been no demonstration that arsenic levels vary linearly
or logarithmically with Pielou evenness indices.

In the Bellmer (1988) benthic report the statement that
the study results show that the infaunal data (i.e.
number of species, community index, community evenness)
do correlate(d] with the levels of pollution has not been
demonstrated in any way.

In the Bellmer (1988) benthic report the statement that
“as these {contaminant] levels increased in the samples
the number of species decreased" is of limited usefulness
since no cause and effect relationship has been
demonstrated.

In the Bellmer (1988) benthic report the statement that
"“infauna are more sensitive to pollution than epifaunal
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Bedford Harbor.

The statement in the Bellmer (1988) study that 'the
infaunal benthic community in the study is responding <o
the high levels of PCBs in the sediment” has not keen
demonstrated by the data or the analysis resulting fronm
this report.

In fact, any changes in the benthic community documencad
by Bellmer (1988) could just as well have been a resu.:
of other environmental variables measured or not measured
in this study, i.e., sediment oxygen demand, organic
content of sediments, salinity or temperature regime, and
interspecific species dynamics.

It is stated in Bellmer (1988) that "the response record
here may be due to some degree by other factors (e.g.,
other pollutants, etc.) not measured during this sampling
effort.”

The statement in the Bellmer (1988) benthic report that
both the evenness (J') and diversity indices (H')
decreased with an increase in the PCB concentrations
should not be taken to imply a cause and effect
relationship based on the evidence presented in this
report.

The statement in Bellmer (1988) benthic report that "in
this study the species community indices (H' and J') and
regression analysis have detected infaunal community
changes due to pollution” has not established any cause
and effect relationship.

Wwithin the context of this report it is a misuse of
community analysis indices.
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CONPARISON OF WEV BEDFORD NARSOR BENTNIC $PECIES
VITH SPECIES IN OTMER LOCAL ESTUARICS

SECTION VII
TABLE I
(RFA NO. 54)

iV szoPORD W NMAVEN THANES POCASSEY PETTAQUANSCUTT
HARSOR KARBOR RIVER RIVER ~ RIvVER
(Upper estuary)
BENTHIC sPCCIES
Polychaeta:
Soccoardiolia hameta [} . - . -
Sranls clavets - . - - 3
Copitolls capitets t A . Lc c
Eteons hoterupede [ [4 - Lc
Eunida sanguiness ({4 r - - -
Glycors amricers [ (4 . . .
Hetoremsotus f{l{formis te r - 4 Lc
tiypaniela prayl - . - A \c
Lubrineris tenule [} r . . -
Naldarwneis slongats - r [ - .
Nediameatus ambiscts (£ r . . -
Nephtys ceeas - - 4 . -
Vepthys incisse ] \C - - -
Nerels scuminats Lc . - - -
Nereols sucsinge te A . c c
Neorels virfens ] r 14 . .
Hinoe nigripes - . (14 - -
Pectinarie pouldid ic r A L ] .
Podarke ocbasure e r . . .
Polyders Lipgn Lc 84 Le c Le
Polydera seeialis Lc r - - -
Pygospie elegens - - . ¢ -
scolecoleplides virides - r - Lc (84
Scoteples freptits - 4 - e -
Scoloplos robustus . . K . c
Sthenalais bos [ r - . .
streblesple benedicti A A . A A
Theryx scutus A r . - .
Tharyx ep. - . - Le -
TOTAL POLYCHAETE SPECIES: 19 20 ? 1" 10
NOTES s
A = Abundant R = Rere

C = Common

LC & Lese coswon - « Not reported

r ¢ Rare (inferred frem literature)

Sonthic specien data derived from the follewing seurces: Now Bodford Nerber (Sanford Ecological
Servicos, 1987), New Naven Horber (Normandesu Associstes, lnc., 1979), Themes River (Tulduriend,

10733, Pecasset River (Sonders ot al., 1965), and Pettaquamscutt River (Mylend, 1981).

Species totals ore for purpeses of comparison end, genersily, do not Include species collected

tren less then ({ve perecnt of the semples.
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SECTION VII

COMPARISON OF NEV BEDPORD NARBOR BENTHIC SPECIES '{gngNCI) 54)
UITH SPECIES 1N OTHER LOCAL ESTUARIES =
NEV SEOFORD NEW WAVEM TUANCS POCASSET PETTAQUANSCUTT
NARBOR WARDOR RIVER fiver RiVER

CUpper eetuery)
BENTNIC SPECIES

Ol {gochacte:
Tuiffcoldes gabriells - - - (rot identified) A
Tubiticolides spp. [4 . - (not (dentified) .
TOTAL OLIOOCRAETE SPECIES: 1 0 0 '3 1
Crustacest
Arpelisce ahdite . . . . ¢
Anpelisca vagerum [ e - . .
Cragnen septesspiness L] te . [} -
GCammarus sucronatus - . . . \C
GConmarys oo - - . .
Gommarus tigeinis - - . A ) .
Kierodeutopus grytlotaips. (¥4 . o - hd
ticomysis ameticera . Lc . . .
Nosperepe sayl L . - - .
Rhfthropenoeus herrisi{ - - . . te
TOTAL CRUSTACEAN SPECIES; 4 3 1 e 3
Sivalvia:
Comuva gomma ic A . A .
Necoma belthice - 4 ‘ - ic Lec
Macame mp. . . . . *
Harceraris vorsensris \C r c L} .
Hul (nfa Letersiis [€ 4 (€ . - -
Mys arensris ic r \c e .
Telline ogille Le L - - -
TOTAL SIVALVE SPECIES: H é 4 2
Gestronde:
Crepiduls fornicata Lc r - . .
“”r”‘. . e . - A -
Nassarius obsoletuc [ A c r .
Nessarius trevisttus [ ] r . . .
Tergipes despectus - - . . 3
Yoldia timatuls - ¢ [ 3 - -
TOTAL GASTROPOD SPEC1E8: 3 & 2 2 1
TOTAL SPECIES NUMBER: 32 33 12 3 16
NOTES!
A © Abundant R = Rare
C ¢ Conmmen r * Rare (inferred frem litersture)
LC « Loss commen "+ @ Kot reperted

fenthic species date derived from the fellowing sources: New Bedferd Narbor (Sanferd Ecelogicat
services, 1987), wew Naven Narbor (Normercissu Associates, (nc., 1979), Themea River (Tolderisnd,
1975), Pocasset River (Sanders et al., 1965), snd Pettiaquemucult River (Nylsnd, 198%).

Specics totals are for purpuses of comparisen and, gonersily, do not include species collected

from Lens than five percent of the camples.

027315

“ws
.

D

‘werd?


http:loner.Uy

8l6.

g8L8.

70 the extent that 2C8 ccngeners may have ¢l

[ Y

(1 tn
iy

17

)]

ot

toxicologica.: effects zc aguatic organisms, it has ncs
seen veriiisd that methodolcgiass utillizing rat hemat:iTa
cells to predict sugsested zoxic can gredict abscluz2

toxico.ogical: effect 2f thes2 ccngeners cn aguatic
organisms in dloassays c¢r in the environment.

There have been very few aquatic exposure biassays
utilizing different PCB congeners with aquatic ctoxicity
species.

A relative paucity of information resulting from expcsurza
of aquatic organisms to wvarious PCB congeners :in acuzs
chronic bioassays prevents reliable predictions cf =zne
absolute effect or PCB congeners in the environmenrt.

Assessment of Quincy Bay Contamination, Summary Report prepared

for U.S. Environmental Protection Agency Region I, Boston,

Massachusetts. June 1988,

819.

820.

821.

822.

823.

824.

A study was conducted to investigate the types and
concentrations of pollutants in sediment deposits in
Quincy Bay. Massachusetts, the incident of abnormalities
and patterns of various contaminants, including PCB, PC3
distribution in marine life and the potential public
health implications of consumption of seafood exposed to
contaminated Quincy Bay sediments for USEPA Region I o
Metcalf & Eddy.

Quincy Bay sediment and aquatic organisms living in
Quincy Bay are associated with various contaminants
including lead, chromium, copper, PCB and PAHs.

Studies prepared for U.S. EPA report that in both Quincy
Bay and New Bedford Harbor, hepatopancreas tissue
("tomalley") levels of polychlorinated biphenyls ("PCBs')
exceeded the US FDA Tolerance Level.

In June 1988, EPA released a study of lobster taken from
Quincy Bay, entitled "Assessment of Quincy Bay
Contamination, Summary Report," June 1988 ("EPA Quincy
Bay Study").

Results of the EPA Quincy Bay Study as set forth in
Attachment Q.VII.002S indicated that the edible tissue of
both winter flounder and the lobster had PCB
concentrations lower than the U.S. FDA tolerance level.

The results of the EPA Quincy Bay Study found that the
tomalley exceeded the U.S. FDA tolerance level with
concentrations being found up to approximately 61 parts
per million wet weight.
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326.

827.

828.

829.

830.

831.

832.

833.

834.

835.

@ I2A Quincy 3ay Study data repcrzaed ITnat somgss.its
lodster meat, exciuding the tcmal.ey, conzained 0.203 --
272 par=zs ger millizn ( zom') 2C3s.

.incy 3ay Szudy Zas

3ased cn recorted levels, zhe Z2a Zu:t 3
r tocmalley measured a

on PC3 levels in Quincy 3ay iobste
mean of 43 ppm net weight.

1987 EZPA data on PCB contaminatibn in tomalley tissue :in
New Bedford Harbor lobster were reported at
concentrations of 22.136 ppm for Closure Area 2;

14.414 ppm for Closure Area 3; and 3.691 ppm for Closure
Area 4&.

The EPA Quincy Bay Study reported measurements of mean
PCB level in Quincy Bay lobster tomalley tissue exceecded
the maximum reported levels of PCB contamination in
tomalley tissue in three of the four closure areas of New
Bedford Harbor.

While a maximum measurement of 80.308 ppm was reportedly
found in lobster hepatopancreas tissue from Closure

Area 1 in New Bedford Harbor, this measurement was based
on samples taken from a single lobster.

Reported levels of PCBs found in lobster from Quinty Bay
are similar to the median PCB levels reported for
lobsters from the outer area of New Bedford Harbor, which
is closed to lobstering.

One of the recommendations that followed from the study
was that the Massachusetts Department of Public Health
(DPH) should immediately issue a human health advisory
regarding a risk from consumption of lobster tomalley.

In connection with the issuance of the EPA Quincy Bay
Study, Paul Keogh, Deputy Director of Region 1, EPA,
stated, "We fully expect they (Massachusetts DPH] will be
issuing an advisory. warning the public not to eat
lobsters not just from Quincy Bay but from any urban bay
in Massachusetts." (Patriot Ledger, June 20, 1988.)

After the completion of the EPA Quincy Bay Study, EPA did
not recommend the closure of Quincy Bay to lobster
fishing.

After the completion of the EPA Quinéy Bay Study, the DPH
did not close Quincy Bay to lobster fishing.

After the completion of the EPA Quincy Bay Study, on or
about June 20, 1988, the Massachusetts Department of
Public Health (“DPH") issued a public health advisory
stating that persons eating lobster should not eat the
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336.

837.

838.

839.

840.

841.

842.

843.

tomai.ey. DJPH did nct staze that consumers shculionc-
eat lobster from Quincy 3ay or other urban Zays o
Massachuse=<s.

rring o the E23A Quincy 3ay sztudy, the DA TiszTric-
ctor stated. “In my belief, the concern over thne

s of consuming lobsters was cverstated. It was
stated by people who put out reports that <he sKy :is
ng." (Boston Globe, April 9, 1989, South wWeexkly

In August 1988, the federal Food and Drug Administratizn
("TDA") completed a study of lobster from Quincy 3ay an?d
other areas ("TDA 1988 Lobster Study").

The lobster meat from Quincy Bay that was analyzed in =-he
FDA 1988 Lobster Study included the lobster tomalley.

The findings of the FDA 1988 Lobster Study as to analyses
for PCBs in lobster meat, including the tomalley, were
trace levels of PCBs in most lobster, PCB levels no
higher than 1.2 ppm in composite samples of lobster from
Quincy Bay., and PCB levels of 6.3 to 9.7 ppm in tomalley
of lobster from Quincy Bay.

The FDA 1988 Lobster Study stated, "FDA scientists'and
expert advisors have concluded that the amount of
tomalley consumed by an individual eating a lobster meal
would have no toxicological significance because the
tomalley represents an insignificant portion of a
consumer's average total diet. Consequently, there are
no toxicological reasons for consumers to refrain from
eating tomalley as part of a lobster dinner.”

After the issuance of the 1988 FDA Lobster Study, the FDA

-District Director, Edward McDonnell, stated, "Looking at

these most recent samples [of samples from February 1988
through August 1988], there is no reason to question or
to suggest a curtailment of commercial lobstering."” (The
Patriot Ledger, Tues., October 4, 1988 at 42.)

In June of 1989, FDA again tested lobster from Quincy Bay
and Boston Harbor for PCB levels ("FDA 1989 Lobster
Study"”). The findings of the FDA 1989 Lobster Study were
that levels of PCBs in composited samples of lobster
meat, including the tomalley, ranged from 0.19 to 0.64

ppm. :

The FDA 1989 Lobster Study results, like the FDA 1988
Lobster Study results showed levels under the FDA limit
of 2.0 ppm PCBs in the samples of lobster meat.
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Referring to the results of the DA 13839 Lcbs:

rin 2r 3T.
Jr. Rcbert Scheuplein, Acting Directer of =he Qffice
cXicological Sciences, of =zne DA Center f5r Fccd Sa
and 2ppilied Nutriticn, stated, 'ire they sali2? Tes,

eat clhem. ut is there a small risgk? Yes, dDut it
wouldn = dissuade me from eating them or <iving zhem
my children. In the absence of better informaticn, we
<hink that the risk is so small you can ignore it. 1=
much smaller than you get in a normal diet." (3Bostcn
Globe, July 6, 1989 at 19.)
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Alleged Injury to Birds

Birds In General

A. Roseate Terns

845. Prior to approximately 1920, herring qulls and black-backed
gulls were not known to nest in or around Cape Cod, New Bedford
Harbor, or the surrounding area.

846. Monomoy Island, Massachusetts, is the home of the largest
colony of herring gulls and black-backed gqulls in the
northeastern United States, and one of the largest in the world.

847. Since at least 1930, the population of herring and black-
backed gqulls in or around Cape Cod, New Bedford Harbor, and the
surrounding area, has increased significantly, due primarily to
the increased availability of food from landfills or garbage
dumps.

848. Between approximately 1930 and the mid-1970's, the
population of roseate terns in or around Cape Cod, New Bedford
Harbor, and the surrounding area, decreased due to the increasing
population of black-backed gulls.

849. The primary threat to the present population of roseate
terns in or around Cape Cod, New Bedford Harbor, and the ,
surrounding area is the large populations of herring and black-
backed gqulls.

850. Herring and black-backed gulls prey on the eggs and chicks
of roseate terns, thereby effectively limiting or diminishing the
population of such terns.

851. Roseate terns are fishers, not scavengers, and feed
exclusively on prey which they capture, and do not feed on refuse
from landfills or garbage dumps.

852. Black-backed gulls are scavengers and will feed on refuse
from landfills or garbage dumps.

853. While the availability of food for roseate terns has
remained substantially unchanged, the availability of food for
black-backed gulls has increased dramatically due to the
increased number of landfills and garbage dumps in or around Cape
Cod, New Bedford Harbor, and the surrounding area, which has led
to a significant increase in the population of black-backed
gulls.



854. Herring and black-backed qulls are physically larger than
roseate terns.

855. Herring and black-backed gulls are more agressive than
roseate terns.

856. Herring and black-backed gulls begin nesting earlier than
roseate terns..

857. Herring and black-backed gulls are highly aggressive in
defending their nesting territories from other species, including
roseate terns.

858. Since the late 1970's, herring and black-backed gulls have
displaced large numbers of roseate terns from various colonies in
and around Cape Cod, including Monomoy Island, Massachusetts.

859. Prior to the late 1970's, Monomoy Island was the largest
and most important nesting area for roseate terns in the
northeastern United States.

860. The reduction of nesting sites of roseate terns in the
northeastern United States is largely attributed to the increased
populations of herring and black-backed gulls.

861. There is no published information regarding what pollutants
or contaminants exist in or around the migration paths or the
wintering grounds of roseate terns that nest in the northeastern
United States.

862. In 1989, the U.S. Fish and Wildlife Service released a
report entitled "Roseate Tern Recovery Plan Northeastern
Population" (“"Roseate Tern Recovery Plan®).

863. Thc Roseate Tern Recovery Plan wvas prepared by Ralph
Andrevws, Gerry Atvell, Bradford G. Blodget, Ian C.T. Nisbet,and
Michael Scheibel at the request of the U.S. Fish and Wildlife
Services.

864. The Roseate Tern Recovery Plan is a business record, which
wvas prepared or received and kept in the ordinary course of
business; it was the ordinary course of business for the U.S.
Fish and Wildlife Service to prepare, keep and maintain such
records; and the record was made or prepared at or near the time
of a reqularly conducted business activity of U.S. Fish and
Wildlife Service by or from information transmitted by a person
with knowledge of such activity. ‘

865. The Roseate Tern Recovery Plan is a record, report -
statement or data compilation of a public office or agency which
sets forths the activities of the office or agency, or matters
observed pursuant to duty imposed by law at wvhich matters there
was a duty to report, or factual findings resulting from an

-2 -

~

-



investigation made pursuant to authority granted by law.

866. Statements and conclusions in the Roseate Tern Recovery
Plan are admissions of the United States.

867. Statements and conclusions in the Roseate Tern Recovery
Plan are admissible in evidence.

868. According to the Roseate Tern Recovery the population
of roseate terns in the northeastern United Sctates "has been
relatively stable since 1977."

869. The population of roseate terns in the northeastern United
States has been relatively stable since 1977.

870. According to the Roseate Tern Recovery Plan, most of the
roseate terns which nest in the northeastern United States
migrate to and winter along the coast of South America.

871. Most of the roseate terns which nest in the northeastern
United States migrate to and winter along the coast of South
America.

872. According to the Roseate Tern Recovery Plan, roseate terns
nesting in the northeastern United States spend a total of
approximately 8 months of each year in transit during migration
or at their wintering grounds.

873. Roseate terns nesting in the northeastern United States
spend a total of approximately 8 months of each year in transit
during migration or at their wintering grounds.

874. According to the Roseate Tern Recovery Plan, roseate terns
breeding in the northeastern United States spend a total of
approximately 4 months of each year in their breeding areas.

875. Roseate terns breeding in the northeastern United States
spend a total of approximately 4 months of each year in their
breeding areas.

876. According to the Roseate Tern Recovery Plan, in the
northeastern United States, there is no evidence of substantial
mortality of adult roseate terns during the breeding season.

877. For the northeastern United States, there is no evidence of
substantial mortality of adult roseate terns during the breeding
season. . .

878. According to the Roseatse Tern Recovery Plan, roseate tern

nesting pair populations at Bird Island, Massachusetts ("Bird
Island®) have increased since 1977.

879. Roseate tern nesting pair populations at Bird Island,
Massachusetts ("Bird Island®) have increased since 1977.

-3 =



880. According to the Roseate Tern Recovery Plan, roseate terns
nesting in the northeastern United States generally breed with
high success.

881. Roseate terns nesting in the northeastern United States
generally breed with high success.

882. According to the Roseate Tern Recovery Plan, in the absence
of predation, the main cause of roseate tern hatching failure is
desertion.

883. 1In the absence of predation, the main cause of roseate tern
hatching failure is desertion.

884. Roseate tern nesting pair populations at Bird Island
fluctuate from year to year due to such factors as migration to
other colonies and predation.

885. According to the Roseate Tern Recovery Plan, if chemical
pellution had adverse effects on the roseate tern population in
the northeastern United States, such effects were probably
limited to the period before the mid-1970's.

886. If chemical pollution had adverse effects on the roseate
tern population in the northeastern United States, such effects
were probably limited to the period before the mid-1970's.

887. According to the Roseate Tern Recovery Plan, the chief
threat to the roseate tern population in the northeastern United
States is the large populations of black-backed and herring
gulls. .

888. The chief threat to the roseate tern population in the
northeastern United States is the large populations of black-
backed and herring gulls.

889. According to the Roseate Tern Recovery Plan, in the
northeastern United States, roseate terns, chicks and eggs are
subject to predation by great horned owls, black-crowned night-
herons, herring and great black-backed gulls, peregrine falcons
and ants.

890. In the northeastern United States, roseate terns, chicks
and eggs are subject to predation by great horned owls, black-
crowned night-herons, herring and great black-backed gulls,
peregrine falcons and ants.

891. PCBs have been detected in the eggs of roseate terns
collected at Falkner's Island, CT; Monomoy, MA; and Great Gull
Island, NY.

892. The plaintiffs have no evidence to present that
demonstrates that any roseate tern has ever died as a result of



PCBs.

893. The plaintiffs have no evidence to present that
demonstrates that any roseate tern has ever been injured as a
result of PCBs.

894. New Bedford Harbor is not a frequent feeding area for a
majority of the population of roseate terns nesting 1n the
northeastern United States.

895. According to the Roseate Tern Recovery Plan, "the impact of
an oil spill or disease outbreak could be particularly
devastating” to the population of roseate terns nesting in the
northeastern United States.

896. Other than predators, the single greatest threat to the
population of roseate terns nesting at Bird Island is ther
possibility of an oil spill in Buzzards Bay or the surrounding
area.

897. The o0il spilled by the passenger vessel Bermuda Star in
Buzzards Bay in June, 1990, represents a threat to the population
of roseate terns nesting at Bird Island which is more serious
than any threat posed by the presence of alleged PCB
contamination in New Bedford Harbor.

898. The continuing threat of oil spills in Buzzards Bay
represents a threat to the population of roseate terns nesting at
Bird Island which is more serious than any threat posed by the
presence of alleged PCB contamination in New Bedford Harbor.

899. According to the Roseate Tern Recovery Plan, outbreaks of
shellfish poisoning caused by blooms of the marine dinoflagellate
represent a threat to the population of roseate terns nesting at
Bird Island.

900. Outbreaks of shellfish poisoning caused by blooms of the
marine dinoflagellate represent a threat to the population of
roseate terns nesting at Bird Island vhich is more serious than
the presence of PCBs in New Bedford Harbor.

901. In an article, O lorine Residues in Common Terns and
Associated Estuarine Organisms, Massachusetts, USA, 1971-81,
Marine Environmental Research, 11:33-66 (1984), authored by Dr.
Nisbet, it was stated that "In Buszards Bay levels of PCBs
declined significantly between 1971 and 1981."

902. In Buzzards Bay, levels of PCBs declined significantly
between 1971 and 1981.

903. In an article, Organochlorine Residues in Common Terns and
Associated Estuarine Organisms, Massachusetts, USA, 1971-81,
Marine Environmental Research, 11:33-66 (1904), authored by Dr.
Nisbet, it was stated that "PCBs are videspread in fish caught at
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sea north of New England and Eastern Canada."
904. PCBs are widespread in fish caught at sea north of New
England and Eastern Canada.

905. In an article, Organochlorine Residues in Common Terns and
Associated Estuarine Organisms, Massachusetts, USA, 1971-81,
Marine Environmental Research, 11:33-66 (1984), authored by Dr.
Nisbet, it was stated that "Mean residue concentrations of PCBs
appear to have decreased after 1976"™ and that "([(Tlhe foregoing is
true, at least at station H."

906. Roseate terns tend to forage over open vater.

907. Because roseate terns capture prey by diving into the water
and seizing prey in their bills, roseate terns do not forage over
areas of excessively shallow water.

908. In a paper authored by Dr. Ian Nisbet, it was stated that
roseate terns were observed feeding in two distinct areas of
Buzzards Bay, and avoided the allegedly polluted parts of New
Bedford Harbor.

909. In a paper authored by Dr. Ian Nisbet, it was stated that
tern populations in the northeastern United States are
experiencing intense pressure from human activities. Such
pressures include loss of nesting habitat, disturbance from
recreational use, and increased mortality due to hunting in the
winter ranges.

B. Common Terns

910. Common terns are fishers, not scavengers, and feed
exclusively on prey which they capture, and do not feed on refuse
from landfills or garbage dumps.

911. The population of common terns 15 Massachusetts has
steadily increased since at least 1976.

912. The common tern is not an endangered species.
913. The coulén tern is not a threatened species.

914. Common terns have a tendency to establish feeding
territories which they use and defend.

915. Common terns tend to establish feeding territories along
stretches of coastline in close proximity to their nesting sites.

916. Common terns use feeding territories to forage more
effectively and efficiently.
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917. Common terns prefer to establish feeding territories in
close proximity to nesting areas.

918. Common terns with established feeding territories do not
tend to forage outside of such territories.

919. Common terns nesting on Bird Island tend to establish
feeding territories along the shores of Bird Island, which
provide sufficient area to support the common tern population of
Bird Island. '

920. The population of common terns nesting on Bird Island is
not limited by an insufficient feeding area.

921. In comparison to Monomoy Island, the abundancy of prey
around Bird Island is better.

922. The plaintiffs have no specific knowledge of common terns
feeding in the upper estuary of New Bedford Harbor.

923. Other than predators, the single greatest threat to the
population of common terns nesting in and around Buzzards Bay is
the possibility of an oil spill in Buzzards Bay or the
surrounding area.

924. The oil spilled by the passenger vessel Bermuda Star in
Buzzards Bay in June, 1990, represents a threat to the population
of common terns nesting in and around Buzzards Bay which is more
serious than any threat posed by the presence of alleged PCB
contamination in New Bedford Harbor. .

925. The continuing threat of oil spills in Buzzards Bay
represents a threat to the population of common terns nesting in
and around Buzzards Bay which is more serious than any threat
posed by the presence of alleged PCB contamination in New Bedford
Harbor.

926. Least terns are not comparable to either roseate or common
terns in terms of nesting, feeding or other behaviors.
C. Ecology in and around New Bedford Harbor

927. EPA has expended approximately $30 million over a period of
8 years in connection with its remedial investigation and
feasibility study at the New Bedford Harbor Superfund site.

928. Por several years prior to EPA's remedial investigation and
feasibility study, state investigations or monitoring of New
Bedford Harbor were conducted.

929. In the course of the remedial investigation and :oa;ibility
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study, neither the EPA nor any other federal or state agency has
previously identified any adverse effects upon avian species
related to the alleged PCB contamination of New Bedford Harbor.

930. None of the reports generated by the EPA or other federal
or state agencies identifies any adverse effects upon avian

species related to the alleged PCB contamination of New Bedford
Harbor.

931. The EPA report entitled "Baseline Ecological Risk
Assessment, New Bedford Harbor Site, Feasibility Study, April,
1990" does not identify nor make any reference to any adverse
effects upon avian species related to the alleged PCB
contamination of New Bedford Harbor.

932. The EPA report entitled "Executive Summary of the Baseline
Risk Assessment for the New Bedford Harbor Site, June 1988" does
not identify nor make any reference to any adverse effects upon
avian species related to the alleged PCB contamination of New
Bedford Harbor.

933. The populations of common terns and roseate terns nesting
in and around Buzzards Bay have been the subjects of numerous
short and long term scientific studies for at least 20 years.

934. In a report prepared by IEP, Inc. in connection with EPA's
remedial investigation and feasibility study at the New Bedford
Harbor Superfund site, which reported the results of a study of
wildlife in and around the upper estuary of New Bedford Harbor,
there were no reported sightings of either roseate terns or
common terns in the upper estuary.

935. In the report prepared by IEP, Inc. it was reported that
terns sighted in the vicinity of New Bedford Harbor preferred to
feed, nest and rest at the Lloyd Demarest Wildlife Center located
at Dartmouth, Massachusetts.

936. The Lloyd Demarest Wildlife Center is located several miles
from New Bedford Harbor.

937. Historically, Nev Bedford Harbor has never served as a
nesting area for either common terns or roseate terns.

938. Historically, New Bedford Harbor has never served as a
nesting area for significant populations of either common terns
or roseate terns.

939. Roseate and common terns frequently nest in the same
general areas and prefer remote islands or beaches.

940. The tern populations in an around Buszards Bay are among
the most thoroughly studied and closely monitored in the world.

941. There are numerous scientific publications which document



the various studies made of the tern populations in an around
Buzzards Bay.

942. Each summer for more than 20 years, the tern colonies
located on Bird Island have been closely observed and studied.

943. Each summer for more than 20 years, one or more individuals
has made personal observations of the tern colonies located on
Bird Island.

944. The studies conducted at Bird Island include numerous
population censuses, observations of the courtship, nesting and
breeding of terns, the feeding habits of terns, and many other
aspects of behavior.

945. No previously published study regarding the tern colonies
located on Bird Island has ever established a correlation bewteen
the alleged PCB contamination in New Bedford Harbor and any
adverse effects on such tern colonies.

946. Previous studies which have sought to establish a
correlation between the alleged PCB contamination in New Bedford
Harbor and adverse effects on the populations of terns in and
around Buzzards Bay have found no such correlation.

947. No previously published study regarding the tern colonies
located on Bird Island has ever reported the occurrence of any
birth defects or embryo-toxicity within such colonies.

948. Because the tern colonies of Bird Island are so closely
monitored, it is highly unlikely that significant tern mortality
would go undetected.

949. Because the tern colonies of Bird Island are so closely
monitored, it is highly unlikely that no one would observe
significant tern mortality, if it existed.

950. Because the tern colonies of Bird Island are so closely
monitored, it is highly unlikely that no one would observe birth
defects or other effects on reproduction, if they existed.

951. Because the tern colonies of Bird Island are so closely
monitored, it is highly unlikely that no one would observe or
recover deceased adult terns, if they existed.

952. Because the tern colonies of Bird Island are so closely
monitored, it is highly unlikely that no one would observe a tern
exhibiting tremors, if it existed.

953. Because the tern colonies of Bird Island are so closely
monitored, it is highly unlikely that no one would observe a tern
vhich wvas unable to fly, if it existed.

954. Because of the proximity of Bird Island to populated areas
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such as Marion, Wareham, and other towns, it is highly unlikely
that no one living in such towns would observe significant tern
mortality, if it existed.

955. Tern census information collected by federal and state
wildlife agencies indicates that the common and roseate tern
populations in and around Buzzards Bay have been stable or
increasing for several years. ’

956. With the passage of time, the alleged PCB contamination in
New Bedford Harbor becomes less threatening.

957. At present, the alleged PCB contamination in New Bedford
Harbor is less threatening than it was ten years ago.

958. It is highly unlikely that the common and roseate tern
populations in and around Buzzards Bay would have been stable or
increasing for over ten years, if the alleged PCB contamination
in New Bedford Harbor posed a significant threat to such
populations.

959. When female roseate and common terns lay eggs, they
experience a negative fat balance, which means that their bodies
transfer more fat into the eggs than the terns are ingesting.

960. In order to lay eggs, female roseate and common terns must
mobilize considerable amounts of body fat.

961. If female roseate and common terns have accumulated PCBs in
their fatty tissues, such PCBs would be mobilized during periods
of egg-laying.

962. If female roseate and common terns mobilized significant
quantities of PCBs during periods of egg-laying, it is highly
unlikely that no behavioral effects would be observed.

963. There are no published studies which correlate behavioral
effects in female roseate and common terns during periods of egg-
laying with the presence of mobilized PCBs in such terns.

964. If female roseate and common terns mobilized significant
quantities of PCBs during periods of egg-laying, it is highly
unlikely that no evidence of stress would be observed.

965. There are no published studies which correlate evidence of
stress in female roseate and common terns during periods of egg-
laying with the presence of mobilized PCBs in such terns.

966. Bird Island lies off of the coast of Marion, Massachusetts
and is more than 10 miles from the upper estuary of Nev Bedford
Harbor, measured on a straight line basis.

967. If a bird flew along a straight path from Bird Island to
New Bedford Harbor to forage, the round trip distance would

\J

o


http:unlik.ly

exceed 20 miles, exclusive of any distance travelled in
attempting to capture prey.

968. If a bird flew along a straight path from Bird Island to
New Bedford Harbor to forage, most of that path would lie over
land, not water, and the bird would be effectively ignoring miles
of inlets and shoals which provide shallow water and good
foraging opportunities.

969. If a bird flew along from Bird Island to New Bedford Harbor
to forage and followed the coastline, the round trip distance
would exceed 30 miles, exclusive of any distance travelled in
attempting to capture prey.

970. New Bedford Harbor is located at the outer edge of the
typical foraging range for terns nesting on Bird Island.

971. New Bedford Harbor is not a frequent feeding area for any
significant percentage of the tern populations nesting on Bird
Island.

972. The shoreline along all of Newv Bedfor Harbor represents
only 12 percent of the coastline within 12 miles of Bird Island.

973. The only reason the plaintiffs have raised any issue
related to common or roseate terns is for purposes of this
lawsuit.

974. The nésting populations of common and roseate terns have
been stable since the late 1970's.

975. The nesting populations of common and roseate terns have
not declined during 1989 and 1990.

976. The primary feeding areas for coulon'and roseate terns
nesting on Bird Island are within 12 ka of the nesting island.

977. Although some individual common or roseate terns which nest
on Bird Island may travel as far as 20 kam to feed, the majority
of birds nesting on Bird Island obtain their food from within 5-8
kmn of the nesting island.

978. The areas of New Bedford Harbor which contain the highest
levels of PCB contamination are approcimately 10.3 miles (16.6knm)
from the nesting colony in a straight-line destance, most of
vhich is overland. ,

979. The areas of New Bedford Harbor which contain the highest
levels of PCB contamination are approximately 13.6 miles (22km)
from the nesting colony using the shortest overwvater distance.

980. The areas of New Bedford Harbor which contain the highest

levels of PCB contamination are outside the normal feeding range
of nesting common and roseate terns.
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981. A very small proportion of the population of nesting common r§
or roseate terns nesting on Bird Island would travel to New
Bedford Harbor to feed.

982. There are adequate feeding areas within Buzzards Bay for
the entire nesting population of common terns on Bird Island.

983. There are adequate feeding areas within Buzzards Bay for
the entire nesting population of roseate terns on Bird Island.

984. In late June and July, schooling fish are plentiful near
the nesting colony on Bird Island, and nesting terns do not
travel as far to forage.

985. After young roseate terns have fledged, family groups
disperse throughout the breeding range, and tend to concentratge
on outer beaches.

986. The major premigratory staging areas for roseate terns
nesting in Massachusetts are barrier island located between Long
Island and Cape Cod, where the birds tend to feed offshore.

987. The nesting colony of common and roseate terns on Bird
Island has been studied extensively for the past 20 years.

988. Plaintiffs have evidence that PCBs have had no adverse
effect on adult terns nesting on Bird Island since 1970.

989. Plaintiffs have evidence that PCBs have had no adverse -
effect on reproductive success of common or roseate terns nesting
on Bird Island since 1970.

990. Plaintiffs have no evidence that PCBs have caused
abnormalities in tern chicks on Bird Island.

991. Plaintiffs have evidence that levels of PCBs in eggs of
common and roseate terns declinede significantly since 1971.

992. The primary threat to nesting populations of common and
roseate terns has been, and continues to be, from herring and/or
great black-backed gulls and predation by other species.

993. Despite intensive study involving daily visits to Pird
Island to study nesting terns for a period of over 15 years,
tghere are no published reports of tern mortality or abnormal
behavior of terns that was attributed to contamination with PCBs.

994. Plaintiffs have evidence that mortality of adult terns on
Bird Island during the nesting season is very low.

995. Plaintiffs have evidence that the primary mortality ot
adult terns occurs during migration and on the wintering grounds.
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996. During the egg-laying period, female terns mobilize stored
fat reserves into the production of eggs.

997. During the egg-laying period, female terns utilize more fat
in the production of eggs than they consume on a daily basis, and
thus are in a negative energy balance. .
998. Despite intensive study of nesting common and roseate terns
on Bird Island over a number of years, there are no published
reports of nesting female terns exhibiting any of the symptoms
observed in Terns 1 and 2 which died in 1989, in spite of the
fact that each egg-laying female tern would have been utilizing
fat reserve in the production of eggs.

999. Terns 1 and 2 were found in early August, at which time the
terns would be expected to be storing fat reserves in
anticipation of migration in late August or early September.

1000. Terns 1 and 2 were found approximately 10 and 15 miles,
respectively, from New Bedford Harbor.

1001. Terns 1 and 2 were not reported to be emaciated, but had
deposits of visceral fat.

1002. Plaintiffs have no evidence that Terns 1 and 2 were
utilizing fat reserves at a time when the terns would be expected
to be in a positive energy balance and storing fat for migration.

1003. The tremors and outstretched wings exhibited in Terhs 1

and 2 prior to death is symptomatic of several types of
contamination or diseases.

1004. Terns 1 and 2 were not examined for bacterial or viral
disease or evidence of toxins other than PCBs.

1005. Plaintiffs have evidence that terns are susceptible to
avian cholera, botulism, and shellfish poisoning.

1006. PCBs are odorless.
1007. PCBs obtained through the food chain would be odorless.
1008. PCBs Obtained through the food chain would not smell swveet.

1009. A sweet and flowery odor during necropsy of a bird would be
very unusual.

1010. Plaintiffs have evidence that average PCB levels in
Atlantic silversides and sand lance collected around Bird Island
betwveen 1974 and 1976 vere less than 0.5 and 1.5 ppm,
respectively. , .

1011. Plaintiffs have evidence that PCB levels in terns on Bird
Island declined significantly between 1971 and 1981.
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1012. During the period in which organochlorine levels in common _j}
and roseate terns were under study, average PCB levels in roseate
terns was considerably lower than that in common terns.

1013. Plaintiffs have evidence that one reason for this is
roseate terns usually feed in deeper onshore waters or further
offshore than common terns in less polluted waters.

1014. Plaintiffs have evidence that roseate terns in Buzzards Bay
avoided feeding in the areas most heavily polluted with PCBs in
New Bedford Harbor. :

1015. Avian census data from a 1987 study of New Bedford Harbor
indicated that no roseate terns or common terns were reported
from a study site in the upper estuary, although common terns
were observed at a study site near Pope Beach on Buzzards Bay.

1016. Although least terns were observed in the upper estuary
site, this species has different nesting and feeding requirements
than the common and roseate terns.

II. The Terns

A. General

1017. The plaintiffs allege that on August 7, 1989, Dr. Robert :
Tremblay of the Marion Animal Hospital, Inc. ("Dr. Tremblay") —
received a live common tern from the Animal Control Officer of

Marion, Massachusetts (the "first tern"), which subsequently

died.

1018. The plaintiffs allege that on August 14, 1989, Dr. Tremblay
received a live common tern from an unidentified individudl (the
"second tern®), which subsequently died.

1019. Neither the plaintiffs nor anyone else conducted a
comprehensive investigation to determine the cause of death of
either the first tern or the second tern.

1020. The plaintiffs have no evidence to present that
demonstrates that a comprehensive investigation was conducted to
determine the cause of death of either the firét tern or the
second tern.

1021. Neither the plaintiffs nor anyone else ever identified the
contents of the stomach of either the first tern or the second
tern.

1022. The plaintiffs have no evidence to present that

demonstrates what was contained in the stomach of either the
first tern or the second tern.
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1023. Neither the plaintiffs nor anyone else ever identified what
type of food or other substance was present in the stomach of
either the first tern or the second tern.

1024. The plaintiffs have no evidence to present that
demonstrates what type of food or other substance was present in
the stomach of either the first tern or the second tern.

1025. Neither the plaintiffs nor anyone else ever identified what
type of food or other substance was consumed by either the first
tern or the second tern prior to its being recovered

1026. The plaintiffs have no evidence to present that
demonstrates what type of food was consumed by either the first
tern or the second tern prior to its being recovered

1027. Neither the plaintiffs nor anyone else ever identified
where either the first tern or the second tern fed immediately
prior to being recovered. .

1028. The plaintiffs have no evidence to present that
demonstrates where either the first tern of the second tern fed
immediately prior to being recovered.

1029. Neither the plaintiffs nor anyone else ever analyzed any
tissue sample taken from either the first tern or the second tern
for organophosphate compounds.

1030. The plaintiffs have no evidence to present that
demonstrates whether any of the tissues of the first tern or the
second tern contained any organophosphate compound.

1031. Neither the plaintiffs nor anyone else ever analyzed any
tissue sample taken from either the first tern or the second tern
for metals.

1032. The plaintiffs have no evidence to present that
demonstrates vhether any of the tissues of the first tern or the
second tern contained any metals.

1033. Neither the plaintiffs nor anjono else ever analyzed any
tissue sample taken from either the first tern or the secdbnd tern
for PAHs.

1034. The plaintiffs have no evidence to present that
demonstrates vhether any of the tissues of the first tern or the
second tern contained any PAHs.

1035. Neither the plaintiffs nor anyone else sver performed any
chemical analysis of any sample of liver tissue from either the
first tern or the second tern.

1036. The plaintiffs have no evidence to present that
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demonstrates that any chemical analysis was performed on any
sample of liver tissue from either the first tern or the second
tern.

1037. A scientifically conducted investigation to determine the
cause of death of a common tern would include chemical analysis
of the liver tissue.

1038. Liver tissue is chemically analyzed to determine the
presence or absence, or the concentrations, of certain enzymes,
which may provide evidence of the cause of death.

1039. In a scientifically conducted investigation to determine
the cause of death of a common tern, the liver tissue is
chemically analyzed to measure to presence or absence, or the
concentrations of vitamin A and retinene.

1040. The presence or absence, or the concentrations of vitamin A
and retinene may provide evidence of the cause of death.

1041. Neither the plaintiffs nor anyone else ever chemically
analyzed any sample of liver tissue from either the first tern or
the second tern in order to determine the concentrations of
vitamin A and retinene.

1042. The plaintiffs have no evidence to present that
demonstrates the concentrations of vitamin A or retinene in any
sample of liver tissue from either the first tern or the second
tern.

1043. Neither the plaintiffs nor anyone else ever conducted a
controlled laboratory experiment to determine what is a "normal"®
level of vitamin A for the liver tissue of a common tern.

1044. The plaintiffs have no evidence to present that
demonstrates that a controlled laboratory experiment was
condu¢ted to determine what is a "normal® level of retinene for
the liver tissue of a common tern.

1045. Neither the plaintiffs nor anyone else knows what is a
"normal® level of vitamin A for the liver tissue of a common
tern.

1046. The plaintiffs have no evidence to present that
demonstrates vhat is a "normal” level of retinene for the liver
tissue of a common tern.

1047. Neither the plaintiffs nor anyone else has ever conducted a
controlled laboratory experiment to determine vhat is a "norsal®
level of acetylcholinesterase for the brain tissue of a cvtmmon
tern.

1048. The plaintiffs have no evidence to present that
demonstrates that a controlled laboratory experiment vas
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conducted to determine what is a "normal" level of
acetylcholinesterase for the brain tissue of a common tern.

1049. Neither the plaintiffs nor anyone else knows what is a

"normal" level of acetylcholinesterase for the brain tissue of a
common tern.

1050. The plaintiffs have no evidence to present that
demonstrates what is a "normal" level of acetylcholinesterase for
the brain tissue of a common tern.

1051. None of the tissue samples removed from either the first
tern or the second tern was ever chemically analyzed for
substances other than acetylcholinesterase or organochlorines.

1052. PCBs are odorless.
1053. PCBs do not produce a swveet odor.
1054. PCBs do not produce a flowery odor.

1055. The carcasses of the first and second terns were observed
to have a "sweet” or "flowvery®” odor.

1056. Various petroleum and other substances have a "sweet" or
"flovery" odor. :

1057. The "sweet” or "flowvery" emitted by the carcasses of the
first and second terns indicates that the first and second terns
were contaminated with a substance other than PCBs.

1058. The first and second terns were exposed to a substance,
other than PCBs, with a "sweet®™ of "flowery" odor, which the
terns ingested. .
1059. The first and second terns vere exposed to a substance,
other than PCBs, with a “"sweet" of "flowery®" odor, which
contacted the terns' feathers and which the terns ingested by
preening their feathers.

1060. If the first and second terns vere exposed to PCBs, such
PCBs were combined with another substance with a "sweet" or
"flowery® odor. ,

1061. The plaintiffs have no evidence to demonstrate that the
first and second terns were not exposed to a petroleum product
vhich emitted a "sweet" or "flowery® odor.

1062. The plaintiffs have no evidence to demonstrate that the
first and second terns did not die as a result of being
_contaminated with a substance other than PCBe which emitted a
"sweet" or "flowery" odor.

1063. The first and second terns were exposed to a petroleum

-17 - .


http:petrol.ua
http:p.trol.ua

product with a "sweet" of "flowery" odor, which contacted the
terns' feathers and which the terns ingested by preening their
feathers.

1064. The plaintiffs have no evidence to demonstrate that the
first and second terns were not exposed to a petroleum product
which emitted a "sweet" or "flowery" odor.

1065. The plaintiffs have no evidence to demonstrate that the
first and second terns did not die as a result of being
contaminated with a substance other than PCBs which emitted a
"sweet" or "flowery" odor.

1066. It is highly unusual to note a "sweet" and "flowery" odor
at a necropsy.

1067. The deaths of the first and second terns do not establish
that the alleged PCB contamination in New Bedford Harbor is a
risk to avian species. .
1068. The deaths of the first and second terns do not establish
that the alleged PCB contamination in New Bedford Harbor is a
significant risk to avian species.

1069. The deaths of the first and second terns do not establish
that the alleged PCB contamination in New Bedford Harbor is a
material risk to avian species.

1070. Even if PCBs contributed to the deaths of the first and
sacond terns, the deaths of the first and second terns do not
establish that the alleged PCB contamination in New Bedford
Harbor is a risk to avian species.

1071. Even if PCBs contributed to the deaths of the first and
second terns, the deaths of the first and second terns do not
establish that the alleged PCB contamination in New Bedford
Harbor is a significant risk to avian species.

1072. Even if PCBs contributed to the deaths of the first and
sacond terns, the deaths of the first and second terns do not
establish that the alleged PCB contamination in New Bedford
Harbor is a material risk to avian species.

1073. Even if PCBs contributed to the deaths of the first and
second terns, the deaths of the first and second terns do not
establish that the alleged PCB contamination in New Bedford
Harbor is a risk to common terns and roseate terns.

1074. Even if PCBs contributed to the deaths of the first and
second terns, the deaths of the first and second terns do not
establish that the alleged PCB contamination in New Bedford
Harbor is a significant risk to common terns and roseate terns.

1075. Even if PCBs contributed to the deaths of the first and
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second terns, the deaths of the first and second terns do not
establish that the alleged PCB contamination in New Bedford
Harbor is a material risk to common terns and roseate terns.

1076. Even if PCBs contributed to the deaths of the first and
second terns, the alleged concentrations of such PCBs in the
tissues of the terns indicate a recent exposure to a highly
concentrated source of PCBs.

1077. Even if PCBs contributed to the deaths of the first and
second terns, the alleged concentrations of such PCBs in the
tissues of the terns indicate a recent exposure to a source of
PCBs having a concentration at least one order of magnitude
larger than any concentration ever measured in any biota sampled
from New Bedford Harbor or Buzzards Bay.

1078. Even if PCBs contributed to the deaths of the first and
second terns, the alleged concentrations of such PCBs in the
tissues of the terns indicate a recent exposure to a source of
PCBs having a concentration at least one order of magnitude
larger than any concentration ever measured in any fish sampled
from New Bedford Harbor or Buzzards Bay.

1079. Even if PCBs contributed to the deaths of the first and
second terns, the alleged concentrations of such PCBs in the
tissues of the terns indicate a recent exposure to a sourgce of
PCBs having a concentration at least one order of magnitude
larger than any concentration ever measured in any crustacean
sanpled from New Bedford Harbor or Buzzards Bay.

1080. Even if PCBs contributed to the deaths of the first and
second terns, the alleged concentrations of such PCBs in the
tissues of the terns indicate a recent exposure to a source of
PCBs having a concentration at least one order of magnitude
larger than any concentration ever measured in any shellfish
sampled from New Bedford Harbor or Buzzards Bay.

1081. Even if PCBs contributed to the deaths of the first and
second terns, the alleged concentrations of such PCBs in the
tissues of the terns indicate a recent exposure to a source of
PCBs having a concentration not known to exist in any biota found
in New Bedford Harbor or Buzzards Bay.

1082. Bven if PCBs contributed to the deaths of the first and
second terns, the alleged concentrations of such PCBs in the
tissues of the terns indicate a recent exposure to a highly
contaminated source of PCBs which was not part of the terns' food
chain.

1083. Even if PCBs contributed to the deaths of the first and
second terns, the presence of a "swveet® or "flowery® odor
emanating from the carcasses indicates exposure to either a
highly concentrated source of PCBs not related to Nev Bedford
Harbor, or exposure to another odiferous substance.



1084. Even if PCBs contributed to the deaths of the first and
second terns, that does not suggest the presence of a large scale
or long term threat to the population of common terns or roseate
terns in view of the facts that such populations have been at
least stable, if not increasing, for more than 10 years.

B. Dr. Tremblay .

1085. Dr. Tremblay does not know what caused the death of either
the first tern or the second tern.

1086. Dr. Tremblay is not qualified to determine the cause of
death of a common tern.

1087. Dr. Tremblay is not qualified to determine the cause of
death of either the first tern or the second tern.

1088. Dr. Tremblay did not determine the cause of death of either
the first tern or the second tern.

1089. Dr. Tremblay does not know wvhat caused the death of either
the firast tern or the second tern.

1090. Dr. Tremblay did not perform a comprehensive investigation
in an attempt to determine the cause of death of either the first
tern or the second tern.

1091. Dr. Tremblay is not an avian'toxicologilt or an avian
pathologist.

1092. Dr. Tremblay has no formal training in either avian
toxicology or avian pathology.

1093. Dr. Tremblay performed a necropsy or partial necropsy on

both the first and second terns and removed certain tissues from
each, wvhich tissues vere sent to the Nev England Wildlife Center
("NEWC") along with the carcasses of the first and second terns.

1094. A necropsy is a post mortea procedure in which one or more
organs or tissue samples are removed from an animal carcass.

1095. Dr. Tremblay did not perform a chemical analysis of any of
the tissues he removed from either tern.

1096. Dr. Tremblay did not record any visual observations he made
during the necropsies or partial necropsies of the first and
second terns.

1097. Dr. Tremblay did not examine the contents of the stomach of
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either the first tern or the second tern.

1098. Dr. Tremblay did not visually or chemically identify the
contents of the stomach of either the first tern or the second
tern.

1099. Dr. Tremblay does not know what material was present in the
stomach of either the first tern or the second tern.

1100. Dr. Tremblay does not know where either the first tern or
the second tern fed prior to being recovered and brought to him.

1101. Dr. Tremblay did not analyze the liver tissue of either the
first tern or the second tern in any way.

1102. Dr. Tremblay did not chemically analyze the liver tissue of
either the first tern or the second tern in any way.

1103. After examining the first and second terns, Dr. Tremblay
believed that those terns had been poisoned by an organic
phosphate such as the kind used in pesticides.

C. Nev England Wildlife Center (NEWC)

1104. On or about August 11, 1989, NEWC received froa Dr.
Tremblay the carcass of the first tern and the tissues previously
removed therefrom by Dr. Tremblay, and NEWC assigned an accession
number of A890811063 to the carcass and tissues of the first
tern.

1105. On or about August 21, 1989, NEWC received from Dr.
Tremblay the carcass of the second tern and the tissues
previously removed therefrom by Dr. Tremblay, and NEWC assigned
an accession number of A890821105 to the carcass and tissues of
the second tern.

1106. No one working for or on behalf of NEWC knows what caused
the death of either the first tern or the second tern.

1107. No one working for or on behalf of NEWC is qualified to
determine the cause of death of a common tern.

1108. No one working for or on behalf of NEWC is qualified to
determine the cause of death of either the first tern or the
second tern.

1109. No one working for or on behalf of NEWC determined the
cause of death of either the first tern or the second tern.

1110. No one working for or on behalf of NEWC knows what caused
the death of either the first tern or the second tern.
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1111. No one working for or on behalf of NEWC performed a “ﬁﬁ
comprehensive investigation in an attempt to determine the cause
of death of either the first tern or the second tern. .

1112. No one working for or on behalf of NEWC is an avian
toxicologist or an avian pathologist.

1113. No one working for or on behalf of NEWC has any formal
training in either avian toxicology or avian pathology.

1114. No one working for or on behalf of NEWC performed a
chemical analysis of any of the tissues he removed from either
the first tern or the second tern.

1115. No one working for or on behalf of NEWC examined the
contents of the stomach of either the first tern or the second
tern.

1116. No one working for or on behalf of NEWC visually or
chemically identified the contents of the stomach of either the
first tern or the second tern.

1117. No one working for or on behalf of NEWC knows what material
was present in the stomach of either the first tern or the second
tern. ..

1118. A volunteer named lLori Harvey, was working at NEWC in
August, 1989.

1119. Lori Harvey performed a necropsy or partial necropsy on the =’
first and second terns and removed certain tissues from each.

1120. Lori Harvey has no formal training in the proper procedure
for performing a necropsy or partial necropsy on a common tern.

1121. Lori Harvey was not supervised while performing the
necropsies or partial necropsies on the carcasses of the first
and second terns.

1122. Lori Harvey is not qualified to determine the cause of
death of a common tern.

1123. Lori Harvey is not qualified to determine the cause of
death of eithsr the first tern or the second tern.

1124. Lori Harvey is not an avian toxicologist or avian
pathologist.

1125. Lori Harvey did not determine the cause of death of either
the first tern or the second tern.

1126. Lori Harvey does not know the cause of death of either the
first tern or the second tern.



1127. Some of the tissue samples removed by Lori Harvey were sent
to Hazleton Laboratories America, Inc. ("HLA") for analysis. The
tissue samples sent to HLA for analysis consisted only of brain
tissue and "stomach contents" for each of the first and second
terns.

1128. No liver tissue samples from either the first .r second
tern were sent by NEWC to HLA for analysis.

1129. The tissue samples removed by Dr. Tremblay and rece&ved by
NEWC were sent to Dr. Norval King ("Dr. King").

1130. The tissue samples analyzed by HLA and the tissue samples
examined by Dr. King were removed from the first and second terns
at different times by different people.

1131. The "stomach contents"” tissues removed by Lori Harvey from
the first and second terns was observed by Ms. Harvey to include
some surrounding fat.

D. Dr. Norval King

1132. On or about November 15, 1989, Dr. King or a consulting
firm, Pathobiology, Inc., with which Dr. King is affiliated,
received from NEWC the tissue sanples which had been removed by
Dr. Tremblay from the first and second terns.

1133. Either Dr. King or his assistant assigned an identification
number of PB-1251-89 to the tissues from the first tern, and an
identification number of PB-1253-89 to the tissues from the
second tern. .

1134. Dr. King did not perform a comprehensive investigation to
determine the cause of death of either the first tern or the
second tern.

1135. Dr. King did not determine the cause of death of either the
first tern or the second tern.

1136. Dr. King does not know the cause of death of either the
first tern or the second tern.

1137. Dr. King is not an avian toxicologist or avian pathologist.

1138. Dr. King is not qualified to determine the cause of death
of a common tern.

1139. Dr. King is not qualified to determine the cause of death
of either the first tern or the second tern.

1140. Dr. King performed only a microscopic examination of the

tissues from the first and second terns and did not perform any
other examination or analysis of those tissues. .
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1141. Dr. King did not examine the contents of the stomach of
either the first tern or the second tern.

1142. Dr. King did not visually or chemically identify the
contents of the stomach of either the first tern or the second
tern.

1143. Dr. King did not perform a chemical analysis upon any of
the tissues from either the first or second tern.

1144. The information listed under the heading "Relevant History"
on Dr. King's "pathologic diagnosis®™ reports, which are set forth
on the document bearing plaintiffs' Bates number 77-0018, was
provided by NEWC and does not represent any observation which Dr.
King made.

1145. Dr. King did not perform a necropsy of either the first
tern or the second tern and did not make any observations of
either tern carcass.

1146. Dr. King's examination was inconclusive as to the cause of
death of either the first tern or the second tern.

1147. The results of the analyses performed by Dr. King do not
preclude the possibility that the first and second terns died as
a result of organophosphate contamination.

1148. The results of the analyses performed by Dr. King do not
preclude the possibility that the first and second terns died as
a result of chemicals or pollutants other than PCBs.

E. Hazleton Laboratories (HLA) and Lisa Novesky

1149. HLA received from NEWC a sample of brain tissue from the
first tern and assigned a LIMS or identification number of
91104045 to that sample. HLA received from NEWC a sample of
"stomach contents” from the first tern and assigned a LIMS or
identification number of 91104046 to that sample.

1150. HLA received from NEWC a sample of brain tissue from the
second tern and assigned a LIMS or identification number of
91104047 to that sample. HLA received from NEWC a sample of
sgstomach contents® from the second tern and assigned a LIMS or
identification number of 91104048 to that sample.

1151. HLA analyzed the brain tissues of the first and second
terns for acetylcholinesterase. :

1152. HLA analyzed the brain tissues of the first and second
terns for PCBs and chlorinated hydrocarbons.

1153. HLA analyzed the "stomach contents" of the first and second
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terns only for PCBs and chlorinated hydrocarbons.

1154. HLA did not analyze any of the tissues from the first or
second tern for any substance other than choclinesterase, PCBs or
chlorinated hydrocarbons.

1155. No one working for or on behalf of HLA performe~ -
comprehensive investigation to determine the cause ‘h of
either the first tern or the second tern.

1156. No one working for or on behalf of HLA kr -t caused
the death of either the first tern or the secon. tern.

1157. No one working for or on behalf of HILA is qualified to
determine the cause of death of a common tern.

1158. No one working for or on behalf of HLA is qualified to
determine the cause of death of either the first tern or the
second tern.

1159. No one working for or on behalf of HLA determined the cause
of death of either the first tern or the second tern.

1160. No one working for or on behalf of HLA knows what caused
the death of either the first tern or the second tern.

1161. No one working for or on behalf of HLA performed a
comprehensive investigation in an attempt to determine the cause
of death of either the first tern or the second tern.

1162. No one working for or on behalf of HLA is an avian
toxicologist or an avian pathologist.

1163. No one working for or on behalf of HLA has any formal
training in either avian toxicology or avian pathology.

1164. No one working for or on behalf of HLA examined the
contents of the stomach of either the first tern or the second
tern.

1165. No one working for or on behalf of HLA visually or
chemically identified the contents of the stomach of either the
first tern or the second tern.

1166. No one working for or on behalf of HLA knows what material
was present in the stomach of either the first tern or ths second
tern.

1167. No one working for or on behalf of HLA performed any
examination or analysis of any liver tissue from either the first
tern or the second tern.

1168. The results of the cholinesterase analyses performed by HLA
were inconclusive as to the cause of the death of the first tern
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or second tern, in the absence of any controls or baseline
information for cholinesterase levels for "healthy" common terns.

1169. In the absence of information regarding the "normal" level
of acetylcholinesterase for the brain tissue of a common tern, it
is not possible to meaningfully interpret the results of the
cholinesterase analyses performed by HLA.

1170. The results of the cholineseterase analyses performed by
HLA do not preclude the possibility that the first and second
terns died as a result of organophosphate contamination.

1171. The results of the cholinesterase analyses performed by HLA
do not preclude the possibility that the first and second terns
died as a result of exposure to some substance other than PCBs.

1172. The results of the PCB analyses performed by HLA were
inconclusive as to the cause of the death of the first tern or
second tern, in the absence of any controls or baseline
information for PCB levels for "healthy" common terns.

1173. The results of the PCB analyses performed by HLA do not

preclude the possibility that the first and second terns died as
a result of organophosphate contamination.

1174. The results of the PCB analyses performed by HLA do not
preclude the possibility that the first and second terns died as
a result of exposure to some substance other than PCBs.

F. Dr. Ian Nisbet

1175. Dr. Nisbet did not perform a conprchonsivo'investigation to
deternine the cause of death of either tern.

1176. Dr. Nisbet did not determine the cause of death of either
tern. .

1177. Dr. Nisbet did not perform a necropsy on either tern.
1178. Dr. Nisbet is not an avian toxicologist or pathologist.

1179. Dr. Nisbet did not observe either of the microscope slides
which were viewed by Dr. King.

1180. Dr. Nisbet did not review the unabridged chromatograms
produced by HILIA.

1181. Dr. Nisbet did not observe either of the tern carcasses or
any of the tissue samples removed from them.

1182. Dr. Nisbet has personally observed and studied colonies of
roseate and common terns in and around Cape Cod and the
surrounding area for approximately 20 years and has never,
observed a roseate or common tern that exhibited tremors.



1183. Dr. Nisbet has personally observed and studied colonies of
roseate and common terns in and around Cape Cod and the
surrounding area for approximately 20 yvears and has never
recovered a roseate or common tern whose death was caused by
PCBs.

1184. Dr. Nisbet has published a number of articles relating to
common and roseate terns.

1185. Statements and conclusions in articles published by Dr.
Nisbet are admissions of the plaintiffs.

1186. Statements and conclusions in articles p... .._.zd by Dr.
Nisbet are admissible in evidence.

1187. Dr. Nisbet has published several articles on the subject of
the effects of organochlorines, including PCBs, on the
reproductive success of common and roseate terns in the
Massachusetts colonies, and has consistently concluded that there
were no adverse effects caused by such compounds.

1188. In an article, Organochlorine Residues and Shell
Characteristics of Roseate Tern Eqgs, 1981, J. Field Orinthol,
S4(4):394-400 (1985), co-authored by Dr. Nisbet, levels of PCBs
found in the eggs of roseate terns were found to be lower than
those in eggs of common terns, which wvas attributed to the
tendency of roseate terns to feed in cleaner wvaters.

1189. In an article, Organochlorine Residues and Shell
Characteristics of Roseate Tern Eqgs, 1981, J. eld Orinthol,
54(4):394-400 (1985), co-authored by Dr. Nisbet, it was stated
that “there was no evidence of eggshell changes in Roseate Terns
associated with organochlorine contamination.®

1190. In an article Organochlorine Residues and Shell
Characteristics of Roseate Tern Eqgs, 1981, J. Field Orinthol,
54(4):394-400 (1985), co-authored by Dr. Nisbet, it was stated
that "In conclusion, our results suggest that levels of
organochlorine compounds in Roseate Terns in 1981 were not high
enough to have measurable effects on eggshell characteristics.”

1191. In an article ation Models for Common Terns

in Massachusetts, Bird-Banding, 49:50-58 (1978), authored by Dr.
Nisbet, it wvas stated that "Adult [common tern) mortality during
the breeding season appears to be very low®" and "most mortality

probably takes place during migration or on the winter quarters."

1192. In an article, Organochlorine Residues and Shell
Characteristics of Roseate Tern s, 1981, J. Fleld Orinthol,
54(4) :394-400 (1985), authored by Dr. Nisbet, it was stated that
"No other organochlorine residue was associated with adverse

effects on common terns in this study, despite high exposure to
PCBs."
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1193. From Nisbet and Reynolds, 1984, Organochlorine residues in
Common Terns and Associated Estuarine Organisms, Massachusetts,
USA. Marine Environmental Research 11 (1984) 33-66.

(a) Average PCB concentrations in a sample of 132 Atlantic
silversides collected around Bird Island in 1974 were 0.49 ppm
wet weight. Average PCB concentrations in 95 Atlantic _
silversides collected around Ram Island in 1974 were 1.77 ppm
(wet weight).

(b) Average PCB concentrations in 20 sand lance collected
from around Bird Island in 1976 were 1.25 ppm (wet weight).
Average concentrations in sand lance from upper Buzzards Bay were
0.26 ppm (wet weight).

(c) The authors state that there were "significant downward
trends in concentrations of PCBa" from tern eggs collected at
Bird Island betwveen 1971-1981.

(d) Levels of PCBs in breast muscle of common terns were
comparable to levels in eggs (18.2 ppm and 15.4 ppm,
respectively). .

(e) Concentrations of PCBs in eggs that failed to hatch
were not significantly different than PCB levels in eggs
collected at random in the colony.

(f) The study concludes that tern eggs that failed to hatch
had elevated levels of DDE.

(g) Hatching success of common terns at Bird Island was
usually in the range of 93-97%, and productivity in the range of
1.8-2.1 fledged young per pair.

(h) Other than DDE, no other organochlorine residue was
associated with adverse effects on common terns, despite high
exposure to PCBs.

1194. From Roseate Tern Recovery Plan; Northeastern Population,
U. S. Pish and Wildlife Service, January 1989.

(a) PFamily ps disperse throughout the breeding range in
late summer, t.ndz:;uto concentrate on outer beaches (i.e. away
from areas with higher levels of contamination in inshore areas.)

(b) Major premigratory staging areas are between lLong
Island and Cape Cod; there the birds appear to feed offshore.

(c) Terns arrive in late April/early May; they leave by
September 18. The terns are present for a maximum of 5 months.

(d) The northeastern population of roseate terns has been
fairly stable since 1977.



(e) Citing Nisbet (1980), the productivity of roseate tern
chicks has been generally high in recent years, and this trend
has been maintained at least in Massachusetts for several
decades.

~ (f) There is no evidence of substantial mortality of adults
during the breeding season (citing Nisbet 1980). ‘

. gg) Mortality factors on the wintering ground or on
migration are most likely significant.

(h) If organochlorine residues had an adverse effect on
tern such effects were probably limited to the period before the
mid-1970's.

(i) The most consistent factor responsible for reduction in
nesting colonies was the occupation of the colonies by herring
and/or great black-backed gulls.

(jJ) Factors responsible for the species being threatened or
endangered include human activity, competition from expanding
numbers of large gulls and predation on the nesting grounds, and
mortality on the wintering grounds.

(k) Available information shows that nesting roseates feed
almost entirely on small fish, primarily young of the American
sand lance.

(1) At Monomy, some terns died after consuming sand' lance
that had accumulated toxin (from the marine dinoflagellate
Gonyaulax excavata; red tide), possibly by feeding on cape pods
or mysids during a bloom of this algae.

(m) Disease has not been a significant problem, but terns
and other species have succumbed to avian cholera and botulism.

1195. From Nisbet, Massachusetts, p 94-95 in Kress et al. 1983,
The status of tern populatIon. in northeastern United Sates and
adjacent Canada, Colonial Waterbirds 6:84-106.

(a) Predation is now the most important factor limiting the
breeding success of all four species (of terns, including common,
roseate, arctic and least). Populations of common, roseate, and
least terns vere stable or increasing from 1970 to 1982.

1196. PFrom Nisbet, 1983, Territorial feeding by common terns,
Colonial Waterbirds 6:64-70.

(a) Common tern feeding territories vere established all
around the shoreline within 5-6 km of the colony at Bird Island.
One territory wvas 8.5 ka awvay, and he has seen birds vere.
observed defending territories up to 11 km awvay.
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(b) Territories are used less often in late June and July
when schooling fish are plentiful near the colony.

(c) Nisbet has not studied feeding territories in
Massachusetts in the post-fledging period.

(d) Feeding territories are used by the same individuals

for periods of at least several weeks, and probably throughout
the season.

(e) Buzzards Bay has enough shoreline of varied topography
to provide territories for most or all of the pairs of common
terns at Bird Island.

(f) The rate of fishing success and the size of fish caught
by terns at Bird Island were higher than those at Monomoy,
indicating that the habitats were better quality.

1197. From Custer et al. 1983, Organochlorine residues and shell
characteristics of roseate tern eggs, 198", J. Field Ornithology
54(4): 394-400.

(a) Concentrations of organochlorine compounds in roseate
tern were considerably lower than those in common terns.

(b) One reason for this is that roseate terns usually feed
in less polluted waters than common terns; they feed either in
deeper wvaters onshore, or farther offshore. "For example, in
Buzzards Bay, Massachusetts, Roseate Terns fed primarily in 2
discrete areas and avoided the parts of the bay most heavily
polluted with PCBs from point sources at New Bedford (Nisbet
1981, Nisbet and Reynolds, in press).®

(c) "In conclusion, our results suggest that levels of
organochlorine compounds in Roseate Terns in 1981 were not high
enough to have measurable effects on eggshell characteristics."
(continues to say "however, our results do not rule out the
possibility that levels in 1971 or earlier might have been high
enough to have caused adverse effects [Hays and Risebrough
1972]).

1198. PFrom Nisbet, 1973, Terns in Massachusetts;: Present numbers
and historical changes, Bird-Banding 44(1):27-55.

(a) Colonies at Ram and Bird islands wvere overrun by gulls
betveen 1964-1966; subsequently gull control programs permitted
partial resettlement.

(b) Common terns on Bird island: 1970-250, 1971-350, 1972~
310, Roseate terns on Bird Island: 1970-600, 1971-1300; 1972~
1100.
1199. From Safina et al., 1988, Evidence for prey limitation of
common and roseate tern reproduction, The condor 90:852-859.
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(a) Although productivity studied for only two years, data
suggests that prey population fluctuations may limit reproductive
success in the terns they studied. (Cedar Beach Long Island).

1200. The following are articles of a type relied upon by experts
in the field.

Andrews, R., Atwell, G., Blodget, B.G., Nisbet, I.C.T., Scheibel,
M. (Northeast Roseate Tern Recovery Team), Roseate Tern Recovery
Plan, Published by Region 5 U.S. Fish and Wildlife Service,
(1989)

Custer, T.W., Nisbet, I.C.T., and Krynitsky, A.J., Organochlorine
Residues and Shell Characteristics of Roseate Tern Eggs, 1981,

e ——————tet —

J. Fleld Orinthol, 54(4):394-400 (1985)

Lincer, J.L., and Peakall, D.B., PCB Pharmacodynamics in the Ring
Dove and Early Gas Chromatographic Peak Dinfnution, Environ.
Pollut., 4:59-69 (1973)

McLaughlin, J., Counting the Gulls of Monomoy, The Boston Globe,
(May 20, 1990)

Nisbet, I.C.T., Population Models for Common Terns
in Massachusetts, Bird-Banding, 49:50-58 (1978)

Nisbet, I.C.T., Reynolds, L. M., Organochlorine Residues in
Common Terns and Associated Estuarine Organisms, Massachusetts
USA, 1971-81, Marine Env ronmental Research, 11:33-66 (1984)

III. Chemistry

1201. The only authority cited for Dr. Nisbet's opinion that the
"fingerprint® of the PCBs allegedly present in the tissues of the
first and second terns--that is, the presence of substantial
quantities of less chlorinated PCB congeners-~-is Dr. Nisbet's own
study, Nisbet and Reynold.

1202. Nisbet and Reynold suggest that New Bedford Harbor sanmples
contain substantial quantities of tri- and tetrachlorobiphenyls
similar to those found in 1016.

1203. In Dr. Nisbet's opinion, he does not define what he neans
by less chlorinated PCB congeners.

1204. The basis for Dr. Nisbet's opinion is stated to be an
examination of the chromatograms prepared by Hazelton
Laboratories.

1205. The chromatograms from Hazelton laboratories were prepared
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on packed column chromatograph.
1206. Quantitation by level of chlorination of PCBs was not done jé
by HLA.

1207. Quantitation by level of chlorination cannot be done based
on the HLA chromatograms because chlorobiphenyl quantitation
cannot be performed with packed column chromatography.

1208. If the term "fingerprint," as used by Dr. Nisbet, refers to

the presence of specific congeners, he could not make such a
deduction based on the HLA chromatograms.

1209. The predominant chlorobiphenyl groups in New Bedford Harbor
samples are tri-, tetra- and pentachlorobiphenyl.

1210. The chlorobiphenyls of interest to Battelle and Hydroqual

for preparation of their food chain model were tris, tetras,
pentas and hexas.

G. Ward Stone
1211. Ward B. Stone (Mr. Stone) does know wvhat caused the death

of either the first or second tern.

1212. Mr. Stone is not qualified to determine the cause of death
of a common tern. °

1213. Mr. Stone is not qualified to render an opinion as to the —
cause of death of a common tern.

1214. Mr. Stone is not qualified to determine the cause of death
of either the first tern or the second tern.

1215. Mr. Stone is not qualified to render an opinion as to the
cause of death of either the first tern or the second tern.

1216. Mr. Stone does not know wvhat caused the death of either the
first tern or the second tern.

1217. Mr. Stone did not perform a comprehensive investigation to
determine the cause of death of either tern.

1218. Mr. Stone did not determine the cause of death of either
the first tern or the second tern.

1219. Mr. Stone did not perform a necropsy on either the first
tern or the second tern.

1220. Mr. Stone is not an avian toxicologist or pathologist.
1221. Mr. Stone did not observe either of the microscope slides
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which were viewed by Dr. King.

1222. Mr. Stone did not review the unabridged chromatograms
produced by HLA.

1223. Mr. Stone did not observe either of the tern carcasses or
any of the tissue samples removed from them.

1224. Mr. Stone did not perform a chemical analysis of any of the

tissues which were removed from either the first tern or the
second tern.

1225. Mr. Stone did not examine the contents of the stomach of
either the first tern or the second tern.

1226. Mr. Stone did not visually or chemically identify the
contents of the stomach of either the first tern or the second
tern.

1227. Mr. Stone does not know what material was present in the
stomach of either the first tern or the second tern.

1228. Mr. Stone does not know where either the first tern or the
second tern fed prior to being recovered and brought to him.

1229. Mr. Stone did not analyze the liver tissue of either the
first tern or the second tern in any way.

1230. Mr. Stone did not chemically analyze the liver tissue of
either the first tern or the second tern in any way.

IV. Toxicology

1231. Given the assumption of equal PCB doses, there is nd
evidence to indicate that terns biocaccumulate PCBs to any greater
extent than do the chicken, quail, dove or mallard.

1232. Ring doves fed 10 ppm Aroclor 1254 for 200 days developed
brain PCB concentration of 5.5 ppm (wet weight). (Lincer and
Peakall, 1973)

1233. White crested cormorants ingesting prey with a PCB
concentration of 1.6 ppa had brain PCB concentrations of 2.9 ppm
PCB (expressed on a vet weight basis). (Peakall review)

1234. There is no evidence to indicate that the common terns
autopsied at the Nev England Wildlife Center had mobilized their
fat stores.

1235. Nisbet and Reynolds (1984) indicate that the ratio of tern

egg PCB concentration (wet weight) to fish PCB concentration (wet
weight) is 30.
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1236. Based on Nisbet's bicaccummulation factor, during the
portion of the year when terns are present in the New Bedford
Harbor area, consumption of prey containing an average of 10 ppm
PCB or less would not produce PCB concentrations in the brains of
terns in excess of 300 ppm.

1237. Based on Nisbet and Reynolds' bioaccumulation factor,
during the portion of the year when terns are present in the New
Bedford Harbor area, consumption of prey containing an average of
5 ppm PCB or less would not produce PCB concentrations in the
brains of terns in excess of 300 ppm.

1238. Based on Nisbet and Reynolds' bioaccumulation factor,
during the portion of the year when terns are present in the New
Bedford Harbor area, consumption of prey containing an average of
2 ppm PCB or less would not produce PCB concentrations in the
brains of terns in excess of 300 ppm.

1239. The plaintiffs know of no laboratory study which has
examined the accumulation of PCBs in the tissues, organs, or eggs
of terns.

1240. Terns feeding in New Bedford Harbor do not have a steady
diet of prey containing an average of 10 ppm PCB or more.

1241. Terns feeding in New Bedford Harbor do not have a itcady
diet of prey containing an average of 5 ppm PCB or more.

1242. Terns feeding in New Bedford Harbor do not have a steady
diet of prey containing an average of 2 ppm PCB or more.

1243. There is no evidence of a food source in the New Bedford
Harbor area containing PCBs at a concentration equivalent to
that reportedly found in the stomach contents of the terns.

1244. The plaintiffs know of no dose-response study examining the
toxicity of PCBs in any species of terns.

1245. The plaintiffs know of no scientific study which has
examined the time course of PCB accumulation in terns.

1246. In the Lincer and Peakall study, PCB Pharmacodynamits in
the ly Gas t ic Peak DIi%nutIon,
Environ. Pollut., 4:59-69 (1973), r doves fed 10 ppm Aroclor

1254 for 200 days had PCB concentrations in the muscle, liver,
and fat vhich vere higher than the brain PCB concentration.

1247. PCB concentrations in brain tissue of PCB-treated ring
doves were approximately equal to or less than PCB concentrations
in their eggs (Lincer and Peakall, 1973).

1248. Concentrations of PCBs in tern eggs are approxinatdly equal
to or less than PCB concentrations in the brain of the egg-laying

?



tern.

1249. Using the reported bioaccumulation factor of 30 calculated
by Nisbet and Reynolds (1984), average concentrations of PCBs in
biota eaten by terns would have to be 10 ppm and higher tp
produce brain PCB concentrations of 300 ppm and greater.

1250. The average concentration of PCBs in the prey of terns in
Buzzards Bay is lower than 10 ppm.

1251. The average concentration of PCBs in the prev -° terns in
Buzzards Bay is lower than 5 ppm.

1252. The average concentration of PCBs in sf terns in
Buzzards Bay is lower than 2 ppnm.

1253. Lincer and Peakall (1973) observed no difference in
mortality between PCB-treated and untreated ring doves which were
subjected to starvation stress.

1254. Mobilization of PCBs from fat stores was not responsible
for the death of the terns found in Wareham and Marion.

1255. The cause of death of two terns is uncertain.

1256. Causation of the deaths of the terns has not been.
adequately investigated or established.
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