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Abstract — Congener-specific analyses of the PCBs in Acushnet Estuary (New Bedford, MA) sedi-
ments and waters were undertaken 1o identify the PCB alteration and transport processes occut-
ring in coastal marine sediments. These analyses indicated that (a) the PCBs deposited at the sediment
sites sampled had originalty consisted of Aroclors 1242 and 1254, in widcly varying proportions;
(b) these PCBs had undergone vertical movement within the sediments, rather than remaining strati-
tied, but not horizontal translocation between sites; {¢) they had also undergone extraction into the
water, albeit at declining rates, with some consequent changes in composition but (d) the major com-
positional change was caused by a previously unreported type of reductive dechlorination process,
designated Process H. This presumably anacrobic microbial process, subsequently identified at sev-
eral other locations as well, had selectively removed non-ortho chlorines from most of the higher
PCB congeners, especially those associated with acute toxic effects. ft appeared 1o have begun near
the upper end of the estuary and not yet reached its lower portions, thus providing a marker for
tracing the origin of the PCBs in estuarine water samples.
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INTRODUCTION

The polychlorinated biphenyls (PCBs) are a
group of relatively persistent environmental con-
taminants with a unique combination of chemical
characteristics. The commercial PCB products
(e.g., Aroclors) that were originally released each
consisted of a complex mixture of isomers and
homologs (generically referred to as “congeners”)
that were produced in fixed and virtually invariant
relative proportions by the manufacturing process
used {1}. However, these individual PCB congeners
differ greatly in their patterns of relative suscepti-
bility to the various physicochemical and biologi-
cal alteration processes that may occur in specific
environmental compartments. This means that the
congener distribution in an environmentally altered
PCB specimen will present a record of all of the
different alteration processes to which that partic-
ular specimen of PCB had been subjected since its
release, or, alternatively, of all the different PCB-
altering environmental niches through which it had
passed.

To be able to interpret such records it is helpful,
though not essential, to know which of the com-
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Dechiorination Detoxication

mercial Aroclors were originally present. More im-
portant is the knowledge of how the various
possible interphase transfer and biodegradative
processes affect congener distribution. This can be
obtained through {aboratory studies of Aroclor
alteration by known physical, chemical or biolog-
ical agents, and field studies aimed at finding out
which alteration processes, whether previously
known or unknown, are actually occurring in the
environment.

In the recent past, laboratory studies have re-
vealed distinctive patterns of PCB congener re-
moval for more than 1wo dozen strains of aerobic,
terrestrial, PCB-degrading bacteria {2] and for the
two cytochrome P-450 isozymes commonly in-
volved in PCB metabolism in higher animals (3,4].
Previous field studies have indicated the occurrence
of at least seven distinguishable types of reductive
dechlorination, presumably mediated by various
strains of anaerobic bacteria in aquatic sediments
{5-7}. One of these reductive dechlorination pro-
cesses was recently reported to have been dupli-
cated under anaerobic culturing conditions 8], and
further experimental studies of this and other an-
aerobic dechlorination systems are now under-
way in several laboratories. None of the previous
studies, however, have indicated what sorts of in-
tercompartment transfer or intracompartment deg-
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non-ortho (i.e., meta and pura) chlorine atoms
present per biphenyl nucleus. The latter parameters
were determined by adding up the products of
mole fraction times the number of ortho (i.c., 2-,
or 6-) or non-ortho (i.c., 3-, 4-, or 5-) chlorine
atoms for cach of the obscrved PCB peaks.

Calculation of original Aroclor ratios
and solubilization losses

These calculations were carried out by an “in-
dicator peak” procedure. This presumces that we
can identify in the sample chromatograms at least
two peaks, A and B, whose ratio can serve as an
indicator of the ratio of the Aroclors originally
present, and whose levels relative to all other PCBs
as an indicator of evaporative and clutriative joss.
The first presumption requires that peaks be iden-
tified which, after correction if appropriate, can be
considered to be unaffected by any chemical trans-
formations underway. The second requires that
data be included on the response of the indicator
peak levels to whatever combination of evaporative
and elutriative weight loss processes obtain for the
tideflat sediments. Fortunately, observations in our
laboratory (data not given) and elsewhere [16] have
shown that the changes in PCB congener distribu-
tion induced by extraction into water are almost
identical to those induced by evaporation, so that
it is not necessary to establish the relative contribu-
tion of these two processes to the total evapora-
tive/elutriative weight foss, and the data from the
evaporation experiments can be used to relate com-
positional change to weight loss.

To make the necessary calculations, we may de-
fine the following parameters:

a fraction Peak A in sample

a, fraction Peak A in Aroclor 1242 standard

a, fraction Peak A in Aroclor 1254 standard

b fraction Peak B in sample

b, fraction Peak B in Aroclor 1242 standard

b, fraction Peak B in Aroclor 1254 standard

¢, relative effect of evaporative loss on A, that is,
Aa/ady

¢, relative effect of evaporative loss on B, that is,
Ab/bAy

¢ relative effect of evaporative loss on A/B ratio

x original ratio of Aroclor 1242 to Aroclors 1242 +
1254

y weight fraction of original PCB lost by evaporation
or other processes (i.e., true solution) having a simi-
lar effect on PCB congener distribution

Simple material balances indicate that:
a={1-cyy/{-yax+all-x 1)

b=1(1 -/ =ylbix+ bl —x)] (2

a_ (-0l ~a)xtal

b (b —byx+ byl )

Examination of the chromatograms (described
below) indicated that congeners 26-34 and 236-34
were probably not being significantly formed or
destroyed by the transformation processes at work
in the sediments examined, and hence that Peak 39
(originally mainly 26-34 CB, with a little 236-4 and
234-2) and Peak 61 (originally mainly 236-34 CB,
with a tracc of 34-34) could be used as indicators
for Aroclors 1242 and 1254, respectively. The only
correction applied was that the 234-2 in Peak 39
was presumed (o be originally present at the 10%
level, but then to decline in proportion to any ob-
served decline in Peak 50 (23-34 plus a little 234-4).
For Peaks 39 as “A” and 61 as “B” we were able to
evaluate the constants in Equations 1 through 3
from Aroclor 1242 and 1254 standards, and from
the evaporative weight loss data as follows: a,,
0.03160; a,, 0.00789; b,, 0.00743; b,, 0.0895; ¢,
0.43; ¢;, 0.1; ¢, 0.382.

Using these values, Equations 1 through 3 were
solved for x and y by a process of successive ap-
proximations. Examination of the sensitivity of the
solutions to variations in the observed parameters
a and b indicated that for the average composition
encountered (x = 0.70, y = 0.18) a conceivable
+10% error in the measurement of a/b (i.e., the
corrected Peak 39/Peak 61 ratio) would result in
only a +0.02 error in x; however, a + 10% error in
a (i.e., the ratio of Peak 39 to total PCB) would
produce a +0.12 error in y.

Calculation of indices of dechlorination

As indicators of dechlorinative loss affecting
Aroclors 1242 and 1254, we selected the dechlori-
nation-sensitive Peak 50 (23-34 plus a little 234-4
CB) and Peak 58 (234-25 plus traces of 2346-4 and
235-35 CB), respectively. Changes in these peaks
were determined by reference to the same indica-
tor peaks used above, and were expressed in terms
of half-losses, thus:

Half-loss (P50)
(Psosamplc)/(P395ample)

= —log (4
’ (Psoslandard)/(P39slandard) )

Half-loss (P58)
- —l g (PSSSamplc)/(P6lsamplc) (5)

082
(P58s(andard)/(P6lstandard)

Most of the half-loss calculations reported in
Table 1 were derived from measurements on rela-
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Table 2. Results of analyses of Acushnet Estuary water samples collected in December 1986
PCB/water (pg/L)
Estuary Site Half-losses®
section® no.* Total On filter Ps0,PS8
Sediment study area: A .5 .18 1.0
1 1.7 0.16 2.0
1 (rep) 1.5 0.15 2.0
8 i1 0.10 2.0
1C 0.7 0.8 1.5
2 0.4 0.23 1.0
Between the bridges: 4 (.27 0.10 0.5
4 (rep) 1.0 0.07 2.0
S (.36 0.07 0.5
6 i.5 0.21 2.0
Inner harbor: 9 0.4 0.07 1.0
Outer harbor: il 0.27 0.05 0.0
12 0.4 0.06 2.0
1S 0.12 0.03 0.0

2Estuary sections and water-sampling sites as shown on Figure 1.
"Mean of —log, fractional retention of Peak 50 (23-34 CB), as referenced to Peak 39 (26-34 CB), and of Peak 58
(234-25 CB) referenced to Peak 61 (236-34 CB), rounded to ncarest half-log unit.

ative. At two of the sites, however, where the sam-
ples taken consisted of soft, black, organic muds,
a positive, but unknown, rate of sedimentation
could be presumed.

Results of sediment and water analyses .

Figure 2 indicates GCs for Aroclor 1016, 1242
and 1254 standards, for an evaporated Aroclor
1242 specimen, and for two sediment samples that
both showed progressive diminution of the peaks
to the right of Peak 61 (“high-end drop-off”) and
extensive, though not quite identical, alterations of
the relative intensities of the peaks between Peaks
21 and S8, inclusive, and of Peak 7. These two al-
tered patterns were designated H and H’. One of
these samples (19B) also indicated a progressive
diminution of the peaks to the left of Peak 21
(“low-end drop-off”). All of the other sediment
and water samples examined gave patterns that
could be regarded as combinations of those for
Aroclors 1242 and 1254, modified to varying ex-
tents by whatever processes were responsible for
the “high-end” and “low-end” drop-off patterns
shown in Figure 2.

The “low-end drop-off” in GC pattern was ob-
viously similar to that shown by the evaporated
Aroclor 1242 specimen of Figure 2, or described in
more quantitative form in Figure 3. Had this drop-
off arisen from aerobic microbial biodegradation
{2] we would have expected to see relative persis-
tence for Peaks 10, 16, 17 and 39, which are given
by PCB congeners (26-2, 26-3, 26-4 and 26-34 CB)

that are relatively resistant to microbial 2,3-diox-
ygenase attack. Had it arisen from aerobic cu-
caryotic metabolism, we would have expected to
see relative persistence for Peaks 24, 46 and possi-
bly 34, which are given by PCB congeners (24-4,
245-4 and 24-24 CB) that are relatively resistant to
cytochrome P-450 monooxygenase attack. Evi-
dently, this low-end drop-off arose from a simple
interphase transfer process, such as evaporation of
volatiles or extraction of soluble components into
the water column [16]; both processes indicate sim-
ilar patterns of congener depletion.

The “high-end drop-off™ pattern alterations of
types H and H’ involved complex sets of congener
depletions and congener augmentations that are
portrayed by the GC-MS pattern of Figure 4, and
more fully described in Table 3. Patterns H and H’
(Fig. 2) differed only in the degree of their effects
on Peaks 37, 38, 42, 45 and possibly 27.

The results of the various upper Acushnet Es-
tuary sediment analyses are summarized in Table 1.
This shows that the samples analyzed consisted of
sands, gravel and biogenic muds in various propor-
tions, as already indicated, but with no obvious
connection between sediment texture and PCB
level. Most samples contained high levels of total
extractable “oil and grease,” (average for all sites,
13,000 ppm) of which the PCBs constituted 7.8%,
on the average. The PCBs present consisted mostly
of tri-, tetra- and pentachlorobiphenyls, with only
1 to 3% of hepta- and higher CBs (data not shown)
and highly variable levels of dichlorobiphenyis.
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Table 3 continued.

DB-1 Ct's per PCB congeners Relative change Sugpested dechlorination
peak no. BP in peak® observed" process®

04 6 2356-25 +

[ 6 235-236 ¥

66 S 345-25 -~ 345-25 -+ 25-35

66 6 2346-25 >=-~ 2346-25 — 246-25¢

67 5 235-34 - 235-34 - 235-3¢

67 6 2356-24 >4+ 2356-234 — 2356-24"

68 S 345-24 >— 345-24 — 24-35¢

69 5 245-34 - .245-34 -+-0 2534

69 6 236-245 +

71 6 2356-23 *

1 S 2345-4 >—— 2345-4 — 235-4 — 254

72 6 235-235, 2346-23 +

73 6 235-245 +

74 b 234-34 ———— 234-34 —-+ 24-34

74 6 234-236 ——— 234-236 — 236-24¢

75 6 245-245 +

77 6 2345-25 - 2345-25 -+ 235-25

78 7 2356-236 *+

79 6 234-23S ——— 234235 — 235-24

80 6 2345-24 ——— 2345-24 — 235-24

81 7 2346-236 - 2346-236 — 246-236

82 6 234-245, 2356-34, 236-345 —— 234-245 — 245-24¢

83 6 2346-34 - 2346-34 — 246-349

84 6 2345-23 —— 2345-23 — 235-23

88 7 2356-245, 2345-246 t

89 6 234-234 ——— 234-234 —— 24-24¢

90 7 2346-245 —— 2346-245 — 245-2469

91 6 245-345 — 245-345 — 245-35

92 7 23456-25 - 23456-25 — 2356-25

93 7 2345-236 - 2345-236 — 235-236

94 7 2356-234 -— 2356-234 — 2356-24¢

95 6 2345-34 - 2345-34 —~— 235-39

95 7 2346-234 ——— 2346-234 —— 246-249

97 6 234-345 > 234-345 —— 24.359
102 7 2345.245 - 2345-245 — 235.245
106 7 2345.234 -— 2345-234 —— 235-24
107 7 23456-34 - 23456-34 — 2356-34

#Underline indicates predominant component of mixed congener peak.

bEach + (or —) indicates ~2X increase {or decrease) in indicated peak (adjusted for evaporative/clutriative losses)
for tideflat sediment specimens showing ~3 half-losses of Peaks 50 and 58 (Table 1).

“Underline indicates process making sizeable change in a major peak.

YIndicated transformation supported by both increase in product and decrease in reactant peaks; in other cases co-
elution or background problems preclude confirmatory observation.

“Extent of transformation larger in samples exhibiting Pattern H'.

The calculated extents of evaporative/elutriative
loss and original 1242:1254 ratio also varied widely
from site-to-site. Pattern H or H' development, as
indicated by the number of half-losses of Peaks 50
and 58, occurred to a somewhat variable extent.
The net effects of both evaporative/elutriative and
dechlorinative losses upon the overall levels of or-
tho and non-ortho chlorines in the residual PCBs
are shown in Figure 5.

Because of the magnification of any experimen-

tal error that would occur in the calculation of
evaporative/elutriative loss (i.e., the y in Eq. 1-3),
the calculated y values were checked against the
observed levels of dichlorobiphenyls. The average
y value for all sites (18%) was in reasonably good
agreement with the average dichlorobiphenyt level
(predicted for 60% (Fig. 3) retention of the 13.2%
dichlorobiphenyls expected to be formed by 50%
Pattern H conversion of the reactive tri- and tetra-
chlorobiphenyls in a 61:39 1242:1254 mixture to
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Fig. 2. DB-1 capillary gas chromatograms of Aroclor reference standards and Acushnet sediment samples exhibit-
ing alteration Patterns H and H".
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Fig. 4. Gas chromatographic-mass spectrometric jon chromatograms, showing summed parent ion isotope peaks for
di- through heptachlorobiphenyls in Aroclor standards and Acushnet sediment sample 19B. Peak numbering along
horizontal axis corresponds to that of Figure 2 and Table 3. Vertical scale on cach chromatogram adjusted to give

full-scale response for highest peak present.

it was replaced by Aroclor 1016. By the time of
Aroclor 1016 introduction, however, there was al-
reacy growing concera over 2CB accumulations in
the environment, and strenuous efforts were being
made to control PCB releases. Accordingly, both
local history and the analytical data indicate that
the only significant PCB releases to the Acushnet
sediments consisted of Aroclors 1242 and 1254.

Characterization of PCB alteration
processes H and H'

Figure 5 shows that despite a considerable
amount of evaporation and elutriative losses, which
would increase the content of meta and para chlo-
rine atoms in the residue, a net loss of such chlo-
rine atoms occurred at all sites, indicating the
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trichlorobiphenyis 25-3 and 24-3 CB, the di-ortho
tetrachlorobiphenvis 25-25, 24-25 and 24-24 CB3,
and some 2,3 -dichlorobiphenyl. Gas chromato-
grams exhibiting Patterns H or H' may be recog-
nized as such by the increased levels of the above
congeners, mgreases also in the levels of the 2,3 ,4-
chlorophenyl group-derived congeners 236-24 CB
(Peak 49), 245-24 CB (Peak 54) and 2356-24 CB
(Peak 67) and the partcularly decreased levels of
congeners carrying 3.4-, 2,3.4- or 2,3,4,5-chloro-
phenyl groups. System I, by contrast, gives many
of the same terminal dechlorination products but
after an alinost indiscriminate attack on the higher
PCB congeners, whereas the B-like systems of the
upper Hudson River, Waukegan Harbor and the
Sheboygan River (e.p., systems B, B, C and W)
give largely mono- and dichlorobiphenyls, along
with 26-2 and 26-13 CB [5-7).

Geographical range of paitern
H/H' dechlorination

Having delincated the recognition features of
Process H/H” dechiorination, a review of available
chromatograms from the New Bedford area and
clsewhere was undertaken to determine where else
1t might be occurring,

The 231 SE-30 packed-column GC tracings pro-
duced by the 1982 to 1983 Versar analyses of New
Bedford arca sediments facked the resolution to re-
veal the DB-1 capillary Peak 50, and all contained
DDE (added as an internal standard), which ob-
scured Peak S8. However, they were fully adequate
for showing the “high-end drop-off” feature of the
Pattern H/H’” GCs. Accordingly, we scored the en-
tire set for this feature and then obtained the key
linking sample numbers 1o collection sites. This

Table 3. Comparison of PCB dechlorination systems ¥, H and B in terms of apparent
relative reactivitics to dechlorinating agent (R) and relative tendencies 1o appear
in final dechlorination product (p) for the individual chlorophenyl groupings®

Response to dechlorination system

F H B
Chlorination

pattern Reactivity Product Reactivity Product Reactivity Product

23456 RRR - RR - ? -

2345 RRR - RRR - RR -

345 RRR - RR - RR -

235 RR - R P -~ p

2346 RRR - RRR - RR -

2356 RRR - - - — ?

243 RR - R® - RR -

234 RR - RRR - RR -

34 RR — RR" - RRR -

35 ? p - P - p

236 R? p? - - R ?

25 - ppPpP - ppPP RR ?

23 ? ) R® ? RRR -~

246 - p - p ? -

24 - ppp - ppp R® -

4 - p - ? - pp

2 - ? - P - ppp

26 - p - - - pp

3 - pPp - ppp —€ Pp

3For systems H (Acushnet River) and B (upper Hudson River) refative reactivities based on disappearance rates of
congeners having indicated substitution pattern on one ring and 24- or 25-substitution on the other. For both, re-
activity is greater if opposite ring only mono-substituted, and lower if tri-substituted. Chlorophenyl groups are listed
in order of increasing electrochemical reduction potential.

®Group apparently not dechlorinated when opposite ring carries chlorines in both 2 and 6 positions.

“Reactivity seen in the closely related system C, but questionable or negative in system B.
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{23,24]. Demonstrations thar these particular com-
ponents of the Aroclor mixtures {e.g., congeners

V such as 34-34, 234-34 and 345-34) are the ones

responsible for the observable toxic effects have
now been presented for hepatomegaly [23], body
weight loss [24) and thymic involution {23,24) in
rats, and for embryonic mortality and birth defects
i Forster's tern {25,26].

Note that although the H/7H' dechlorination

process attacks a somewhat narrower range of

PCB congeners than do those of Silver Lake or the
upper Hudson (Table 5), 1t is particularly effective
at attacking precisely those non-ortho and mono-
ortho substituted congeners that are of toxicolog-
ical concern (Tables 3, 4). Because these species are
thus indicated 10 be at least as responsive to Pro-
cess H/H attack as are the indicator Peaks 50 and
58, it would appear that the extent of dechlorina-
tion, as measured by the declines in Peaks 50 or 58,
can also be used as a measure of the detoxication
that has occurred.

DISCUSSION

PCB transport processes of the
Acushnet Estuary

The detailed analyses of PCB levels and conge-
ner distributions now available present two unex-
pected features regarding PCB transport processes
in an estuarine environment.

The first such feature concerns vertical mixing
within the sediments. Previous investigations of
PCBs in freshwater sediments, for example, those
of Lake Superior (27], Lake Michigan {28} and the
upper Hudson {5-7] have shown good preservation
of stratification, indicating very little vertical mo-
bility for the PCBs. In sharp contrast, our 12 pairs
of tideflat samples showed no large compositional
differences between the Sto 7.5 cm and 15to 17.5
cm levels for any of the nine parameters listed in
Table 1, including the ratios of Aroclor 1242 to
Aroclor 1254, which may have been released five
to 30 years apart. Furthermore, substantial levels
of PCBs have been seen even below 40 cm at some
sites [10,15], and sediment surface PCB levels have
been found to be equal or nearly equal to those in
the subsurface [10,13,15], despite the ongoing
losses of PCBs to the water column. All these ob-
servations indicate the occurrence of an active ver-
tical transport (mixing) process within the upper
estuary sediments.

There are two possible mechanisms by which
vertical transport might occur. First, Brownawell
and Farrington [15} have shown that the pore wa-
ter in these sediments contains detergent-like agents

that soludthize the PCBs. These would permit the
movement of the otherwise highly water-insoluble
PCRBs from particle to particle in the sediments.
Alternatively, bioturbation processes, which are
much more evident in the tidal flats of the Acush-
net Bstuary than in freshwater sediments, could be
cffecting the observed mixing.

Whatever the cause, this vertical diffusivity of
the PCBs has some significant conseguences. One
15 that all of the PCBs now in the sediments may
be able to reach those anacrobic layers where de-
chlorination 1s proceeding. Another is that they
may also be able to reach the surface, and then
clute out into the water. A third is that the lower
boundary of the PCB-containing zone should con-
tinue to move downward, thus reducing the levels
of PCBs at all depths within the zone, including
the surface, with a conscquent reduction in the rate
of elution into the water.

The sccond unexpecied feature concerns hori-
zontal movement between sediment sites. Both we
{Table 1) and others {10} observed extraordinarily
spotty distributions of the PCBs in the upper estu-
ary sediments, with many instances of 1,000-fold
concentration differences between nearby sites.
Our data (Table 1) show that there are also signifi-
cant differences in chemical composition between
such sites, indicating that the spottiness in the dis-
tribution pattern cannot be attributed to hydrody-
namic factors leading to local areas of scouring or
redeposition. Even more striking, there appear to
be virtually no dechlorinated PCBs in the sedi-
ments of the outer harbor, at least as of 1982,
despite their presence at high levels in the upper es-
tuary sediments, and in at least one of the lower es-
tuary water samples. All of these observations
indicate that no significant horizontal movement of
PCBs {rom one patch of sediment to another has
been occurring.

There are two obvious mechanisms by which
such movement might have occurred. One would
be by scouring and redeposition of sediment par-
ticles carrying bound PCBs. The other would in-
volve dissolution into and readsorption from the
water column. A priori, both mechanisms would
appear eminently plausible and both have been fre-
quently invoked in the past to rationalize or model
the movement of PCBs or other xenobiotics in
aquatic environments. The fact that interchange of
PCBs between sediment sites is not occurring in the
Acushnet means that neither mechanism is opera-
tive there.

The absence of PCB transport by scouring and
redeposition of PCB-containing sediments is con-
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weight of PCBs of the type analyzed in the upper
20 cm of the upper estuary sedunents 1o be about
10° kg, indicating the total losses to the water col-
umn to have been about 50,000 kg. (This figure
may be highly conservative; other estimates of the
total quantity of PCBs in the upper Acushnet are
considerably higher than ours (LS. Sarapas, pri-
vate communication).

Applicd Science Associates [12] has estimated
the current flux of PCBs front the sediments to the
water by a two-dimensional vertcally averaged fi-
nite clement pollutant transport model as 189
kg/yr. Three calculations using a simple one-
dimensional model gave fluxes averaging 99 kg/yr.
Even the larger, and presumably more rehiable,
value represents a current annual flux of only
1/265 the conservatively estimated losses. The in-
escapable conclusion is that during and shortly af-
ter the period of active discharges the rate of PCB
extraction into the water column must have been
between 10- and 100-fold greater than at present,
and that the elution rate has been dropping sharply
since that time. An obvious explanation for this
drop in elution rate is the vertical movement of the
PCBs down into the sediment column.

PCB dechlorination/detoxication processes
of the Acushnet Estuary

The results of this investigation showed that a
previously unreported type of PCB dechlorination
and detoxication process is occurring in the sedi-
ments of the upper and middle sections of the
Acushnet Estuary. In sediment specimens exam-
ined to date, removals of up to 91% (3.5 half-
clearances) have been seen for the “indicator”
congeners 23-24 CB (Peak 50) and 234-34 CB
(Peak 58) and for the major toxic congeners 34-34
CB (Peak 61-4, PCB No. 77) and 234-34 CB (Peak
74, PCB No. 105). The dechlorinative congener
transformations were found to be occurring in (two
very similar patterns, designated H and H' (Fig. 2).
These patterns are clearly different from the pre-
viously reported Patterns B, B’, C and E of the up-
per Hudson River, the Patiern W of Waukegan
Harbor or the Patterns F and G of Silver Lake [5-
7}. They were similar, however, to unpublished de-
chlorination patterns seen at two other marine
sites, that is, Escambia Bay (FL) and New York
Harbor (NY) and at several freshwater sites, that
is, Woods Pond, near Lenox, Massachusetts, and
Hudson River/Estuary sites with elevated PCB lev-
els near Mechanicville, Troy, Albany, Catskill,
Kingston and Poughkeepsie, New York; as well as
in laboratory cultures grown up from upper Hud-
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son River inocula. Thus H-Iike PCB dechlorinations
appear to be occurring in a variety of geographical
settings. Whether or not they are all mediated by
the same type of microbe is still unknown.

The distinction between Patterns Hand H' is a
subtle one, and may not be significant. Pattern H’
appeared at only two (adjacent) sites on the upper
Acushnet tideflats (Table 1), but was also seen in
the Hudson Estuary. In the latter case, it almost
certainly arose from the contribution of a different
dechloriation system, M, which could also be cul-
tured {rom the same Hudson River sediments in
the laboratory, Other investigators of upper Acush-
net Estuary PCBs (1LF. Quensen HH, Anna Yoa-
kum and J.L. Lake, private communications, and
[29}) have found that some samples of mid-channel
sediments exhibit dechlorination patterns other
than the Pattern H of the tideflats, and that such
dechlorinations may be reproduced in labora-
tory cultures. However, we still cannot be certain
whether the Pattern H' of tidetlat Sites 9 and 12
arose from the incipient appearance of a sccond
dechlorination system, a mutation of the local Sys-
tem H population, or simply a particular stage in
the development of dechlorination Patern H.

At most PCB spill sites it is easy enough to de-
termine the extent of dechlorination (c¢.g., number
of half-clearances) but difficult to determine the
rate of dechlorination (e.g., the mean half-time
for clearance) because of uncertainties as 10 just
when the local population of PCB-dechlorinating
anacrobes became established. At the Acushnet
study site, however, we have data on the differ-
ences between the extents of clearance of the largely
1242-derived Peak 50 and the largely 1254-derived
Peak 58, as shown by the P58-50 values given in
the last column of Table 1. These indicate more ex-
tensive dechlorination of the Aroclor 1254 in the
upper half of the study site and of the Aroclor
1242 in the lower. A plausible interpretation would
be that dechlorination began in the northern end of
the upper estuary in the 1950s, when the release
was largely Aroclor 1254, reached the southern
part of our sediment study area sometime after
the 1960 to 1965 changeover to Aroclor 1242, and
the southern part of the inner harbor by the time
of the GCA/EPA/Versar sampling in early 1982.
Thus, in the northern part of the study site dechlo-
rination of Aroclor 1254 is further advanced be-
cause of the longer dechlorination time; in the
southern part, less so, because the concentrated
fresh deposits of Aroclor 1242 responded more
rapidly to the arrival of the dechlorination system
than did the underlying Aroclor 1254 deposits; and
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