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Abstract —Congcnei-spccilic analyses ol the PCBs in Acuslincl Ls tuaiy (New Bcdlord, MA) scdi
ineiKs and waters were undertaken to ident i fy the I'CB al te ia t ion and transport processes occui
ring in eoasial marine sediments. These analyses indicated that (a) the PCBs deposited at the sediment 
sites sampled had original!) consisted of Aroclors 1242 and 1254, in widely varying proportions; 
(b) these PCBs had undergone vertical movement within the sediments, rather than remaining strati
fied, but not horizontal translocation between sites; (c) 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 unreportcd type of reductive dcchlormation process, 
designated Process H. This presumably anaerobic microbial process, subsequently identified at sev
eral other locations as well, had selectively removed non-orllto chlorines from most of the higher 
PCB congeners, especially those associated with acute toxic effects.  I t appeared to 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 estuarme 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 (generic-ally 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 relativesuscepti
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

Dechlorination 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 laboratory 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 two 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*To whom correspondence may be addressed. 

tThe present address of R.E. Wagner is Northeast studies, however, have indicated what sorts of in-
Analytical, Inc.,Scheneaady, NY 12305. tercompartment transfer or intracompartment deg
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non ortho (i e , nicla and para) chlorine atoms 
present per bipiienvl nucleus The latter paiameteis 
were dcterniined bv adding up the products of 
mole fraction times the number of ortho (i e , 2 , 
or 6 ) or non ortho (i c , 1 , 4 , or 5 ) chlorine 
atoms for each of the observed PCB peaks 

Calculation of anginal \io<.lot 
and mlubtltzalion 

These calculations weie carried out by an "in 
dicator peak" procedure This presumes 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 elutnative loss 
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 elutnative 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 distnbu 
tion induced by extraction into water are almost 
identical to those induced by evaporation, so that 
it is not necessary to establish the relative contnbu 
tion of these two processes to the total evapora
uve/elutnative weight loss, and the data from the 
evaporation experiments can be used to relate com
positional change to weight loss 

To make the necessary calculations, we ma\ de
fine the following parameters 

a fraction Peak A in sample 
a{ fraction Peak A in Aroclor 1242 standard 
a2 fraction Peak A in Aroclor 1254 standard 
b fraction Peak B in sample 
ft, fraction Peak B in Aroclor 1242 standard 
b2 fraction Peak B in Aroclor 1254 standard 
cl relative effect of evaporative loss on A, that is, 

Aa/a&y 
c2 relative effect of evaporative loss on B, that is, 

A&/6A.y 
c relative effect of evaporative loss on A/B ratio 
A 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 

a2(\ - A ) ] (1) 

-A)] (2) 

(1 -cv) |(a | 
(3) 

C\ammation ol the chromatograms (described 
below) indicated that congeners 26 14 and 236 14 
\\eri- probably not being s i g n i f i c a n t l y formed or 
destroyed by the tunslorniaiion pioccsso ai work 
in the sediments examined, and hence that Peak 39 
(originally mainly 26 34 CB, w i t h a l i t t le 216 4 and 
214-2) and Peak 61 (originally main ly 236 34 CB, 
with a trace of 14-34) could be used as indicators 
for Aroclors 1242 and 12S4, respectively Flic onl> 
correction applied was that the 234 2 in Peak 19 
was presumed to be original!) present at the 10% 
level, but then to decline in proportion to anv, 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, o2l 0 00789, bt, 0 00743, bt, 0 0895, c,, 
043, c2,0 l ,c, 0382 

Using these values, Equations 1 through 3 were 
solved for x and y by a process of successive ap 
proxmnations 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 L8) 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 ± lO^o 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 dechlormation 

As indicators of dechlormative loss affecting 
Aroclors 1242 and 1254, we selected the dechlon 
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) 

= -10 <P5(W)/(P39..n.pk) ,„ 
2 (P50standard)/(P39SIandard) 

Half-loss (P58) 

. (P58sampk)/(P61 samp,,.) 
= — lOgj ( . J ) 

(P58s,andard)/(P6lstandartl) 

Most of the half-loss calculations reported in 
Table 1 were derived from measurements on rela
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lable 2 Resulls ol analyses of Acushnei Esluar> water samples collecteU in December 1986 

CMuary 
sccnoir' 

Sediment study area' 

Between the budges 

Inner harbor: 

Outer harbor 

Sue-
no •' 

I A 
1 
1 (rep) 
Hi 
1C 
2 
4 
4 (rep) 
5 
6 
9 
I I 
12 
15 

PCB/waicr 

1 Olal 

0 5 
1 7 
1 S 
1 1 
0 7 
0.4 

0 27 
1 0 
036 
1 5 

0.4 
027 
04 
0 12 

(MJ/U 
Hj l l -losses" 

On hltei PSO.P58 

0 18 1 0 
0 16 2 0 
0 I S 2.0 
0 1(1 2 0 
08 1 5 
0 21 1 0 

0 10 " 0 5 
007 2 0 
0.07 0 5 
0 21 2 0 
0.07 1 0 
005 00 
0.06 20 
003 0.0 

'Estuary sections and water-sampling sites as shown on Figure 1. 
hMean of -log, fractional retention of Peak 50 (23-34 CB), as referenced to Peak 39 (26-34 CB), and of Peak 5K 
(234-25 CB) referenced to Peak 6! (236-34 CB), rounded to nearest half-log uni t 

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 58, 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 eu
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 ol 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 dichlorobiphenyls. 
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Table 3 continued. 

DIM 
peak no. 

64 
65 
66 
66 
67 
67 
68 
69 
69 
71 
71 
72 
73 
74 
74 
75 
77 
78 
79 
80 
81 
82 
83 
84 
88 
89 
90 
91 
92 
93 
94 
95 
95 
97 

102 
106 
107 

Ci's per
 
DP
 

6 
6 
5 
6 
5 
6 
5 
5 
6 
6 
5 
6 
6 
5 
6 
6 
6 
7 
6 
6 
7 
6 
6 
6 
7 
6 
7 
6 
7 
7 
7 
6 
7 
6 
7 
7 
7 

PCB congeners 
in peak/ 

2356-25 
235-236 
345-25 
2346-25 
235-34 
2356-24 
345-24 
245-34 
236-245 
2356-23 
2345-4 
235-2.15, 2346-23 
235-245 
234-34 
234-236 
245-245 
2345-25 
2356-236 
234-235 
2345-24 
2346-236 
234-245, 2356-34, 236-345 
2346-34 
2345-23 
2356-245,2345-246 
234-234 
2346-245 
245-345 
23456-25 
2345-236 
2356-234 
2345-34 
2346-234 
234-345 
2345-245 
2345-234 
23456-34 

R e l a t i v e change Suggested dechlorinalion 
obseivcd1' process' 

,

1 

345-25-25-35
 
>-- 2346-25 - 246-25"
 

235-34-235-3"
 
. > + + 2356-234-2356-24''
 

>- 345-24 - 24-35d
 

.245-34 — • 25-3"
 
± 
± 

>-- 2345-4 - 235-4 -. 25-4 
+ 
+ 

234-34 — 24-3d 

234-236 - 236-24d 

± 
2345-25-235-25 

± 
234-235-235-24 
2345-24-235-24 
2346-236-246-236 
234-245-245-24" 
2346-34 - 246-34d 

2345-23-235-23 
4

234-234 — 24-24" 
2346-245-245-246" 
245-345 - 245-35 
23456-25-2356-25 
2345-236-235-236 
2356-234-2356-24" 
2345-34 — 235-3" 
2346-234 — 246-24" 

> — 234-345 -24-35" 
2345-245-235-245 
2345-234 — 235-24 
23456-34-2356-34 

•"Underline indicates predominant component of mixed congener peak. 
''Each + (or —) indicates -2x increase (or decrease) in indicated peak (adjusted for evaporative/elutriative losses) 

for tideflat sediment specimens showing -3 half-losses of Peaks 50 and 58 (Table I) . 
1 Underline indicates process making sizeable change in a major peak. 
"Indicated transformation supported by both increase m 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-o/7/io 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 dichlorobiphenyl 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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AHOCU3R 101« 

Ml 

J ~H 
IMU 

AROCUOR 1242 

INT 
STQ 

S « i ov i* 
U_Al>JLJL 

ABOCLOR 1242-34% EVAPO«ATeD 

25 

28 37 

14(7 32 

JLJJuIloi 
AROCOOR 1254 

I INT. 
1 STQ 

X» KM 

SEDtMENT 1»8 (PATTERN M) 

INT. 
STO 

115 117 

SEDIMENT 128 (PATTERN H") 

INT. 
STQ 

75 

"sJUUL 112 115 117 

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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OtfMU>«OB*> I  N 
N S I O - J I N Ml 

-t-J.'V 
GC *t ** NO 

I 

- -ft-6 IU-

Al 

MSCOlMtNT tM 

Jk_ 
Fig 4 Gas chromatographic-mass spectromelnc ion chromatogranis showing summed parent ion isotope peaks for 
di through heptachlorobiphenyls in Aroclor standards and Acushnet sediment sample I9B Peak numbering along 
horizontal axis corresponds to that of Figure 2 and Table 3 Vertical scale on each 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 
reaoy growing concern over ?Cfa accumulations in 
the environment, and strenuous efforts were being 
made to control PCB releases. Accordingly, both 
locJ 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 elutnative losses, which 
would increase the content of meta and para chlo 
nne atoms in the residue, a net loss of such chlo
rine atoms occurred at all sites, indicating the 
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t n c h l o i o b i p h e n v i s 2S 3 and 24 3 CB, ihe di on ho 
i c t i a c h l o i o b i p h c . ' v i s 2i 2\ 24 23 and 24 24 CB, 
and sonic 2,3 d i c h l o i o b i p h e n v l Gas chroinaio 
grains exh ib i t ing Pat terns H or H mav be recog 
nized as such by the iiKreased levels o( tlie above 
congeners, mu cases also in the levels of the 2,3,4 
ch lo iophenv l g ioup dc t ived congeners 236-24 CB 
(I'eak 49), 245 24 CB (Peak S4) and 2356-24 CB 
(Peak 67) and t l ie particular!) deucascd lc\cls ol 
congencis caming 1,4 , 2,3,4- 01 2,3,4,5 chloro 
phenv l gioups Svsiein I , bv contrast , gives main 
ol the same temimal dechlot ina t ion pioducts but 
a l t e i .in almost indisuimmate attack on the highei 
PCB congencis, \vheieas the B-hke systems ol l l ic 
uppei Hudson R i v e i , Waukegan Harbor and the 
Shebovgan R i v e r (e g , svstems B, IV, C and \V) 
g ive largel> mono and dichlorobiphenv/ls , along 
w i t h 26 2 and 26 3 CB [S-7) 

til ramie of pattern 
H/H deihlorinaiion 

Having delineated the recognition features of 
Process H/H dedilonnation, a review of available 
chronu i tog iams from the New Bedlord area and 
elsewhere was undertaken to cleicimine where else 
it miglil be occuumg 

The 231 SL 3(1 packed column GC tracings pio 
dnced In the 1982 to 1981 Veisai analyses ol New 
Bedloid area sediments lacked tlu; resolution to re 
veal Ihe DB 1 cap i l l a i ) PC »k~ M), and all contained 
DDL (added as an i n t e r n a l s tandaid) , which ob 
scurcd Peak 58 Hovvevct, ihc\ were lu l ly adequate 
(or showing the "high end diop off" feature ol (he 
Pattern H/H' GCs Accoidingly, we scored the en
tire set for th is feature and (hen obtained (he key 
l ink ing sample numbers to collection sites This 

Table s Comparison of PCB dcchlormation svsiems I , H and B in terms of apparent 
re la t ive reactivities to dechlormating agent (R) and re la t ive tendencies to appear 
in l i n a l dcchlonnation product (p) for the individual chlorophenvl gioupings11 

Response to dechlonnation svstem 

F H B 

Chlori nation 
pattern Rcact ivi tv Product Reactivity Product Reactivit> Product 

21456 RRR _ RR i 
2345 RRR — RRR 

_ 
RR -

345 RRR 
_ 

RR - RR -
2^5 RR - R P - P 

2346 R R R _ R R R - RR -
2356 

245 
RRR 

RR 
_ 
-

_ 
Rh 

-
-

-
RR 

9 

-

234 RR _ RRR - RR -

34 
35 

RR
i 

-
P 

RR" 
-

-
P 

R R R 
-

-

P 

236 
25 
23 

R^ 
— 
9 

P9 

PPP 
PP 

-
— 
R" 

-
PPPi 

R 
RR 

R R R 

•) 

'} 

-

246 
24 
4 

— 
-
-

P 
PPP 

P 

— 
-
-

P 
PPP 

9 

9 

Rb 

-l 

— 
-

PP 

2 - 9 - P - PPP 

26 — P - - - PP 

3 — PPP — PPP 
c 

PP 

aFor systems H (Acushnct River) and B (upper Hudson River) relative 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 tn-substituted Chlorophenyl groups are listed 
in order of increasing electrochemical reduction potential 

bGroup apparently not dechlormated when opposite ring carries chlorines in both 2 and 6 positions 
1 Reactivity seen in the closely related system C, but questionable or negative in svstem B 
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[23,24]. Demonsl in i ions t h a i ihese pamci i lar com
ponents of ihc Aroclor m i x t u r e s (e.g., congeners 
such as 34-34, 234-34 and 345-34) are the ones 
responsible ior the observable toxic effects have 
now been presented for hepatomegaly [23), body 
weight loss (24) and i h y m i c invo lu t ion [23,24) in 
rai.s, and for enibiyonic mortal i ty and b i r th defects 
in l-'oister's tern [25,26). 

Note t h a t a l though the H / H ' dech lo i ina t ion 
piocess a t t a c k s a somewhat narrowci lange of 
PCH congeners than do those of Silver Lake or the 
tippei Hudson (Table 5), it is p a r t i c u l a i l y e l lec t ive 
at a t tacking precisely those non-ortlw and mono
ortha . subst i tu ted congeners t h a t are of toxicolog
ical concern (Tables 3, 4). Because these species are 
thus indicated to be at least as responsive to Pro
cess H/H ' a t tack as are the indicator Peaks 50 and 
58, it would appear (hat the extent of dechiorina
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 Esiuarv 

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 5 to 7.5 cm and 15 to 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 

tha t solubihze the PCBs These would permit the 
movement of the otherwise highly water-insoluble 
PCBs from particle to particle in the sediments. 
Al te rna t ive ly , bioturbation processes, which are 
much more evident in the tidal flats of the Acush
net Estuary than in freshwatei sediments, could be 
effecting the observed mixing. 

Whatever the cause, this ver t ical d i f f u s i v i t y of 
the PCBs has some significant consequences. One 
is tha t all of the PCBs now in the sediments may 
be able 10 reach those anaerobic layers where de
c l i lo i ina t ion is proceeding. Anothci is that the} 
may also be able to reach the surface, and then 
cluic out into the water. A thi rd is that the lower 
boundaiy of the PCB-containing zone should con
t inue to move downward, thus reducing the levels 
of PCBs at all depths w i t h i n the zone, including 
the surface, with a consequent reduction in the rate 
of clution into the water. 

The second unexpected feature concerns hori
zontal movement between sediment sites. Both we 
(Table I ) and others (10) observed extraordinarily 
spotty distributions of the PCBs in the upper estu
ary sediments, wi th 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
tr ibution 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 from 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 ol the t v p e anaK/cd in the uppe i 
20 cm ot the upper estuary sediments to be about 
10s kg, indicating the total losses to the water col
umn to have been about 50,000 kg ( T h i s f igure 
may be highly conservat ive; othci estimates ol the 
to ta l q u a n t i t y ot PCBs in ihe upper Auishnel a i c 
considerably higher than ou i s (I S Saiapas, pu
vate communication). 

Applied Science Associaies ( 1 2 ] has es t imated 
the cunent flux of PCBs l i o n , the sediments to the 
water bv a two-dimensional M'dicalh jvci.iged  t i 
ni te clement p o l l u t a n t t r a n s p o i t model as 189 
kg/yr. Three calculations using a simple one-
dimensional model gave (luxes a \c iag ing 99 kg/yr 
Even the larger, and p resumablx more reliable, 
value represents a current a n n u a l f l u x ot only 
1/265 the conservatively estimated losses I he in
escapable conclusion is that dur ing and shor t ly at 
ter the period of act ive discharges the rate ol 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 explanat ion lor this 
drop in elution rate is the vertical movement ol the 
PCBs down into the sediment column 

PCB dechlortnalion/deloxicalion processes 
of the Acushnei Estuary 

The results of this investigation showed that a 
previously unreported type of PCB dechlonnation 
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 dechlorinauve 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 Pattern W of Waukegan 
Harbor or the Patterns F and G of Silver Lake [5
7j. 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

son R i v e r imxula I hus H l ike I'C B dedilormauons 
appear to be occurring in a var ie ty ot geographical 
settings Whether or not thev are all mediated b> 
the same type of microbe is s t i l l u n k n o w n 

The dist inct ion between Patterns H and H' is a 
subtle one, and may not be s i g n i f i c a n t Pat tern H' 
appeared at only two (adjacent) sites on the tippet 
Acushnci udcflats (Table 1), but was also seen m 
the Hudson Estuary In the la i te i case, H almost 
cci tamly arose horn the contnbuiion ol a d i l f e i e n t 
dechlonnation system, M, t\hich could also be uil
tmed l iom the same Hudson R I V C I sediments in 
the laboratory. Other investigators ol uppei Aciish 
net E s t u a i > PCBs (.1 F. Qucnsen 111, Anna Yoa
kum and J . I . Lake, private communications, and 
|29|) have lound that some samples ot mid-channel 
sediments exh ib i t dccli lormaiion patients othei 
than the Pa t t e rn H of the lidcflats, and t h a t such 
dechlonnat ions may be reproduced in labora
tory cultures. However, we s t i l l cannot be certain 
whether the Pattern H' of tidcflat Sites 9 and 12 
arose from the incipient appearance of a second 
dechlorination system, a mutation of the local Sys
tem H population, or simply a par t i cu la r stage in 
the development of dechlorination Pattern H 

At most PCB spill sites it is easy enough to de
termine the extent of dechlonnation (c g., number 
of half-clearances) but dif f icul t to determine the 
rate of dechlorination (e.g., the mean half-t ime 
for clearance) because of uncertainties as to just 
when the local population of PCB-dechlonnatmg 
anaerobes became established. At the Acushnet 
study site, however, we have data on the dif fer
ences between the extents of clearance of the largely 
1242-dcrived Peak 50 and the largely 1254-denved 
Peak 58, as shown by the P58-50 values given in 
the last column of Table 1. These indicate more ex
tensive dechlonnation 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 lime 
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 dechlonnation 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 

l\ 
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