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ABSTRACT

Microorganisms from Hudson River sediments reductively dechlorinated
most polychlorinatad biphenyls (PC3s) in Aroclor 1242 under anaerobic
conditions. At 700 pem Aroclof@53% of the total chlorine was removed in 16
weeks, and the proportion of mono- and dichlorobiphenyls increased from 16 to
88%. Dechlorination occurred p;imarily from the meta- and para- positious;
ortho- only substitutad congeners accumulated.. These dechlorination products
are both less toxic and mora readily degraded by aerobic baczeria. These ¢
results indicate that rscuctive dechlorination may be an important
environmental fate of PC3s, and suggest that a sequential anaerobic/aerobi;

biological treatment system for PCBs may be feasible.
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Prior to the 1976'5, polycﬁlérina:ed biphenyls (PCBs) were widely used
for a variety of industrial purpdses including fluid filled capacitors and
transformers, hydraulic fluids,fﬁeat transfar fluids, plasticizers, and
carbonless copy paper. In generél; PC3s are considered to be highly
persistent in natural environmenﬁs such as soils and sediments. Their
biological degradation under ae:?bic conditions is generally limited to the
lesser chlorinated congeners wiéh ac least two adjacent unsubstituted carbon
atoms (I). Recently, however, the altered PC3 congener distribution pactefns
found in anaerobic sadiment sam?les from the upper Hudson River have been
interpretad to be the result of biologically mediated reductive dechlorinQCion
(2,3).

‘While the main 2C3 input to th; upper Hudson River is reportad to have
been Aroclor 1242 between 1951‘;nd 1973, subsurface sediment samples now show
depletion of the tri- and highgf chlorinated congeners present in Aroclor 1242
and a corresponding increase in the proportion of ortho- only substituted
mono- and dichlorobipnenyls (2,3). Similar but generally less pronounced
differences between known PCB inputs and analyzed sediment samples taken
sever;l years 1acer have also been observed for Waukegan Harbor (Illinois)
(4), and Silvet Lake (3) and tﬁe Acushnet River (both in Massachusetts) (5).
In all of these cases a biologidﬁl process was presumed to be responsible for
the difference in congener disfribution pattern because congener selectivity
was observed and a strictly aﬁiologic reduction of PCBs is not possible in |

these anaerobic sediments (6). Attempts to chemically dechlorinate aromatic

compounds under similar conditions using reduced iron-porphyrins have not .
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succeeded (7). ‘However, others have suggested that the observed enrichment of
&
mone- and dichlorobiphenyls in the Hudson River sediments is the result of

seleczive parficioning‘(a). Thus laboratory experiments to directly
demonstrata biological dechlorin#tion of PC3s are important to clarify the
mechanism. We hera report the first successful demomstracion of biologically
mediated reductive dechlorination of an Aroclor mixture.
We assessed thé abilicy of‘microorganisms from PCB contaminated Hudson
River sediments (60 to 562 ppm PCBs) (9) to dechlorinate Arcclor 1242 under
anaerobic conditiomns by eluting microorganisms from the contaminated sediments
and transferring them to a slurr; of reduced anaerobic mineral medium (10) and
noncontaminatad sediments (I11) in tighctly stoppered serum bottles (12). Tﬁis
reduced the PC3 backzround enabﬂiﬁg us to quantify the dechlorination of :
freshly added Aroclor 1242. Three concentrations:of Aroclor were used
corresponding to 14, 140, and 760 pem on a sediment dry weight basis.
Dechlorination of the Aroclor by the elutad organisms was evident from a
simple visual inspection of the'chromatograms of PCBs extracted after 16 weeks
of incubation (Figure 1). Earl} éluting peaks, corresponding to the lesser
chlorinated congeners, increaseg with time in the live samples but not in ;he
autoclaved controls. There was a corrasponding decrease in the later-eluting,
more highly chlorinated congenefs. Most notable was the accumulation of
chlorobiph;nylé_substituted only at the ortho positions. 2-Chlorobiphenyl
(2-CB) increased from O to 63% 'of the total PCBs in the live treatments
receiving 700 ppm Aroclor, and:2,2’'-CB and/or 2,6-CB (coeluting isomerﬁ)
increased from 1 to 14%. 2,2',6-CB also increased from 0.4 to 2%.
The progressive nature of the dechlorination process was evident from !

changes in the relative proportions of mono-, di-, tri-, tetra-, penta-, and

X
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hexa-C3s at each sampling time (Table 1). Aroclor 1242 contains predominantly

& f
ri- and tatra-C3s; thesa weras prograssively dechlorinated to di- and mono-CBs

in the live Ezeacxen:s’receiving 140 and 700 ppm Aroclor while there was no
appreciable change over time in the autoclaved controls.

PC3 dechlorination in zhejlive treatments occurred primarily from the
meta and para positions with nojsignificanc loss of chlorines in the
autoclaved controls (Figure 2). Dechlorination was most extensive at the
highest PCB concentration. In the 700 ppm treatment the meta plus para
chlorines per biphenyl dec:easéﬁ from an average of 1.98 to 0.31 after 16
weeks, but decreased to onliy 1:19 in the 140 ppm treatment (13). AaAc 14 p§m
thers was no obsarvadle differéncé between the live and autoclaved contrcis
after 16 weeks. The dependencé of dechlorination on PCB concencration maf be
related to PCB bioavailability: - Higher concentrations in the sedimeﬁc would
result in higher solution concentrations, and it is probably only the PCBs in
solution that ars available fqr‘up:ake by the dechlorinating microorganisms
(14). Meta and para chlorines were estimacad together because it was not
always possible to distinguish the two clagses when coeluting isomers were

involved. It is evident that'dechlorination of both positions occurred
because meta and para chlorihés occur in nearly equal proportions (5:4 ratio)
in Aroclor 1242. The observed decrease in meta plus para chlorines from 1.98
to 0.31 ca;noﬁ;be accounted for unless dechlorination occurred at both
positions. |

The experiment described above has also been performed using

microorganisms from a non-contaminated site in the Hudson River (11). No

dechlorination of 700 ppm Aroclor 1242 was observed in 16 weeks. Perhaps the:

long term exposure (>15 years) to high PCB concentrations at the contaminated
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size salected for this dechlorihhting activity. A deficiency of.electron
acceptors limi:cs miczobial growth in most anaerobic environments. Thus any
mic:oorganisis which could use PCBs as terminal electrom acceptors would be
advantaged in anaerodic sedimenﬁs. It is also conceivable that they may
obtain energy from the dechlorination step itself. By analogy, the 3-
chlorobenzoate dechlorinacing sFrain DCB-1 may derive energy from the

~ exergonic aryl dechlorination (8G'= -112 KJ/mol) as the growth yield for the
cousortium is higher when grown on chlorobenzoata than on benzoate (15).

The contaminated Hudson River sediment used in this experiment was
collectad from sita H7. The PéB congener profile observed in our laboratory
experiment is very similar to the fattarn C profile praeviously described éor
environmental samples from th;g site (2). Thus it is probable that‘che ;
indigenous sediment organisms‘éhat were responsible for the dechlorination
products found in the laboratory also accounted for dechlorination of PCBs in
situ.

The removal of meta andjpara chlorines, while not reducing the molar
concentration of PCBs, can be&expecced to decrease the mammalian toxicity of

the PCB residues and make them more readily degradable by aercbic bacteria.

The PCBs with the greatest dioxin-like toxicity are those with at least one

meta and a para chlorine on each ring and no more than ome ortho chlorine (eg.

.

3,3',4,4'-CB, ?,3,3’,4,4'~CB; 2,3',4,4',5-CB) (16). Removal of the meta and
para chlorines from these congeners should eliminate their toxicity. Because
of the potential of this process for detoxication, an assessment of PCB
dechlorinécion should be made on a case by case basis before deciding on the

appropriate remedial action for contaminated sediments.
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The most .commonly known initial step in the aercbic degradation of PCBs
is catalyzed b; a dioxygenase. Thié requires two adjacent unsubstitutad
carbons - ac'eicher thé ortho and meta positions (2,3-dioxygenase) or meta
and para positions (3,4-dioxygenase). Removal of the meta and para chlorines
would therefors make any bipnenyl ring subject to 3,4-dioxygenase attack, And
any ring Qich no morz than one ortho chlorine subject to 2,3-dioxygenase
attack. The aerobic degradation of the PCB congeners accumulating in this

experiment and in Hudson River sediments has been demonstratad by one or more

-strains of bacteria (l). Hence it is likely that all PCBs can be biodegraded

by a suitable saquential anaerobic/aercbic process.
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‘ " 11. noncontaminatad sadiments were collecced upstream from the site in (9) ac
River Mf?e 215. Axoclor 1260-like residues were detactad (1 to 2 ppm)
but these did noc incerfefa with the analysis of the Aroclor 1242 added
or its dechlorination products.

12. Sieved air driec secdiment from a noncontaminated Hudson River site (l11)
was added to each of 12 160 ml serum bottles. Reduced anaerobic mineral
medium (RAMM) (I0) and SQ ul of ethanol wefe adde& whnile flushing with
filter sterilized Oz-ffeé N,/C0, (80:20, v:v), and the bottles sealed.
The bottles wers incubac;d until methane production was dececéed to
indicate that anzarobic conditions wers established. The microorganisas
wera elutad frono ccncaminacad Hudson River sediment (?) by shaking é
slurry of equal volume;;of sediment and RAMM and then allowing the
slurry to settle Zor 15;min. Supermatant (50 ml) from this slurry was

. used to inoculaza each, serum bottle. Six of Ehe 12 bottles, waich
served as contzals, wege autoclaved twice with a three day intarval
between. Aroclor 12&2;in 100 ul of acetone was added in three different
amounts (0.7, 7, and 33 mg per bottle) to give two live and two
autoclaved botcles ac‘éaéh concentration. The bottles were sealed with
Teflon lined s:oppers‘éfter the Aroclor additioms, and the bottles were
-shaken for 30 min afcér the PCB addition and for 10 min prior to each
sampling event. Incubation was in the dark at 25C. Samples
(approximately 2 ml of slurry) were removed with sterile pipets while
flushing with filter sterilized 0,-free N,/CO, (80:20, v:v), and bottles

were resealed after sampling. The samples were frozen until extracted.
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'The samples were extracted once with 10 ml of acetone (to remove
watar) a;d twice wich hexane:acetone (9:1, v:v) by shaking. The acetone
was extracted with 2% NaCl in discilled water, and the hexane extract
cleaned up using sulfuric acid, mercury, and Florisil foilowing a clean
up procedure slighcly modified from EPA Method 608, Federal Regiscer,
44, 69501 (1979). The sa$ples were then analyzed on a capillary gas
chromatograpn equipped with a 25 m, 0.2mm i.d. HP-5 (Hewlett Packard)
capillary column and electron capture detector.

The percentage of the total PCBs (on a molar basis) represented by
each of 60 resolvadle peaks was calculated, and data summarized by
homolog class (mcro-, di-, etec.), and the average number of ortho vé.
~meta plus para chlorines per biphenyl. Several simplifying assumpcéons
were made in performing these calculations. For peaks vich‘coeluting
congeners- with differen;«nﬁmbers of chlorines, the proportion of each
was estimatad f:om the average molecular weight for that peak as
detarmined by mass speccréscopy and provided by R. E. Wagner and J. F.
Brown, Jr. For peaks w%th coéluting-isomers ic was assumed that they
occurred in equal propoftions. It was further assumed that all PCBs in
the same peak increased;or decreased to the same extent as a result of

- the dechlorination.

13. There is some variation 'in the estimate of the number of chlorines per

biphenyl introduced by the extraction and clean up procedure. The
number of meta plus para chlorines per biphenyl for Aroclor 1242
standards was 1.81 to 1.83, but varied between 1.73 and 1.93 for

autoclaved controls at 700 ppm Aroclor 1242.
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Legend: .

Table 1: Changes in 2C3 homolog distribucion over time for the 700 ppm live
treatment. Values are the means of two repiicaces + the standard

deviation of the x:ean.
Captions:

Figure 1: Capillary gzs chromatograms showing the anaerobic dechlorinatiom of
aroclor 1242 by Zudson River microorzanisms. All chromatograms were
normalized so thaz che highest peak had a height of 5. Peak
identificacions were baséd on maﬁching retention times to standards£(2~
C3 and 4-C3) or published relative retantion indices (17). Quancitation
of 2-C3 ané 4-C3 was nged on pure standards. Quantitation of other
congeners was basad on:&ata on the composition of Aroclor 1242 provided
by J. F. Brown, Jr. and‘R; E. Wagner. An.eleccron capture detector was

used.

Figure 2: Removal of chldriqes by position at three Aroclor 1242
~concént:ﬁtions. Dechlérination was almost exclusively from the meta and
para positions in the‘ii&e treatments only. Zero time data for the 14
and 140 ppm treatments was not reliable ﬁecause an insufficient amount

of material was sampled,  and it is not plotted. '
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Table 1

Weeks

Congeners 16

Mono- 0.0 £ 0.0 1.7 % 0.5 50.1 % 10.7 66.7 + 3.4
Di- 9.1 + 0.7 15.3 £ 0.2 25.5 + 3.7 21.3 + 0.6
Tri- 48.5 + 0.1 48.2.+ 1.3 16.2 + 4.9 8.5 £ 2.3
Tetra- 36.3 + 0.6 30.07+ 0.9 6.8 + 1.8 3.0 £ 0.4
Penta- 5.2 +0.2 4.2, +0.2 1.3 + 0.4 0.5+ 0.1
Hexa- 0.9 + 0.0 0.6 + 0.0 0.2 + 0.1 0.0 + 0.0
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