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Since the identification of polychlorinated biohenyl
(PC5) residuas in the environment in Swaden {Jensen.
1966) an effort has been made Lo delermine the level

and distribution of thenc materials as well as their
effects upon living organisms. The wicespread distri-
bution of low but detectable levels of some PCBs in

the environment is now well documented ard a substaential
emount of data have been accuwmulated regarding their
acule, suhacute, and chronic toxicity (Peakall and
Lincer, 1970; Edwards, 1870). :

Yhile much is known about the effects of PCBs on

living organisms there is relatively little informa-
tion available regarding the effects that living
organisms have upon PC3s, i.e. their biodegradability.

The biodegradability or susceptibility of an organic
comwpound Lo biological degradation, especially by
bacteria, is a prim2 determinant of its environmental
residcence tima. The finding of PCB residues in the
environment suggests to many that PCBs as a class of
cempounds ere resictant to microbial degradation.
However, in order to fairiy evaluate the per<istence of
PCGs 1t must b2 undersizud that PC3s are not a single
entity, bus complex mixturers made up of many entities
which mey undergo biolcocical degragation at different
rates.

Chiorinatzg biphenyls are commercially produced by the
direct chlorination of biphenyl., The resultant mix-
Ltures caen theargeticaily have as many as 210 different
components containing 0-10 chlorine ataoms per biphonyl
molecule. Of the possible isomers, 1C3 are considered
nost probsole (Widmark, 1968). The complexity of the
FCis, thercfore, complicates the determinatian of both
environmentel levels and their impact on the biota.

Envircnmentel monitoring programs have demonstrated
that, with the exception of direct high level contrall-
able contaimination neoar points of manufacture or use,
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the PChe geneiadly foond in the envirvemeaenl are the nore
hickly chiorinetcd biphenyls, i.c., those conlaining §
or more chlarine atems per bipheayl molecule (Jensen and
Hidmarl, 190/; loltues, et al, 1967: Koeman, ct al, 19589)
This is true cven though the more highly chlorinated
bipitenyls constitute only about 259 %7 all the PCBs wmanyg-
factured over the ycars (Monsanto Company, 1971). This
is strong evidence that the less chlorinated materials
degrede more rapicly than the more highly chiorinatzd
ones. It ¢lso suggosts that even under conditions of
untestrictced use and without special precavticns to
provent entry into the environment that the less chlor-
inated rawerials degraded rapidly enough to prevent
accumulaticon.

It is abvinus, therefore, that to obiain a more com-
plete understanding of Lhe environisental belavier of
I'CLs that information concerning their susceplibility
to wicrobial degradation is neceded.

It has begen shavn that biphenyl cen be deoredad by
grem-rractive becteria through 2,3-dihydro -2,3-dihy-
droxybipheonyl. a-hydroxy-f-phenylrnivconic sewi-alde-
hyde aud phenyl pyruvate (Lunt and Evans, 1970}, and
it hzs been repartied thal Pseugomonas pulica oxidizes
bijhernsl throuze 2,3-dikydro - 2,3-dihydrosybiphenyl
ara terncuic **id (C dtu]ﬂﬂl, et ul 1971). tove
co-worrers isolutod 2 berterium,

roceatty Gibeen zng
tentitively lhi”t?fffd es a U"ijﬂtiglltl srecies from
a n2lluled strox=, capable o utilizing hiphznyl as a
soiz source ¢f czroor and energy for growih (Gibeon,

rce T

€737 ¢4 creenisas cepable of oxidizing

; e pez=icra biphenyl have beeon shour to be
dely dittoibuted in the natural envircniaent {(Chmori,

Decv-catien studies have also been carviod oul on sowme
selected FCB o isormers wilh two specier of Achreriohacter
isvolctind from sawege (Ahred and Focehi. 1¢72a8,L) and
witih Arractor 1242 (Keiser and lUlong, 1¢/74), To date,
no turh ks heer reperted on the Livdeoradeiion of
coivercial I'CR miztures by activated «ludge,

In the study reported kere, the svscepliicility of
corrercial polychlnrinated hiphopyl iy ilurcs Lo pri-
Bary degrcaiiion by activated sludge mict oGrganisis
was invesiigated. ,
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BLIRODS ALD_IAFEIALS

Polycihlorirated Biphenyl Hiatures

The following polychlorinated biphenyl mixturcs 1znu-
factured by Henwanto Cowpany werce siudiec: Arocior!
1254, hroclor 12462, Avoclor 1016, #CS 1042 (rot e
coumcrcial mixture), and Aroclar 1221, In Teble 1,
tna typical per cent composition of the mixtures
studicd is given in terms of the number of chloring
atowms per biphenyl.

. TAuLL |
IYPICAL 7 CURPRSiTION OF
PCLYCHTCE TLATER i GVl it s
LA firaclor iiCS Aroclor Aroczlor Aroclor
Py- 1221 1042 1016 1242 1254
phenyl (217 €1) (R0= €1) (41% _Cl) (e2v C1) (847 C1)
0 11 0.1 <0.1 <0.1 <0.1 .
1 5) 22 ] 1 <0.1
2 32 72 20 16 <0.5%
3 4 (0] 57 49 1
4 2 Lo 21 25 21
g5 <0.5 no 1 ] 43
6 HE0} fp] <0.1 ] 23
7 ne LD L <0.1 0
4 R Lo 1)) 1D no
FPer ceas tn/ny Ly GL/WaRs LUsing arca correcctsi
fectors.

K - Ho.z DJerected, <0.010

Biodcyrrcation tieihod

The priwmery decrediting rate of the PCC misturce was
deterwiinad using tine Scap and Detevgent Assccintion
scii-continuous eciiveted sltudace (SCLS) precoduro end
rodificad feed (S.D.AL, 1965, 1959). The sludsr unit
uscd vas g cylindeical gless chamber (856 1 G.5.) of
1400 0] vorking volume with provisions for a2raction,
sagnet.c stirrine, sampling and dreiging.,  The ~:0i-
vated sludyge culture was abiained Trom e locel - wuaici-
pal sivaoe Ltreelwant plant and accliw:led on syrthotlic
scewage (300 mg of glucose v 200 ry nutricnt hroii o+

130 mg KHPUW por liler) for severcel weerks pricr io the
start of actual feceding of the polychlorinated Lithenyl
mixtures. The mixed liquor (sludge + aqueous phase)

\
'Begistered trademark of Monsanto Company
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was initially adjusted in each sludge unit to a sus-
pended solids concentration of about 2500 mg/liter and
during the course of the tests readjusted to this value

oh a weekly basis.

Each cycle was initiated by the addition of synthetic
sewage and the PCB being studied.

Bacause of their low water solubility, the PCB mixtures
being tested were fed via syringe injection of 200 ul
of an ethanol solution. In this manner, homogeneous
dispersions of the PCBs on the bacterial sludge were

obtained.

After about 30 minutes of aeration, a 20 m) aliquot of
the mixed liquor was withdrawn and analyzcd for the PCB
mixture in question. Aeration was continued until the
end of the cycle when a second 20 ml sample of mixed
liquor was withdrawn for analysis. At this point, the
aeration was stopped and the sludge allowed to settle.
After noting the sludge volume, twn-thirds (1000 ml)

of the supernatent was withdrawn and replaced with tap
water, Monitoring of the sludge volume and supernatant
pY provided some indication of satisfactory operation
of the unit. The units were generally operated on two
48-hour and one 72-hour cycle per week.

Analvtical Mathods

Tne PCEs in the mixed liquor samples were isolated from
the sample matrix by solvent extraction using either
nanograde or sczctroqrade hexzne, After concentrating

in a2 ¥uderna-Cenish eveporative concentrator, the ecx-
tracts were analyzed for PCBs by either electron-capture
g2s chronatography (EC/GC) or ultraviolet (UV) spectro-
nhctometry. Th2 UV analyses were made with a Cary Hodel
]4 recording spectrophotometer and matched 2.0 cm quartz
cells. The gas chromatoqraphic analyses were carried out
with a Hewlatt-Packard 5750 chromatograph equipped with a
Ni®® electron-capture detector. A 2m X 4 mm glass col-
umn packed with 4% XE-60 on 20/1CG0 mesh Chromosorbd W,
H.P., was employed. The temperatures of the injectian
port, column and dotector were 220”C, 170°-220°C, and
300°C, respectively. Calibration curvas wern prepared
using scandard solutions of the appropriete PCB mixtura.

In Table [I, the wavclength of the absorption maxima

and absorptivities employed in the UV analyses are
given. Aroclor 1254 did not have sufficicnt UV absorp-

tion for analytical pgrposes.
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ULTRAVIOLET ABSCRPTION AU RECOVERY DATA FOR

BIPHENYL AMD POLYCHLORINATED BIPHEAYL HIATURES

Absorptivity Per Cent

Material A Max.,nm Liters/q-cm ° Recovery
Biphenyl 246 110.9 93 + 3
hroclor 1221 245 66.4 96 + 1
“CS 1043 244 48.9 95 + 1
Aroclor 1016 246 36.1 92 + 1
Aroclor 1242 245 37.0 84 + |
76 ¥ 2

Arocler 1254~ - -
¥Analyzed by EC/GC

In order to dermonstrate the efficiency of the extrac-
tion procedure, samples of activated sludge were spiked
in duplicate at two levels, 2.5 and 5 ppm, with each of
the materials end then carried through the entire
analytical procedure. The recovery data for each PCQ
fluid studied are given in Table II. No isomer dis-
tribution changes were observed upon comparison of the
electron-c2pture chromatograms of the PCB reference
materials to those of the spiked sludge extracts.

In crder to sheow that the PCBswere not irreversibly ad-
sorbed cn and/cr stored within the bacterial cells of
the activeted clucg=2 and therevore not recovared via
extraction, a sample of acclimated Arcclor 1016 mixced
liquor was hcmojenized with a Polytron Sonic Homogen-
izer to lyse thz2 bacterial cells and then extracted.

A 106 ml samplez of henesenized mixed liquor gave a PCB
level o7 0.51 mg compered to 0.53 mg for an identical
mixed liquor semple treated in the normal manner.

RESULTS AND DISCUSSION

In Figure 1, the per cent degracdation rates and 95%
confidence 1imits obtained in this study are given
for biphenyl and the PCB fluids. It is apparent
from Lhe plot of degradation rate vs weiaght poer cent
chlorine that the level of chloarination of toe mix-
ture is the most significant factor in the relative
degraodability of the PCBs.

The .degradation rates reported hore were obtained after
the sludge units had been acclimated for about 5 months
to the appropriate PCB. “Initially the PCE nixtures
were fed at a rate of 1 mg per 24-hour cycle, but be-
cavse of the relatively slow rate of degradation
observed in spot checks, the cycle time was increased
to 48 hours. \
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Figure 1. SCAS primary biodegradation rates of
comnercial PCBs as a function of the weight per
cent chlorine.

vas found to be quite rdegradable, the

¢ cycle and fz2ed level ware studied
brievly. In Table II[ disappeaerance rate data obtained
fcr 25 and 48-hour tim2 cycles at 1 and § mg feed levels
are civen, It is zpoarent that for Aroclor 1221, most
of the degradation occurs during the first 24 hours.
This car he explainzd by the fazt that the lower chlor-
inated biphenyls deqrade more rapidly than the higher
chlorinated biphenyls.

Since Aroclor 1221 wa
efiects of both tinm

I
i

‘v

TJo verify that the disappearonre of the P(3s was due
predomirantly to degradation and nol to volatiiizztion,
off-gases from the Aroclor 1221, MCS 1043, and Aroclor
1015 units were passed threcuzh o train of three hexane
scrubbers during several complzin cycles. AL the 0.}
cubic foot per hour aeration rate, the disarp-aranze
rates due to volatility were 4.2, 6.1, and 2.0% for
Aroclor 1721, MCS 10435, and Avcciur 1016, respectively.
These losses are well within the 35, confidence limils
of the overall disappearance rates.
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TAGLE 111

EFFECT OF TIME CYCLz AMD FEZD

TTHE_AROCLORT V221 DISArPIARANCE TAIE
Disanvearance Rata,

Feed Level 24-1r Cycle 43-4r Cycle
1 mg 73 + 21 Bl + 6
5 mg 89 ¥ 17 87 ¥ 5

In order to cbserve changes in th2 distribution of the
chlorineted biphenyls in the PCCs mixtures after
exposure to the activated sludge, selected samples of
Aroclor 1221, MCS 1043, Aroclor 1016 and Arcclor 1242
were analyzed by EC/GC. The chromatogram fcr Aroclor
1221 is shown in Figure 2. The top trac2 is a chro-
matogram of the Aroclor 1221 standaru, representative
of the feed materical. The center trace is tnat of a
concentrated sludge extract taken at the end of a
degracdation cycle. At the bottom is a trace of an
Aroclor 1242 standard run under equivalent conditicns.
The numbers above each peak indicate the dominant PCO
represented by the peak as determined by GC/iiass
spectroma2try. Compdrison of the extract chrumatograms
to that of the Aroclor 1242 standard shows that the
minor components in Aroclor 1221, which do not degrade
as rapidly, are the major components in Aroclor 1242,

B

] L ! L ! L

—6 87 12 14 i 13
MINUTES
Figure 2. Typical electron capture chromatograns for

Aroclor 122), after exposure to activated sludgz for
24 hours, and Aroclor ]242v
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It is important to note that the electron-capturs detec-
tor does not have the sam2 response for all components,
With PCUs, the sensitivity of the detcctor generally
increascs as Lhe degree of chlorination increases. Fron
the Aroclor 1221 chromatograms, it is apparent that the
dominant monochlorobiphenyl and dichlorobiphenyl compo-
nents ave readily degraded. Once the major comporents
of Aroclor 122) are degraded, the minor more slowly
degrading components are easily observed after concen-
tration of the sludge extracts.

Similar, less dramatic, clterations were noted for MCS
1083 and Aroclor 1242. HNo differences were observed in
the extract and Aroclor 1254 standard chromatograms,

CONCLUSIONS

The results of this study demonstrate that commercial
PCB mixtures which contain predominantly mono- and di-
chlorobdbiphenyls readily undergo primary hiodegradation
under the experinental conditions employed.

The data-also illustrates that as the levels of tri-,
tetra-, and pentachlorobiphenyls increase, the degra-
dation rates decrease accordingly. This resistance

of the more highly chlorinated biphenyls, particularly
thase containing 5 or more chlorine atoms per molecule,
expleins in part their delection as residues in
wedthered biolcgical and environmental samples.
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