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Since the 1identification of polychlorinated biphenyl
(PCd) residues in the environment 1in Sweden (Jensen.
1966) an effort has been made lu determine the Ilevel
and distribution of there materials as well as their
effects upon 1living organisms. The widespread distri-
bution of Ilow but detectable Ilevols of some PC3s in

the environment is now well documented and a subs*antial
amount of data have been accumulated regarding their
acute, subacute, and chronic toxicity (Peakail and
Lincer, 1970; Edwards, 1970).

V/hile much is known about the effects of PC3s on
living organisms, there 1is relatively little informa-
tion available regarding the effects that living

oi gun isms have upon PCSs, 1i.e. their biodeejradability.

The biodeqradability or susceptibility of an organic
compound to biological degradation, especially by
bacteria, 1is a prime determinant of its environmental
residence tm:. The Tfinding of PC3 residues in tne
environment suggests to many thot PCBs as a class of
compounds ore resistant to microbiol degradation.
However, in o-der to fairly evaluate the persistence of
rcr.s it must fov unde mstood that 1°C2s are pot a single
entity, but complex mixtums made up of many entities
which may wundergo biological degradation at different
rates.

Chlorinatec biphenyls are commercially produced by the
direct chlorination of biphenyl. The resultant mix-

tures can th«oretica 1ly have as many as (10 different
components containing O0-10 chlorine atoms per hiphenyl
molecule. Of the possible isomers, 1C3 are considered
rcrt probuul? Witme,ric, 1967?). The complexity of the
PC.is, the-cfere, complicates the determination of both
en-, ironmental levels and their impact on the biota.

Environmental monitoring programs have d°-lon>tr =ted
that, with the exception of direct high levrl controll-
able contamination near points of irjnufacture or use,
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the PCh« wencieally foond do the envivcmenl ere Lthe nave
highly chinsingicd biphenyle, i.e., thonse conlaining &
or rmore c¢hlorine atcms per bipheny! wulrcyle (Jeasen aad
Vidagrl, 196/; tHolaes, et al, 1907: Kacman, vt al, 19589)
This §s true cven thouwgh the more highly chlorinated
bPinitenyls constitute only about 257 °af o1 the PCHS manu-
factured over tae ycars {(Mansanto Cempany, 1971). This
is strong evideonce that the less ¢hlorinated materials
degrede more rapidly than the more lhighly chlavinateod
ones., It ¢lsa sug;ests thot even under condilions of
uynrestricicd use and without speeial precavtions to
provent entry inte the environmeat thaot the Yess chlor-
in2ted maverials deygraded lapldly enoush to prevent
accualution,

It 15 obyvinus, Lberefore, LAt to obtain a more com-
pleie ungerstaeding af Lhe envivonaental bebavicr of
PCLe trat drfor—ation coucerning their susceplibility
to wiicrobiel degradation is neceded.

Jt has been shovn that biphenyl cen he deareded by
gre--rractive becteria through 2,3-dihydro -2,3-dihy-
drerybipionyl, a-bydroxy-f-phenyluivconic semi-atde-
hydz and phei;l pyruvate {(Lunl and Evans, 1970), and
it k25 been reparied thal Pseucormonas P!kl“‘ o~1d1zcs
bijrenyl throuse 2,3-dibydio - 2,3-d1iytrorypiphenyl
aro ban-uic ’:ld (C tL]aﬂ1, et ul 1911). lore
LoCo-worems isnlulﬂ 2 berterium,

roco Yy Bibieen oz

tonsvively |n=':*:i:d s & U"1J“11H'L:ﬂ rrecies from
a solivled strrc=, copatle of ulilizing biphenyl as a
solz sourcs i cxrzor and eneryy for g¢routh (u.b:on,
et Y. %72, o f cvrenisms cepable of oxidizing
Bismai) nd g ‘cra biphenyl have teon shour to be
widedly digtioat = in the natuval envircmuent {(Chmori,
et 21, 1973)

Deo-datien studies heve also been carvied outl on sgme
sclegted FCR fsomers wilh two spuecier of Achremobacter
isuvleind frop wivuge (Ahmed and Tochi, 1972a,0) and
vitis Arvazilor lea? (Reiser and Uong, 12/74). To date,
no tuvri. ks been roperled on the bLivdeeradslion of
coivurcial IMCE mistures by activated sludge,

In the study renarcted here, the svscepiiiilyity of
cotrrereil polyehlnrinited hiphonyl il ey ty pri-

Ravy deorediiion Ly activated slucye micracrgani sy
wds invesligaled.
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Polychlerivated Uiphenyl Miatures

The following polychlorinated bipheny) mirsturces vsnu-
frctured by lien~anto Cowpany were siudiecc: Arocior
1254, hroglor 1242, Avoclor 1016, NHES 1042 (ot e
coumcrecial mixtuie), and Aroeclor 12Z1. In Teble 1,
tna typical pey cont composition of the mixteres
studied is given in terms of the number of chlorine
atows per biphenyl.

At .
TA it

1VPICAL TGN iTI0N oF
POLYCREGE FTEES 1 LT et 13

£ Q1 Arnclor i:CS Avrocler Aroclaor fLreclor
P~ 1221 1052 1016 1242 1254
phenyl (217 C1) (30w 1) (415 €1y (e2h €1} (847 €1)
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Tﬁn primery degrec¢ating rate of the PCEC miwturce was
detevidincd usang tie Seap and Detergent Asseciazion
scri-continnous ectiveted sludoe (SCLS) procedure and
radificd feed (S.D.AL, 1965, 1959}, The nlulos unit
used vas o Lvlindrical gtuecs chambicr (06 1 (. -,) o
1Lnn g0 \OI ding volume with provisions fer azresian,
EAgNe Lo R ir:wug. serpling and dreining., The »~:li-
vited sludgn culture was obeatned frawm ¢ lotel - unici-
pal sewaye treatwent plant and acclinsled on syrthotiic
scewaqe (3G0 mg of glucnse v 200 uy nutricnt hrati o+

130 mg KN, PO par literv) fov severcl vechs pricr Lo ihe
§tort of actual fTeeding of the polychlorviaxted Lithicuyl
miztures., The mixed liquov {sludge + aqueous plase)

\
'Registered trademarvk of Monsanto Company
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was initially adjusted in each sludge wnit to a sus-
pended solids cowcentration of about 2500 mg3/liter and
during the course of the tests readjusted to this value
on a weekly basis.

Each cycle was initiated by the addition of synthatic
sewage and the PCB beinqg studied.

Bacause of their low water solubility, the PCB mixtures
being tested were fed via syringe injection of 200 ul
of an ethanal solution. {n this manner, honmugeneous
dispersions of the P(Bs on the bacterial sludge were
obtained.

After about 30 minutes of aeration, a 20 m) aliquot of
the nixed liquor was withdraun and analyzed for the PCB
mixture in question. Aeration was continucd until the
end of the cycle when 2 second 20 m] sample of mixed
liquar 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 supernatant was withdrgwn and replaced with tap
water. Monitoring of the sludge volume and supernatant
p provided saomz indicztion of satisfactory operation
of the unit. The units were generally operated on two
45-hour and one 72-hour cycle per week,

Analytical Methods

The PCEBs in the mixed liquor samples were isolated from
t~a s3mzle matrix by solvent extraction using either
nanograde or s-:ciroqrade hexcne., After concentrating

in 2 fuderna-Zanish eveporative coancentrator, the ex-
trazts were analyzed for PC8s by either electron-capture
g2s chronatography (€C/GC) or ultraviolet {UV) spectro-
nactometry., Th2 UV analyses were made with a Lary fdodel
14 recording spactrophotometer and matchad 2.0 cm quartz
cells. The gas chromatoqrophic analyses were carried out
with a lewi2tt-Pacrard 5750 chromatcgraph equipped with a
Ni®*® electron-capture detector. A 2m X 4 mm glass col-
umn packed with 4% XE-60 om S0/1C0 mesh Chromosnrb U,
H.P., was employed. Tha2 teaperatures of the injection
port, column and datecter were 220"C, 170°-220°C, and
300°C, respectively. Calibration curvas werr prepared
using scandard solutions of the appropriate PLB mixtura.

In Table 11, the wavelength of the absorption maxima
and absorptivities employed in the UV analysas are
given. Aroclor 1254 did not have sufficicent UV absorp-
tion for analytical purposss.
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ULTRAVIOLET AB__fg IQ} AU RECOVERY DATA rOR
BIPHENYL AnD POLYCHLONINATED BIPHERTL HMIATURZS
Absorptivity Per Cent
Material A Max.,nm Liters/g-cm * Recavery
Bipheny) 246 110.9 93 + 3
hroclor 1221 245 66.4 96 * 1
MCS 1043 244 48.9 95 * 1
Aroclor 1018 246 36.1 92 + 1
Aroclor 1242 245 37.0 84 + 1
Arocler 1254°¢ - - 76 + 2

vAnailyzed by EC/aC

In order to dercnstrate 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 and than carried through the entire
analytical procedura. The recovery data for each PCB
fluid studied are given in Table Il. No isomer dis-
tribution changes wiere observed upon comparison of the
electron-czpture chromatograms of the PCB reference
materials to those of the spiked sludge extracts.

In order to show that the PCBswere not irreversibly ad-
sorbed cn and/cr stared within the bacterial cells of
the activatec cludg2 and therefore not recoverod via
extraction, a sample pf acelimated Arcclor 1016 nixcd
liquor was hcmojzenized with a Polytron Sonic Howogen-
fzer to lyse th2 bacterial cells and then extracted.

A 90 21 sanpl: of hcnesenized mixed liquor gave a PCH
level oi 0.5) mg comparced to 0.53 mg for an identical
mixed liquor semple treated in the normal manner.

RESULTS AND DISCUSSION

In Figure 1, the per cent degradation rates and 937
confidence 1imits obtained in this study are given
for biphenyl and the PCE fluids. 1t is apparent
fram Lhe plot of degradation rate vs weight per cent
chloring that the level of chlorination of the mix-
ture is the most significant factor in the relative
degradability of the PCBs,

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

35 foung to be quite rdegradahle, the
cycle angd fzod level ware studied
briefly. In Tabie I disappearance rate data obtainad
fcr 24 anrd 48-hour me cyclas at 1 and 5 mg Fewd levels
are given. It is zpoarvent that for Aroclor 1221, most
of the degradation occurs during the 7irst 24 hours.
This zcanr he explained by the Tact that the louver chlor-
jnated biphenyls degrade more rapidly than the higher
chlorinated biphenyls.

Since Aroclar 1227 w
effects af both tinms
I

I
i

To verify that the disappearanrre of the PC8s was due
predemirantly to degradation and nel tg volatiiization,
nff-gasegs from the Aroclor 1221, MCS 1043, and Aroclor
1015 units were passed threuzh o train of threce hexane
scrubbers during several compizia cycles, AL the 0.}
cubi¢c foot per hour aeralion rate, the disapp=aranze
rates due to volatility were 4.2, 6.1, and 2.6% for
Aroclor 1721, MCS 10435, and Arcciur 1016, respectively,

These losses are wall within the 35 confidence 1imils

of the overall disappearance rates,
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TABLE 111
EFFECT OF TINE CYCTe A%n TEZD LLYEL oX
THE ARQCLON 1221 DISANPLARAGLL 43

Disapnearance Pata,

Feed Level 24-r Lycle ag-hr Cycle
1 mg 73 + 21 81 + 6
5 my 89 *+ 17 87 + 5

In order to cbserve changes in thz distribution of the
chlorinated biphenyls in the PCBs mixtures after
exposure to the activatead sludge, selected samples of
Aroclor 1221, MCS 1033, Aroclor 1016 and Arcclor 1242
vere 3nalyzed by ES/GC. The chroaatogram for Aroclor
1221 is shown in Figure 2, The top trac2 is a chro=-
matogram of the Aroclor 122) standard, representative
of the feed materigl. The center tracg is tnat of 2
concentrated sludge extract taken at the end of a
degradation cycle. At the bottom is a trace of an
Aroclor 1242 standard run uader equivalent conditicns.
The numbers above each peak indicat2 the dominant PCOD
represented by the peak 2s determined by GC/iass
spectromatry. Compdrison of the extract chruuatograms
to that of the Aroclor 1242 standard shows that the
minor components in Aroclor 1221, which do naot degrade
as rapidly, are the major components in Aroclor 1242,

A .-Ji\J/ L,NL

——— J._..h.._lv__a_l 1 i 1 —_! " L

i!.‘ [ 6 8 L] 12 15 1) 13
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Figure 2. Typical electron capture chromatogrsas for
Aroclor 122}, after exposure to activated sludg2 for
24 hours, and Aroclor 1242,
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It is important to note that the electron-capture detec-
tor does not have the sam? response for all components,
With PCls, the sensitivity of the detcctor generally
increascs as Lhe degree of chlorination increases. From
the fAroclor 1221 chromatograms, it is apparen% that the
dominant munochlorobiphenyl and dichlorobiphenyl conuo-
nents are readily degraded. Once the major comporents
of Aroclor 1221 are degraded, the minor more slowly
degrading components are easily observad after concen-
tration of the sludge extracts.,

Similar, less dramatic, alterations were noted for KLCS
1043 and Aroclor 1242, lNo differences were observed in
the extract and Aroclor 1254 standard chromatograas.

COMCLUSIONS

The results of this study demonstrate that tommarcial
PCB mixtures which contain predominantly mono- and di-
chlorpbiphenyls readily undergo primary biodegradation
undar the experimental 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
those containing 5 er more chlorine atoms per molecule,
explains in part their detection as residues in
weqthered biolcgical and environmental samples.
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