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(5711 ABSTRACT

A process for the microbial deprudation of poly-
chiorinated biphenyls (PCBa) which compriess treat-
ing the PCBs with certain non-pathozenic, hydrocar-
bon-utilizing strains of Cladosporivm cledosporioides,
Candida lipolytica, Nocardiz globerula, Nocardia
rubra and/or Saccheromyces cercvizizc until the PCBs
have been substantially degraded. 1he process is sp.
piicnble degruding PCDs as they may be present s
pollutants or contzniinants in water, in industrial ¢filu-
enu, in various land areas such as industrial sizes and
the like or in varicd Iaboratory or cammercial installa.
tions. The process may also be used to clean up and
degrade mixtures of PCBs and various hydrocarbon
olls or petrochemicals whenever their presence conati-
tutes a deleterious poliution.

29 Claims, No Drawings
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MICROBIAL DEGRADATION OF
POLYCHLORINATED BIYHENYLS

BACKGROUND OF THE INVENTION

This invention rclates 1o a process for the microbial
dugradation of polychi: d biphenyls. More partic-
ulurly, it relates to a method for degrading poly-
chlorinated biphenyis by raeans of microorganisms in
order to clean up and climinate such ore2aic pollutants
as they nray occur in tha opsn sca, inland (resh waters,
tidal pools, harbotz snd the like, industrial effluent dis-
charges, sewage and other pipeline systems, farm soil
or other land areas including industrial sites, etc.. The
invention is upplicablc not only for cleaning up poly-

s

[}
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very severe and harmful effucts from PCB poisoning.
There is some evidence that PCEs alter liver tissuc, in-
hibit the growth of cultured celis and affect a veriety of
enzyme systems and the penclic mnterial of cells, but
in nost cases, the mechanism of action is stilt nncer.
tain. In any event, the presence of PCBs in the environ-
ment has been a great concern 10 scientists and uther
people concerned with health, £1fety and welfare, and
theie has been » great necd for the development of a
procedure for degrading these substances.
Accordingly, ons of the objects of the present inven.-
tion is to provide a method for degrading [oly-
chiorinated biphenyls and similar halogenated mole-
cultl such as DDT wherever they may appear as con-

chiorinated biphenyls as and p
in open environmental systems, but ulso in clo.ed sys-
tems as, for example, in industrial, commecrcial or gov-
ernment plants snd installations and in various labora-
tory opcorations.

Envitonmental clean-up is of much concemn to the
country and to the world today. Polychlorinated biphe-
nyls (hereinalter referred to as PCDs) are industrial
chemicals that are widely used as plast rs, fire retar-
dant paint ingredients, hydraulic fluids and heat ex-
change fluids. They have recently been detected in var-
ious water sources, in human tissue and in many species
of birds and fish. Being reiatively heavy organic male.
cules, PCBs persist indefinitely under natural condi-
tions. Moreover, they tend to accumulate in the food
chain, and once ingested, they ase stored in the tissues
of birds, mammals and fish used as human food. As
with many other chlorinated hydrocarbons, such as
DDT. even small dosages of PCBs can be toxic.

PCBs are relatively inert compounds that have low
solubilities in water. The commescially produced PCBs
ste aclually mixtures of many of the isomers which are
possibie among the various combinations of chlori-
nated products that can be ob: d from the chlori

0

of p

Another ob]u.l of the present invention is to provide
a process for the microbial degradation of poly-
chlorinated biphenyls wherever desired, for example,
as a means of cleaning up closed ind open waters, in.
dustrial efffuent discharges, poliuied marshiands, estu-
aries, marine environments, disposat lugoons, contami.
nated industrial areas and {urmiands, and in other situa-
tions where PCBs may hecome accumulated.

A further object of the invention is to provide a pro-
cedure for degrading polychlorinated biphenyls read-
ily, efficiently and relatively economically.

A still further object of the invention is 1o provide mi.
croorganisms that are capable of degrading poly-
chlorinated biphenyls, leaving # detonified und benefi.
cial cell mass. these i being tetely
non-pathogenic to manne fauna and fora, humam -na
animals.

Yet another ohject of the invenuon is 10 provide a

hod for the degrad. of p inated biphe.
nyls wherein there is no need fo' the handling, trans-
porting and storaze of heavy bulky equipment.

These and other abjects und advantages of the pres-

tion of bipheayl. The most common industrial mixtures
contain between about 40 and 60 percent by weight of

hlorine, but the i ion thereof is rela-
tively unknown. However, the mon highly chlorinated
PCBs appear to persist in the environment for the lon-
gest time.

PCBs are widely used as diclectric fluids in capacitors
and transformers, as hydraulic fluids, as heat transfer
agents and as plasticizers and solvents in various adhe-
sives, sealants, paints and printing inks. Most of the re-
leass of PCBs into the environment probly occurs from
industrial effluent discharges end dumping and leakage
of lubricants, hydraulic fluids and heat transfer fluids
into the vnur\vlyl and soil. from matericls containing
PCBs as a plasticizer into the here, and a8 & re-
sult of lelchin; from dumps and landfills.

Although there is some evidence that PCBs can be
dechlurinatad by ultraviolet light and, thus, lead to the
formation of hydroxyl derivatives and other polar com-
pounds lhll are more readily degradable, PCBs are
very p end are emely difficult to degrade
once they are present in the envnronmem PCB residues
have been purticularly noted in fish, birds and mam-
mals, which include those used for human food as well
as the wild animais. Although the data are incomplete
ut the present time, there is significant evidence that
most humans have some residues of PCBs in their tis-
sues. The effect on humans of such residues i is nho un-
clear at the present lime, but sonie evid

ent i will b to those skilled in
the art from a consideration of the foliowing specifica-
tion and ciaims.

SUMMARY OF THE INVENTION

In accordance with the pre:enl invention, the nhov:
ives are ined and an ad p
[ol‘ the microbial of pol d biphe-
nyls has been discovered employing panicular straing
of microorganisms. The distinct, unique advantage of
the present invention is that all of the matenals used
are derived lly from edibie which ate
not toxic. [t is applicable equally 10 the degradation of
industrial wastes in general as well as to the degrada.
tion of PCBs in open and closed aqueous systems no
mattes how the system was contaminated and polluted.
In (he prucnl mvennon. advantage has been taken of
gani which are capa-
bl: of de;r-dmg PCBI and using them as a carbon
source for growth.

The present invention comprises a purely biological
peocess in which certain selected microorgansms
break down the PCBs and convert the contaminants
into masses of edibla, non-toxic cells, ie., & protein
mass. In an outdoor application, this cell mass can be
channeled into the food chain to (eed higher forms of
lifc and, thus, & very advantugeous end result s
achieved in addition to-solving the prohlem of PCB
contamination. There is no nced for ancillary clean-up

perati when PCBs are degruded in accordance
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with the invention and, as polnted out above, there is
alvo no need for the handling, transporting and storing
of huwy. hulky cqulpmem

The s, all ¢ letely navel
and ummkus ute nnlm.d in the present inveniion.
Thexe microorgurisms are special zpecies which huve
been sdepted to nchicve the objectives of the inven.
tion, They kave been depnxi«ed with the American
Type Culture Colicetion in Roctviile, Maryland aud
have been given (!u desip } ATCC logue num.

s

4
large quantities of the cul ir y, an anti-
foam agent can be employed therein, for exumple. Dow
Antifoam A, or crude oil.

Hence, cither a synthetic quiture mediuin or 3 natural
nutrient medium is suitable for the growth of the micro-
orgeniam sirains employed i in the present invention as
long us it ins the for the growth
of the particulur microorgunism strun of strains used.
Such nutrients are well known in the art »nd include

bess:
Cladospurium cladosporioides (Bl 3002) ATCC
20251
Candida lipolytica (BI 2002) ATCC 20258
Nocardia globerula (B! 1039) ATCC 21505
Nocardia rubra (Bl 1002) ATCC 21508
Saccharomyces cercvisiae (B1 2009) ATCC 20252
The characterittics and propsrtics of these microor-
ganisms are desciibed in copanding applacuuon ﬁcv
No. 43,226, filed on June 3, 1970, itled ' N

]

bstances such us 8 earhon source, 8 nitrogen source,
inmg.\mc compounds and the like which are utilized hy
the microorp ployed in upprop

The mlcronrrannms used in the present mvemmn
grow and survive in an aqueous nutrient medium con-
taining A hydrocarbon or a mixture of hydrocarbons us
the main carbon source. Such hydrocarbons include
straight and branched-chain pataffing (alkanes) rang-
ing from gaseous alkanes, such as methane and pro-
pune, liguid or semi-solid alkanes, such av n.pentane,

Dogradation of Petroleum™.
Vnimu media can de employcd in handling these

tane, n-decane, n-dodscans, n-hexadecanc, iso-
pentanc, irvoctane, and including long-chain solid par-
affing huving high melting points. cycloparaffins such us

cultures. All of the mi ganisme employed in the
present invention will grow on media with 100 percent
marine water, with pant marine weter and part tap wa-
ter, of in distilled water. The following medium has
been found to be quite uml’aclory as a generai use, ali-
purpose medium for mai ing stock cut

All-Purpose Medium

Heart infusion broth (Difco) — 23.0 g.

Yeast extract (Difco) — 3.0 g.

Glyceral — 5.0 ml.

Glucose — 5.0 ¢.

Agar — 15.0 5.

Water — 1000 ml.

The standard Bushnell-Haas Broth has been found to
be quite suitable as a growth medium on the laboratory
scale. A typical medium comprises the following i m.u-
dients:

Yeust-nitrogen base (Difeo) — 3.0 g.

Yeast extract (Difco) — 1.0 g.

MgSO, —~ 0.2 g

CaCly — 0.02 ¢

KH,PO,. Monobasic — 1.0 g,

K(HPO,, Dibasic ~ 1.0g.

NHNO, — 1.03.

FeCl, — 0.05 g*

Bromthymol biue — 0.08 g.

Water ~ 1000 ml.

The (ollowing medium haa been found to be particu-

larly ad 8 for the larg le production of the
desired cultures:

Skim miik (0.4 percent) — 2.0 lbs.

C d meal (1.8 p ) = 9.0 Ibs.

Marine Salts (0.02 percent) — 0.1 Ib.
{NH,)HPO,, Dibasic (0.1 percent) — 0.5 Ib.
Hydrocarbon (0.44 percent) — 2.2 Ibs.

Tap Water — 60.0 gal.

Instead of thie marine salta and tap water, native sea
water can be used in the above medium. Aeration is
usuully provided to supply oxyfen 1o the fermentor ves-
sel or tunk. Generally, the microorgunism ceils are har.
vested ufter sbout three or four days of cultivation. A
large butch vessel or fermentor sseded with s young
culture equivilent to about 2 percent or more of the
total capacity of the fermentor is used for producing

3
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cyclohexane und cycl , straight- and branched.
chain olefins such as pentene-2, hexene-1, octene-|,
octenc-2, etc., cycl such as cycloh \ 810-
matic hydrocarbons such as benzene, o-xylene, naph-
thalene. phenanthrenes, anthracenes, ctc.. and mik.
tures thercof, as well as mixed hydrocarbons such as
kerosenc, light oils, heavy oils, parafin oils, petroleum
crudes, jet fuels, gasoline, etc. Other organic sub-
stances, such as alcohols, sidehydes. ketones, orgunic
acids, phenclics and aromatic heterocyclic and carbo-
eyclic compounds, are utilized by the microorganisms
described in the present application cation.

Small amounts of other carbon sources such as car-
bohydrates, for example, glucose, (ructose, maltose,
sucrose, starch, starch hydrolysate, molases, etc., or
any other suitable carbon source such as giycerol, man-
nitol, sorbitol, organic acids, etc. may be used in the
culture medium along with the hydrocarbon. These
aubstances may de used either singly or in mixtures of
two or more.

At a nitrogen source, various kinds of inorganic or
organic saits or compounds, such as urea or ammonium

salts such as ammonium chloride, ammonium suilate,

»

nitrate, etc., or one

. Of more than onc amino acid of crude protein mixed m

combination, or natural substances contsining nitro-
gen, such as cornsteep liquor, yeast u\usl meat ex-
tract, fish meal, pep bouillon, casein hydroly

fish solubles, rice bran extract, etc., may be employcd

“These substances may also be used erther singly or in

combinations of two or more.

Inorganic compounds which may be added to the cul-
ture medium mclude magnesium uulrale sodium phos-
phate, p. dih h
monohydrogen phoiphale uon sulfate or other iron
salts such as ferric trichloride, manganese chloride, cal-
cium chloride, sodium chloride, ammonium nitrate,
etc.,

The microorganisms employed in the present inven-
tion are cultured under aerobic conditions, such as aer.

_obic shaking of the cultuee or with stirring and acratior

of a submerged culture, at a temperature of, for exam-
ple. about $° to 35°C., preferably 28°-30°C., and at a
pH of, for example, about § 10 8, preferably 7-7.6. The

0613729
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microorganisms are harvested at an appropfiate time
and are vsad az ditsussed below.

DETAILED DESCRIPTION OF TUE PREFERRED
EMBODIMENTS

The process of the invention can be uced 1o remove
polychlorinated bichenyls frum Iocllmn: wherever its
8 Jel P ion. Thus, with
Ihu process, it becomes possib'zs to clean vp and de-
grade PCBs on the opcn rea, in harbors, sivers and
ollier inland waters, on various kinds of beaches and
soils, in industrial efflucnt systems, in sewoge disposal
systems, in various laboratory systems, etc..
The following cxamples are given mercly as illustra-
tive of the prescnt invention and arc not to be consid-
ered as limiting.

EXAMPLE 1

Pydraul 312A, a hydraulic Nuid containing 8 mixture
of PCBs and an oil-soluble Gye, is poured into five sepa-
rate 250 ml. Erlenmeyer flusks to give a concentration
of 0.2 percent by weight of the Pydraul 312A in the
flasks, which each contain 100 ml. of the following me-
dium: .

Yeast-nitrogen base (Difco) — 0.1 g.

Yoast extract (Difco) — 0.1 g.

Peanut oil (0.2%) — 2.0 mt.

M3SO, — 0.02 g. .

CaCl, — 0.002 ¢.

KH,PO,, Monobasic — 0.1 g.

KHPO,, Dibasic — 0.1 g.

NH,NNO, — 0.13.

FeCl, ~ 0.005 g.

Bromthymol blue — 0.008 g.

Distilled water — to make 1000 ml.

The first Nlask is | lated with Clad cla-
dosporicides ATCC 20251, the second flask with Can.
dida lipolytica ATCC 20255, the third flask with No-
entdia globsrula ATCC 21508, the fourth flask with
Nocardia rubra ATCC 21508 and the fifth flask with
Saccharomyces cerevisine ATCC 20252. The fiasks are
shaken at 170 £.p.m. at 27°C. for three days. At the end
of lhvu days, a visual examination of the flasks shows
[ of the globules of hydraulic fluid,
which nn heavier than water. The resulting cell mass
{s sepacated from each of the (lasks, and the remaining
liquid is analyzed by means of gas chromatography.
The gas chromatographic snalysis shows that the PCB
concentration ineach flask is not detectable and is thus
fces than 0.3 p.p.m.

EXAMPLE 2

A 250 ml. Exl yer flask g 0.2 p

by weight c{ Pyduul JIZA in the same medium as de-
ullb«l m is lated with a mi of
(o} P es ATCC 20251 and Can-
dida Ilpulyhcl ATCC 20253. The flask ie shaken a1 170
r.p.m. at 27°C. fot o\ree days. A visual exam on of
the flask shows a d of the hydraulic fluid,
and after l:pumhm o{ the resulting cell mau. $as chro-

g that the PCB concentra-

tion is leas then OJ p-p-m.
EXAMPLE 3

In the same manner as described in Example |, & mix-
tute of Clad lad ides ATCC 20251,
Candida Ilpolylln ATCC 20155 Nocardin globerula

6

ATCC 21505, Nocardia rubra ATCC 21508 and Sacc-
haromyces cerevisine ATCC 20252 is inocutated into
2 250 ml. Lrlenmcyer flask contrining 0.2 percent by
weight of Pydroul J12A in 100 ml. of the described me-
dium, the flask is shaken for three doys on & sheler ut
27°C., und the resulting cell masa in removed from the
fiagk. Analysis of the remarning liquid by means of gx
chiomatopraphy shows that the PCB concentrption in
less than 0.3 p.p.m..

The same rewuits are obtained when the procedurs: ix
carried nut using other mixtures of two or more of 12id
microorganisms. Hence, th: described microorganisms
may be used either singly of in various combinations of
two or more to degtade PCBs in accordance with the
objectives of the invention.

Generally, the degradation of PCUs on a larpe scale
ll conducted in a muki-tank instaliation. Less often,

gradation is donz in outd In opern
water applications, it is quite feasible to seed or cis.
perse the microorganisras employed by means of boats,
zircraft o1 other vehicies as appropriate, Even thou; h
the PCBs are heavier then water, degradation takes
place since the microorganisms become dirpsrecd
dowmvlrd wnh time 1o the benthic mud. The mixiure

bly includes a cellul absorbant
luch u (ov example, straw, bagasse, pine bark mulch,
sawdust or othey forest or agriculiural producis. Addi-
tive nutrients for the microorganisms sre also mixed
with the absorbent, such as cottonsecd protein or other
inexpensive agricultural by-products and inorganic
salts of nitrogen and phosphorus. The process 1 sppli-
cable from just above {reezing tcmperature (shout
4°C.) to about 39°C.. The PCB degradation will begin
upon spreading the mixture on the surface of the water,
Complete degradation may take piace as early as three
days to one weck, but could take longer depending
upon the PCB and the temp con.
ditions. Of course, it is not necessary to use an absor-
bent, and the microorganisms can be used as a foam or
in a slutry, powdered or pelietized form with added nu-
trients.

With an application on dry or damp soil, the miature
of "ltroor;amnm and autrients can be applicd 10 the
soil and the mixture will work ssrobically and ansero-
hwnlly to de;ndc me conummlm I’CB:. This proce-
duse i3 e1p on 1y wat surfuces
such as marsh llnd:. farm lands or industrial land sites
+ such as trucking areas and railroad sidings.

The most practical application of the present inven-
tion involves the degradation of PCBs in waste materi-
als from industrial plants or other types of commercial
i ations, where PCBs are spilled accidentally by
leakage fror heat h In this licats the
effluent material to be degraded can be placed into
large hoiding tanks, for example, and the mixture of mi-
croorganisms and nutrients added thereto, wheredy
degradation will Lake place as described above. Suirring
and aeration of the mixture intide the tank is advanta.
geously employed to provide a more rapid degradation.
A single tank system may be uscd, or & multi-wnk sys-
tem may be employed wheicin the efiluent materl is
moved from tank to ank at specified times. Additionsi
mictoorganism cultures and nutricats for the microor-
ganisms may be added (o the subscquent anks as de-
ed, for example, to abtain a desired or necessary
level of PCB concentration. The degruded effluent, for
cxample, may then be discharged into a luke, stream

-
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mareh, etc., or the water nizy be recirculated within the
Industrin! plant.

Since the nicmvgvmlrml of the presznt invention
sre oleo copable of desreding pelroleum and verious
petrochemical cubstrnces, zb Goaztibad in copending
application Serial Nun.biar 23,226, the procan of tie
prorent inv:m--m m 4y bts employed with efiluents
which confuin petroleuns or p=tr o6l eontami-
nants ar well o5 PCBs, for enrmple, ervulsified cutting
ofls of rolting mill codkide. The degracrtion of one
substance it not cficcted by the degradsticn of other
siibitances, end & complete clean-up opertion of, for
sxamplz, & total industrizl waste problemn, cen be elfee-
tuated in this manner.

The microorganitm or mixture of microorsanitma is
advantzscously sdded in tlurry form In ~n amount of
about ) pereent 10 § percent, preferabily 2 pereent, by
volume to an tgugous edlution contain! Lbout 10
p.p.m. to sbout 13 percert by weight of PCEs for opti-
mum degradction action. Il the mixtute to te degrrded
contains oil cnd other orpanic pollutznts besides PCEs,
8 concentration of severs) pereent (W/V') of microor.
ganicm-nutrient mixture ic ucually sufricient to be of-
fective. About | percont to § percent by weight is desir.
able.

It is to be noted that a d nutritionx! medi
lncludlng & carbon source end additive nitrogen and

nutrients, i3 provided for the SAD-
fsms ¢ 7 d. Since the uged cre of agricul-
tural or foun sources, they are safe and non-toxic. Ac-
cordingly, the entire p dure i tefo and toxi
since the microorganisnis themselves are 1ot toxic to
humans, animais or fish, Tie carbon source can be
PCBa slone, or a mixtuie of PCB3s and other hydrocar-
bona at concentrations of trece up 1o about |5 percent
by weight.

Tt can thus be sesn that the present invention pro-
vides a desirable and advintesoous process for degrad-

a8 pe or p

Mnu. by means ofmlerobiul degmdnmm. uo 22 t0 re-
swore the polluted material to an ecolonicullyclean
oondition. This procedure is carried out tafely and rela-

ing and eleanin; up polychlorunnud blphenyll. [ well ‘

10

(1]

20

23

tively economically without any harm whatsoever to R

human, animal or marine life.
It Is to be understood that the prasant i ion em-

8

peniem selected from the proup coneisting of non-
hog cell-mayss prod 2, hydroenrbon-utiilzing
urnlm of(.lrco--unu'\ cladospm 1vies, Cardidn lipo-
tytica, Nocardin plobarula, Macurdia rubra end Saccha-
roinycen cereviaiae for sufficient ticoe until the poly.
chlorinaie biphenyls have been robiwsntially degraded.
2. The procees of claim L, whercin tald microorpan-
itin i3 mixed with o czllulodic moterint.
3. The process of cleim I, wherein rzid microorern.
iz is mixcd with a cellvlozic materisl, a nftre,un

toutce and e phozphorus source.

4. The process of cluim 1, wherein enid microorsan.-

itm is added to an uqueous soiulion containing the
polychlorinated biplienyls in slurry fera in cn amoum
of spproximately | parcent to $ perccnt by volwas.

§. The prozess of claim 2, wherein asid cellulosiz ma-
tenial is selected from the group consisting of savdus,
pine bark, vood fiour, cotton lirtcrs, cotionaeed hiuls,
struw, begaase, mar:h hay and shrecded paper.

6. The process of claim 3, wherein said nitrogen
cource is cottony:cd protein.

7. The process of claim 1, wherein said microorgan.
isin is employed in 8 tlurry form.

C. The process of ¢laim 1, wherein ssid microorpan.
ism s employed in & pelletized form.

9. The process of ciaim §, wherein said microorgan.
itm is employed in » powdered form.

10. The process of claim 1, wherein said microor;an.
it is employed in the form of & foam.

11. A process for the microbial d2pradstion of paly.
chiorinated biphenyls which corapriscs treating t:d
polychlorinated biphenyls with at least one microor.
gunism selected from the group conzisting of Cledosno-
tium cladosporioides ATCC 20251, Candida lipolyties
ATCC 20258, Nocardia ploberula ATCC 21508, No-
czrdio rubra ATCC 21508, and Sazcharomyces cerevi-
sine ATCC 20252 for a sufficient time until the poly.
chlorinated biphenyls have tecn substantielly de.
graded.

12, The process of claim 11, whearein said microor.
ganism is mixed with a cellulosic materisl.

13. The procces of claim 13, wherein wid mu:roen
ganism is mixed with a a
source and o phosphorus source.

14 The procecs of claim 131, wherein the poly.

braces the use not only of the above-described micro-
organiuns, which sre given metely for illustrative pur-
poses, but it also includes the ute of mutants produced
from the specifically enumerstad microorpanisme, pro-
viding thxt they pcrfonn the same function. It is to be
further und hat the | ion includes the ure
of subcultures obulned by verious standard vmcmbro-
logicsl ig Such and/or sut

may ditfzr in centaln respects from the sbove-described
new strzing, but they will work to degrade PCDs in ep-
proximately the same munnsr as disciosed ctove.

The invontion being thus cascribed, it will be abvious
that the tame may be veriad in many waye. Such varia-
tions are not 10 be resardad as a depsrture from the
spirlt and scope of tho i and all such modifi
tions as would be obvious to one skill2d in u\c art are
intonded to be inciudad herein.

I clain:

1. A procow for the microbial dcgradation of poly-
chlotinated biphenyls whkich comptiscs treating seid

S

-

65

polychlorinated biphenyls with at joast one microor- -

d biphenyls are contsined in &1 squeous go-
lution and snid microorganism is edded thereto in
slurry form in an amount of about | percent to S per-
cent by volume.

15. The process of claim 14, wherein about 2 percent
by volume of the microorganism slurry is added to the
solution of polychlroinated biphenyls.

16, The procers of claim 14, wherein the concentrs-
tion of polychlorinated biphenyls in said aqueous 1olu-
tion is about 10 p.p.m. to abowt 18 percent by weirht,

17. The process of claim 12, whetein said celiulnsic
material is ccincted from the proup consisting of raw.
duat, pine bark, wood flour, cotton linters, cottonseed
hulls, straw, baosuse, morsh hay end ehredded peper.

16. The process of claim 13, wherein said nitrogen
source is cottonyzed protein,

19. The process of clzim 11, wherein said microor-
geniam i employed in & slurry form.

20. The proccss of claim 11, wherein sald microor.
fanism is employed in 2 pelletizzd form,

21, The pruceas of claint 11, whersin sald microar.
ganiam is employed in & powdored form.
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22. The process of cinim 11, wherein said microor-
genism is employed in the form of & foum.

23. The process of cluim 11, wherein s2id microor-
gunism is added (o the polychlorinated biphenyls at a
temperature of appioximately 4°C. to approximately

24. The pracess of claim 11, wherein raid microor-
ganisu is Cladusporium cladosporioides ATCC 20251.

25, The process of ¢laim i 1, wherein said microogan-
nm is Canida lipolytica ATCC 20285,

26. The process of ¢lzim 11, wherein szid microor-
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gunism is Nocardia globerula ATCC 21508,

27. The process of claim 11, whercin said microor.
ganism is Nocurdia rubra ATCC 21508,

28. The process of claim 11, wherein sad microne-
gunism is Sacchuromyces cercvisine ATCC 20282,

29. The process of claim 11, whercin the poly.
chlorinated biphenyis are ined in an uy -
lution which udditionslly contains hy hon ols or
other petrochemicals.

s 4 e e e
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