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A progess fog the
chlorinuted i
ing the PCits w
bon-utilizing
Candida lipat
rubra andfor S
have beea subst
plicable deg
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atiom of pely-
Tivh comprises treate

i, hadroeor-

sospetioi
tuly, N
e until tise
ally hie progess s o
: PC0s m t iy be preseni

pollutints o con ants in woter, i industed e
ents, i vaviou; reas such g industnal sites ard
tire like or in varied leboratory of curmenercial instaila.
tions. The provess may 2lso be veed to clean up ond
degride minteres of PCBs snd various hydeotuban
oils or petroclicinicals whenever their pretcnce consti-
tutes a deleterious polivtion.
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“tivaly unknow, However, the more b

, 1
MICROMAL DEGRADATION O
FOLYCHLOUNATEY HENVLS
BACKGROUND OF THE INVENTION
This inveniion setates 10 8 process for e microbial
sdation of polychlorinated biphees I Ao
whiely, iorelates o m.:lhn.l f: a 'r.din g | wlys
chiloiing: i
ordar o clean up el :
0y they tity oCcar in the (-pcn ..t..':, m,.mu I.n A}
tichal poots, harhars aid the Bke, indastrisd of luent ¢
Chaspes, sowe wid otiwr pipeline systems, furm
ot cbier fand aeces incleding Gdustind it
Iveraien is apliceble wot only far cleing
chiforingivd bipienyis s contaming nts and poiluts:
in open cavitanmentast systems, bt siso in Clowed sys-
verng s, TOr exmiaply, i intusteial, commaercial or pove
errauent plaakts and iastallations and in verious aborie
tory wprrati

Eavitommental oiean-up bs of much concern to the
countey and ta the world today, Polyehtorinuted biphe.
ny!s (hescinatier refeeed o os PCHs) are intstrint
chuivils that sre widely used as plastiziress, fire retar-
dat paint dagredients, hydraadic Ouids ond heat ex-
change fuids, They have 1ecently been detected in vare
Tous watet saurees, in humsn tivsue and in 1uny specics
of bitdy and fish. Hoing selatively heavy orgamic mole.
cutey, POBs penist indelicitely under naturat .condi-
tions. Muorcover, they tead (o accua:uliute in the fuod
eliin, und wace inpeated, they are stuced it the tissues
of Uirdy, mpamals and fish wed as huinan food. As
with moay wthse chloricated hydrocarhons, such s
DOV, even smil dosepes of PCBs can be toxie.

Cis -ly inert compaunds that kuve fow
iy m water, The commercially peoduced PCEs
wre potoa'ly mistures of many of the isomers which are
possible wnong the various cambinaicns of chlmi-
nuted products thit can be obtained from the chlorina.
tion of Lipheny). The most caminan industrial miatures
contiein between abw and 60 percent by weigint of
chlarine, but the bsemetric compusition Qiereof is rela-
Lly chiorieuted
PCEs eppoar to pecsist in the environment for the Jon-
Rest tine, .

PCs nve widely vsed as dirlectric flul<s ia capuciturs
sud transformers, as hydravdic Ruids, o5 heat tamsfer
agents aud as plsticizees and solvaats in various adhe-
#VCS, fa ainte sad printing ik, Mosd of there-
fease of FOES e the envirorment pro'ly occars from
ndusteial viduent Gischar ey and dampicn and leskage
of lubrizats, bydsashic folds and Veat tansfee Duids
Into e witepveys and soil, fiom matesinis conteining
PUs ns @ plusticizee into the atmosphees, wind a3 3 e-
andt of teaching from duseps and lueal{itls

Although these is some evidence that PCOs can b2
derhtatinzied by uitsaviofet Bria and, thys, leod 1o the
Jormetica of hytroxy! derividives and o puL«r com-
pounds thid nie more § y dugeclalle, PCBs e
weiy prosistent aind ate extremely Stk lu degemle
onee tirey wie present in the endromment. PCB resid
have been patticuladdy seted in fisiy, bints sl m
muh, which inzlude these used fae human (oot as well
ay the wild animeis. Altheugh the data s Gncomplete
W the peesent e, thate by signiricant ¢ thit
saust braens have same rosicies of #CLs o wheir Gs.
ok, FRe efr2et ou humans of such cesidues §3 010 un.
clam ut the present tisme, but some evidecee indicates

e

™,

3,779,666
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Rarmful ofivets from PO froivering
Theee i denee et 1R adier fiver tivwe, ine
hibit the prowth of Cnftired e
enzyte sasteits amld he

5B mou Canes, the weet MOF action is $050 unewte
tain. o any event the pecaenve of PCHS it envitone
ment has beeia preat con
people '
there h A et neey for hn dovelopitemt of 3

10 procedere Ton deading Qs surotimess,

Accardingly, one of the e jvets of Hie
tion is 1o provide womediod Lo
chlorinated bigdensds ard s
cubes, suchias DD, wherey,

1S taminant: or potivias,

Another oYyt of the pretent inaention is (o provigde

<2 process for the miciobinl dagodition of poly.
chorinuted b ‘!u:\) 5 whovever desired, for exanipte,
BS an of clraning up thased wnd epen vwaters, ine

20 dustrint ol 3 (I'»Lhurr s, |-ul' s asishdens, oty
ArEES, 1aatine CViTOmaenls, 3 i
pated fudastssal ayeas amed fae n,,.mm. and i Gthes Liae
tions wheee UCils miy become iccumuloted,

A further objectaf the fvvention 35 ta pravide o pro-
cedure for degriding polychloanated biphenyvls rcad-
ily, efiiciemiy and redutively ceonamic
A still Cusitizr objees of the invention is to provide -
croorgiuatisms it are capable of degrading poiy-
chiodinated Lipheny I8, leaving v dztoxificd and bencli-

W cial celt sy, thesy ndctooreaniuns bring completely
ron-pathogenic 10 maine fauna and Aora, humans and
animais.

Yet anothee object of the invention Is to piovide @
nrethod for the deasstation of polychloninated biphe.

RN nyls vherein there is na need for the hendbng, trans.
porting and rtocaee of heavy balky cquipmen,

“These und other objects and advanizges of the pres.
ent invention wild become cpparent to those skitied in
the art from a eoasideration of the folivwiig specificu-
tion and claims,

SUMMARY OF THE INVENTION

In aceotdancs with the presant iny:

otjectives are atizined ond an wdvant
45 (or the microbial g ~gradating n(;vr!)‘\'
ayls has teen a'.-ccv-\uu cmj yoying p:uti
of miccouryan

e present inven

wre derived orgle *)

Hot tosic. Jt it

inJustriad waties in ;cmn.xl

tion of FCBs do ¢ und \'!n:m :.(;mnus sy

matter how the systeal wis contaminated ‘u-(l |~o‘=| te .i.

very sovere and

tie udedal a celly, bt

R0 et ad other

werned with hualth, ety cod welfore, mnd

tesent inven-
'

dentading pely-
IXURHTE RN

) DIY PP s G

25

n, the atave

50

oo Prvess in \vhic:. corliin seluctend g eocrpanians
T obrenk dowa the U and convert the 4'0.|l.|l'|huu'<
iNte muesses of edibhy, wontoniz colhy, i, o opre
mnss dn an ontdaer sppbeation, this cell maws cin be
chanastsd into the foud « o s of
tife nad, thus, o very vand et
aehi Pin additivn to solving the problens of 16
contpnination. There it oo et foy ancillay cieanam
opztations when PUUS e depraded in sesontar oo

(33
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with the insertion and, ac pointed out sbove, thereis
whsn no need for thie handlsa, traspenticg and storiag
of beavy, bulsy cquipment.

The lul'( ving ||<‘uuu|" n

ol

s, ol :nmph(d) [

hoen wlap \d (]
tion, ‘The
Type Cultuze Cullection in Rocks
hase teen given the desigaated ATCC c.\l.l.u:.lu num-
bers:

Clsdorporivin cladosporioides (BE 3902) ATCC
20084

Candida lipolytica (BL2G02) A'TCC 20

Nocardu glu.uuln (BI103D) AICC 2)

Nocatdia subra (B I(‘\J’) ATCC 2180

Sacchatomyces corevisive (Bl 2009) ATCC 20252

The characteriatics and piopertizs Gl thase raicrons.
panisms ure described in copen ication Ser.
No, 43,226, fides un b 3,1920, entitted " Mictobial
Degradation of Petroleum™

5

\

Various media can te ump.oyvd in haadling these
cultmes. AN of the microorzanisms emplayed in the
pu:\vn\ imvention will grow on media with 100 precent
murine water, with part raatine witar and part ap wa-
ter, or i dJistiled water. The following meditn has
been found to be factory us u genesul use, alle
. purpase meci im for maintaining stock cuitures;

All-Purpase Mediuin

Henst Infusion broth (Difco) -- 23.0 g.

Yenst extrect (Difco) — 3.0 g

Glycciol = 5.0 il

Glucose — 5.0 ¢,

Apat ~ 150

Water « 1000 ml.

The standard Bushnell-Hits Bret: has been found to
te l;uih: suitable a8 & grow thaaediuni on the Iaboratory
scule. A typical medium compeises the following ingre-
dicnts:

Yeast-nitrogen baze (Difco) - 1.0 g.

Yeust extract (ifeo) — 1.0 g.

MpSO, - G2 .

CuCly — 0.02 g.

KiLPQ,, Monobasic ~ 1.0 g, '

KPOL, Dibesic - 1.0 2, .

NH©NO, -- LU g

FeCl, — Q.05 p.
Bromihymul buc - 0.08 g,
Water o 10

 hias been found to be
farly ndvantapcous for the barge-seale proguction of the
dusired cultuses:

SKim anilk (0.4 pereent) — 2,0 ths.

Cottonssed meut (1.8 percen) - 9.0 Ibs.
i 14 (0.02 pereent) ~- 0.1 1.
FO,. Ioasic (0.1 percent) -~ 0.5 b,

Hydeozmbon (0.4 pereent) — 2.2 ibs.

Top r = €0.0 gal,

Instrad of the mariag salts and tap vater, native
water can l\L used In the chove mevivm, Acration is
oswally provided to sunply oy sen to the fuzrmenior ves.
selor tunk, Goner iy, the interonsga
vested nfier shout thees o four !
targe bateh vessel or feementer sceded wath a young
culture ¢y 1 to about 2 precent of more of the
(ol eapazity of the fermentor s used for producing

particu-.

»

5
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¢ sca

I:argc quantities of the cul'utes, If necewary.

cpentesnhe o mp.u\ml tharcin, for ey,

Anhf(*un <‘\ or cruds
s,

nuthient e
organism
long as i

l‘"“‘"‘ of e nuuo-
Lin the present e
exscntinl Rutrieots tag the y'on|h
o :y il Ry St o et vied,
it
tu‘)ﬂ.xnu D s-nJ- S 4 CUtiON SOUICE, B Biltogen souwice,
inoryg, mu corpounds and the file

which are it
ermployed inappropriate
15 used in the present invention

deisbon o i minture of bydiocre!
the prain curhor soutce. Such hiyttocmboang include
stroight ird brenched-chain poradlins (alkanes) ranas
ing froar ous il . such as eihane and pro-
pane, liguid or comisotid ulhanes, such as npentune,
n-octene, n-decune, naiodecsne, m-hei! asy, (vo-
pentance, itocctane, ad incluling loi Vainid pate
affins having high melting points, cyelopar I.anc‘\ ay
eyclohiexane ind eysleuctune, straigt <4 hriwehed-
chain olefins such as pentens-2, heaceet, octened,
octens-2, ctc., vyclooleiing such uy c)clulw‘-u.r. aro.
matie hydrocarbons one, naph-
thalene, phe ete, snd mix-
turcs there ixed hydrocarhons such as
kerosenc, light oils, heavy ails, paafiin qils, pztrajeum
crudes, jut fucli, gasoline, ete. Other arganic sub.
stancces, such os wlcohols, aldehydes, Ketones, orgme
acids, phenolics aad aromatic hetereeyelic mnd carbo-
cyclic coutpounds, are utilized by the microorganisms
described in the present spplication cation.

Small amounts of other carlon soutces such as car.
bohydrates, for eamnple, glucose, fruziose, moltose,
starch hydrolysate, molasses, ot or
any othar s carbon source such s plycresel, mun-
nitol, sorbite], organic vcids, cte. tnay be veed in the
culturs medinm aluny with the hydsoc . These
subsiances may be used cither singly or in ixtures of
two O more.

As 3 nitrogen source, vrious Kinds of inoreunic or
organic salfs or componads, such vs ureu or mumonium
solts such as pminonivie chloride, svnonivin sulinie,
ammaniuin pitrate, smmonium phosphate, cte., or on.
or more than one amine wehd of crede protem misedin
corabination, of ritural Mbstaiees cos it
gen, such s cornsicep liguor, yaast exliact, et ex-
trzct, fiste meut, peptone, bouillon, Giecin iy drelycates,
fish solubles bran extract, ete., muy be cmployed,
These subistunces may 0ho be used cither singly of in
combinations of two or more.

Inorpanic compounds which may be wd
ture medinn itclude munnesinm sa
phate, potusium difvdrogen phos
monohytrugen p

unthiacencs,

dod o the eul-
diuny phos-
te, potsivin
¢ or ather iren

salts as fertic trichtotide, nmanga 2 clloride, cal-
cium ¢l Je, sodi chluride, ammonium nitrate,
et

inven-

The wicroorganisms caployed in the present
tion ure cutivred under Cerebic conshions, such
L of the culinre or st st
of i sulbine ultage, ata den
ple, s W 35°C., praferably
pli of, fes exariple, abiout S 1o ¥, pr

obic <h:
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wivtoorg.aims wre huevested sl an sppropriste tioe
i wee wsed s divsuaedd bedo,

DETAILLD DESCIHPTION OF THE PREFE
EMBODIMENTS
s of l.\.' inventinn can bi used to Fand
stions wheeever ll>
tesetetions pollugivn. Thus, with
this process, Qi becemes possible to clean up o de-
grade POV on the opzn aea, in harbors,
‘other intand various Linds of
Kois, in indus sysleins, in sew
wyatetny, in varions fehioratory systeiy, et
The fedlowing coanples dre given imerely @ illustrae
tive of the present insention snd are pot to b2 consid: 15
eted us Hesiting,.

w

The p
pulyehtor!
presency

aches und
e uiposal

an

EXAMPLI: |

a Iy trantic Quid cortaining @ mixivee
Aciudle dye, is pc.m.d 10 (ive 1o pis 20
fale 250 i, ey flasks to pive w coneeatration
of 0.2 prrcent by weight of the Pydeaul J12A ir the
flasks, which cacii contain 100 mi. of the following nie-
dium;

Yedst-nitrogen base (Difco) — 0.1 g.

Yeast extraet (Difco) - 0.1 g.

Peanut ot {0.203) — 2.0 ml.

MaSO, — V.02 ¢

Cull, — 0.002

RH,1'0,, Morobusic — 0.1 g. 3

KHPO,, Dibnsic — 0.1 g.

MNEHNG, - G

FeCly — 0005 o

Bromibywal Wz — C.008 g,

Distilled wuicr - to make IO(\O wl

Fhe fr‘.l ﬂ.u.\ is ll"!UllMlL‘Ll with Cladospori

e 31, the second flank with Cane

dida lipotytica ATCC 20?55. the thitd ilask with No-
cardia ploterula ATCC 21505, the fourth flist with
Nouardiy tubre ATCO ZI‘OJ nd the AR Mask with 59

aschiromyees eerevisine ATCC 20252 The fusks eve
shaken at 170 1,0.0, a0 27°C. for three days. At the end
x:‘.nmuuun Oflhu [Tsks slur )

Pychianl MT2A,
of PCHs aned s ¢

which nre huavier |k
I8 2parated trotn each of the fla ».\d the reruingsg
fiquid s analyzed hy moans of gus chromatonrapay,
The gy chramratogedphic analysis shows that the 1'CH

" concentiation in cteh HaK is not detectable and is thus s

e thun 0.3 p.p.r
. LY AMPLE 2

A 250 mil. Erlenmeyer lask containiag 0.2 pereent
by weight of Pyrovl 312A in the same mediein au de-
scribed in lin.m" e bis anculated with a mixture of ¥
Chduaspoium ¢, ! ides ATCC 20251 and Cun-
didi Epolylica ATCC 20ESS. The fink is shaken at 170
Lp.m. M 29°C, for e days. A visead examination of
the {hok shows o ¢ arance of the hydawiic thtd,
wnd l.er peparstion i the resulting ol arase, gas ciivos
prgographic analysis in "Ic-llc\ tat the C‘Ucm\ccn!.n-
tioa §s Juss thaan 0.3 p.pmy,

EXAMPLE )

" . . &
B the samie manaer ps described in Frample 1, amis-
wre of Cladeponivar cladaspotivides ATCC 20251,
Condida Bpaiytice ATCC 20253, Nocardia globervls

rivers and 10

<

S bicx tHy 1o

ATCC 2h08,
haromy ces cerey

Al (.(’ 7l dix .w(l RE

a8 nmeyer fiask containing (02
verght of 1l 312 i FOO ml ol
divty, 1he |.>'\‘ s atahen for thiree days oncs

KX (.... a l.d i

sess iy reroved srons
sining Hipdd by
w shows that the P'CH tone,

singlv of i vedous combinatives of
e o degrade OB in arcordance with e
of the inventien,

Geonerally, the degradation of PCEs on o Lirge scale
s conducred in a mu!l. tank installation, Lesy often,
degradution is done in vatduor chv ;
water spplicition, its guite feasidle 1o s-
peise the b ronrzanising ceploved by mee
wiscrait of vther vehicies s ippropriz
the PCLls sre heavier than water, deyradition tihes
pluce since the micioopanisms become dispersed
downward with tme ta e benthic . "The mixtuce
udes o cellulose sbadibemt
much,
sawdust o7 ot : ultural et ote, Addic
tive nutelents for the mur(»ovl‘mlsms are abse mived
with the at mbuw! such a3 cottonseed pmlrm or ol.ur
inexpuns roducts
salty of niteagen and p) nm) orus. The ]L\vc
cadle from just above f.'m/ 12 lunpu
&4*C.) 10 about 39°C.. The I'CE de i
VPOI Bprecing e snixtuie cathe '\umcc of the water,
Compleie Conradution may ke place as catly as three
days Jo one wizek, bt covkd whe lorger depsading
upon the PCH conventirtion aud the temy ©con.
ditions. Of course, it is net ne 2TY 10 LS U abdsur-
bent, and the micteorganising €an be wied i feam or
in a slurry, poivdered or peilctived forny with ¢ dded nu-
triznts. '

With an & ,n:vlu wtion on dry or damp soi!, the mixture
of microor;anisms wnd neteiznts can be uppliad 1o the

i i the mivture wil! work aere i
rads the contmuninant 1L,
dute iy ex DLV O ¢
such as niar b s, faem Jaodv o indue it L site
such a8 toeching areus ond rrkond sidings.

The most p! b applicutin of Whe wrereat inven.
tion davelver the degraduiion of PCEs in wisre materi
als from indesitial giants o ether typos of coacreint
tnstaflations, where PCits ase apilied wecidentilly by
Teakage from heat exchingers In this anplicction, the
1o be degraded can be pliced into
L ple, and the riistioe ol .
sents added therceto, wherely
nee tudtoveriled shove. Stire
< the lwnk i advar
Ned o provid s smare tapiv Condation
Norydiem may be uted, o o multi-Lenk gy 8.
tem eay be cmpinged whegoin ths effioin mitedial iy
moved Cron tink 1o ek wt specified times, Ad
mictonrpanicm culivres o netrizats far e et
panisms sy be added to the subuequent tan! e
sired, for excmgle, to ol zein a dosined 00 wetessary
Jevel o FCB concemtruion T he leed M, for
example, may then be discimrged into a lake, steeam,

ol or dis-
s of boats,

peougty ey
A single b
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mursh, ¢1¢., m the water piay he 'Lcm.'ul.x.cd within the ganism scizcted from the group consisting of non-

indusiri . p.\llluqul-:c 1 prodduzing, hydrocathonny
Since aicroornanisms of the present struine 0.’( wariies cladosporicides, Candidg 5,'[”,',
are @l cepable of d| erading r»lm(uun il lul\»'l.lll N‘m. u.li ' mlu,.

substances, ov desceibed i copending &
il \‘u‘.hcv 41,?:(- (b- 1 S u! mn

petroc h\
upphica
preseiy

i :
Aty I,lm.u.m ar p\'(mch mic ism is mi-:td with o cellulosic
ohiis PCI, for ex: A The
dll codunts, II

cees of Clim §y wherei
cd with a cellulosic riste
n(-l affected by the de d @ plosphacns soucce,
wy, and a complete cl.-au-up A The process of cluim 1, vheredn said
|ml|\l»l'l.n| witste problem, e Ly ¢ffec. ism s added 1o as cous solut
polychlotinatad bipting!s i sheery furen in o cmoum
o mikture of micranrpanisms is 15 of spprovinitely | peresat to S percent by velusme,
ud"ul'lug sously udded in slurry fonia in 20 amount of §.The process of claim 2, whercin said Cotindusic ri.
about | pereant 10 8 percent, preferably 2 peicent, by terial is sefected (ram the group consisting of sawdu,
volums to an squeous solution cuatin about 10 i s wood flour, cotton haters, cm mmul hull,,
Pt W abnet 13 peicant by weight of I'Cils for opti- sve, mieesh by andd o ed pper.
wun degradition action, If the mixture to be depraded 200 6, The prozess of w3, whesein said niteepen
contains il and other orpanic pollutunts basides PCBs, s0urce is cuttonsecd pruleil
B concentzation of several percent (W/V) of microor- 7. The process of cluim 1, wherein
Rutdsin-nutiicat minture is usually sufticient to be cf- ism is employed in a sturry fonn,
fective, About 1 percentto 5 pescent by weight is desir- . 8. The process of ¢haim 1, wherein siid microorgan-

J microorgan.

able.: S ism s employed in a pealictized form.

It is to be nuted that a balanced nutritional mc(‘lum. 9. The pracess of cluim 1, wherein said microorgan.
including & curlion rource and additive nitrogen und ism is employed in o powdered form,
phosphorous nutrienss, is provided for the microorgun. 10. The process of claim 1, wherein said microorgan-

fsms employed. Since the additives used are of agricul- ixnt is cimployed in the form of o foma,

tural or furest sources, they ate safe and non-tosic. Ac- 39 11, A process for the mictobiul degradation of roly-

cordingly, the entire piocedurs is safe and non-toxic chlusinated bipheay!s which comprises treating sl

since the niicronrginisms themselves ure not toxic to polychlucinated h\pmml". with at feast one microor.

humang, aninals or {ish. The carbon source can be ist s2fected from the group concisting of €

PCBs aloze, or u misture of PCI and other hydrocar-  rium cladoaporioides A C a

bons at ceneeatrations of trace un to abent 15 percent I3 ATCC 20785, Nusaiia ploberula 2 1CC 21508, Ho-

by weight. cardia rubri ATCC 21502, and Succharomyces ceeevi-
It can thus be scen that the present invendion pro- sise ATCC 20252 for a sufficient time uutit the puiy .

vides v dusitable and advaniazeous procesa for degrad- chlorinated biphenyls have been substuntiniiy de-

[

ing ond cleaning up pulychlmm'\lud biphensis, as well - graded.

s petroteym o pirochemical pollutants snd contami- *0 12, The process of claim 11, wherein siid micenor-
anats, by teans of wicrabiad degrudation, su as to re- ganism is mixed vith o colubnsie material,

store the palluted materinl o an ceologically-clean 13, The process of ehvim 11, whercin said micreor-
condition. This procedurs is cerri»d out sifely an rela- gunisi §s mixed withv a celulusic matesial, a nitrogen

source and a phospliorus sousce,

. 14, The process of cluim 1, wherzin the poly.
present invention em- chlorinated biphe nyls are contnl nad i en pgucous see
it added thore ln in
tof wbout 1 pereent 1o 8 por-

tively vzonotuicully withodt nay harm whatsoever to
humar, anincd or murire life.

Tuis to te understaod tha
braces the use nat enly of the above-dasceived micra- lution and seid microw
organismis, which ure given meraly for itustraiive pur- slurey form in an aimou
poses, bat it alio includes the use of mutanis preduced cent by volume,
from the specifically cnumerated mictourganias, pro. TR, The process of claim l-‘,\ hieezin wbout 2 percent

viding that they perform the same function. Jtisto be by volwine of the mictonranivm slurry s nlded 1o the
further undetand that the invention ingludes the use salution of polychtivinsted hiphenyts,
of subcultutes abiained by vorious stondard miccobio- 16. The procese of ¢luina 14, 1ein the concentras

Iogica! techniques. Such ¢ nts and/or subsultures tion of palychlneinnted [ m,.myhi:\ Lig ooy solne
moy differ in certain respects fror the abos e-duscribed tion is about 10 p.p. ationt 18 percent by weidhi,
new s1r s, but they witl work to degrade PChsia ap- 17. The prazess of dhuu 12, wiweein said celulovic
proximately the sume manner ac disclosed above. material iy satected from the group conasisting of saw.
The invention being thus duseribed, it will b. obvious dm( pinr bark, woed Gour, cotton liaters, cottonseed
that the sine may be varied in many way anse, fursh hay snd chredded papet,
tion @re pot o be sesarded oy u depronture flom the ¥, The p:n:cr: of elaim 13, whzrein sad mitrogen
spititaid srops of the favention, and alt such modidica- source is cattonsesd profein,
tions s v J b obvious to one skilicd fie the urt are 39, Vhe process of claim 11, wheteia siid micegor-
intendead to L indivded heres, gatisn s employed inoa darry fora,
6 20, The process of clim 1L, wharein said microor-
2e3s for the micrebial degradation of paly. ganism £ employsd ina pelietived form,
2! bipheny!s which comprises treating 21, 'Ihe process of eluivn 1, wheei
ted biphenyls with ut ) onz microor- panisn is employed in a powdzied f

Jd microor

polychto
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N 'lh-~ p)uu 5 n) cluim 12, whetein «nid microor. anism is Novardia goberela ATCC 21508,
the furm of o funa, . 27, The pro o cluim $1, whercite said miciong.
; .‘_' lll‘ \'."”“'“. ‘\l ""f"""‘ pirism is Wocadia tubra ATCC 21508,
. A8l ‘rd“l.': v’v,(')c\i“.:l')f( “l“"(‘g"" ) ‘“::’",’m“ .l‘(l" 2% The provess of chiim 11 ein gaid micicor-
.'“'m'l' ob sperosimidely ¢, to wrimiely s ganian s Sacchuromyees cerevisive AVCC 20287,
2 process of clainy’ T, sheiein said microore 29',“‘"" preces: ol claim ’A" vhierein e poly.
X} otivn cladosporivide SC 2028 ehlodiited biphewy b voe contained i an sgucos so-
’.' Fhe (.u\u'xx of claim VL, wherein st mivroogan.  Tutioa which addisionally contzins bydracarbon vits or
andids lipolytica AVCC 20285, 1o eiher petrochenticats,
20, The provess of claim $), wherein micrours LN B
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