
Optimization af carbon sources far the prepnratisfi o f  imauicuiaitm crF 
fiex~~chltart~c;)ci]o~~ex~~~e~c'tegriiding microbial ccsrtlsorbit~m 
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h;:a:iy si:npic a:rJ zn~n~sie,! i : ~ r b o ~  sz.~irres were .;cr~ar~cil aloag witla recr-ireice! glarir k~:~i~cklorcj~y; i~i t i~x~rie  iiwi:. 
iIf i.1, 25 yp1a3 ion. their synergisric effecb on tlxe; gaivr!i nf HCH degrading axicrobia: runs~~:'tia:at. I-iigii<:zi kioinass 
p~d<i~ii*,i> was in mctfasse$ fi~lasv&.h by &lncasc, sucrssz, rice slmw cscnLct slrppki.n:rn~cc$ with gi::;:s>sc, rice srt'a% 
Iiy<kra[yi&ic., nahIricilt, Ixa& arrrj whcaz hmn hgdroiy~ax (WIJH';. Ho:vrvcr, the irie?ctrlu!n gabwsa i?n WEH and Z.5 pprn 
HC:F.[ sht7wc.d hest i tb i i ig  ua degrade I.LC'H, 8e;ar;y 80 t;,, 9QQ cir' all rho 4 isvrt.~an 0.' I-ICvYH &?a;aj?:;-i:i! wi:hi~; 72 h 
o:' inciiia?.rio~~. This i s  tollawcil by mohsses-MCH grown inociiicirr;;, which  stajwed 65 rr. 70% <ocg,~8iiaric?rr. Micfai?ial 
r:.ea~o;ti~~rn gmwn fsr 73 h in WBH coi?t:ii!ll!:g 0,756 ii:dili-inp scszar. and 25 gptn HCH was cfiki-rrr. ni: &grade HCI'H 
ca$idi:<s i n  liquid nacdicm. 

fiesi~cfrlttmcyc.iolicx~ne (Hf'Hj i s  orie 
of ~L le  most zxtensivcty used organochlo- 
riil: (res:ir.i;lzs. 'fire crs~~n~arcia l  Formufs 
tior; ctC fiCH citsltilint; n inixrure of 13- 
, *!--, &.- a!icl orher isonless of wbicb i ~ n l y  
~~&lsz,7b-.,::t. , '.. .,,.,, tias insrcrieidnl prop~;~lics. 0thi.x 
i d f i i ~ ~ i . ~  arcP highly rcc:afzinuns al.!r.f prr&i;c 
in :hc st\il (Sp;:in arid Vrld IL383j. 

HCtl-Ji-grading coasortiurrt, devel- 
opitil i r r  t!ur labi!rariiry was fatirid to de- 
gra::I- a11 $he tTiaj~?i isornrrs of  HCfI ttrrdtr 
I..&,.. ...,' ,d,..or~,,,ty roadiriwns. I.fowcvcrl tspres- 
siim i:l'fli:iency ill' this artribat* l~~.gciy 
(lcircrads tip011 dli: size and ei:rloai?~~ion i l f  
thc ecosystem by the cirnsortiurii 
[X;l;1tl;,n11oaiii ct ~i! Wilt>). Application of 
rhr ir~roctilurii to Inrger arcas W U U I ~  need 
rraa;;;P; pnlductioil of kitt eonsariiurn. Since? 
or1$1~ 3i:i)i:ed quantiries of HCH csin fx 
t i t d  A, subsuais, the biornass brfld up 
tvirt! HCH as sole source of carlx>n and 
energy i z  mfhrr iocv. Hence, it is ricces- 
silry :a use od; tr  easily utilizable cit~htttx 

.io~1rcc5 i s  ~O-bllt>';liai~s Ft~r !he prcpai,:i.. 
- - ,. . . 
7~i '~~?rssp~r i i l i i i~  ;u.i~Picr. 
E-ii;:;ii" rt~~nnr:m~ni~-&1I!i':ly&oo.ct?n: 

tion oi bulk iat~crrlunl or wirhou~ lo~ing 
tlia d~r i t t i i ag  ability. 'Thi: ubjei-:iive r:)f 
tixi% work lvtas to c11aracreri.ae ihc cffectivc 
casllan sa\~ti-zc1 ra~zd ap~il-niw Ihe prepara- 
t io l i  o f  inl:dillUl~l vviihouf lass i i ~  

Crire.~~tI~.ralr, $orrrc.e.y of iarhrxl an(! 
mc7dirtni: JLck~r~ical grade t.fC1-ii corrtrdii- 
jag fi-{fi(j..7QQ.), 0-15- 1 2Q;:)l p( 10- 83$3 

'arid 8.(6-lbi%) was obraiacd frorf-i 
Hludusri!li Pesticides Lad. hlutnbai. India. 
"rkic rnil~imnb mlrclirrrrt tisrd in degradaaioit 
s~a~diai imritaincd [I!I~~III[), KE.1213U4,U.67S; 
Nn?i.IP04, 5.455: P;H,NO,, (1.25: k$.$F6,L. 
'Tfl,O, 0.2: Ca.[NO,!,: 0.1 arrd i n ~ i  min- 
c ln l  =u!t~rioa c.oata;nitrp, (~?g!id) 
PeSQ+,7W*Cf 1 ; ?IrrSf),.tl,O I .  r\;a3hltAj,. 
0 25.  1f;BO.. U i ~ i l  C'IICI, I H I O ,  025. 
Added II,SOl, 51x11. 'l'li2 pEt af thc 111~" 

J*un~ wits 7 5 {hl;:notlmanl er it1 #)iX) 
Sarii~-It a d  cornpferr ccrbor. E O U ~ C . * ~  

?jsed n i  i:n-sttb$tmrcs for bioirji;ss bi~!lil 
c~p art: tisled In Tablc 1 .  Ba~gas:;e (juice 
esrracted st!grdrcitfir stem). tititi-cob 
rice sai3w were ~ I - L - C I L I - ~ ~  Ftcxm 1i:gal 

3T". .,ti +k et. , LVbcnr h~~~ was ohi;!jr:=ti i ' ; . , : : l i  ' , " '  5 
1 . k  'Dq?attrntrir of F t ~ i ~ r  Miilir!g, Br&llig i 
eird Con?eciii)x~r':.ry 'Ter;Exriotugy. CI'FT"L'RY,I 
!vfy:iclre, Mdssse,< and i-o:.m srec.:: iiqixx 

pirrchai;scl r'xorn I::.;ci.i~$ r>ep;ir~fi!t--ii 

* ... 
kn ant, anti gtucosc wcr? elf Ah gr:i& 1 

,kl?c~-~bfa! i:arr.c:u~.n'ttt,z: The ~nlor!.:i;j:ii ,! 
crrr~sortiuin oiipaSfc uP dr:gracling at! i i i ~ t  
foi,~ it;oi:~~r.; of I'ICII was l iy ';arrg-nc.ila[ 
eurichmerrt of MCl-1-t:ot~r:~mini!rcii ,.c i ?  
sawacy E n ]  :: sexi-ccjetiiluoaas i:oli~?r:n ~ 3 %  

actor fcdlotr~'id hy snrichiiimlr i?! shrnkrf 
ilzjlts usirg dif'fc:tsfii i;cames& of Hi:ii.$ 
jcgaatelq. 65 $elc ecjljr<e rill;:,c,g xf>~i 
eilrrpy. 'Fire corr.;ot~ia thus alst&:~cd k,t*$ 

*G\'"3 the cnp~ci:y tn dcgrxiie 100 PpPri : r f  (:.-.?$ p 
IlC%.f, 4110 ppnl of *f-E1CH, a:id :?4 i;l?ir: 
e;xh of 15- and &M&'Fi, re.qxc"iur:ly i;; 

:. < 1. 

I1ie-r: ftfoljr 2j>n$;5rc1.3 were p(lijlei! ai~ge~l:lli,: 

acid ~i?c~cutareel rr)  iQ  ppm I.lC31-1 atid st.# 
ci!k~a:i~siq 10 higher cc?~~cen~ra:io?l; o i  
HC'fi. 

Dc;qrtrji;riv~a ~9 fir{?(: Dtgi n&r it);!!.; 

f( 



t the b08ons rrf aerilc, dry Er- 
entileye; f3:isks utider rtseptic condition 

Adtied 50 ml r ~ w l n i i ~ ~ c z l  rnedi~rm, t%acscia- 
i?.$ed tttc rsquired caiissr-tiam and inct~- 
baaed i f n  o rot:try &:ikcr st 26-28°C. 
Iz'anrtsle..i \vere d~axla at rcgulm. In~r:rvaIs 
and ntialyzed fill- gnwth ihr rermn of t&tal 

b~2r.c aka maio~airreoi dnnring all itre ex- 

pcriinents ar~J each [ e s t , / r , x ~ ~ r ~ e ~ ; i  w:tr 

(8s gluci:aeg to rninitr~al me- 

ng collsq~tiiurn w;r:; ii10c1.1.- 

Basks mii inr:tat~ated f ' ~ s  72 

washod with stcrile raiinitml 
I mad iaot:uia~ed to flasks fbr 

itired iitr i i~axir~tum big- 
wicho:sr loss in HC1-I- 
wac r~ipt~rif~eri R:, grow- 

niltilrc brcrtli. 7'0 t m! c~11ru1.r I?rc:tFa, 7,4 

raxl aad discs~ild ia a boiiir~g 
fcr 10 nsiri. i'lom this digest, 

f33t3 nit of crlltt~rtl br<rtft was csituifugcd 
arid the: SU~:CIIIB::~II' ti+m take11 ir.1 B (s-\f 

g u b .  Ths: cell\ uere %asfled \bitti !I 'SN 
NaOXi (50 ~ 1 1 r  and 990 ~ L I  of r n t l ~ ~ r n ~ l  
mcdiir!ri At] the sup1  ndrnrrbs:v~ast%~~tgr 
tscrc pcsoielf, I n;i af $1 15% l-IST:r, ail4 1 
I T I ~  of 0.1%; Il$JU1 \?ere ircIdest u:th 

' . 
inixlrtg a? tach step, :~llu*-vor-ri tu ct,ts~f foi 
20 mrr? at rocsin tcrnvfacfitlrc iinri Inca- 
sure& the O I )  ;at 6110 rim TJI~ S~BIDLITII UI 
cl7:Pltfri<cfe was ceorrtpuccd Frr~lrt n s~,tnd,~t~f 
crtrve pmy,~nd for NaCi. Reducing 6<1ClSl*, 

LJ &S es'lrn3teA h r  ~ i i t ~ i t r c ~ ~ a l ~ ~ ~  lie ;LL I:! 

mr:~lit.irf f Miller 19898 
Re ssdiwi srtilsf~-an:t cpt!w~:>r*m~a:t Kc- 

siduat substrate f a a ~ ~ i :  bhc rrctdifliit.ii ;rrftu~e 
biurtr (pW 2,03 wa\ sxrrrtct:xd :!lri<c wifj-t 
cqua! \c?lirmi.s vf ethyl nref;te, Th:h-. <:thy1 
;!cetate fr~~ct~oiis theze p t~~i t 'd ,  ccsncenrrrrlcif 
anrl p,w.act tbiougti fl~i.tsil ~ c i t ~ t n n r ,  fhc 
fki2tiau cb?!~t~i?iti~g the ce>idtra! \i:tr.&atc 
was con~eltnatcd ilnd used f i )t  I!ien !,tyrr 
ci~rar~nt~fgiaph., t? L,C '3 aairl pas; rhroatka- 
tt3gntphy tc;c.l* 

TLC a v , ~  done 1naailplg sm;gft*s 
otr ~i ! im gel pfa7%cj9. \&t~rct? ivt:rc ijrvcl- 
opcd in c3~!trlge,%anc, 'i iir tcs:,lri.il i lCH 
sprgts were idcntPiir4 a11d ruea.;ureb afrzr 
s p r q  ins b i r ?  aia -cfr~cri df %f'k>f'kx~i plaEeb 
with 2% ~ ~ - t c ~ f f d l i i ~ ( l  11% 3cetir11~s 'I ~ I C  1~ 

s r t t l r d  subsrra~c ~pt,>ti \\ere rlciinz,lttd h l  
marking witkt a needle and thc %i'r'd %:I$ 

~nea:%icccl 'a'f~r cr,np;etxreat:nn W,IS COLD- 

ytt?e%l f.rptn1 it srmtianl ylvt af In? iOmlcCrI- 

tr:rtrctns r*@9ezctr aqiaarc rc+x?t t.ik the I ~ T ~ J .  

piepared t r ) l  the ~lancfdrd WCf-l 
Thc zfh:>l scer:,tc la-j*rr, ci1n:atning 

;e-iiciwl M C I f  ivas r ~ a ~ t r t a ~ ~ x i  trt tfiyne$:. 
xi?<! ::fer apprnp~':a#~cti!i~t~';r~ n i th  ac- 
etorac. it was ir;jccrrii inits p a y  chr..?nraro- 
a,r&ph {Esons 8000) eij~itppcd \ti& 3 '?<r + "  

elearall caywe  dctcc~ir ;nil$ .tai;.ilc:.s 
sth~e~-~tr~kl~n~l f.%o nrm w 2 ~ n t  y a c l ~ d  
\\i'tlr l . S d t  OV-17 p'i$i\, 1 QSQ l:-l o n  
Ct-arntlzosi~rb W 80 f00 IBE\'I, g.he enl- 
UIIIII, itljectm and rlctrcacj~ rvcrc. ntatri- 

rclniztf at 210. 230 and 35;I0C', I ~ - S P ~ C -  

t~v~:l! vq1rlr a flsi.; ::ire ol c.lrrrcr gas 
<n;trogetnc $41 TO inlfmirr L'nJrr t h e e  
C O I ) ( ~ ~ ' O ~ \ S ,  tit': ; . c ~ P H ~ ~ c %  itlne LVi i i  f~ : l l d  
to be 5 ?4 sr1i11 for t~--I-lt'lI, &43 mrn L>r 
P-HCII. 3.W  bit!^ !"<.I. :ctfC'H, a1lri ,S. I Inin 
fin fi-tt(2Ft. T11c r,ecoter> oj ci~c f o u ~  
P.fC'1-l rcotn-1% ~dsgeci Ir{>133 i~ l  10 C)Zc; 

F!urz? ~fizs n~istcizf ~ ~ 1 1 ~ -  mrd~~~ t . i i  
E~~~?T?P/'YT??CT? &JI* 1 !IJ$~;P ( , ,$ ,?t*$< -rflc 

s~rvi\ ;nf 01- l . r ~ r t [ i f i - r ~ r : i ~ l ;  of i~&,$;&ag 
mr:.t*abe.ns of crs~ri;;?:r.iinns lcxr viable cci i 
poplati011 was detci.iiti!i.d by pixkiitg 
(Sku  ex ol 1996'!. 
Rcsralts and cfisclessiran 

, * 1 kg I-ICH -degr+n:Ilns ctpiist>r.riurn .st$.; 

;ibte tc~ dsgracle )11<3 p p n  of d-irtinti?r.. 
400 $apt11 af yisixnef clod 2.5 p p n  each af -. 
8- rti~d &f.IGll i.ar?iners ($~~:mi~nrn:~r.~i e.0 sf 
20OFSI. '\iL'hcra 51 II Ehcce fm:r ctxssonin were 
1-71301et.1 and irlc>culstrd ro tech-1-ICi.I. ~ i a l c h  
v.caq';t 1j1ixr~1.e of ali the k>.,ur i~3~7i t~r . :? ,  the 
eensiv+ti~rm get csta??lisl:cd nw! was f~iz:,und 
c;ipahle of ckgiading 6.ICf.i. c b f i ~ ~ c  
tea-iz8tiar-t rsi' thi: cw~sorkium ri:~.:ealec8 'itla: 

it ci~mprisei? of BO b;%ct.=riat spc.ics ci?::- 
tair~ing 7 d s ~ ~ ~ ! ? i / t ~ t ~ i i 7 1 : < i , ~  spp, ar:d i)!:e ra::&! , 
uF FI~s:ohar;er.j;!jl:+ It i f :  ria i l i r ~ J  

Arr~k!asJr!er.ii.:. 
Rii~ii:nss b,rdl<fii'- t r . f f i !  d<@yri~i:~c:ap.. 

ba!f sclrtr.ccsr S ~ ~ I C C  a li:rlit~dqgtta:itiiy a$ 
tech-H1;H can bc :the$ f i g  sti!ls:r~te., ~I-G;: 
bii.trf;ass btiitd irp ii: law aiatt tlat suffiuien.~ 
f(tr use. Heslce. if i s  ii.riperative io u-c 
atkrtr easily gtilj~;t!,>[@ carbr:r? .;otii.r::.; i i i  

. , ~~~-sl.tb:it~fte$ for the preparntlon ct! tiracu,. 
f!:?r.t wittaa3~1 %oo$~(.IM !Iw lI.IC:Ii-&i~gr:~;ljr~g 
ability. %ally sig-tyslc s i ~ c l  c,ompicra ~31.i:'0- 

hydrates ;it ZcveIs ccjaial 2 %  carbz:tri 
(ecli~iv~ler~i of :ii:ett.~ple'f nltxg nviifl 25 pprn 
171 Ir4Cf4, were i!lo;:utnted wi:!~ tlC:tI tie. 
graciiog oonsa~liu~v. aker h iflrirb%ii t;? 

on shaker at aaazbieni terrrprsmture. i t  w a i  
found that n~nlasxs  cuppoi,ted ntaxizl~un~ 
&ionlass yicW foflitwed by g!tgcr>~c 8ilil 

st.rcrosc b"Pa!?le 1 j. Aiaii!ilg tkr I~>~drcd.l).- 
--..,~----...* ,...,,--. .... " " ..,,,, ",- . 
'1.ilb.lr 1. &{r:t\ass :;",eid of HC.'),$-drgr.utji!ig 
cu:rsattii:n! ;i$l'i 72 h pr:!:~:{k rn dire:;:tr$ 
c r t~k~r ;  snurz:es 
@n?bo!~ si:~i !.(!i" 8ioaks::.$ yield. 

; ig p;.i,?tcin:l.:i 

1rt:xc!111% 7 'X.26 -. 
$,ccan:i. I F;R 
Su.. -;. * ~ < i s l & ~ f C  [ T[j 

Glu;i!:;e .: gd 

S:lei..sc I 
h-Ia!a$sef, .9{?& 

f oi.0 srcci: 1ici:r:jr - ,. $5 ~ 

Rirc s~I."~,: e,s~m':.i .,..*,, 

Rice s iaw e ~ ~ l y ? ~ ( . & g ~ ~ ; ~ ? ~  >A-k 7 * + 

Rice sass?-% hyrirrtlys;tft: - *  , 
.$ 1 :,; 

cc!rr: so!: 'ljg.d:r:,lyiap: 56 
Wliear bi;tlr: fal,dmiy.:atz 3 ' ; ~  - A  v 

Basasst Irydrt:ly,:.~ic : 3 7 : ~  ,. - ,  

?<otrie:~t k:ro! h '390 - ...,. ". - . ..-" .....*,,.. - I 



safe?; a.f>d t:>tr;rCF$, exuai:.i h.rDi17 rice S;ri;w di 'g fad i~~ior~ ,  Lniy:v,-$r degradttri~r; %*as mum fill 10 ] ~ ~ i ~ r ~ s  of. iti;:). 

sr.pyalennrnrcd 11;irh i;lri~i'rsg: stlpy?osrl:d observl:d 411 rlcr: smtki* extra~f s u ~ f e -  bi@%l clagrdirig ei!~rsort&l~r.~ l -e~gfi .  

it~aximum big:~lirirl;ii prcrduc~ii:>cr fttil<th\.rii ~r::ntr;ol tvittn glu(:crst: nearly emd xfrer 72 h of: is:ct~&tio~c, i,rl jlt;eifi;?;c 
hy rice stww atail when2 hfai? hyeki~)f\i~ of the acBded. SU(~SLMI$ ct>~1{.3lt'jd r.?i:o++er.ifd arlei 8ce:lile aizhanrgfr al!.ti.,e rsuiraes af 
SiL i rS.  CWX-CO~> h:u.dr'~iysk{ir: gaVC !O~.~ES/ t6ftcr "73 h. '&c for.\: rrk: cjf rfcgnda~o;l itr;e?!iorlium ci>:$d iitc? seco*:ci',-.:j $%I( rhi.2 
tsiomnss p~~odu- L Z I C Z ~  ' molasws cirmpared to wken~ haan t ~ i . l ~ b e t  U'SIS 1 ~ ~ s .  .. v, 

$0,. . ,.< Ioc carbon sotures, wirich supporfrii hyirrolysare nlak be (Sue to low icvcf .. r . ~ . L > ~ ? ~ ~ i / ~ s  jl~oii?~i:e?:., 7,, 
giaad bit~rrias:, prr~ctucritln. did not show ;hence  of iaducrion of ersttfifii,l e g ~ ~ ~ u ~ e s  dcarx.xmina~:t f1~c~31bt.s &fie: 72 :tl ta i i l : ~  

rx~axirnritlj drga~diitis~n. Ttir conl;wdu.sm~ trf x&e :Sagrail:~ti~e: pltfiway. *&e same is substratc.:~, wfdc% cts~lfd hrwe !:tea tit:: 
iin.j;vt~ on VL.I~S,$( bl.:iil ~ : y < f ~ ( ~ a y ' j ~ f c  tcue ;z,'hh &:*ther s&spf:iti-.s wlacrc [f?e dcp- n';ti:on for ~ D W  rate of degnidarion. 61on~' 
PfCH clitt.i;ed r%t:i.\irf?rirsr, ifrgradr:tiz:)r~ ;& r::ntlation of trch-l,{{I:j+ was [<) is .  I: w;ls ' .;oi?iirm gxQ%?n ldl g f ~ ~ d ~ ~ e  Siii'rfir 

~r l lg '  i icg of a-isoiacr, 5 9  r:,f y-isomer, &st:rvcd that j~ rtloiasscs, altt;olaai! tttl; Fi~dkvn, afttla>eigkI s~tpporhed gr<);?lfs (!: 

i?iii. i>f p- anit 6-isc,,nti;rs rvere founi,l lo bismtg$s build up cvns hig&csl, 311 "I! l"~l%ke.i'~ of t k  cor;so:,tiuna h i  deg .  
i:c present aftel- 72 k irxculzttic?~~ (Fa& '2). is:!l;ares cc>i.ibd l-ectlti.a.~ig ~ 0 . e ~  72 h rridarioa rare W ~ A  low. The e~lzyrnc:, <I!' 

Next q:gj f i 1 0 1 : ~ ~ ~ ~ ' ~  ~ t i i c t l  &awed fieui.ly 5 j. ~ ~ / a b l ~  gflest: jsi3lales ii,,,klii f h" HCH -biodcgmding pachway probubl: 
7C)Q t [ ~ g r ; ~ r l ~ ~ i c , ~ ~ ,  Tkfis wir.; fttilawecf by I l ; i l ~ ~ c ~ ~ O ~ a S s e S  ;is ~~)tix~f <>f carbon 412 L.'S.lL iiiCIuced if1 ~ ~ ~ C S ~ I I L ' ~  ?sf g!iii.i~it' 

succiilatr.. :i;ilill;ils :;i,;bstruers ]ife ;lplaLs, artd cnr2ryyz l,,lowever, iii wheite tlrsn i ~ i d  sucri:tsc:, !rii!i i.1 rlf t1992j have 76- 

gt~rted ifiiiuction af i-it::[-l ;ineH f311.>'1' de.  g i u c ~ s ~  and iui:nase did riof show gretc! I.iydr<>lysale, the d*.gradatjt:r:l \r:ns insxi- 
---.--- .......... .- .......-.. --..- ,,,-,-,A- .- gradirxg crisyrnres i n  w h i t ~  rcil f u n ? ~ ~  i f i  

,;> - a ,$t i>;.ey;~lcr diffecclLg c a , s ~ i b ~ t s r a ~ s  $STt?XI-'"cC <:IF gIl3~i:)st. "rabli: 1. 19cgr::dsrli.w of HZ33 by the c6ns:rrrirtna aP-: . '7'% 3- ;- 

Ca-smh::rr:irc~ I l rc>~uiu i~ ' t  Biorn~nss Cil ;~ r ide  Reiiirltiai iso:~x:rs, i< l?h~.:s. :;uiratttic tiubsrsxti. IS nrecessq 
hionxisr, pr~tiiicedi, iekased, ~+4iicR itr spl ir~tvrr i  ct:;tnc%rna:arbn wilulri 

I pgdrof 42, a I% 'i 6 f ~ ~ e i l i i a r e  ail thc i~;tSiviiiiial i~z~r~b.:rs nf 
A c ~ w : ~  .xi 24.:' 5.a. 7 43.3 *,,,, .. 7 c .'>a -,., 1 7 , ~  ~dt l~:51*r i~t42 lo gp.e:x:t~~r ~2i,?jpiW~1 1 6 0 ~ i f ~ g  r. - 
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j r l j  gT21 [Tat (T.2 j ( ~ s j  <rf2j f'l'7j i ' r ~  iy): y - t  6; 
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mcrs 1.1)' ) Icxacl i I~arc~cpc~nf :es~i~i~  by 3 

Pvrurir*1nnriax $1:. Snit  Rinl Broc!zrrr: 
25: f f i i -39  I 

Spain Sf, Vcltl 1033. :'idis.pintiotz 01' 

aliaritrs! ~nii:rsbiel cca::rrrtlinirics rn tlrgr:n- 
d;:i~:~rr rlk xetiobic)t.i~ cnr~!~>citjl?tki.; cfkc$ o i  
ct:rr~cei~~ia:ian, erposurc iir::r, ~nocu!um 
and ei:c:x:c~f stru<"!rtrc. hppl f,:.!?i.i~.:!i 
Micr&:i:l t.l6;:-1Zp.&.3$ 

Valli K. Wa:.i.l.ii N. Golrj MA 59'12, r;~*crr:i- - c  

dnt3c.n art 2. ?-rlicliianrdibc:~~~:~j~~i?-dix~xi 51 !J) 

LIIC $ i k : z ~ : i ~ v < k ~ $ ~ ; i ~ i i ~ l ~  ? ~ i > ~ i i ? i i i > ; : i ~ ~ : t t ~  

f"htr:t~r,nr-r.!tci~ cl:r.-rrtprriur;~. J Bart 
14$:1;31.12,+7 


