
KINETICS AND BIQDEGTeAIDATIION OF HEXACEILOROCYCLO- 
HEXANE ISOMERS BY MIXED BACTERIAL CULTURES 
M. Mahadeva Swamy, IV. Sreedhnr Reddy, .4.A.M. Kun11i:aancl. TI? Halapp;~ Gowda 

Department of Environmeii~al Engineering, S.J. College oC Enginccl-ing, 
Mysore-570 006, India 
:" Scientist. Department of Microbiology and Bio-Enginccl-ing, C:FTRII iblystlre. Intlia. 

ljffccl of lemperatilrc (In tlic gl.n\vlIi ?)I' c ~ ~ i i s ~ ~ r ~ i a  t\L-Ill ;ilicl (;1~112 ah alpha-I-I(:I-I \\.as 
s l ~ ~ d i e d .  not11 the consortia sllowcd pr~\\illi  al  all len1pclstul.cs. 111~: !iiasi~iiurn g~.c)w~Ii k i n g  
;II 30" C. Acidic pH reduced [lie alpha-IICFI degr~ldation more dr ;~s~icnl ly  11i;in 1,). i~lkalinc 
pII will1 tlic addi~ion or ai~silliaiy co-suhs~rarcs sucl~ as glucose. It \vns foi1110 that ~ l i c  
degradation rate of alplia-I-ICM was Sas~er Ihan (ha1 i\~itIioul glucosc. IHigl~c~. mi~s imnm 
spccific g~.owlh rale ( H m a )  and lower sa1~1i.atioli constanl valucs indiraicd t l i ; ~ i  111c lowcr 
concenlralion of alpha-1-ICII can he degracicd cornple~ely and al liiglic~. concen~ri~l ions Ilie 

~.eductic)n in the Kale of tlcgradation may hc due  t o  subslrale i ~ i l i i h i ~ i o n .  

INTRODUCTION 

Increased and indiscriminate use of  peslicides in motlrrn agricul~urc and public heall11 
has caused air, water and soil pollution. Hesacl~lol-ocycloht'x:~~~~ (I-TCW) is one ol' 
organochlorine insecticides ex~ensively used in India which amounLs to nlore than 40% of 
tolal pcsticidcs used. Tlleoretically HCH conlains mainl!: alpha-; bi.[a-, gamma ancl 
delta-isomers. The pollution problem wit11 I-1Cl-I is mainly due to the non-insecliciclal 
alpha-, bela- and delta-isomcrs rather lhan lindanc (gamma-isn~n~rs). D~velope,cl countries 
havc tliercrore restricled the use of linclanc ancl banned [he ~cchnicnl mixlurc. Still they 
have I-ICI-I residue problelll persisting allhough Ll~eorclically~ gamma-isomel- should gel 
degri~ded. There are only a few rcsearch workers, who havc rcportecl 111e int.er conversion 
of li~ldane 1.o olher isomers in soils, planls, animals, insecls, walcr clc. at high lcn~pcl.ntul-c 
by UV-raclialion (Deo cl al. 1994). 

Pesticides arc ge.nerally applied Lo lhe soil, planls, ivalcr I~odies and human selllen~cllls 
eithcr as liquids, dusts or granules. It has bzcn cornpuled ~ h a l  only Icss ~ h a n  1% ( I T  rhc 
total peslicides applied reachcs [he tnrgc~ orgallisms whili: mnrc thall '?9'+;; c.*nizl- 1 1 1 ~  

ecosjisleins (Pimen~al and Lcvin~an, 1986). Duc rn [heir lipc>(~Ililic nt~lurc. llic!i pcl ;~ccurnul:~lctl 
in bio-cuncenlra~ed hrnl  in thc lipid and Slit  issues of Lhc living sysrcn~s at diFrer.ent si.apcs 
of ~ l ic  food chain and cvelltually reach human body. 

Pesticide consumption in India has sliowl~ n sig~ilicant I'r-0111 32 g ha-' i n  .I054 lo 
3.76 g h a 1  in 1980 (Mrinalini, 1986) ar~tl prcsun~;tbly, It mighl: hiwe gonc up much higher 
now. ARer DDT was lcgally res~riclecl Sor usl: in niany co~~ntl-ies, I I C X ~ ~ ~ I ~ ~ ~ ) ~ ~ C ~ O J I L ' X ~ I I ~ C  

became more ilnporlanl as a subs~itue r c i ~ .  DDT. Lindane, the active principle in HCI-1 
(kn(iwn ns gamma-HCH), disappears relatively more rapidly than DDT. 

Thc ~najor sources of enipiclemics of accidental poisoning of peslicitles have bzen 
~ l ~ e  con[anlination of food by pesticide formula~ioi~s cluring transpurl or storage and ~ h c  
use of pesticide treated gains as food. The epidemics have becn repor~cd in several 
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countries of the world. In Japan deaths ol several people have been reported after ealing 
bre,ad made from conlaiminated flour. Major Inass poisoning incidences in India are 
presented in Table 1. The adverse effect oF pesticides on  non-targct organism have been 
reviewed by nunlber of researchers. (Agarwal 19x6 and Setllunathan 1977). Pesticides are 
suspected to be the cause of hazards such as birth defects, cancer. still births, neuroiogical 
disorders that damage to brain, and sterility (Hurl.acfo 1980). Mwanza (1987) reported that 
in Zambia that 90% of the populalion is exposed to DDT poisoning ~hrough Cish, which 
is a predominant dicl.ary component. 

Whae~stonc et al. (1953) reported that hy heating HCH isomcrs in a sealed tube 
with anhydrous FeC13 and Frilled Crali Clalysts Syme.~ricnl beta-isomel. was readily converted 
to the alpha-isomers. The gamma-isomer mostly got isomerizcd LO the dclta-isomcr with 
sillall quantities of alpha-isomers, while thc delta ison-~cr was Sound to give mostly alpha-and 
small quantities of gamma-isomers. Kamada (1971) and Ishikuva (1972) reported the 
inte~conversion of HCH isomcrs in soil, crops and tissues of living organisms. Newir~nd et 
al. (1969) found both alpha-HCH and dclta-HCFI in aquatic srdiments incubatcd with 
pure gamma-HCl-I. 

Benezet and Matsun~ura (1973) have rcportcd that mic.roorganisms are capable of 
procuring alpha-HCH from gamma-HCH both in lal>ora~ory and in aquatic sediments. 
They isolated Pseudomonas putida strain from soil which converts gamma-HCH to 
alpha-I-TCH. Further, their res~zlts revcal that presence of high levels of alpha-HCH and 
beta-HCH in the environement rnay result in isonlcrization of gamma-HCH leaving behincl 
residues of other constitutents of HCH. Barik (1984) and I<han (1980) have reviewed the 
various methods that have been tricd to eliminate h e  Icvels of pesticide residues from 
soil. Each of these methods have their own limitations from  he point of view of field 
applications. 

Mac Rae (1989) and Haider (1979) havc conducted studies on biotransformations of 
HCH-isonlers by aerobic and anaerobic soil micro-organisms. Their results rcveal that 
gamma-HCH was the most easily degraded isonler whilc alpha-, beta- and delta-isomers 
were slowly dechlorinated. Heritage and Mac Rae (1979) quoted that thc most active 
bacyeriulll identified is Clostridiiint .rphettodies which me.tal?olizes alpha-and gamma-HCH 
under anaerobic conditions. The results ~.eported by Bachmann el al. (1988) reveal that 
alpha-HCH was degraed Inore casily under aerobic than metl~anogenic conditions in heavily 
contaminated soil slurries and the beta-HCH was recalcitrant to biodegrdation. They also 
showed that the factors influencing the acrobic degradation of alpha-HCIH in soil slurries 
were temperature, auxiliary carbon source, subslratc concentra~ion and homogeneties of 
soil. Temperature in the range of 20" to 30' C was found to be moro favourable for [he 
degradatioil. Heritage and Mac Rae, (1979) showed that the optimum pH and temperature 
for the clegraclation of gamma-HCH by C. Sphenoides wcre 8.0 and 411' C, respectively. 
Further, thc isoloation of Pseudomonas from sugarcaue rhizosphere soil that readily 
degradcd alpha-, beta- and gamma-jsomers of HCH under anaerobic conditions (Sahu et 
al., 1990). 

Since the natural process of degradation of these pesticides take a longer period, it 
has becomc necessary to accelerate the proccss by suitable methods. Biodegradation is 
considered to be a potential means of elimination of solne organic pollutants. It has been 
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ubscr\rerl I1ir11 nz~Li\le micro-ogranis~ns such as Pscudomonas spp. arc: capable ol' degrading 
only one (11 very rew structt~rally similar chemicals (HCH isomers). This leads to the 
iso1atii)n l iCH degrading microbiai s~.rains which can el'lcctively cie~rade higher levels of 
1-IC1-B, Isomc:h t~ncler varying c!iviromiicnlal ccmdiiions. 

I n  view of the al>ove, i n  thc present sruriy an ailcmpl: has been maclc to endue a 
suitable 111~tlli)d 1 0  ~:linzin:~tc H ~ - x a c l z l o ~ ~ ~ ~ c y e ~ o 1 i c ~ a 1 z ~ ~  isomers using microbiai consortia 
dcvclopcd ill 11ic la'ot~rntory I;)[- the ilcgrc~dnlion i.)f ciifl'crc~il HCl-1 isomers. F~~rtlzer. inlluence 
of various pilysico-ciicrnici~i parameters o n  tlzu dcgrarii~iion 0 1  HCH Isomel- wiis also s~uclieti. 

EXH'EKIMENTAL 1WKOGlP:WlVlh 

Cl~ennicals 

111 1.h~ p1.13:icn~ study HCI-I ohtaincd i'ru111 Hinclustan lnseclicirlcs Ltd., Murnbai, alpha- 
and g;~ozina- I S [ N ~ C Y  of HCI--i Srom Aldrich Chemical C:ompany, Milw, U.S.A. and beta 
anrl clclla-isomers I'rom C:clzLral Foocl Tcclinoiogical Rescrarch lnsl i l~~te  (CFTRI), i?ly~orc 
wcsc L I S C ~ .  !-\I1 other chcmic:~ls, reagents, sul\;cnts ancl mertia chemicals were ohlaincrl fro~ii 
1l;rnhitxy Clicmicals Ltcl., h~Iunzbai3 Inclia. 

klicrobial corasortia ant! nliner-rtl composition 

Microl,ial consortia like A-HCH-C, G-I-ICH-S, AHR, EHR, GHR and DHR iso~ncrs 
were obtainccl f~~o~zz CFTRI, iMysorc have been used. Tlic basal mineral medium usccl for 
growing microbial consortin consis[s oC KtIzPO4-2.72 g; (1V134)2 Sod-0.50g; Na2 IHP04-3.5 
9; M9SOLl. 71-120-0.20 g; Ca (N03)2-0.1.0 g and trtrcc cicmznt scllution - 1~.00 nzl. The pH 
oI thi. medium was mainlained in [he rnngc 7-7.5. 

licagents for protei~l estiniation 

Reagcn~ A : 2% 01 N*C'03 in 0.1 N PJa(.)H 
Reace~il B : 0.5(%, C C I S O ~ ~ H ~ O  in 1% sodiu~zz ; ~ ~ l c i  T ) O ~ ; L S S ~ L I ~   itra rate 
Rcagcnt C: : By mixing 50 ml of rz~~gcnl  A -I- lrnl of reagent B 

Rcagcn~ D : 1 pi11.l 01' Folin - Ciocalteau reagent i- 2 p;irls of distillccl water. 

Development arid kll:~ilitrnance of Microl~ial Consortia 

In illis  stud!^ microbial C:onsortia viz. A-HCI-I and (3-fICH-S were dcvclopecl in the 
131)0ri1[0~~ 0)i il li)~lg tc r~n  cnricluzzenl 0I' a niisctl sanzplc of pesticide contamirzatcd soil 
and scw;igc and HClH containinaticln I S  a fermented vcgelable, rcspectivcly 
(Clzanclrashcl;;~r:li~~l~, 1993). 7'he c o ~ z s o r ~ i ~ ~ m  AHR was ilb~ained by furlhcr enriching 
A-I-I(.IIA-C in shake Ilt~sks cunti\ining alpha-HCH as the sole carbon sourcc. The consortium 
rcaclily ~ ~ t i l i ~ , c d  r~lpha-HCH ;IS  he sourcc of energy. Consortia BHR, GI-IR and Dl-IR were 
devclopccl by similarly enriching a mix~urc or A-IHC'H and G-HCH-S usills beta, galnniii 
ant1 tlclta iso~iiers, respcc~ivel!; as sole carbon source. The substralcs, alpha-, bcta-? gamma- 
ancl dcl~a-isc)mci-s of IHCH wcre aclcled to the medium as a sole carbon soi~rcc as solutions 
in  acclone 1'~)r the Ilasks to bc getting dried, lalcr acetone was rvaporalcd comj?lelely 
bcl'ore tlic: a~l(lirion o i  mincr;~l sol~~tion. 

Analjsis of Coasortia for Microbial G~*owth 

Consur~ia AHR, BHR, GI-IR and DHR wcre grown as sterilc nicdiurn containing 25 
nig L-l ol' alpha-HCI-I, beta-HC'H, gamma- and delta-HCH, respeclivcly. Ssnzplcs Sro~zz 
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llasks were grown for 14 days in a rotary shaker at 30°C will1 pFI inainlained ai 7.5. They 
were ia~cr  scriaI1y diluted and plated on a Luria brolh-agar for the runalysis of hactzrial 
strain. Different Lypes of colonies were characterized on thc basis of colony ~norp l~olo~y.  

Further, preinoculum of n~icrobjal consortia (Iml) from slorcd cullure was ~ransrcrrc~l 
lo 50 ml sterile medium conlaining ~.especlivc subslrak in 250 ml conical 11asl;s and 
incuba~ed on a rolary shaker running \v i~I l  a speec! of 3.50 rpm, a1 ?I!'' C. Cullurc. was 
allowed to grow lill il reached inid csponential phase (3 LL> 4 days). Celis wcrc ihi-tn 
harvested by ccnlrilugution for 10 ~n inu~es  at SO00 rpm. One ml or this suspension mas 
used as inoculum. 

For optimization of pH: clifferenl pH values of 111c mcdium were adjusted by v;ir-ying 
~ h c  proportion oC KFl? PO4 and Na? HPO4. pH values bclo\v 5.5 and nbovc 8.1) werc 
adjusted with addilion o i  IN HCI ant1 I N  NaOW solutio!ls, I-espec~ivcly. Also, dirfcrcn~ 
co-subslrales were addcd lo the mecliu~n as a ;iusillary sijllrcc: u l  ci~rhon along will1 HCH. 
Co-subsrratzs like glucose, cellulose and sawclusl were adcicd at I00 I I I~L- ' ,  10011 11lg L - I  

ancl 1000 nlg L-~ ,  respcclivcly as four incremenlal tloscs of one !'ourih oi' the anloun~ on 
0, 2, 4 and 6 days alley sample inoculation, and samples were wilhcli-awn a1 inlcrvals Cor 
furthcr analysis. 

Growth Estimation 

The growl11 of consorlia was dcter~llinecl by n~easurinp lurbiclily 550 nm usinp 
spcclropholonlete~ (Schinladzu lJV-161) A, Japan) or hy eslimaling Ihc Lola1 pro~cin by 
the following method. A Itnown quanlity of cu1Lu1-e cclls wcrc harveslctl by centrii'uga~ion 
at SO00 rp111 for 10 ~llinules and resuspendecl in 3.4 nl1 of c1islille.d water lo which 0.6 n11 
ol 20% NaOH solution was addcd and shaken. Tesl ~ u l ~ s  werz incuba~cd in a Iwiling 
walcr balh lor :I0 minutes and afkr cooling 0.5 1111 of these hyc11-olysalcs wcrc ~akcn for 
prolcin csli~naliun as per the method of Lowry el al. (1951). 

Determination of' Residual Substrntes 

Extraction : 

50 ml of culture has lxen talten in a sel,araling Cunnel 10 which I50 n ~ l  o l  hrsanc 
was adclecl and shaken throughly fol- five ~~linutes  ant1 ~.hc hcsanc l q c r  \iras collecrcd. Thv 
extraction has been carried out ~hricc and L ~ C  filtralcs were poolcd. I'his has hccn passcd 
~hrough NazSOa to remove moislure and evaporalctl lo required leveis (I-Tortiv~tz 1980). 

Detection ancl quantitication of alpha-HCH : 
Thin layer chron~olography (TLC) lechniclue has lxcn u\eJ lor the clcl~clion and 

quanlilicalion of alpha-HCH rcsiducs (Sharma 1973). 

Estinliition of inorganic ellloride : 

For 2 n11 or known sample, 0.2 rnl of 0.25 N fcn-ic amnloniuni hulphatc and 11.2 1111 

of mcrcuric ~hiocyanale solutions were added. Tile colour dzveloped was measured a1 460 
nnl using UV-160 spectropl~otometer as used in gl.on.ll~ estimalion. Calibration curvc \\/as 
prepared using NaCT as stancla~~d to compuie the results (Bergmann and Sanik 1057). 

RESULTS AND DISCUSSION 

El'fect of Temperature on Growth of' Consortiir AMR ;tnd G H R  

Efl'ecl oT ~cmpcralui-e on the growl11 of c o n s o r ~ i ~ ~ n ~  Al-IR on alpha-HCH and consorliurn 
GI-JR on gamma-HCH, under slationary condilion was sludicd (Figs 1 &2). Tllc rcsull 
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obtained reveals that both the consortia con~ain mesophilic micro-organisms whtch showed 
favourable growth at ambient temperature (30 '~) .  It is also observcd [hat 11oL1-1 the consortia 
have exponential growth uplo 48 hr beyond which declining of growth rare was observcd. 
At 54' C both the cultures have showed an initiation of growth but failcd Lo pickup after 
two days. Bechniann el al. (1988) have denlonstrated that mesophillic range of tcmpcratlue 
to be optimal for degradation of alpha-HCH in the soil slurry, the degradalivn being 
nlxrin~um at 30' C. Further, anaerobic degradation of gamma-IHCH ill moist soil was found 
to be fastest at 3 5 ' ~  (Bhuyan et al. 1993). 

Fig 1. Effect of temperature on growth of I71g 2 Effect of temperature on growth of 
consortlum AHR c o ~ ~ s o ~ t ~ u m  GIIR 

Effect of pH on Degradation of Alpha-HCH 

Eflect of pH on the degradation oE consortium AHR as alpha-HCH was studied 
and the results arc presented in Table 1. The above Table rcvcals that during 6th day thc 
growth was minimum at pH 4.0 (26 mg). At higher pH (8.0 and 10.0) the tola1 biomass 
formed was higher than at any other pH. However, there was no correlation between the 
total biomass formed and degradation of alpha-HCH as evidenced by C1- release. A pH 
values between 6.0 and 7.5 C1- release was shown to be increased while at pH values 
between 7.5 and 10 release of C1- was only marginal. After 14 days maximum release of 
CI-, about 80%, was observed with an optimum pH of 7.5. Further, it was also observed 
that at p H  6.0 hardly 31% Cl- was observed alter 14 days of growth, whereas at pH 7.0 
and 8.0 the C1- release was 63% and 53% respectively. This inferred that pH play critical 
role for alpha-HCH degradation especially when [he shift is towards acidic side. 
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Effect of Glucose as an Auxillian-y Car-bon Source 

Effects or addition of glucosc as single and split does were studied on 25 rng L-' 
alpha-HCH by consortium AHR. Growth and degradation of 25 nlg L-' alpha-HCH with 
time when glucosc was increlnentally I'cd or initially fed at a time are plotted in Fig. 3. 
I-Iighcr biomass formation was observed In the case of glucosc added cultures as compared 
to the control containing only alpha-HCH. Single addition of glucose accelerated growth 
upto first four days but later retain almost sta~ioncry, whereas in the case of addition of 
split docs a steady increase in g o \ d h  upto the twelth day was observed (Figure 3 A). 

A steady decrcasc in ~ h c  alpha-HCH level in 1hc medium was observed (Fig. 3 B). 
Con~plctc dcgradatioil of alpha-I-TCH was observed on 8th day in the case ol glucosc 
added cultures, whcreas in the control alpha-FICH disappeared during 10th day. The modc 
of addition of glucose (single dose or lour split doses) showed significant effect on the 
degradation of alpha-HCH. A significant difference in C1- rclease was observed between 
control (withoul glucose) and the culturcs where glucose was added as auxiliary substrate. 
However, the mode of iddition of glucose clid not show any significanl impact on the 
chloride release. Both the cultuses showed a release ol  about 90% Ci- after 14 days. 

I 
W~46-k Control  

GI.,cose ..1n Ir: dose) 
i;fC&r Glucose doses) 

-7 

p- - 2  4 6 , lo  1 2  1' _ 1,6 

Pig. 3. G1.owtb and degradation of 25 ppm alpha-IICII when glucose was illcre~llelltally fed or 
initially at a lime as a co-substrale. 
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Determination of Biokinetic Parameters 

The effect of substrate concentralioia and ihe rale of g r o u ~ h  in declining growth 
phasc is well described by [Monad's equation. 

In many instances it has been f~uncl  difcicult to dc~ermine the biokineeic parameters 
L " ~ ~ ~  and I(S accurately using Monod's equation. Therefore, I-i~leweaver and Burk rearranged 
the equation ('1) to faciliate linear plot which enables more exact determillations of ill.,,, 

and I& 

l//r versus 1/S for difCeren1 substralc concelltratio~ls were. plottcd and a typical plol 
so obtained is shown in (Fig. 4 B). Thc maximurn specific growt-h rate and Monod's 
saturation constant values (&) for differenr alpha-HCH concentrations are presented in 
Table 2. From this Table it is evident [hat valucs show o decreasing trend when the 
I& values were gradually increased. The decreasing values suggest the possibility of repression 
of enzymes necessary lor the growth. Furlher, it is also reflecled that the increase in I& 
valucs signify 21 decreasing dfinity for the substralc when thc initial substrate concentration 
is increased. 

Table 2. Conlparision of Specific Growth Ralc Values r M:~xinlum Specific Grorvlh Kale 
S1. No. 

.\.lonod's E q ~ ~ n l i o n  1,ogislic Equalion 
I I 

Logistic equation 

I The rale of increase in bio~llass concanIration is a function of the biomass only, i.e. 

Such a form does not require to rcflect changes occuring in thc medium during 
growth. One simple generalised model equation derivcd by Mathus is 

f(X) =/rX .......... (4) 

The logistic equation has been known Tor Inany ycars. The classical S-shapcd curves 
generated when a population growth inay be elnpirically described as 

I 

Eq. 4 describes the changc in population density during exponential growth phasc 
1 and as well the equilibrium stage growth phase. Eq. 5 differs from Eq. 4 by the term 
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(1-X/XIIIax) which provides rcs~l.iction factor absent from the basic growth Eq. 4 and 
enables a reduction in the rate of change of biomass concentralion LO a zero value to be 
modelled. At the begining of the batch growth process, when the biomass concentration 
is small, all nulrients are in escess and conditions are esseniially ll?ose required for 
unlil~liteci exponential growth5 then X!Xllla is snlall and the term ( I  -X/Xlllax) lends towards 
unity and Eq. 5 reduccs to Eq. 4. As X increases, X/XIIla \:end towards unity and 
(1-X/XlllaS) beconles significantly lcsscr thall one. Since ,i(lll is the reducing factor which 
efl'cctively decrcasc thc ,iLm value of thereby rcslricting the raw ol' increase in thc microbial 
grow~h pllase, X =- Xmax, hencc (1-X/X,,,,,) = 0 and cl)i/dt = 0 which is charactristic 
of [he equilibrium growth phase. 

Fig. 4. lJlot of reciprocal of specif~c growth rate versus reciprocal O F  substra~c conccn~rat~on 



This simplc model l'reql!cnllp dcscribc~ microbial growth. However., it must be 
recogniseci illat there arc likcly io be many; iaciors other than Xmax which contribute to 
the firnitation of microbial growlh s ix .  F~'usilacr., Eq. 6 llas bcen rearranged to facilitate 
linear plot which cnahics cleicrnlillatinn ul , . r ; , , .  

Fig. 5 .  1'101 of l/X (dX/dl) versus (Snms-S) / Xmas 
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Typical p1ol.s of (1/X) ( d X / d t )  versus  (Xlllils-X)/XI1lLLY a r e  s h o w n  in Fig. 5. T h c  s lope  

o f  slraighc l ine  gives values  For d i l l ' c l -cn~ :III>II~I-HC:H conccnh-alions.  M a x i m u m  specific 

g rowth  r a t e  \:slues oht;iinecI by us ing Monocl'x anrl Logis t ic  e q u a l i o n s  a r e  a lso  p resen led  

in Table 2. T h e  clir[crc.nccs in maximum specif ic  g rowdl  raw values  hy 110~11  he lnc thods  

a r e  d u c  to d i f f e rences  in has i c  depcnctcncy of ovcr  speci f ic  cxpi.rimentai  varilihles. Monod's 
equa l ion  rc la les  to  suhs l r a t c  conccn t ra l ion ,  w h e r e a s  logistic cc lua t io~ i  r e l a t e s  to b iomass  

couccn t ra t inn .  Mo\vever, t h e  d i l l c r enccs  a r c  ncgligillle a n d  t h e  valiclily of  e i lhe r  model for 
t h e  expesimenta l  d a t a  is cvident .  

CONCLUSION 

The consortia AHR n ~ l d  GHR showcd ability Lo grow a1 widc range or L e m p c ~ a l u r c s  

be lwccn  25"'~: and 55"C:, ~hough b o t h  hacl a oplirnal L c m p e r a ~ u r c  of 30°C. Fur thc r ,  t h c  

clegradalion of alpha-HCI-I by consor l ium AHR w a s  o p l i n ~ a l  a l  p1H 7.5. Ac id ic  pH recluced 
thc degrada l ion  rnore draslic.ally Lhan by alkal ine  pH. A d d i l i o n  of auxiliary c a r b o n  source 
such  as g lucose  slio\ved i~:lproved degracIatinn of a l p h a - H C H .  

M a s i n i u m  specific. growl11 r a t e  f!rom M o n c d ' s  a n d  Logis l ic  e q u a t i o n s  have  shown 

similar Lrcnci 2nd ihe values  are in ~ l i c  r a n g c  01' 0.125 to  0.4fic) p e r  day and Ks values are 
in  t h e  r m g c  of 1.96 l o  15.85 mg L-l. H i g h e r  a n d  lowel- t(s values  i n d i a \ ~ e  (ha (  the lowcr 
c o n c e n l ~ . a ~ i o n  of HCH cal? bc dcgracled complctc ly ,  a n d  ar higher  concen t ra t ion  r c d u c t i o ~ i  

in t h c  ratc of d c ~ r a d n t i o n  may bc d u e  LO suhs~ l .u t c  inhibit ion. 
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