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Microbial Effects on Geochemical Behavior of Arsenic under Aerobic Con-
dition and Their Applicability to Environmental Remediation

Jong-Un Lee*, Sang-Woo Lee and Kyoung-Woong Kim

Department of Environmental Science and Engineering, Kwangju Institte of Science and Technology, Kwangju,
500-712, Korea

The effects on arsenic geochemistry of indigenous microorganisms isolated from an area contaminated with high
concentration of arsenic were investigated. Arsenite exerted higher inhibitory effects on the microbes' growth than
arsenate. During incubation of the microbes in an arsenaie-spiked medium over 24 hours, decrease in microbial
growth was observed as arsenate content increased. Arsenate of 150 mM or over apparently inhibited cell growth.
However, further incubation for up to 4 days in the high arsenate concentration medium resulted in cell growth,
implying that the microorganisms adjusted their biochemical functions to detoxify arsenic and maintain growth. Two
types of microbes were observed during 20 hours to reduce arsenate to arsenite in solution through a detoxification
mechanism. As well, decrease in the total arsenic content occurred over a 4-day incubation with the same microbes
in an arsenate-spiked medium. Therefore it is suggested that microorganisms can influence arsenic speciation in nat-
ural settings and this may be applied to efficient bioremediation of arsenic-contaminated sites,
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L e vlar ofd GeeRE Ros W EANRESe] vi ATEiEd] wAo ek 2AREY.
Arsenites arsenate*’ﬂ HEk oS =& nAdE A% 7‘15H§.3'—}‘§ e R} Arsenate® TR wiokeld] 22l o]y
EEE 2447 B9 wiks A7, arsenated] ] FETE RAEEY AL DAasiEen] 150mM e)de]
arsenate &M e o) gdE FA=iucth =Y, 3 “H"J"—‘i"ﬂ"ﬁ 42d7bel| A F7t v A=) “l"§ E2] 4
7o) oAl YL ol ulfES| B4 HFTL 4L AT F UTE 259 AgErE 7iss 4-35}3'1
&5 it 2eld A F 5 $9 ulAEE arsenateS 53 nlelA 2042 Z18F viokE H3, arsenate®
arsenite= FEAIZIZ0] LA o) AS7)Ae] A% Flow oot EH FAxA wjdbea 44Uz 71 )
&3 A3} F FF ulage] At AR vAES AEzdlM vy e A F3ke v)Ay g
E4d& v4E o AYe] B FE3 AHREHe & £ AUE AHoZ o4go)

FR0{: P|4E, Y&, g, ATEe AEETE 2T

1. M = ), 54719 FE, Y Fol T2 &g
(Bhumbla and Keefer, 1994). H]l4= o]& 23S

HlAe Az} Fo) dy EEsiH 53] fuldy 2 Eske HladEe] 28 o F2 des
(FeAsS), A4 (AsS), &3HAsS;) 59 Fel= g3 AYEL, T B Toig 2194 AsREE, A
HEF, A=z 33, 453 4E S (Bhumbla and
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49l o] Ech(Nriagu and Pacyna, 1988).

HlAs 2 430 mal AEAdA  arsenate
(As(V)), arsenite(As(III)), arsenic metal(As®), arsine
(As(-IID)e] ez EAlsnd, o) F Asle) Ady &
Ak a2 AsCIe A7)Eeges w2 3
HEFANMG SAFEE, AF o= d9rd] =APEA
olxe] HlA A 2HL As(V)$h AsIDel 5o
A Ytk o|9)d Y7 weele} @ AEY EHIES
w79 Zie Felo] (methylated) W22, vhcl7bA,
o, 4184 FHAEL e F71EH AP Fy
o] vli-g AT o120 APFAelA )4 AT
gl n|A|= g v S HAY Bs 87 wet
2 F8.x2] Hel7t AFth (Cullen and Reimer,
1989; Anderson and Bruland, 1991).

H48] o BEE9 As(V)R) As(De =5 wis
=240] Bl B3] As(le As(V)ell Hla] oF 20088
v 75t 5AS Ael(Williams and Silver, 1984). &
Bl Z4 7 ekibde] pH =7ielM As(V)e ksl
E, dFojgiEtes € F2 3i8lEs Y £=
2olzd] FHH7AY FHA=| (Mok and Wai, 1994)
HeE2 fUse gisle], As(le] Ad=AlelAe]
olgy Y & 7oz ¥HA U (Gulens and
Champ, 1979). o|¢]d] 7l&Ejt}elEr} dlolE 59
HAEFE T FY4Hhumic acidely}d HeElik(fulvic
acid) 59 #7128 93 F2 £= §2o] v|id
olF = FEL r|A7|E rH(Mok and Wai, 1994;
Manning and Goldberg, 1997).

A 20047 AlEo] & v]de] AT =37
off Ug d7& Fal whelglolrt ADzAe A Hide]
7|58 F(species) AE 2 ol gl W F
A% 9¥EE ks o] HEFTHEAEC] S59] &
sHghgAate] Wale) mlRle HERe o/t MEY
(2001} AZE A). ¥elzleh= B 7H 32 T3l
AsIDE As(Z 4HElslA Y 2 As(V)S As(Il)
2 FYdAzich

As(IIE +HEHA)7)=(arsenite-oxidizing) Bel2lols
191839 M HUE Ut Bacillus arsenoxydans;
Green, 1918). As(I)2] 41312 fdsls v &S
e 270 ASIDE fuALLR, COE Bag
o2 AM8ak= chemolithotrophic BHel@]ele) ol3k A
27 Be f71EAE JAdUAYLE AME-SHE he-
terotrophic WE|Eote] 2]3 Z%1A] 9] oo wje} o}
HopA Fatetzopl A chemolithotrophic el 2)ole]
dZA 7 dEde|xx 9y 49A e AL 4

Aspabae] 910] == Thiobacilus ferrooxidanss
€ & 9ot o] gelgel= Fe(hE Fe(DZ 243l
o 7] e A g deth.

Axte]l EA e elZ2E  Peeudomonas
arsenitoxidans(llyaletdinov and Abdrashitova, 1981)
£ £ 7 e ol {7159 FEFUCIE As(E
stz A dagt duAE dE 5 3]
o}, 2 olE P arsendloxidansl| 98] AdEwrt 9
53 ®WE NT26 d¢571 ®eld vl UrkSantini e
al,, 2000). ©¥, heterotrophic W= 2jofe] EH o
¢ Alcaligenes faecalis(Osborn and Ehrlich, 1976)2]
AL, S AT fr1EHEo] FhEA] Eafistedof
s o] W] FAE = As(ll) ek oA AL §
& Zlo] ol L sl % (detoxification) 7|4l &Jg o
2 AzEo]=] ol o

As(V)E BeA7]e PIRESS 3 oA 2 33
F uHeE]ete] o] MuEHE A% 27 & A
o7 vt 3l WA Bge FrA =g 218
He AogA As(E T AATEAR A8l
& (respirationys 3H= FHoltHAhmann et al, 1994;
Oremland ef al, 1994; Laverman ef al., 1895;
Dowdle et al, 1996; Macy ef al., 1996; Newman
et al., 1997a; Harrington ef al, 1998). ol2|gF &%
g5 sl dheglolyt el Wad ouAg o
=t "M ot 78 A SAx2e
(reductive detoxification)®} PEE, F2E2E 2=}
FAAZ TS HE, As(V)E 55802 U 5
e oHRE 24kE, MndV), Fe(lDZ 2&5ke 73
ourh Fok, gebd olg AskAlzt EA6] BESR:
8702 9, EQolt BT mlgBe o
o135} (dissimilatory) As(V) $hgle] Latd dg}
Hoz A4, MaV), Fe ol =% 398 ¥
ook 7Fs sl Newman ¢ al, 1998). Ex)714] As(V)
2 & AAske 4 B/ HElElelrt oEs 2
ol B2|5|9ich; Chrysiogenes arsenals strain BAL-1T
Macy ef al, 1996), Sulfurospirillm arsenophilus
strain MIT-13(Ahmann ef al, 1994), Swulfurospirillum
barnestt  strain SES-3(Oremland ef af, 1994;
Laverman e al, 1995), Desulfotomaculum auripio-
mentum strain OREX-4(Newman ef al., 1997a).

T A el st SEEoks theksiAl Wi

= As(V)E As(IDE #9719 52482 8
Zlem YA sk & d%sA A& AUE
(phosphate)e] Fej= Frshs A F eka dd
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of fAME arsenate(As(V)E 7o)l EFskl =Hedl,
ol# g WAl e Z FH arsemate= AE oA 54
2 mx|A 22 o|F arsenite(As(ID)E Fd &
AE Neg wigstA ErhCervantes ef al., 1994
Rosen et al, 1994; Ji and Silver, 1995). o235 &
24 dsEee 3714 9 9714 =20 BEF 7}
T of S Bl we2lol o] Bad oy
A7t AdHA = B

As(VE As(IDE2 FPA7|e A5 &5 vie
olF=el 54-S ST Aotk T Hae 2
A" As(V) 3F wEZlolR) D, auripigmentum?
717 Z7eA As(Vish S(VIE 747} As(®} S(-I)
2 AN RN AgSE AMATIE Zles A
ChNewman ef af., 1997a, b). 21.7F gG4=gallo} 2
A AoA Tt FEEolA & o] FE] 4L B4
54 749 Zow el gorng MES z2hbo
2|3l o] FEe| Qe F ke M2 FEGF
ogw ol& Fagk vriolel & 4= Qi) &3 A
AFFEHe T oF vk HWES] FH& vk
olFLE Wxe 3 leto R odEl =lge] g
Fraotl ol &= F AFE AAket

ahA, nlAo] A|2ElEkd AHge| vlx= vlAdge] 7k
HEel dgoeRA] vgd 22 A £ v 3
2 ghaksl gte|elelel Thichacillus ferrooxidanss=
nfdA 28 Ao E(enargite, CusAsS,) S8
Aoy olE FE Yo F2Eoz Exse v
AE FAZ FYARI S Mvaletdinov and Abdrashitova,
1981; Ehrlich, 1963, 1964). §H, Y-Alh@AdME
ol APute| ol Fe(lDOE SalA10 224
(reductive dissolution) #4FEHE<] E=2lhxle] gld v
27t 2572 $tHLovley, 1993).
vAe 85F A3 v zhge] AF A
T ARdE Blde] XSt o8 5 RA
2 rdvie2E AW ¢ g FEo) 48
&g vegchd FHE g Qe AL sk
g r B 9F vlde] Hr|sEkE Wi 548
olg-dthA HAZ ¢Hd A BT o rlAE
& f&3A ol8E T A5 Flelth

o] A7 BHE 74 ZAHNA dHlke] HAAS
= fAEE R 3, 80 £F As(V) 2
As(IID9] speciation®l] P|Z= G 2 71A1F FAL
e ZHolth, o] ¥ I8 HAAE Fd AN HA2
2g8 Ak, EY B HAEAY H|42] 275
&1 AFE AHE T UL, ot o8 #F3 ol

= P

—=

lo

LR o o

gl W 5&EQ) AesH Hl4 Azes oYY
T F& Aoz ivEnt, Sulelxe sixlell 22
& Bl Ul vlelg]olel oig £44 549 Aot
A m} loeyEn g o)), 1991), HAEe] )
0] ApEpEtel] v]Ae gl AT ATEAME o)A
o] S HEE AEIe Aog A7rdnt,

2. A7y

2.1. Dj4E 22l ¥ Y

FEOAFEE e 3% Wd AdAsE AES
I s UAES e B4 didte & Wds
e ALR oA, oldF B4E e EF
(indigenous) FHEES Holalr] #5l =& vlbwk
£ Bole A B4 3% HF e Brls HHE,
29 R JA HFogate] Pl A st A
HE o] e $55 TFE dotEr] fskd, 24
3 Gzt 2ml @ 6mlE TR F EH4E
40mLE AL Gl FelAR 2 g& 70°CM 1 A
7+ g7l & AE:d o) As, Cd, Cu, Ph,Zng
ICP-AES(Thermo Jarrel Ash, US.AXE #4315t

o] 9 HAE AR2HH nPeL By 43l
4 0.IM (NHy),HPQ, $59& o8, 13w H=
Mot AZNE sl 25°Cel4 120 rpm o R 30
B AGAFE o] | ARE 9SS A F
vl 9 A5 Ee pHel FAdaA &) SsiA, wEake
cl-g, pHE 5.02.8 Aot 218 da 7738 9
A5 AFAZANZ F AT 100 pLE JAF, As(V)
5mM3 As() 1mME H7MgE TSA(tryptic soy
agar: Difco, U.S.A) Behl=]e] wghsled 25°C 5.7
A &AM 24 AZE F{F ket of W) ARRH
TSA dl<]2] sisrd =& o}E= Pk typton
pepton 150 g/L., sovton pepton, 5.0g/L, Na(Cl 5.0
gL, agar 15.0g/L. As(V) ¥ As(IDE 353 ui=A|
= autoclave® o] &8l At TSAVF 238 s}7]
el 72} NaHAsQ, - 7TH,0(Sigma, US.A) %
NaAsQ,(Sigma, USAYE &5A1A Al=zslct 2=
A 24 A7F olgR F, 9A] Eol Adold ¥
HZ F4E < #AEL B, g e TSA
HjAle] 108 ol G vt =g wrh

22 DiME MAAH
o #HlE 228 2 oAEES AV 73 5,
10, 20, 30, 50, 100, 150, 200 mM i TSB(tryptic soy
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broth: Difco, US.A) vk 5mlell, AsdID7} Zzf
1,5,10,20,50 mM 3-3¥ TSB ujded 5mlel HE
sle] 25°C, 200 rpm&] F7|A 2ASA] 24 A7E A
ekalgel. 53] As(V)/F 150mM 2 200mM E5-€
sl o] mAEES FEREAA A 4 YA
F7F wldsteh, AHRE TSB -&9e 3shy m=Ade
&3}t 2ok trypton pepton 17.0 gL, soyton pepton,
30¢g/L, dextrose 25g/L, NaCl 50¢gL, K;HPQ, 256
glL. 7t Hl& Fxo uj2 vjgEe] 4 dxE Ha
a7] g8k 24 AIHES 4 W)e] wjek Fol] Wik
= AFEkE 27 B R = A (UV-vis spectro-
photometer; Perkin-Elmer model Lambda 12,
USA)E oi§, 600nm el e] 38 = (optical
density)& g8kt S4d Fd=e 44¢ 0y
Eol e AERZ ARSI

el AF A Az, As(V)e] F491 7 ol
Aol & Ao ot £ si9] Z5(MB-7, MB-
108 30mMe} As(V)E H713t TSB ulekief #
Zale] 25°C, 200 rpme] ZAAAM ek 20 A|7WR]
wiokstact, MiF =F oA AzhERE B8 A5
o FA=9 As(V) FEE S48} K oiE S
FUG APz of 14 YT FoF wjdR F &
AL AFsk As(V) R As(D) BE=E A3t
14 L FE 439 A, As(ID sfAjellA] £
& & #F (MB-12)E As(ll) 10mMe] #Hd
TSB uisFeiol [EF AL FIAA o) g3k
o] o) godo M= A As(V) 2 As(ID &
AL )i}

23. ASV) 2 Asll) S %Y

As(V) B As(D =& molybdenum blue ¥4
o2 ZAslgriMurphy and Riley, 1962; Johnson,
1971; Johnson and Pilson, 1972). o] ] A& ==
molybdate A12F2 As(V) B 143 FAlol g5}
o AME WoEldEe AN 3RS As(V)ek ¢
AHd ke S Yl vld) 8 Asmne)
v 4hegslA]| gheth mekd FUAIRE At e
z], SR B AMelskr & F molybdate Ak}
vhgA)7 ko) SRR s, o] o Al
3 AL As(Vi+AsID+914Hd, Bdxeg As
gl4tsd, vlA | (untreated) 22 As(V)+9143 4]
s 2z vElA Ao @A As(V), As(ID #
Qo] zh g2 olEljsh 4 FFEl] AN H
T & glrk,

ASQ) =384 §ole] FE% AL

Z3=
As(Vy="H|Ag) g ] Ee— ezl §9ig
e

QUE=LAHY FA7 FhE

o] wf, 4L 7] {]% H]AA|2kE Murphy and
Riley(1962)5 u}z} 5N 34t 125ml, 401 am-
monium molybdate((NH)sMo;Oy, - 4H,0) &9 375
ml, 0.IM o}233) +Hascorbic acid(CeHgOgh) &9
75mL, 1mgml ¢EEY FFE Zlr 2 A7
potassium antimenyl tartrate(C,H,KO.Sh) < 125
mLE Al 2A Efste] Azt Aga|eke
Johnson and Pilson(1972)& w2} 50% F3H4behe
potassium iodate(KIQ;) -#91-& A|Zsle] AMEsl8T)
#Faleke Johnson (1971)2 wheb 35N #2320
mL, 0.74 M sodium metabisulfiteMa,$,0) 29 40
mL, 0.056M sodium thiosulfate(Na,S,05 + 5H,0) &2
40mLE oA WA £t AEskETh olire #
Ao 28 5T BE AGE AGFF o) A
(Sigma, US.AYS A28t As(V), As() 2 <4t
He BEEAe 77k NaHAsO, - 7TH,0, NaAsO,,
KH,PO,E &3+ A&l ¥]2&3+ Johnson
and Pilson(1972)2} dstA FdAsidon FEne
865 nm Al ¢%ict. FAEGlank)ES ol &FE
e HpHeE Ay ¥ Y sl FREE 9
ek g, <Bdafa] g, w|FEgdre] 7t
FHeolM Astezy BAY FR=S vl

3. g3 ¥ ¥

3.1. /4|9 =2

A wHF244 Fre] e As(V) 5mM H
As(ll) 1mMe] H7hd TSA wiA|elA wldEo] A3
A g Wi, 38 HS-dt el ¥iEe
745 FAs(V) izl A 1070, FAsWD) wiA A 37K
o FA7E A4z B4, FEAT As(V) 24 &
2| #Fol dlgle] MB-1%€] MB-107kA]¢] I
35, As() ZZoIA )8 @5 ohsle] MB-12
A MB-1474 9] dHHEE Fo5iqirk

FABLE Au=iE ngES £2E o e
olfr= Fviel FFRH UE & TEE == U
3 EAlo|dEe] Aol AP W] mEel Zelch
WA el EAlshe vlAe HE-gd Avlel H]
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Table 1. The concentrations of As, Cd, Cu, Pb and Zn present in tailings of the Myungbong Au mine and the Imcheon Au-
Ag mine (units: mg/kg). Elemental determination was performed for tailing samples which were classified in accordance
with their colors (green, yellow, and mixture (bulk}).

Particle size less than 2.54 mm

Mine Tailing type As Cd Cu Pb Zn
Myungbong Green tailing 6130 4 23 770 50
Bulk tailing 6250 4 12 300 4
ok Green tailing 380 2 370 7680 2290
feheon Yellow tailing 250 18 100 1670 1430
Particle size less than 0.318 mm
M Green tailing 6860 4 17 §20 41
yungbong .
Bulk tailing 7350 5 17 370 56
fmch Green tailing 580 47 750 1450 2990
metieon Yellow tailing 330 28 150 1490 1840
ate] 4 W) RS S vERi e Cd, Cu, 2.0 —
= - —F— wms1
Pb, Zn 5 S50 e gl sl £4 | e MB-7 s me2
dofl 4] o v 2L FS Holx UeKTable 1). °I 15 1 j a2
MB-4
Z Cds} Pbe uldBeldl 54345702 ¥Rde] 5 s
e, Cush Zne 8- #4 8 FEROE, ArAd B - el |
olF B Mg Fo] §4Zd] A Fedslal 9l a8 —4— Hes
. _ . Q "
£ 5 vlAEe AHE AsER s 98 0.5 -
293 “Yegdroz BRER ot HRNe
FrleA e}t o] wEe e EAT A4S xo e 0.0 ‘ : ‘ ,
dA EAE ved = thBeveridge o dl, 3 Ai‘\’{) 100 (15:1) 200
- _ s{V) concentration {m
1997). =3 37| el o] SFEEC] FAl F35 (a)
o] th= A E o|Ee] mAE BEHL EHE 2.0 1
UEhIE 7Hede dAlsteg, HE-dated vlste
PHFA ] Felre EZnjdEd e 25 5 154
- ; E
Aol B FA HEFE 5 glh 5
Zed @3 EAlske FE%0] vigE # e MERE
AEA A 549€ veplle A= B HAE, & g
o FEEY FEE A2 #AEs AL oy 0.5
Z2lo] o|E FFLo] dri MEA ols Beoldt - .
A FFEE FuE EA48H=7 Hbicavailabilityy 7} Tl 0.0 2 ]
10 26 50

FasithEl g £49,

ODay ef af., 2000). WA QA

o] Bl B 34 % 9ol o A e

vois Ao ulBe] dE 54 FElde
2 A} ok miekslEE, ol Bl F7HEQ

AT7E Aefek & Aot

3.2 014Ee 4%

As(Vi7t 37H wiAlells B3 AES Al 200
mM7FA] Tt el As(V)7h E7HE TSB ui Rl
of HEated 24 A7 wiFt A3, e vde2

24 hours.

As(IIT} concentration (mM)

(b)

Ag. 1. Aerobic growth of the microbes isolated from tailings
and sediments in the Myungbong mine under the condition
of various concentrations of (a) As(V) and (b) As(HI) over

As(V) BT S718E ARo) AldEe B8

et 53] 150mM ol4r2] As(V)E 7t g=gie]
A= MB-10& 95t BE 759 AAe] FeAA
e 24 150 mM o] As(Vis ©lE 9|4E
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HEre BA4E Vg o ¢ UithFig. 1). MB-109]
B As(V) FE7F FVRIE Bela JEEwrt

] A G Ao vEeh} Hlddd] g7 Wy

Ao o gt Aoz Yelkith JEM i
B %’f l2] 7% <k 6130~6250 mgkg?] BlA
U2 100 mM(EF 7490 mg/kg) ©l51) H]ﬁ:%E
of| 4 %L%‘%l Ak ez #ddg O vdER
vl el of A ATl kst Al 3z
@ Aoz o

3h, Balgl 5714 2AdeH As(Vel As(HDF
oA e wAe EA4LS F AolE Helx Urh
As(Ill) 1mM Z7ellA '5’3 2 mEESL 5mMe
Ag(ll) FxelMe A3ske Aol BEEHU2 10
mM o]de] FxelMe 7%4 AelR] FEe Y,
As(I®] 75 As(Viell vlal] v & g% =& =4
& ez 958 & 7 o D. ol HaR
LHE AGel et 2@Ae]e EHoF vy
Aeiabe, A 54 dotelds & e vk
o & S EAsHs R B vlhe] 7 gleREs
A 7ol ¥ FasitkE AL 943tk

150 mM o492 =& As(V) FxolA 24 A7k o)
okt As} 2 AR ZA APE e Ao uehg
A oES FY 352 As(Vol 7|7 m2g AL
thy Euz) gl BAE 2Ech & Figo 104
HEo] 150 mM9) As(V) H=olM 2 AAEe) =4
AelFE dre FY ZUAA oF 4 A7 F7) ol
&3 A 2R OlE 439 2438 JehickEg.
2), 3 As(V) 200mM ZZIMT oA 4 Y7he
Hi%F & MB-3, MB-6 ® MB-9Z A)2§ mE 4=
7b oAl #hdts] Alstycl. MB-3, MB-6, MB-9 &
2] A%, olf S48 As(V) 2HIME 715 e
AL Bga 7;153*1 o|EL Fol7l ez A
s AAsA & shs ZAgclAht Ea B4l o
g iAol *Jrﬁﬁi ot Ao g FAEC

olAH 7|3kl ZHI As(V) =%l diste n A&
o] T3] AFsls B4 Hole AL, F7hE vl
Frol W3ty 27ldle 888 34 Eslsiont Hat
H)de] ZA4-8 AE 5 Qe &4 A 7lA7) A
F el A2 48 N induced) T WL i
7] Wwgl Aoz 2YE(lE EH, Oremland ef
al., 1994), |23 A= w42 43 og® A
Oﬂ/ﬂ l*§§°] )‘)‘i *g—%d = =pale] A

il

Hlieqg AHolA Bl WAL Zhe dAEe]

2.5 1

Q.D. at 600nm

30 50 100 150
As(V) concentration (mM)
(a)

150 after 4 days

i 1.0

0.5

0.D. at 690nm
- [
" o
o P | 1

0.0 T T T
30 50 100 150 200 200 after 4 days
As(V) concentration {mM)
(b)

Ag. 2. Aerobic growth of the microbes isolated from tailings
and sediments in the Myungbong mine under the condition
of various concentrations of As(V) over 24 hours or 4 days
((a} 150mM and {(b) 200mM}. Four-day data are scparately
marked by a label below abscissa in the Figure. The
symbols have the same meanings as in Fig. 1{a).

UrkEA AZT £ Yok 2 olvdch B¢ @]
2ol #YRE 480 FEILE BT A7
HAE Yoluk )M ol 2
£ 2359 A7 v ogEe)
Fe12 4EE g+ 98 Epd,

3.3, Hlao| BME W W BANTELE oo
BlAaE THIE vdge) WA AT
A YTL Yohuy] Asia] Pilh wigels) 22}
MBS ATH B UAADEE S0 AH, o4
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30

- 25

- 20

- 0.0, of MB-7

—E3— O.D.of MB-10

—E3—  0.D. of absatic contrel
=B Asvierme7
—0— AV} of MB-10
—5—  As(v) of alatic contry

15

0.D. at 6000m
{Ww) uope.guUaduod (A)Sy

0.0 8 = et s ‘ ; —-0
o 3 6 9 12 15 18 2

Time (Hours)

Fig. 3. Relationships between cell growth and arsenate
reduction for the straings MB-7 and MB-10 which were
incubated in 30 mM arsenate-spiked rich medium over a
20-hour period.

A4S 2 As(V9l As(I dte] BAE =
AT E2 ¥ RN s s AREhe
2oz zofd MB-73 MB-10% 30mMe) As(V)E
H7KE TSB wijokeo) 34asgh & oF 20 A7+ wiskst
] o]E vAlES AA&Tel As(V)el S Hils @
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Fig. 4. Arsenate and arsenite concentrations in the TSB
medium after 14-day incubation of MB-7 and MB-10 with
an abiotic control (in 30 mM As(V)) and MB-12 (in 10 mM
As(TID).
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