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Arsenic Adsorption onto Pseudomonas aeruginosa Cell Surface

Jong-Un Lee* and Hyun-Sung Park

Microbial Geochemistry Lab. (MIGEL), Department of Geosystem Engineering, Chownam National University,
Gwangju 500-757, Korea

Adsorption experiments for As(V) and As(Ill) onto the surfaces of aerobic Pseudomonas aeruginosa, which can
be readily isolated from natural media, were conducted under nutrient-absent conditions. While a small amount of
As(Ill) was adsorbed on the bacterial cell surfaces, As(V) was not effectively removed from the solution through
adsorption. The result was likely due to the electrostatic repulsion between anionic compounds of aqueous As(V)
and cell surfaces of P. aeruginosa. However, the bacteria forming biofilm reduced a large amount of aqueous As(V)
to As(Il), which indicated that microorganisms in most oligotrophic, natural geologic settings can mediate the
behavior of aqueous As. Biobarriers designed to remove the various heavy metals in contaminant plume may practi-
cally lead to the enhancement of toxicity and mobility of As.

Key words : arsenic, adsorption, bacteria, biobarrier

AdejAM Eap wasE 3714 welEole) Pseudomonas aeruginosa) EH' of UL TR g A

ol As(V) 2 As(lID) E2H 8-S Fystant. As(De] A P aeruginosad) 3 A7Re] F2bo] BA3g vk,
As(Vye EFZQL F3o] A8HA] #EE &9 5 AUt ol As(Vye 589 *JEH"W A} HFEE EA
st glejgjol X Al SHEE Wi Q7] wEdl AF o=e] 2g3lA] &) 3 Aoz shotdEn), @y bf

SloBE Hele] Heldohe BE 5l £ AV)E ADE IHUske A0 ek, ol NF B4 T
$o) AAPANNE sl 82 V2 A% e JPo| Atk AL ol dkd FILe oYY
Aseg Azal) Asted TEHY WAE WSEAE vlkel FHE F0] wohe 030d vk B4 olFx

e ¥ BAE AR FE 9

F20] : ¥4, F2, welelol, 4T A

1.4 = Smedley, 2003) & AA ZHAe|M Bus3 Qlet. F
2 H&e SRS 123 vs A —%—’F
Hie @A A AR sP & fele] didde) W BA 71EXE 7129 50 pg/lold 10 pg/lLE @
HI e 45 EF F shiolth Exe ula v o, olHY vrolxl y|E&x|o) ofapm Xl“l-rg
2 298 A7) vFMoore and Woessner, 2003,  S8%2 AMS3HE WF W) 7AIAE(Ayotte e dl,
Schreiber ef al., 2003)S ¥]&E3le] Qx & HElH|A) 2003), "lAl7HKolker et al., 2003), FHA] 3 (Bexfield
(Das et al., 1996; Nickson et al., 1998; Chowdhury and Plummer, 2003) A|9¢] B& ZWSo| 7|33 o]
e al, 1999), BN=(Williams et al, 1998), WEY ] HlAvE EE S80E AFEH 9ok Fue) A
(Berg et al,, 2001) & EFsl= - F ofA o} © ol Azjet HlA =S By H QO
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526 o2
F - 098 FEFN 0 Pz A28 3] 2 o
Mol AT FAse Yee AT W@ F,

1997) 8 A Foll ok Az vlaede] 7Es
=&HY §l .
EY 2 Ak 8AolA Hlao] A5l AF
Fa3% 9 3= Z2 vl ksl (oxidation
state)e|th. YREHQD AAA A Wi FE 437
+59] AAEER EAEhY, & Ao odetE
Zk= 72 S5 9453 9 vlde Ak
o] (oxyanion) %= H]ASHuncharged) AelE Jeht
o & 457120 As(V)(@l4tel2, arsenateq= HyAsOy
9} HAsO/Z, +3711 As)©hH]Akol2, arsenite)=
H;As0.9 HyAsO5 9 Hel2 E&A)slA Aot ¥4
=4 2 AsMdelet /7177 Felel Z9E1, of
o S/F7 e s e R gubog &
dol At} A E Fof, Al As(V)ell vIs) s
el AsID7F €3l B olgkrl £ 4=
20~608) ©1¢ Fe Aoz deA UthBhumbla
and Keefer, 1994).
Hlas AFA Aol pH 2 Asdddy 3
A 2 FEEol EEE5Fe Aoldt olF B4
VebdTh & 89 Aelola Yoloz EA)3)
© UFEe 54 5855 dAES pHH A4
2§t Sk ¥, 49 2 &EEde] pHell

]
o X
M ABlE, SElE R R EE AN 3B

|
U

o oM,

3 3R e 2EE 35 A5E, HEY §
P1Ee) B FRYOE <8 ShEst Asact.

H&E ER tiFEe] Askeole-S d4ske
Y2S2 pH7L F7Hetel met F3o] Wojx A
el gHko] S7lshe 548 Bl E3 vias o
& A3Eol 2w Aoty E4o] i, &
e kel 2Eel dEolA ol Tt Skl
gidol] vae AsPdeielr el H AslE Sl

AA ke 5 Aoz W olixE Helg
(Gulens and Champ, 1979). wigbr] €9k, EzE o)
2 ol vlae] 2sPdelE A8s] sofsla olg
zFske U iAUES oldlshe R vlke &
g g 3 YEI=s getsiedl o] 7FY Fasitt

38 4 9o

1990d4|FE FEAllell o|27|71A] v]ae] A]75}E}H3
S vAe vAEe] Fael] Be A FulAEEH
{geomicrobiological) 477} &3] =7 Qlrhe]
Ze3 HAg™, 2000; McLean et al., 2002; Oremland
and Stolz, 2003). ©]&lt F7= F=2 As(iD9] vBE

- Ry

8k2 AFsl(Santini ef al., 2000; Gihring et al., 2001;
Salmassi et al., 2002) 2 ©|3k4 ujA4ge] vhEz]o}
(dissimilatory As-reducing bacteria)ll €3 As(V)<]
2 (Ahmann et al., 1994; Oremland et al., 1994;
Macy et al., 1996; Newman ef al., 1997, 1998)°
s AEAE A7 2 @A vl&e] Agel v
= nAEEH TS FHodetr] A dF A7
(Ahmann ef al., 1997) 5& T33lt}). o)Hd IA+5
< gElgoprt Aol Hadk ouURE A7) Yk
(dissimilation) =2 H]A9] EAE 3537] H5}o]
(detoxification) E7} Hod dARE-S T of
FHIEE B0 Atslde) Bighl = Zolt},
I A9, TEwe) vlavt B4 AR EE 3
A AY FH Ao v, B BEE JHo EAlst
© EZ dEgele] &0l v|ie] 43t 2 Y AT
o rAe e FAtstele ¥ It FIE
vl ItHe]A Rl 5, 2005; Lee et al, 2002, 2004,
2005; Park et al., 2005). )

& a5 sV E vide ookt widd) &
Axjo] AR RE AAE £ Qi) HlA F3d &
g AF7AY A F2 FaslE, dFelF 4kt
EeE, WRIElE, AaAkelE, FESE, B
IHE, FUA B A FAe dRr A
(Stollenwerk, 2003). ¥Hd, gle|g]o} o] 2f3t b
& FE| A5 A= A7A A FE vt gl
th 2 olf= wElElel ¥ v|Ae) A7|EEE A4
SA 714g). & gEElole] AlEHeE ot
glska wkgrl7E BEHY o, 2 12847
(CO0), LA71(POS), 5471 (OH) Fol ol &aict
(Beveridge and Murray, 1980; Fein ef al, 1997).
g k37180l ofs vEiglole] AlEY THE &
Asks Wyl HX, AAHor2 qFd &5 Foled
BAHOR Fargcl ey vhe Be & A
oA Alskgol2 e HiRE El2 EASIER o2
Aoz vlgglo} e EXdh= 543 wke7|9 &4
714 A (electrostatic complexation)o] ZAE: 7}
7ol Slvh .

et HZ A7 ol veejels 88 4
gHolA GA| kgl sk Cr(VDE S8
ul opzl glelg]ol EHA CriDE $pAZ =
o] W th(Fein ef al., 2002). Fein ef al. (2002)
2 o3t ARE uHEEore] AR AE glo]l &
A MEHo| EAlste Cr-8d 54 B AEAE
(cytochromes)ys AshA|7|H Egshs Ao2 A

o]
e
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=
gl

p—
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o meEb dubERl Axr)E Aol s Madd
F3AEA g vkl dEiMz wEElel 39 g3
7FsAS Agder QY Hart 9den, 3 o
AREEE #E gle gelglole] HEAC A Hl&
o] JbsPde] wslel) L mA el T AR
21 94 Faset

FRo] FEeHA| w2 X}ﬂ JE-EY, 34, B
=, s 5olM fFEEe] welgols 28 e E
FUAF T wxHE 1 ‘%‘5& u}o] © A E(biofilm) FEN=
A%t Watkins and Costerton (1984)2 A7
gef ] weE]ojel] Bisl oF 1,000-10,00002] ¥}
7} IA B Bofde HEHE EAshs AoE 34
3t vlo|F ol AER, ol5e] FH|EEH
AZ FHE S8 e F92 319 (hydrated)
A Z2| Z3A(EPS: extracellular polymeric substan-
ces)s WP, tIFE] 79 EPSe= tFRFE olF
A 9JchCosterton ef al., 1994). A5 Akefe] vf
ggolel nlo] e BES FAsl 3w HEEoles 2
e - Al BAo] AolstrE F3 AEol
FAME zpolE HY AR o d=ls vHLee and
Beveridge, 2001) ool &3 Flo] a3}

wapA] o] ddlbe BEY & Al &3] &3}
= 3714 vk=lolRl Pseudomonas aeruginosa® ©)
&atq A3 2 $4 pH 2dolM A wlar) v
go} BHo| Faw =R, Eg EPS| A7} v|49
S22 Ar|slerE Wl d3g vE ¢ deAE
dpepslara) &k,

2. HEYH 2 =

2. HE|2jof B R MY

WA P aeruginosa’= 7159 BE dAFE
E3le] o BY BAel Z 4¥A e Folvh P
aeruginosa’= A FElY] EY, A4, AE
olA A sl d F Jom wEa 2AHR] ]

81512 FAolre] Bld Aol kg vE 7t
w9 At @ 5= 9lvh

Ade AMEE P aouginosa PAOLE vtk
Guelph the}e] Beveridge wpoflAl -2 A=
) 37°Ce] TSA (trypticase soy agar; Difco, US.A.)
‘ol G 712 AlcpeFeta s Aol TSA
Ae] #AE 5mLe TSB (trypticase soy broth;
Difco, US.A)ol A& &, 37°C, 16417}, 200 rpm
x70=2 8YAIZ] ¥ o]F T}A] 2L9] TSBo| &3t

__4

o] T ZA8lIA AR (stationary) A3 A (36417
AyA A sl sl gelglels 14
A EF7](x10000 RCE 60%; VS-21SMT, Vision,
Korea)g ARS8l £, 3it. EUAAE st
o} 3% whHjzjel= 01M NaClO, §o=2 23
*1]7—‘1 312, 0.03M HNO; &9o 1A)7F 5 AA|A]

% ) 0.1M NaClO, S0 53] A= sk},
*1]734 I & 14 GRS AMSSled ubEEole}
A5Ae oA Bsisith. AR $o] glejglol=
Aol E(viable) A& AxFd Al (electron donor)
U Ekags) e oAAIYE F93A S & duiA|

2 Fs3)el 4L S gk

22. pH 4%} 7
Hst
As(V) 892 Na,HAsO, - 7H,0 (Aldrich, USAYE
0|83l 5mgl=E AZ3Ier, o] w AL o]
£47](fonic strengthys EAFSE7] $lsted 2ol o
421 0.1M NaClQ, &<lo 835} ch(Lee and Fein,
2000). AlZ=g As(V) €9 250 mLe Fejra g &
7](Nalgene, USA)) €& & EH A3 veg]o}e
Zhz; 4.8 gL(R-L gy FY3iGich pHe w2 &
2 Azo] x| B ] 94’5}04 Ay pH 4¢}
72 A% & gk o 12&1"/} Y3 pHE #-A5}
7] i3k Fr1HeR pHE 274, Zo|7p 2T A4
01M HNO; == 01M NaOHE o]&3le] A4 7]
2 W 9ghs pHE0.058 RAI315T
RS2 F 8rI7bel AA FEigion, vk F 6
7 7RAE W T A, 12417 3REe o 12
Aoz £A3mL)S AFsIATh AHE AR
YEE FIAA dEelst SHE e
%—Z‘— Hlde| & Fg Ao =3 &
7 E ) A (anion  exchange cartridge; LC-
SAX, Supelco, USAYE EHA|IZ L B2A ﬂﬂ .4
As@IDRF Eejst & B on, As(V) §32
Hl& Fhda) As(D 3H 7he) zpelz 7‘1\*‘6}"1‘:} d
A AQAS A5 -, §Ant op gl Wyl o}
AU FEE BRI e ol AHsE e
o2 AN fole] 7iake] wWe BAstE WAL 43
3R easkct. welEote] Gk Tt s1EH4 wks
o7 HA9 FrEko] W £ IUEAE vealr] At
o, tE ZAES 2T 9 214 Y sk
Al BEEolE A7 o2 vl S(controhE &
Aol &35kt

ZHOIMS| As(v) S8 R MshaEl
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2.3. Mzl As(V)e} Asll) &2

ZAAR] Aol AlgolA] 2AE 5 e vlA
FEE 100 pg/lE2 A3, As(V)oh As() £92
Zhzt Az, Y9 A3 A oz 3 4 Ay
g Wl G4RE dolsle A4S s AsD
292 NaAsO, (Aldrich, USAYS 0.1M NaClO,ll &
slal] Az o] W B AHE =egers 7t
vl g 250 mLol| ZH2t 84 g/l (B e)d F9ls)
At} pHE 72 2 T 7)o pHE 24, &
o7} WIS 739 AslH o AF 717 il ke
pH+0.058 RAIEth A8 & 4077t ZAA ¢
gsled, Ztzt 05, 1, 6, 12, 24, 4087 3 &
BAE 3ml AFHE g0 Zes MRieE F ovja
e A8

Q
A

uted

o

2.4 EPSOI| 2|8t As(v)2} As(ll)e] &3 ¢ ASIAMEl
s}

ge2lo} B Aol wlE BAEE Ads 95,
77} 5mg/L §3e] As(V)eh As(ll) &S #2313
3 9] ol 2Al7|E zdshr] 8l 0.1 M NaClool
gafsianh. 7+ vlagd 250 mLol| 19 WHeE B
™ A3 g 2lole}l MHAAS AR & vz
olE 104 gL (B2 e FYsisith. o] o AlHst
A % uleElgjolelle EPS/) ek EAjshs Zo] &
Qo sRIFQL), vle|glol £y ¥ pHE 72 =3
3 Fol F71¥oz pHE 24, Aol7b 2T A
ZEslgom A9 717 U} ¥sks pHE0.3& 74
A As(V) £ 9 482 F 96AZ ZA
salslom zkzb 05, 6, 12, 48, 72, 96%17F A3t
A3tk As) 89 = 4L F
1082174l A% st om of 1247 F7]= &
@ mLyE A A gl tiste] 9o 7=
o2 & 85 VAR As() S 3%
ket

o

2.5. BAuH

H4 AR BEgatddiriael Feaaried i
AR Mo o|25le] hydride generator7} F2FE
292 AT FEL LA (AAS-GF; Perkin Elmer

o e ==

510002 o183l +3slArt. TEAEE §T 49

A (reproducibility)=  24-25%, E=AEE 3
A 8% (accuracy)®  98.2-99.8% .tk As(V) TH

F HlaEEdA As(l) e Alst] Adtes +
3k3ict.

- g

3. dEaEy

3.1. pH 42} 7 ZZ0IM2| As(V) S3f X Ltspale]
- Higl
EE AAT P aeruginosas 5mg/L As(V)9} Wk
Nzl 3 A7kl W2 F & v4 kel HalE A
HEH, p
-

_‘q, I‘E

|

H 4 2 7 271 250X de2jolg FYst
2 ¥& HlWAES A ¢k 12T £ wEt 9
o} 12A7F A7 ¥ oF 3536 mg/LE FA 7F4as)
Rnow ojF HxHo= sl 84A7H Adt Tell=
oF 4.1-4.2 mg/L7HA “d53itk(Fig. 1). HlaABole
wEglolg £YekA @skerng ozgh whg- HA
o= 5k whgol 9gk Aotk vlEA R A &
e wgk EFo] §8 Foll A5 4
= BEPek 2704 30% BEY Hlav)r £ Soz
FE AA=NeH, ole|g AFe tE APAME F
EHoz Jepydt). old] gk A3 AL ¥ F
gor}, opnlm o] 24718 2H37] Y3l Hrtst
NaClO&e| kg Ee/aely ZeZzaddl §7] |
o] g2t dhge] ojgt Aog FZHr)

Z}.0.
g

HelElols FU% B, pH 4 2 7 BE 5]
ol HlwAIES} vl FAK WSl 3 8F TF
£ EdozA vEzlolel gF FEA HA FE
F7He AR ke Ao® UEith(Fg. 1). o8

Aze 8L oA Fdeks v de FF5 )

£2) 7% weizol xS Jald FNom F,
AP AR e A AeAEE 59,

Vecchio et al., 1998; Klimmek ef al., 2001; Kang
et al., 2005), 85 Ao Akslgel2o® EAlSh=
As(Vy’t BdsiAl S5E We deEger ¥R
THAR FFo| WS @& ZolEle o &
Balsle Aot 3 Fein ef al. 2002)°) thARRE
< FYER] ebs wEElole] HHE o] 8sle st
Cr(VD) 18 53 AA7F As(V)ells #8512 s
< ¢ 5 USiHh

Fole g2t o] Tl AW Ve A &
o}, B gjolol] o3k H| A&7} wAlShtR) A
Aok A 5T wheith. & Fg 194 HXo,
pH 4¢} 78] 7%, ¥kg 717k AR BimA| g 3}
o Z32; Ht 4.7%F 6.1%2] HA7t deglofe)] st
o] F7HEo g AAHATE AAZAME o3t vlHe]
ofel] &3t F7} FAALFL AYsr] oyt ssd
deloz= AE EH COO, PO, OH E¢ ut
5719} A ExEsk= NH,* 719 <3 Axris A%
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Fig. 1. The concentrations of aqueous total As with time after 5 mg/L of As(V) was reacted with P. aeruginosa (4.8 g/L wet
basis) suspended in 250 mL of 0.1 M NaClO, solution. The bacterial surface was thoroughly washed before added.

TB4: solution with bacteria at pH 4
TB7: solution with bacteria at pH 7

1.00

—e— B4
—O— MB7

Q.25

Aqueous As(I1I) conc. (mg/1)

Time (hrs)

Fig. 2. The concentrations of aqueous As(lII) with time after
5 mg/L of As(V) was reacted with P. aeruginosa (4.8 g/L wet
basis) suspended in 250 mL of 0.1 M NaClO; solution. The
bacterial surface was thoroughly washed before added.
ITIB4: solution with bacteria at pH 4

IIIB7: solution with bacteria at pH 7

IIIC4: solution without bacteria at pH 4

IIIC7: solution without bacteria at pH 7

£ & £ AWMU (Beveridge and Murray, 1980),
olg] 3.2 o] APAFA H5o] o= A3 4

TC4: solution without bacteria at pH 4
TC7: solution without bacteria at pH 7

o] d & glorBg old WEiAE FUke] avrt 9o
sitk. g, HlwAlS 9 dhEElol §9 BFeA pH
49} 7 &7194 8] FAF Aole BHFA] BELEH
Folzxl Z7¢dM 2 pH WHel= sk m= v ES
A Alh S 284 9L vRA Bele o=
el ok(Fig. 1.

F dejElofe] HH B0 sl 8& H|4v}
As(VeIM As(IDZ e + AeX9 75 gt
317] {3 As(e] g 2gste] B 43, 249
As(l) &ko] tiEE 0.5 mg/L ©)&ke] FHe = sl
A Wbzt pHel| whe vl mA) 89} vhelgo} &9
Zhofl £ AolE HolR| o}, tjA=g-2 AAgle] ©
A ME EH 54 ofsfiA vldvt FAEA = g
Ao 2 Ve THFg. 2).

3.2. M=z Asv)e} As(lll) &t
A deje] Askeol B TFsd HAES |
ARow mARL] sk 8F As(V) ¥ As(D

e
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22 717} 100 pg/le] e Az § 9k U
294 F 40270 ZA FRAEe FYailct. o
w 3.1 Ao} Al Bio] pH ¥R F29| o]
& Holx] ¢gkeug pHe BT 72 2dsiglon, 4
ggloke B A3 ¥ 84 gL (3e AH)e FYst
k.

P aeruginosa®t As(VYE WESAIZ] 3 A7kl w2
Z £ v]A gl g WslE BH, HuAE 2

gelzlo} &9 w%E 31 e Axel FAlEA wg
Z710l o] o 20% 7VF Pad T AFs Y
FAEE 25 Beon, deEet £Y4E A9 v
A3k E2F ZIHF 2-6 pg/Ly7t 2ol shy =4 F
A A WhThFig. 3(). AolA 71&3)h vie} 7o
o]2j3t Az vlela)o}l FHo] E¥Esl= NH,' 6k
717} A7) Ao o8] As(V)E e &
o= AL Yelith 2 Fig 1904 250 pH 7

ole

N
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Fig. 3. The concentrations of aqueous total As with time
after 100 pg/L of (a) As(V) and (b) As(llI) was reacted
with P. aeruginosa (8.4 g/l wet basis) suspended in 250
mL of 0.1 M NaClO, solution at pH 7. The bacterial
surface was thoroughly washed before added.

TBV: As(V) solution with bacteria

TCV: As(V) solution without bacteria

TBIII: As(III) solution with bacteria

TCIIL: As(IID) solution without bacteria

. kA

e

7oA 5mg/Le] As(V)s} Btelejobrt whg-gh 79 M
FTAE vla) Hat ok 027 mgLel As(Vyt &7
A0 E, o] 3k Fig. 3olA FY3F 100 pg/ll
of Hlsj 2.7} =& o). =3 Fig. 304 FU€
utel|glole] A=k Fig 1o B8 17580y 222 &
e} e A Ak ok 100 pgLel As(Vy7t
NH,* 5H&7]0l 9t FAEATH 89 Fof 27

Sz A% Qol B Fao) 23} AASIYL Aolch,
S ukS & A E 40AZE AT AsD) $F
2 239 Aol 9 AsIDZS) FAS A9 2
A ool WA 82| A BF A& olaidd
3 b lol Al ze] e 3 gl A=

As@DS) 7% erelEelel slste] g0 zRE A
Afe 298 29t & 62 49 F malEs
%5 ugLel F 8 vl G nlw) wa) o}
AEE % 60 pglri] Addhe ASE verhsic
(Fig. 30). ol2le & 8% vla Pe oF 2441700]
A AAL oA Fele] 40007 A% F Hla
AES} fAR FE0E F7HSIC A7) AR
o $F Bl FrHsIEoM ol EA o
s A o Buglel & 27} golo= v AAY
AL As(V)] ASolE BaeA ok Aol
AZAE ol A AU & 5 glonk, §E
ASEIVH = Hlsh JE A% & o 2l
3713 AGe ohd Ao= F2Hh. P aeruginosa
7hEAT dhe] ol As(V)SH AsIDE] AT Aol
A Vol AR Hlae] Wahgelel] Wt ulant
8 & gastolt ohd AwEel BlgRe] o)
HE 7 8% Yol 248 45 U Ushith @
H oF 4007 A F AsVIZel sek Aske o
13pgll A= sk on, srelelele] €13 AsV)E
o] sk BAEA) gk

3.3. EPSOIl 25t As(V)2h As(li2] & R AtSFAEH
U5}
1A A ufA] ol oiFRe] weglole A-f-f
le| 2 EAale Zo] ohal EPSE &g nHlo]
5 AHE EAIgc vt daxoz 2 A
|4 dAlete wtElgote] FEFE W Hiole.
L& JJHe gEglolrt vAe] A siehd Aol m|
A TAHE ZARRE Zlo] EFolsta & F Utk
ol sl MAHNFE AXA &2 P aeruginosadl
5mg/le] As(V)¢} As(yE 7isid 53 FRHEE
etk w2 pH 7 &7 3ol & 1008174

O T

>,
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Ax Fsien 104gL Be e wEgels
FYsisirt.

As(V)eh Al H kA o2 wheelol 7kl wkg-olA] vl
§ SR & Axpt AT F 45 v gake
H A 2ok BHelE]o} Al Zbel 3 gheg]o)} XW
AF ol FAgle] AF 717 B9t Hd 3.6mg/l
HER AR UEeldthFig. 4@). ol EPS 94
BE HlAo) F2k] Adigk FFE )RR B 9
mgch, 2eju AlFslA @2 wEzlols £ Hla
o] slsdeol & WslE =itk & var g
79 6A7F Al Ha oF 04 mg/l FEQ As(V)
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