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Treatment Technologies for Arsenic Removal from Groundwater: review paper
Sunbaek Bang*, Eun Young Choe and Kyoung-Woong Kim

Arsenic Geoenvironmental Laboratory (NRL), Department of Environmental Science and Engineering,
Gwangju Institute of Science and Technology, Gwangju 500-712, Korea

Arsenic is a significantly toxic contaminant in groundwater in many countries. Numerous treatment technologies
have been developed to remove arsenic from groundwater. The USEPA recommends several technologies as the
best available technology (BAT) candidates for the removal of arsenic. Based on the USEPA classification, arsenic
treatment technologies can be divided into four technologies such as precipitation, membrane, ion exchange, and
adsorption technology. The recent amendment of arsenic drinking water standard from 50 to 10 ug/L in the United
States have impacted technology selection and application for arsenic removal from arsenic contaminated groundwa-
ter. Precipitation technology is most widely used to treat arsenic contaminated groundwater and can be applied to
large water treatment facility. In contrast, membrane, ion exchange, and adsorption technologies are used to be
applied to small water treatment system. Recently, the arsenic treatment technology in the United States and Europe
move towards adsorption technology to be applied to small water treatment system since capital and maintenance
costs are relatively low and operation is simple. The principals of treatment technologies, effect factors on arsenic
removal, arsenic treatment efficiencies of real treatment systems are reviewed in this paper.

Key words : arsenic, treatment technology, precipitation, membrane, ion exchange, adsorption

A AARCR SEE Urte) Asteel 82 Hojgls Mak e S40] 28 2QFolch 0|2 s X
o gl WAS A 98 FRe el leEel AT ek v BAWANE vaE Ade) A% 4
HYE 71&2H el A9 J1eES FAHL a}u} A% 749 $RE /208 MaAslee B4, B2
o1, olewst 2 FFe) o 7I¥ Al les Uz 5 ok ulFelA A2 50 pgllA 10 pglze) ¥ VS 71
20 FEE WALRAN e HAE AN AT /169 AU A8 BE AV T2 o 2%
HAAE N 7 el ol$HE J14R UR £ Az 2 Aeisher] FeT F 3lE JAD, °
SOIRL, el B §AIGE S AN AR LB, Aol v REAE A AL A
$o] BB FANEL o8 AR uIAAY AMe] Be WAL AT e FAolch w2 ogH st
£ Azjalr] A9 AeleEe] sk vaAAN GFL TIAE A% L WA AAEES) WA EEL ¥ =
B 27hskast e,

FR0{ v, Hle, A4, 9EE, ol2xs, FF

s

1. M 2 HEH, S5 52 in opaJo} ARt ohuz} N
U}, 0%, 9z, A, ol=dEnt o] Byn X

4 AAHOR WAZ OYE AN} AGHOR S Y 5o KEAN HAAQYE Agolck
AE T Qul, B4 4L gk 1%, wEEk Al (Smedley and Kinniburgh, 2002; Driehaus, 2002).
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42 299 X3-g 852 AMEd 7, 38,
o, 72y Fol Ay rksAde] Eoin HIHI Y
(Wang et al., 2002). o]2fgt v]ie] 2@Qde FAakx]
o] A&, sEgAelre] HE Foz Qg ¢l
AR 23 AAEH AN E A7) E AT
2 oger v 4 vk B3] AR em EAT
HI Ye FEE AddE @ g HaE g
313 Sl AAkelEe] S EE HAE d4-5)
UE HBgEe] sEE Bl o8] WA= i
19501 dchel] wiqtolla] A8 =4 (blackfoot disease)
2 AAURuAE o dE Akl o) kY.
& 1990 ol E A% A XHeA] BlaR egd
ASGE 242 AR-3 209 B olate] AlHEClAA]
v AFEE) A, WEEEAlCx e dAx 70
gk H o]l HIAQEAETE S83laL Qlo] HIAF
59 9gel =&so] ok vgo] Wkl o
59k o] HES-E F 3t 7)) oje] BHlAR oY
5o} rkLepkowsk, 1999). 20019 W= H] L8
7)&E0] Wy e BRI oshH, H]AS-8 7]
TE 50 pg/LolA 10 pg/lL= A3kt 7390 <k 1,100
T oA FESFE FHERE 55%9 AHeAige] Al
22 7@ AR &L o= RyHUY
(USEPA, 2000a). T34 4,200 5 &) Alghgo] ]
A ABkrE AR ARSI Qlo], T B AlEo)
- 81409 7HeAddl =& FH U tHSolley ef al., 1998).

Aslroll A B4zt ASHO R HARHA HlAH
AskE AE] 93 @A es EHET
o}, olelgt AgHe] e FollME ofn dtRe} =}
YRR 2FHL Y 7S UL ¥ ol A)

¢

o

2 IEHY e 7= ot iR A AR
Y ApRAgAET i 7PioR Belew Ak
AEE xzlshs WE point-of-entry (POE)S}H 714 9]
TEEA A dx)gte] AsE X sk MRS point-
of-use (POU)Y ©|27171x] Hgujldel] wepr] AR
© 7o) gEAY Al g2l wleba Aels|gol
tZ2A F4E5 ok vAhedR s ddAE &
2= A ZJA, AR, ol2adl, 39 sz
R vk £ SReixe e Melrlesed o
S AEERI M7 |EES Avlsiaat .

2. H[22¥X|5l2| XME|7|&

2.1. &Hx2|7|&(Precipitation Technology)

AL Alpela] vl4E HEjshs Wy FolA 7t
ol ARk Agrlgelth Asked gle vh
£ s B B84 AFEZ WA o)A
eI FalM Adre) HAE i IFEE 2

slod H)AE H2sl= 7|&olt). Fg 1& JdA7E
o] g tisiA =4F oz FHI 2o}, Blae
A &S Fhelr] 93l dAelzgo] ash],
o AsAlE eFolut Alalea(Hy0p), Sz
(KMnOy), Aol EFNaOCh} 22 slehez
ARERITE 2 Fof pHOl 2437 &AIE Ve
2 7] GAE AR oS Felkxet ARAE T8t
o Hl4vt P& FeE viA Fok Arlee 3
Hupel mebA] 3% (coagulation), /47 28k (Fe/Mn
oxidation), 2 413] HA<3Hlime softening)2 T-EF T},

I

[+

I

oo o

Reagent Polymer
I v 1
et Effluent
Ocxidation/
Reduction
(Pretreatment y . .
Process) pH Adjustment and Flocculation ' Clarification
Reagent Addition !
1
FTTTToTTo 37
Groundwater . :_
1 Filtrate Thickener
: Overflow \|/
. .
Solids to — Sludge Sludge Sludge
Disposal - Dewatering Thickening

Fig. 1. Overall diagram of a precipitation system (USEPA, 2002).
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2.1.1. 3-8 (Coagulation)

TRE o83 vaHNE dFulE SHA
(alum)?} A -$-3A (ferric salts)7} 7P @ol AMEH T
2 tHGulledge and O'Connor, 1973; Sorg and
Logsdon, 1978; Edwards, 1994; Scott et al., 1995).

Gulledge®} O'Connor (1973 728 Z7ojA &gm

T -S4 H SHAAE olgsl vl AAEES
v EEh 10 mg/Lel As(V)E A2lslr] sleix] o5
uE A A S3AY FAHFE 10mg/Le 3}
I pHE 5-752 74 si81e w ¢y A=
59-75%2] Hl&E AASH v, A $HAE 94-97%2)
AAEZES Ve, pH7t 8llMe gn)E 3
Ao} 2 A 4 20%9) 88%2) AAEES vE
ek, Scott S(1995)% 3-10mg/Le] & S--A Q) 6-
20 mgLel ¢FrlE S$HUAE 42 vAz o098 o
Fol ¥ Fo AMALES vws¥ey AALZES
81-96%2t 23-71%At. YFuF S3AE As(V)E A
gol=t) olx A AL B3 A m7hES
7K glont H AR} HAHRELe] Wil E3
As(DE AF3sk= vl 8 a33 o]t Gulledge and
OConnor, 1973; Sorg and Logsdon, 1978; Edwards,
1994; Scott et al, 1995). ole ¥Fvlw SAA 4
FEEo] 854 H3ld(soluble complexes)E A3}
A B3 HlAE ek 824 deuE BEAr) 9
HE 533 HER H)49] AALEE o] Foj=
= 202 A9t

USEPA (2000b)= 2 SRAIE AMEshs A XEA]
Az EFvE FFAE AFEhe B A va
AAZEE stk A HeAde B Ay
3 A EHE 7 2,270,00087 23700020 %
ol 852 FTHI Utk A Hrj oMY £
7o) BlAEEeE 25 pglelR Fe=E 170 ug/lel
om Az T HlA¥EE 8-10 uglelith. B A
a1 FdRAEEE 2uglol9lY d FEE
2,780 pg/Lolom Ha)4e] HlaAEhE 2442 pg/ll
= YERTH A 838 129 A9l B HoA[AeA
HaAels M s=rt visie 2484 7%
10 pg/L ol3t= vepstth. 3 $3AE AMSE A XY
AdET FEE SAAE AHEE B AgAde B
T7b 22 A B AR fdse e st
Eohd Lpulm SFA G o} "l WAk
o] Wk Zho] puby]y] mfEe] Zo & AlSH)

2.1.2. A/} 28K (Fe/Mn Oxidation)

AR she Asleg Alshe AgAzaldel
A A og AN Qivh HARE ARs|ee A
shpol] £l Hab Bhe ASAAM B840 F
AHER TEo] APk VeR, B84 sE
o ¥lAvt HA e FHIEE H|AR o] AlA €
tH(Clifford and Lin, 1991; Edwards, 1994). vB]4&%
=7} 88 pg/ll Askrolr ER5k= 2 mg/le] Fe(l)
7} Akl w oF 60%9) WA} AAERThs A3t
wxd v okClifford and Lin, 1991). Edwards
(19999 2l&td, 2mgLe Fe()S AFsiAld o
10 pg/Le] W)A7F 0.75 pg/LE 7+43k] oF 92.5%7}
AALDJL, 22 pg/Lel vlaE 1mgls) Heol 2=
el 3.5 ug/lLE 7HA3Siy. whHol 3 mg/Le] MndD
< 12pgle] HAE < 688% AE AAsIH
(Edwards, 1994). ol2]3F A4 3E-& g7teo] dHu}
FAH| A= WA Wb AXF AkslEwA b
a5 2ol AAGE 47E vehi gl

USEPA (2000c)= &S AlAsk= C HEaldde] v
LAAEES A=, C AZAAY 31 Az
S5 5300 E22 6,000 AFASE 20,0000
o] AFeA A g SEFR FF YUk &
JHE HlAhEEE He 485 uglels de FrE
1,137 pg/lellar Aol Blasks 119pugl=
75% o1 AALEES BAFH Qi) ol AL 4
sialed e o G HAE o] AAEE By
-t}

2.1.3. A3 A<=3K(Lime Softening)

A3 Agst 71Ee Zga vknlgel o BES
AAsE] A%t 712 vlElA] Bo] ol&H1 itk 4
318 B3iM pHE 995 AT E Z/MAX THS g
AH(CaC0m) 02 A7) 2, nfadl4- pHE 105
ooz F7MIIAM whdler AR Mg(OH))E
AAA 7= ol tHMcNeill and Edwards, 1995).
B ArslR ARE AAT Foe olklslgis &
Y3l pHE 724771 = Aet3Hrecarbonation) 4L
AXA et McNeill?t Edwards (1995)2] 23l ¢
&9, pH7b 105-120137 ¥lAFE7F 5-75 ugld o
oF 23%2] ¥4t CaCOxl 28l AAHULL, vl&
7t 5-160 pg/Lel X pH7F 119 wis H]49] 37% 3
%7t Mg(OH)ell oA AjA= AT, gk v)de] A
AREE SHATIZ] SlsiA, BHE H3dgs 4%
oA ol itk pH 9704 AE glole w4&vt
38%7}F AA=UANE, 9 mg/Le] AL WolFEUe o
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£ uart o 63% AAHS AALES 26% A= U
Z7E & ek

McNeill#+ Edwards (1995)y= 672 413]d48} A=)
Ao Azlbiel e HAAIAHEES AT
CaCOpPl 2eiM AAYE A-$= a7t 10% ©lsk=
AAFQA T CaCO42F Mg(OH),0l Zro] WH-8-319-&
= vA7F 60-95% A AEAC USEPA (2000b)=
Aeg AAsRE D HAlde BlaAAEE S 24}
s, AxxgA Ael4e] pHe 893 HlAA
ZESE 48%At). Y] pHIt Yoks HlaAEa
£o] B9 ol 2.3 mg/lel Hol sl U]
Wyl Zow AzbEt. o] Ave Hdo] UL
vl A e] &0l #71ele McNeill and Edwards
(1995)9] ARAzet= UA|git},

2.2, H=oix2] 7|&(Membrane Technology)

HEgxe 71&S A oy eyl
& EINA BERE HAE AR Agrieoldh
drgle sgd 459 EFS Ao Hu
#¢e B34 BIeE S
2|2 gch(Fig. 2). DEHJIXE 7S @HHAS
AL o] BAY)= Wl wEk S o) &st
ArkE (reverse osmosis)?t AHE o843 A7)
B (electrodialysis)2-2 Al e 5 Ut GG
A7jEH o g Aol e HAE AAHT] ol A
Aoz AsIDE As(V)E 2871 H2A AL
go] FUgch. WRHRE o8 A& POUY

o

o o
e

Contaminated
Water

‘

Effluent

MembranesJ

37

Recyele Reject

- »

Fig. 2. Overall diagram of a membrane system (USEPA,
2002).

- ARBE

POES} 22 719§ Aelgae are] A5A
Ao Ay,

2.2.1. 94 (Reverse Osmosis)

AR 7)Ee AR o] gEE TRt RA o
AEe ol o8] WHETezRE] FAH =5 4=
Neg, 58| §54 o5 AR Auisked
AMgET) GaEAlolE Alakre] dat WEERle] 5
Aol wEhd 10-50% F=el 7Y Ask7 HEHE
Egslx] FEatl FEHo v TR yrhA drh
Clifford®} Lin (1912 AEZS= EgjojopH]o|E
(cellulose triacetate)} E2)o}uto)=(polyamide) ¥&F
A5 AB NS ARSI 89 pgle] HIAETEE 97%
ol AlAsK AL, 94%2) TDS (total dissolved solid)=
A&k, Kang 5(2000) 7 7H] HWE1(ES-10
7 NTR-729)% A&3te] zhzh 50 pg/lLel As(V)st
As(ITl) thd A2 E8-S vlmstack As(V)ol thaiA
= BE 95% olAke] AATES 7h%ort, As(pl
Hare Zejojuie] =t Fa)u)d & S(polyvinyl
alcohol) ®EH 210l thalr] 42 75%9} 43%2] AAL
22 Ho] Uk 53] AEGE ol 2gE A
oA BAE AASR=E AFAA 247 e,
Honzd &7122 Zaojugd 9 4§24 3o F

o} sol wEhd gEeERIe] 2ol dofd 4= Ut

2.2.2. A71%4 (Electrodialysis)
AZTEA L ol LB} AFAYS AME £9
o] fFEOIL A7 T BFHIE Ve ol2ud
ato] ofo| 23} So|&g MeEHon BT 4R
& olgshe 7Eolt). o)L g YA o]
STA, = Az g ZFol
A foleugrate Fo| g THAT|AL Fol2u
e 54¢ 'K Yok
Clifford®} Lin (1991} 271541& |83t As(V)ot
AsIDE At ¥ FA s, 88ug/le
As(V)E ML woli= 73%] BlAAATES HY
o}, 230 pg/le] AsIDE SH¥E Aei4E WS
gl 28%%ro] AAHUTL

g 4

2.3. 0|21 7]&(on Exchange Technology)
olewd 71e ol2aBrR|et QAEAT] Yol
2ot} Lol S 53 §EolLELS A
= 7zolth oleudeAE PERIEE, FUIERE
2 AAZFEAR UEARIL. A7 AE S0l
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vlo gAlakre] FgAerlesd g 603

W) HEef HAAAE AsiMe BE 2971
FAE ARt Fig 33 2o olgwsAE A
el sk vjas odH AeleE FAAAA ol
g o7 Pt olewAL FiME AsID
2 79 AARA @eEl, 2 olfe pH7E 9 o8k

73% As(iDo] FAoleoz EA3tr] wEojrt
(USEPA, 2002). S4FFRa 7o) ol 2ngAwlg s}
7] Aol As@DE As(VIE A5kA)7]e A2 340l
Zosltt. ol ewdhe o8¢ He)7|&& POUY POE
o} b2 78 ARG AqrRel A
Hslth. AA7135AE A8 ds pHY} 65904
A HlaAZEg & I nRA de
(USEPA, 2000¢). 7+87185A19] &ol2wdkeE
dapd theF} 7t HCrO, >Cr0O,2>Cl0y>Se0,>
>S0,%#>NO;>Br>HP0O#, HAsOZ, Se0:%, CO)
>CN >NO, >CI'>(H,PO,, H,AsO,, HCO5)>OH
>CH,COO >F (USEPA 2000a). 5459}l 7to] 24
B3, 7184, 24, 2 2 8549 B 2R ®
To webA dERle] Qo] dojd ¢ Utk 53]
A&} Fe(e] As(V)o} uhsled EJAE 7
Sw, ol 23S Yo |A] olr HIAAAHF ! A
Al Z8A Ha, 53] Aale] SO Blhe) o]
DA BABAE 7RA Hel HIAAAS 4% o]
WA 8] 1E S TEAIZICHUSEPA, 2000a; USEPA,
2002).

USEPA (2000d)= ©l2w3-g ARS3lL e E
F xgajdel maAALES FARIT E #Erd
2 kel AXEe 5 Ha 4,500 L] EE Akt
o 3504e] 3 wAYENA 8FE FHde

2)E =

4] HlAFEE 0.7-82.0 ug/LE ¥AAaEge] WE
o] Aalal AAFQ] PAAPEEE A gyt v
SAAZES TIMII7] A R o]l uEeX
9} A4 (regeneration) HIEE 269} A% 277 &
oAlv Aol BlAEErt 5 gl o8k F BTt
ol 2N FFAE o8k HlAAA Aldle HRAYNE
£ E&3to fHo] sl Zlo] WaF o= AmH
th o9k YR, S sAlAel FARIE v 3570l
A B 3,000 Lo & 852 a3l F AwA
Aol M= 408645 pg/ll (B 56.7 ug/l)el Hl&7t
T Askgrt olendAE FElA 0.8-45 ng/l
@ L6 pgL)E Z4ste oF 97%9) HAAAEES
noEich

2.4. &% 7|&=(Adsomption Technology)

A 8EA EXo] IAY] FHN HES F E2
FE AA=e] FHABHA HalEe A7)0l &
Zzjele HelE vehd 29-E Fg. 4ol BT 9l
o}, F2A7Y 245 Z 3 (fixed bed column)e] F740)
AE AAA L Blag 9HE Akt o] 1BFEH
€ AWFEA Hart FRAe] SatEo] AAER
oh FEAle Fas o] Xl oj2A HW Zio
Je Fe AAELE A MEE FEAR
wEEn. FA a3 Asre 27 B4
ghx gepdt §32 ol &3 AErlee POUY
POES} 22 788 Aedxet L] F5AeA
Aol Agsitt. BlAg oHd X3lE AMelsh] 9
g FARAAZE 83 e E4LFoY

Contaminated

Water ﬁ

£

Ion Exchange
Resin K
.

Effluent

Contaminated

L

Sorbent

Effluent

Fig. 3. Overall diagram of an ion exchange system
(USEPA, 2002).

Fig. 4. Overall diagram of an adsorption system (USEPA,
2002).
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(activated alumina, AA), ¥ dF4tslE(granular
ferric hydroxide, GFH), 3§ o]4F3lE]| b5 (granular
titanium dioxide, GTD) #qt oh)z} v]AAAE $
Mze Ezbhel HaE R (ron coated sand), AS
ol E(zeolite) & Yt B =M e AE8lE ]
A= 371K9) FAA 0 tisix TR R3A gt

24.1. @942} (Activated Alumina, AA)

LR G SRR AIOH)) S 98
glate] dojxe thyd Edolnt. EAYFrUE A
sre] HIAS AASke 71 28 ARgE e 32
Alo|t}, BAUTA e g HIAAAEEE BYLF
vl QAR =71, pH, @A4YF} ERolA ] vl
9} Lole7rel AABAC] makr] gebAA Hoh
Clifford?} Lin (1991)& ZHAES T3 S4LFn
v dxk=7)e) webA] a2 (breakthrough curve)
o] @A E AL WAL E4uTuhtel 4Rt
14-28 mesh&S =HT} 28-48 meshS wl 1541 A
o] ¥)Avt o Be) AAHAT B3 XN v
FE7F 50 pg/lol =98 wj7kx], pH 72014 Hl&E
AAFE " 1900 BV B2 dAsE AT PA
T+ pH 6914 8800 BVS] H|AQ AXSFE A3
o} BYFAEY As(el] ¥ FHAAEES pH
7.6Y mol Hojgato] Uout 96.2%2] BT} A A=
Ath(Singh and Pant, 2004). 3+ AsD)el] oigt &
AeEnie] Ao F2e pHrF 7.8Y @ 0.22 mg
As/gelgth. Ling Wu (200D As(IDA A& &2
pH 72 o) JehiARt As(V)& pHrt 52t A& o
HPAAZTEL HAtky H13¥c} =3k pH 8.890
A} 80-100 mesh?] YT AR OlE LT
oyl tk As(De] 22 0.2 mg As(/gel S
T 140-150 mesholl) = 0.55 mg/g, 200-230 meshel
ME 1.2 mgghch ¥, As(Vx pH 6.99014 80-
100 mesh®} 200-230 meshE ARSI o 247 4%
55 mg/gd) FEAFS vepith. BT TR0l
Ae] Fato) gigt e FAe] AYDA = BEILT
o) HAAHEESS 2AA71A Hedl, 53] 28
o Aj7ket f718de] &3 oW HlAo F
AR = 7+as BoHUSEPA, 2002). €29 9Fr vt
o thek FAFEE S SAYE vgaid e 2t
OH >H,As0, >Si(OH);0 >F >HSe045>S0,% >
H;AsO4 (USEPA, 2000c).

USEPA (2000d)= E49F0IE FHAE AHEst
3 JdE G8 H HiAAde] B AAAZES A

- e

th G AL 3Fol 2F 7,600-9,500 Le] & 4
Absled 600 e] ST} ALENA B FETE
SF3e Aol #5449 pHe 83, Hlawks
344760 pg/L (2 535 ngLelE AHerdl vE
04-26.7 ngll. (H7 6.8 pgL)elsrt. A7t 50 pg/
Lo =2d m7kd ¥AE8X8E 10,050 BVARE
AL TAYFO] v tigt F2EFE 0.30
mg/gelAth. H 2g)x 4L 3ol 11,400 Lol M+
E Ao ZFshs 2009HNA SE&FE FFHL
e, 459 HlABEE 533-87uyL (Hd 63
ug/L)e13L pHe 830150 Ao vja] &
B 5pg/LolEnh. A st A Skl
50 ug/Loll =28 w7ix] B 5260 BVel AsirE
Aslds ¥4 F2Ee 025 mggth. G+ H
A AHoA BALTEe] BlAaFARL Vg A
He BT 9l

24.2. YA 548HE(Granular ferric hydroxide,
GFH)

FHAFNEELS 5 W EA7jEH Tl v]2A]
AZ SJaiA TE FEAER ds) A28 (FeCly)ys-l
& FABREFH WA A AAAM e
Ae BAZ, p-FeOOHY FHZ &A%t Ayds
AbshEeo] HHAL 250-300 m¥Ygol T 71 EEL 75
80%°lH LAY EE o T3EHUL A9l 1.32g
cnPeltH(Driehaus ef al., 1998). I@d44tslEe ol
& v A A RS BT} o] pHot AEE
FABE THoA ) wlAe} Fol7ke] A AA]
g4 gEAA B} Driehaus 2002 SUdA 24
1 e GFHE AMgsie 16709 AHajdenel
HAAAZES FARIAG. ZAE S w2, A5t
o) pHr} 82 W) B} 62 m) ¥AaAPE S0l F%
k. oAl 2A8bE(ron oxide}e Mol ik Z1skEe]
7l <17 Aelgleks Ak rme] Fatsked 2
AAAE 7 A HEZ HlA9] AAZE] FasAl
#kMeng ef al, 2000; Hongshao and Stanforth,
2001). Hiabakzol o) HlAe} o Aol 23] A
e gea 72th As(V)>P>As(I)>Si Meng et
al., 2002) GFH= gol-2¢] &Algle o ¥AAALE
o) 7+A43)51th(Drichaus ef al., 1998). A&¢] Bl
E57E 10pglel =2 wi7tA] ¥lisE7t 16-
17 pg/Le) A skre) oF 35000 BV F=7t GFHo 9
aix gaAo s A HAcHDriehaus ef al., 1998).
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24.3. @231 eRs(Granular titanium dioxide,
GTD)

o e el HAAAE YA vl 2EIR
2gFdstoln sidd FHAZA olubel(anatase)
YA AE o]&sle e EZo|ci(Meng e al.,
2003). FrgolirslelEl ] BlHAS 257 m¥go]al A
71+ 30-100 mesh (0.6-0.15 mm)°) t(Bang ¢t al.,
2005). Bang 52005y A|3lgeol] H]AE HrFsle &
7RIS 300 py/L2 TRE pHe W3l wE b
SAATES FolistEetEe] wAgEEe] F3t
TS AT Aol sEEl S 1gL Y99S
), AsAAE 1%+ #24 pH= 8533 As(V)AIA
2 9% 3AH pHe 73013Y micth As@Dst
As(Vell thet slolitsielelye] vagalga4e 2zt
32.49 414 mg/gsich. ol tslElelEe] el Hl
&8} goleFe] AL HAFAL T A 9

UAA] & A2Z JEgTh E3 Bang vo—(zoosxT
32 28] 140018 72018] POE FAE Jo}
K A9l e 7Pl 7z Ax|slal ahge)itsle)
ehre] HAAIAZES AN | A X519 B
ATET 3544 pglelS pHE 7.7-8.2250t). Ael4
o] HlAEE7l 10 pg/Lo] =2 w7k ¥4 g=s}
& 45,000 BV A3tk 4432 SsiA 319
A7 Y FS oF 13500018 A3 Ao 1)
Btk K A99 ulAseEs 11-19pglsi pHe
7.71-81692 oF 570€ F<F 32,000 BVe) H)AeHR)
alpE AelslHt. ol o 100,000 LY ¥)& e 9= s}
TE AT ol 1 Follx Aol HldsEe 3
EHA it

s

4 B

HlaogHeeg e A8 P4, WEee, of
LTE R FH A/IEE el Awnad, 3
A %S it ANl Hlzedeirs &
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