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B SIEAT R T IR AP AR AR RIS ARG A, PLiX B2 R &M, % pH {4 =3.7 &, & & 120 min
Je 3 As t9 R %3] 78.8% ,f pH 1A =6.9 B, BB 120 min j& & %1% $] 93.9% ; ik 4144 pH
18R E o BNk R AP Ok, LS BR e AR vb bk pH 18 2 A A T rh AP AR 3h AFER b ALER & %
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AR, HIXBEREW, MR R R4F BAEE 5 As 9 KR F 44 KT 95.0% , h K As ik
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Arsenic Contaminated Groundwater Remediation Using Zero Valent Iron:

Influencing Factors and Operation Performance

SHI Peng-fei, SHI Zhen-yu, LI Shuang
(College of Chemistry, Chemical Engineering and Environmental Engineering, Liaoning Shihua
University , Fushun 113001, China)

According to inorganic arsenic contaminated groundwater, iron powder (325 mesh) was
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Abstract
used as zero valent iron (ZVI). Baich tests were conducted to investigate the effects of initial solution
pH, inorganic anions, heavy metals and humic acid on arsenic ( V) removal by the ZVI. Column tests
were carried out to explore the operation performance and the changes in water indices under dynamic op-
erating conditions. The results of batch tests indicated that after 120 min, arsenic removal efficiency was
78.8% at the initial pH of 3.7, whereas the corresponding value was 93.9% at the initial pH of 6.9.
Initial solution pH had a significant influence on the arsenic removal by the ZVI, and neutral pH was
more favorable for arsenic removal. Nitrate, phosphate, sulphate, chromium and lead all accelerated and
promoted arsenic removal. Humic acid could seriously inhibit the arsenic removal, and the inhibition
effect increased with its concentration. The results of column tests indicated that ZVI could continuously

and steadily remove arsenic, with the removal efficiency of more than 95.0% , the effluent arsenic con-
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centration of less than 9.5 pg/L, the effluent pH of 7.6 to 8. 1 and the effluent Eh of 110 to 145 mV.
The effluent quality could meet the requirement of the Standards for Drinking Water Quality (GB 5749 —

2006). The ZVI approach has a potential application prospect in in-situ remediation of arsenic contami-

nated groundwater.
zero valent iron (ZVI) ;
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BT, BEXTERA ZVI BRA A2 0 P 28 B SR A5 4l
TSR 2 AT BR o BT, 2B DL T K i
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arsenic contamination ;

groundwater remediation; influ-

b (170 ~180 H) k> (16 ~20 H) Bt 5 ¥k FH A
W, FEREIR T [ 24 82 Ak 22 a0 A BR 2 |, F
AR, BB O, Rl RN RN AR Y
R AL, AAH T K 2B K IE . ARk
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1.2 #ik AR Rt

IR0 TR 25 ZEAN [R] BREE R T ZVI BRACR
0. B — R E A 100 mL BAK 1 HE T2
(250 mL) & F(15.0 £1.0) °C 300 r/min [{EEIR
i, ERTBOGH SR 4 0. 45 um £FZEJE IR T
g, 3525 20 ~ 25 mL WK , B8 5 VR0 5 AKRE 1)
As Eh {E .pH {ELF1 AT 31 Bk S K L FE bR, 0 %
o AT, UK R EE T2, ARARBUTAT R
A, R ] HCL 5 NaOH 8 45 B 480K %7 4 pH
fH.

Wilh pH R 52 lEe: X ZVI &8 0.2 g
WitE As He ok 200 mg/L Eh {5k 410 mV B}, %%
AERI GG pHAE (3.7 .6.9) X ERAPRSCR 15200

B8 7 ps2ma i : 2 ZVI i 0.2 ¢ Wi
As ¥4 200 mg/L Eh {3} 410 mV .pH (i} 6.9
I, 25 B [m] vie B [ 25 - (NOy & B2 43 5] 2 100
1 000 mg/L; SO;™ ¥ JE 43 %% 100, 1 000 mg/L;
PO, #4350 100 .1 000 pe/L) X BRAHALR I 5
M)

FEE L XY ZVI 58 0.2 ¢ WG
As ¥R H 200 mg/L Eh i} 410 mV .pH i} 6.9
i, % AN [k B2 (100 .1 000 pg/L) T 4xJ& ( Cr,
Ph) X BR AR 520 .

HA {5205 : 2 ZVI 4 0.2 g W R As
e FEH 200 me/L Eh {2}y 410 mV .pH {i} 6.9 B,
FEEAA M B HA (10,50 mg/T) X B fift 5508 1 372
M)
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50 em, f T E BRI HAKX (A5 em) 7
B X (5524 40 em) A K X (R4 5 em) o FEAZK
XN K X SRR T (%28 0. 25 kg) , 2% b 2t
USRS A K AR . FE SO X ST R R
(1.92 kg) FNAPP (1.92 kg) , —FFMIM 1+ 1 (i
Eo) Y51 A Fo 40 vb F DAk G R 5 B, -4+
FLBREE 5B, HEK i % 2 33 9 R A b i
Jia FEKIRFERIAE(15.0 £1.0) C, fRIAMLE
R R LR A . IR IZ AT A5 M HE UK As U
&K 200 Mg/L,HI_VJ( Eh {H7£ 410 mV Z£47, #E/K pH
H24 6.9 ~7. 1, FE/K AT B B < 0. 06 mg/L,
HEKFHE A 1 m/d, P FLBREE Ry 42% , 3547 D7 i
100 4~ PV (FLERIEF) .
1.4 HIERERZE

XTI, As 9B 5 AR (1),

n=(C, -C,)/Cy x100% (1)

Hor: e SyBfE], ming C, ¢ BF 29 As WREE,
pe/L; Co AR 211 As ¥R, we/Ls

PR, As B EBRELAK(2) .

n= (C"’i" - Cn,om )/Cn,in x 100% (2)

Hoon FLBARREL, A5 C, L N5 n S PV I
HEK As WIE , pe/L; C, 5 n A PV IRFHIK As 9
JE, pe/Lo
1.5 SHhAERNE

DL As W& FEAE A 3 B /K SRS U8 b, ] Aol 3
Eh A \pH {H | 7] 7 M B4 VA A 2R 55 Ho At 35
Fro R FH 45 85 F & 5563/ i 1% 32 (IRIS Advan-
tage1000 ) 5 , FefIRAT H R 0. 12 wg/L, i =k
IR B FbR v 25 . pH (B A Eh {ER 15K
BEREETT (FCA IR AR A P/ AgClL AR ) 2 . W]
VM SR A TR I (Z - 5000 D) 9 5
VS AR SR K TR SR RS S 5 A S A o 3 0 R 3
AR IR EE I A2 o
2 %R5H®

2.1 #hiImER
2.1.1 itk pH {E AN

145 T WG R A pH AT As
EWRAR G R T LA, IS TE R
FPEER T, B S VAN T 9 2 K, 25 B 2 5
Fadi, 4 pH { =3.7 B, 2 120 min J5 2Rk
5| 78. 8% , 2 J5 W% I 1] 33 %8 300 min i F2 5 2%
(81.8% ) (U475 T 3. 0% ; i pH K = 6.9 i, 5 i

120 min J5EFRFCIRF] 93. 9% , Z J5 W& B[] 3 2
300 min B 22FE%(99. 5% ) AN4EE T 5.6% . A,
VS bG pH (E R 2552 e ZVI BREACR , B 5 Bk
FHELHPE pH AETEAA FI T ZVI B,

] H=37 @ [=6.
100 pH {i=3.7 @ pH ff=6.9
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Fig.1  Change of As removal efficiency with time under

different pH conditions

ZVT 7E G758 T R0 DR AU e o v 2 7 A S Ak
B BRI A TR g ZVI K. BAE A
Fe’ " #k& 548 KR/ B S AR BN A RGBT LR
AT AR R AR . R, ZVT R S AL A
T HzASOA_ ﬁ HASOZ_ Lﬁ Fe’ EE%@E%W’VEH%,
WHHNTFEATS Fe’* %A LR UM K S
Fe’ " {1 LR W SRR 2 pH (L 5
~T B, Fe? " JE—Fh AR A ZLE R, A i 7 S AL 2R 3
oL 7E pH AR P B B R AR B 5 W AR Bk )
(ANEREAAL Y ) R 1H , R R M A7 AE T [ A,
MR TSR EA R T As( V) BRI .
2.1.2 JCHLEAES TR

K 2 25t T AR EHLAE F AT As &
BB ] AR L, AT AE 265 (1 000 mg/L) |
(100 mg/L) ¥k B RRERAFAERS , 76 SO H A Y 60
min [N, iR B E (2 UE T ZVI BRi, As ZLBR%E i
74.8% (TGRSR ER) $ Mm% 94. 4% UL b (A il R
) o BRE T Sun SEWIA N SR £R BEE L As
FEES X BRI TRIERER IR T ZVL
PERE . BERRER B BR R B B T 5 W AR R AR )
RSB . Lien A1 Wilking TA R B8 £h & S50
Eh 5 A FFF 57T PR ZVI % 22 R RE F7 (B
XA R e LR TR R IR ER MR BE AT P - As
i o ASHFIT R, W R £ 00 46 e B 43 ) 100 Al
1000 we/L, i %F WA P 2 As {43514 0. 16 Fi
1.63, WA, XL P - As {HAR(H B A 9 i 5 fie if
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AR K 345 BRI T) , DT 4t e Ab K o

100 4 " a
=0
80 4100 mg/L
§ 1 000 mg/L
¥ 60
&
0
<
20
0 30 60 90 120 150 180 210 240 270 300
t/min
a. TISER &R (152 1
100 . . -
A"
=0
80 4100 wg/L
8 1000 pg/L
60
4: 40
<
20
0" 30 60 90 120 150 180 210 240 270 300
t/min
b. B ER 14 5
100 : = =
A/A’_A/’u ()
80 #4100 mg/L
SN 1 000 mg/L
¥ 60
&
w0
<
20

0 30 60 90 120 150 180 210 240 270 300
t/min
c. BRFRER (152

B2 AETHAEFEET As EBRERBEEREWL
Fig.2 Change of As removal efficiency with time under

conditions of different inorganic anion coexistence

2.1.3 HEREIFm
K3 45 TS ERAATERMT As ZERAR SR
AR AR, ATLAE 7w (1 000 pg/L) (fik (100
we/ L) ¥ JEE 5% FRY A7 A8 I, A2 S B0 3 (0 ~ 60
min) , FL—F% R B 3 i HAR #E 1 ZVI B, [F)
I e BE X BR A A T AR B W o o FLAE
S5 1 A A B ZVT Al ik SRR S E A
ATLARR Cr( VD), 1 FL AR S5 A v 45 7= Fe
[0 (4) 11 o 20 S HE i g 2 B ZVI i i
P2y SRR 2R B B/ T AT LA B Ph(TD) T HLAE
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WL, ZVT 53 530 #E B 5 R0 4 3k B rh = 2B ) Fe’ ™ R
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Fig.3 Change of As removal efficiency with time under

conditions of different heavy metals coexistence
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2.1.4 TR
B4 25 0 T IBTEIRAAE ST As RERFE 5]
AR FTLAE Y, Y FE R R 10 mg/L Y,
ZVI B g )y g 2 B, JU =2 ) N w1 (R 15
min) , KBRF T T 28. 8% (5 JC ) 5H W2 1% O AH
bb) , SRR SR W P 1T ZVI BRAf 1M 226 5E R
WA N 50 me/L B A HIVE S IMBA &8, ok,
HAth B BT T AT, Biln, BRE 7% £
JEFEBRRFE A 2 mg/L i, X ZVI BRfae 1 JLF- %
FEMA T 2 BB R v 5 8 3] 8 mg/ L B, H A T R
W S B . Giasuddin 25 % BRI 78 2 e 7%y 20
mg/ L B, FOXF 44K ZVI BRah 5 AT 7 2808 bR
TEAL R R BAL T 68% 7 . RREHRP &4
TR B BT, 4G R 2 ORI IEZE 2R I L&
F AHEE SR AN L AT, o i L R L RE
HRES 4 Jm (&) Atk 5530 1 Be o AR 8 e — Feim
KA RAEWMER . RERAPLTIEAAMN 7R AT, 2
SREEH RO AT As( V) TR M bf "™ o 24
B R FE 5 e B, FLX i R B As (V) B SR 3l
As( V) MERLEE B (20 AW, TS i ZVI Xf
As( V) IyEBx.
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B4 EHEBEESET As =B EREHETL
Fig.4 Change of As removal efficiency with time under
condition of humic acid (HA) coexistence

2.2 HXBER

FER I 45 R0  FE2 17 I H] (0 ~ 100 PV) , 7F
HEK As YREES 200 wg/L BRI T, As RERAFIHA
KF 95.0% , /K As RIEIRZART 9.5 pe/L, i 2
CAETE K TUERRE) (GB 5749—2006 ) Hr L AE 1Y
10 pe/L BRAGEER . wf WL, A ik 6 45 J f — e
ZV1 BERS A 5 HAA 5 HUBR A, Ui W] ZVI I R 5E 4
Bk RiE . fEIB TN, K pH (EANF 6.9 ~
7.1 Z [, oK pHA{EFHE 7.6 ~8.1 Z i), pH {A

(Tt = 2 ZVI ZE S 4808 il AN DR AU b i v 7 A
T OH™ , #E#7K Eh {f ) 385 ~ 425 mV Z[a]f],
JK Eh (B[4 2 110 ~ 145 mV Z|i], Eh fOFRARER T4
T ZVI e g A =k OH ™ Z 40, i IH A T 445,
JEE P FERFAR T VA . Eh 57K o i A 4800 4 4
FIEAHS(r=0.935,P <0.05), 5 pH {2 i AH K
(r=-0.983,P <0.05)"™ {453 —RHYL, BR
CAEWTH K DA HE) (GB 5749—2006 ) A &
Eh BRAE, A2 KFE Eh 519 7K AT BEAR AR P 1
SN R T R AR TG T, T 2 A0 T A
FEAE R, Eh G FEAR A AT ZVI i TR
R o FESEK AT M SR JE ( <0. 06 mg/L) Z
BTN OL T, K SRV BE il 41. 21 mg/L(PV
=5) I fE £ 2. 54 mg/L(PV =20) , 3 HKEE =17
] ) 10— AL 3 I AR GEFEARAR . FEIE TR, B
BV T DR PG DB ZVT [ 8 ik R ) Fe® 2T
M O s PR RS (R 3BT a1 AR
1R Rk T B e FRABLIY) As 25 B SR U0 I G ok 7= 2R 1)
Fe’ " N T A, T EL B A5 T L BR Y

3
@© W pH fE 2 B 3E R ZVI BR ik

ST H S ERMEAR Fe b pH (B S A T Y £ BR
M pH{H =3.7 Bf, ) i 120 min J5 L BRFR ] T
78.8% , i pH & = 6.9 W}, #HI 19 EBRFRKF T
93.9% .

@  FHEREL BEERER A IR B B T A AR
B g BAEHE 7 ZVI BRih i 5 = F A, o
7 LA B it

@ EEAE L E N FLARBE T ZVI BRa [
B B X BRI A2 2R A FH 1 5 e B R B g

@  JEFHER S EIH T ZVI BRAN, FLE 5 R v
JEE 8 s AV TR

®  AREAZETTHIE (0 ~ 100 PV) ,ZVI BRfif
ROR RAFHASE , As BERBIRA KT 95.0% , 1K
As WREEIAZAR T 9.5 we/L, 7k pHHFFEE 7.6
~8.1 ZJu], 7K Eh fHRFEZ 110 ~ 145 mV Z i,
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