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Mechanism of Groundwater As( V) Removal with Ferric Flocculation and

Direct Filtration

KANG Ying'?, DUAN Jin-ming', JING Chuan-yong®"

(1. School of Environmental and Municipal Engineering, Xi’an University of Architecture and Technology, Xi’an 710055, China;
2. Research Center for Eco-Environmental Sciences, Chinese Academy of Sciences, Beijing 100085, China)

Abstract: The As removal process and mechanism from groundwater using ferric flocculation-direct filtration system was investigated
using batch, field pilot tests, extended X-ray absorption fine structure ( EXAFS) spectroscopy, and charge-distribution multisite
complexation (CD-MUSIC) model. The results showed that arsenate [ As( V) ] was the dominant As species in the groundwater with
a concentration of 40 pg-L~". The treatment system could supply 64 984 L As-safe drinking water ( <10 pg-L™") using Fe 1.5
mg-L~". Toxicity characteristic leaching procedure (TCLP) demonstrated that the leachate As was 3.4 pg+L ™", much lower than the
EPA regulatory concentration (5 mg-L™"). EXAFS and CD-MUSIC model indicated that As( V) was adsorbed onto ferric hydroxide
via bidentate binuclear complexes in the pH range of 3 to 9.5, while formation of precipitate with Ca or Mg dominated the As removal
at pH >9.5.

Key words: arsenic; groundwater; ferric chloride; flocculation-direct filtration; charge-distribution multisite complexation model;
extended X-ray absorption fine structure ( EXAFS)
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Fig. 1 Schematic diagram of direct filtration system

for arsenic removal in groundwater
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Table 1 ~Water quality parameters of Shanxi

groundwater and filtered water

iH JEK JEJR 7K
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Fig. 2 Optimization of ferric coagulant dosage for As( V')

removal in Shanxi groundwater
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Fig. 3 Filtration results of As( V') concentration in raw water,

filtered water, and filter pressure of Shanxi groundwater
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Fig. 4 As(V) k-edge EXAFS data for groundwater As coagulated solids
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[;/%[27].

ST As( V) FEBLAK 5 52 Br b T oK o 2B
() 22 Sk R HCHLA v CD-MUSIC iR % As (V)
R B AT DL B [ I 5 AL 6 () . AR
EXAFS 253 LA Fe,0,As0,° il Fe,0,AsOOH ™' 435l
REAEF TG FILAIAs( V) B FE25 48 , 1
R S 5 5053 590 o 28 T 35 (36 2) YL R X
R A 0T S R R K TR, 25 3R W 7E pH 3
~9.5 N BEUS AL U b B As (V) 1 R B 35
pH >9. 5 B, HARE 3R 3 i iiye R hn AR |
As( V) EHILE S5 R A Re 5 LR 25 AW . X
UL pH A5 N R K Ca® | Mg " 4F B 15
As( V) IERITTE, HEMmAs (V) BB,

R, SEBR T 7K As( V) 25 BR A7 A6 P FP AL .
TEpH3 ~9.5 WEE N, As( V) E L Fe(OH), K
B3, pH>9.5 if,As( V) FE L5 Ca Al Mg IE
BCLYE 9B Sk 2B, 78 pH 7 ~ 9 [, CD-
MUSIC BB il T As (V) UM IESCR | ix mT RE 2
TR T R B T S X As (V) KBRH
o (RN (Y £ i i = 73l A S

H 510 2 19 &, CD-MUSIC #5500 45 5 5% 0A v fit
BAs( V) FE pH = 11 BF2380 , S B 5 U s i/ [
6(b) ). X R T2 pH > 11 W, 3R 7K o e e B 1
Ca®* . Mg’* Ml €O}~ 5 MM H = f1 [ CaMg
(CO,), | &R BEG Mg’ 5 OH ™ JEBUKEEA
[Mg(OH),] (Bl 7) . B EA W A CO3™ &M
Ca” " B BR 4 ( CaCO, ) TLTE, K I A3 CO3-



2 4 A SRR BBE- LG UE T X R K As( V) B EBRILIIIFSE 527

HAs( V) SERWEEE Ca> P XL ARSI As( V) T BUE R E I R R A As (V) W

TR S (S . B pH MiE— 20 BJF, Ca*" &5 NSRB[RI 6(b)].
100 100 =
@ - ‘/@g (b) ?7\\\ "\ /
S0 & $0 | LAY
1‘ _||II I N R
By A
§- 60 of 60 L lll"JI 1”4 ﬁLi’iE-éi
& % {1
i G I
o 40 Z 40 - r[l" r
2 wmE )
20 |- 20 [ SN A
oY
flr }“ \\,’r \\
0 1 1 | 1 0 ] A S T
3 5 7 9 11 13 3 5 7 9 11 13
pH pH

(a) HAs( V) ZERZE (1) & CD-MUSIC B L (2£8) 5 (b) A CD-MUSIC BT T As( V) AR 57045 il 2k

& 6
Fig. 6

#*2 CD-MUSIC #&#l{E AR RES 27

HT7kE 100 pg-L-'As( V) R[E pH T B Bif B £ K CD-MUSIC #$
100 pg-L~' As( V) removal curves from groundwater under 1 mg-1.~'Fe( Il ) and CD-MUSIC modeling

B

XY

Table 2 Surface parameters and species used in the CD-MUSIC modeling

B P, P P, FeOH Fe,0 H AsO, Na cl 1gK
FeOH 172 1

FeOH, /2 1 1 1 7.2913]
FeOHNa *'72 1 1 1 -1
FeOH,Cl ~'"2 1 -1 1 1 1 6.29
Fe,0~'2 1

Fe, OH *'7 1 1 1 7.29
Fe,ONa*!? 1 1 1 -1

Fe, OHCI -2 1 -1 1 1 1 6.29
Fe,0,As0,? 0.5 -5 2 2 1 28
Fe,0, AsOOH ™! 0.5 -0.5 2 1 35
FM FeOH 1V 4 4% %/ mmol - g ~! 62!

LR MR/ /m? g ! 400

PJE%5H € /F m 2 1. 1018

SMNZ4SHE Cy/Fom 2 58]

1)Py =exp( = F¥,/RT), P =exp( = F¥,/RT), Py =exp( — F¥,/RT) ; IEPIEHE F,Comol =1 SAREEL R, J- (mol - K) ~'; AXFIRSE T,

K; %, ¥, ¥, 5358 0- 1-, 22 ERY#EHLE
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Table 3 Reactions and parameters used in the CD-MUSIC modeling

3 BB lgkK Sk
(1) HyAsO,=H,AsO; +H* -2.2 [32,33]

VRV P 4 S R (2) HyAsO,=HAs0?~ +2H* -6.8 [32,33]
(3) HyAsO, =AsO}~ +3H* -11.6 [32,33]
(4) 3Ca’* +2H;As0, +4H,0 =Ca, (AsO,), + 4H,0 +6H* -22.3 [32, 33]
(5) 4Ca’* +2H;As0, +6H20 =Ca, (OH), (AsO, ), - 4H,0 +8H* -28.1 [34]

UUHE R (6) Ca’* +CO%~ =CaCO; 8.48 [32,33]
(7) Ca** +Mg** +2C03~ =CaMg(CO;), -17.09 (32, 33]
(8) Mg?* +2H,0 =Mg(OH), +2H* -16. 84 [32,33]
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Table 4  Characteristics of the filtration backwash sludge

SH et
15T BY/L 15. 86
U3 pH 7.09
VUBEM L35 As Y/ g+ 1L~ 4.5
bt RITAR TN V0 M 11.75
RV KE % 80. 20
TP As i/ mg-kg ™! 8 326
TCLP As ¥ ¥/ pug-1L~! 3.4
TCLP % pH 5.19
3 g

(1)FeCl, 25t-H AL U8 T A A LRI T
K As( V), K IE R KR H KR . S 1k 5% i
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