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Pittman 2007; Malik et al. 2009; Singh et al.
2015) = ARWFFE (gt ¥ & 278 LAY 3T KER
SRR PR R T B (1) R
gL 0 (2) F2BET RS - (3) IRIIE > (4)
BALEE S (5) EALIIBRES » MAEHE S (on
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B) 2B AR fOKERINE L2 RE
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IRIGTSBRI T K FRfl 2 5B

3t G 5 52 DUSE AR R B4 (N 120.255, E
23.673) BdE#EEE (N 120.307, E 23.614) FiJE
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B o AR BRTROK - N E /KOOI #ERS (10
um ) o AR E B = plBRas IR o BEEERAY
REBREAE Z RIS - GEEREL - W
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(1) BEE W F AR A 1,554 cm’

Z 2 EAMEEE > LSO V/S AR 1020 F 30
min 7 [&] 75 A B R T ORISR AR < (2) Wt
% 0 DL BIEM -Fr#hh (DMI-65, Rotek) £H
FEREIEE S R RIS R 2 K o S R A
TR o (3) ALEREEL  RIIE L#E - KA
9o R AL SR BERTAG PR AR © (4) EALIT
WL R KU > A E R EE KRS (E
1) HEUKALEUKER A b~ SO -
N 7NOKE R B R A D AT

N KERRAWER TR E R
2% 47 1 (WTW Multi-340i, Weilheim, Germa-
ny) g HIZKH Bz i (E (pH) (NIEA W424.52A)
(Environmental Analysis Laboratory 2008) -
FE (electrical conductivity; EC) (NIEA
W203.51B) (Environmental Analysis Labora-
tory 2000) » SHU[E—HEAL) 250 mL > FRA06H
W pH < 2 DAORFREA - KERRTRE 2 51
TR K oo R 2 BUS LA — Ok S BB OH AE
72 (NIEA W312.51C) (Environmental Analysis
Laboratory 2013) #E1T - &l & | DURER &
EAYE % (inductively coupled plasma-mass
spectrometry, ICP-MS, 7500C, Agilent, USA)
(NIEA W313.52B) (Environmental Analysis
Laboratory 2009) fg ] 5 7K o §# B o3 A - Al
DLRGTE#E & BB AT IR 128 B O sl 3 A8 (induc-

tively coupled plasma-optical emission spec-
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Fig. 1. A conceptual diagram of facility for ground-
water arsenic removal in the field.
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trometer, ICP-OES, Ultima 2C, Horiba Jobin
Yvon, USA) (NIEA W311.53C) (Environmental
Analysis Laboratory 2014) ] - & EpfE AR
BT 2 EE T o DIHESIEERE -

FEREIET IR
B = PRImE A

Pl A HA R I ¢+ SR B F o i 7 2
T-HEthE - PLIER AL AsY BB IR (H,AsO,
HAsO,") A#imE Z A - g k0.1
mg L 7 JF K 48 Fe i T R AR DAOK - BiAE By
17 0 1RERER - #E o] R /K ioRE > H=
HARAE  FRIRELY 25% - R famE 58
B RE R 22 2 R A o e S - U (A
T I B AL PR B ) ~ AR 1 [ RS BB SRR &
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FEE IR RS RS - R’ N K 2 B
REE > Kz As % By As" > {2 EET
B AT TEE AR K - B @K g As™Y &k
Fo AsY) B RREE > FETT B B 0Bk B 2R
(H811 2010; Singh er al. 2015)

INE SCRRIA ST B8 i T 22 2] 99% 1Y
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FeRitE = 2 AR - (HRIEDIIL B R E
HEFEAEY)E /A 1,000-10,000 Mg 7 4 K
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3,000 Mg ha' (YK E Al > BeEREsK « &
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65% H41
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Mo {531 0.1 ha & 51275 H R R 3 R AR 4T 30
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HEF M IR LT3 - R SUR S
HE A A BR K i 2 R SR DL SRS 1
H 7% i pH &1 [& & (Hering et al. 1997; Singh
et al. 2015) » FLRZ FEA% I Ky s 12 S ALIR
T ELEGAILH [Fe(OH); ~ FeOOH % ] - 1
R B R » EFR/Kd 2t (Bruce &
Sabine 1997) -

AEAER DAY R /KBS 25 0.1 mg L #E4T
i SRS RER I A SR - KA
LS8 > B EBR 50-90% o slEE LUAE R
20 mg L &L - 10 mg L AR S -
HRAINZ 868 E - HER I T K 0T E
B BB L B RIR 26 - AR e R 3 A 4%
BB T & S B RE4Y 260 mg L UK AATE
B S BB T RME4Y 240 mg L > /)
4920 mg L5 — Ml T /K 0% [E 58 = o
HERRFE4Y 100-1,000 mg L™ > HER A 2 & 7104
PEEEEE > DIE 1710 » B KR EE AT )
10-100 mg {5 & 1 Mg FI/K& - &9E £
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B E AR A TR E R - B ARAKF KR
J7iE RS AMEKIE A 20 g # AL (20 mg L) »
10 g KA H (10 mg L) » Hpl A & 1,000
Mg /K Z A4 200 7T - Ry e[ Rz % - EHFR
BIURAM SRR > R AR -
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Z A o (o R T A b R O SR T
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A& 8 » bl 2 70% By BRI R o &
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RS o SR TR A T A R R
BB 75 2P0 - o] K0 BE A0 A 25 PR ReR
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TS Ry 0.461 mg L o BUSEREHCHE T A EE
BEEE ~ WA - (EEIRERNE - EALIUBAE
ik e
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bR AKH 8 ~ SEAIR o ARG R T
K B 4GRS B 0.076 mg L™ > 4% & i 8
% HEREBIRSCE R 22% - (EFENh0{F
[ > &JF5 8 30 min 1% > FERAH A Z 0 T
HEORIRI B 22 B R 1% BECEFRUSEAF -

fLEREE « (BB BUE G DR GRS
0.078 mg L™ 1 0.099 mg L 7 #f T /K #7754,
B 16 2 Mg KHg > IAKY 40 g #ALSE (20
mg L) 8140 mL &AM (20 mg L) » fE3R
& 20 min {& - &ORIE AT ET] 50% AFRE 5
TR MR BRI UR 2 1F IR > o] B2 & BR A
o HENAFUANZ KA > Hingk g
i85 1 7K '8 $9  [ff EE (sodium adsorption ratio;
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{EJE s -
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EEDRE M TN K& &N S (Chen et al.
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FIREAM T KFfrE 2 #E RS BEE
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AR R T - FER LBR/K T 2 o (i stER
GES > REAEEHS 3 T K 2 BB E (IR R
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50% DL B DUEZR0R > HII4910 d i »
FEKHE 1/3 KALE LB 2 # oK - JRA] 2 5]
50% HFR% -

FARTUBCE 2 H T /K B b bE (5 BB i 2
AR 2 > B KPR B RT3 R s i - el
B Bl 4 L i (L B2 R B T A A T > B K

Table 1. Characteristics of groundwater in the experimental site.

EC SO, Cr As Fe Mn
Location (sampling time) pH (uS cm™) (mgL™) (mgL™) (mgL™) (mgL™) (mg L")
Dongshi (Aug—Dec., 2012)  69+0.1° 1636+ 18  443+167  69+13  0075£0.015 29405 056006
Beigang (Jan.—Mar., 2015) 7.5+0.1 1167 +36 266 + 81 42 +£20 0.461 +0.021 6.4+0.2 0.38+0.04

“ Value = mean =+ se.
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FEE > 0.05-0.10 mg L™ 0% » FE&FR 50%
&2 H > AR K EIZE#E 0.05 mg L
HETTR R AR AR 1-10 d » E7KP R
FE# > A B g S LS E R A R T e
AREEEFIRMT ~ IR ZSE - B oK RE
£ 0.10-0.25 mg L' > ZE5F 80% DL 6

BesH H4

REFFEE R KB AR » HprRIEEKITAER
£)3-30 d - fhEt &R T ARERFEWFE 2 Fr
e

At B i B 25 bR B 2 MBI M 20 3
HRHE R » R HBA (48 A 2000-2014 £33
TREBH T /KESHIE R 2 Fe 81 As 24018 4
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Fig. 2. The relation of arsenic removal ratio and reaction time using oxidation precipitation method (0.5 h-30 d) -
2. HEAMLERRBLEHESE(LIUBEFRRH AT CE TR -

Table 2. The required time for the reaction of oxidation precipitation method and coagulation method.

As concentration in ground water Adding FeCl, Adding oxidizing agent

(mg L") (1020 mg L™ (1020 mg L™ Filter Days to remove

0.05-0.10 X X X 15
X X O 3-5
(6] X X 10
O (0) (0) 1

0.10-0.25 X X X 30
X X (6] 3-5
O (0) X 5-10
O (0) (¢} 3-5

>0.25 X X (¢} 30
(0) (0) (¢} 5-10

“ X: no use; O: use.
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Fig. 3. The relation of arsenic and iron removal using oxidation precipitation reaction with/without filtering.
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Fig. 4. The distribution of As and Fe content in groundwater of EPA monitoring network (2000-2014) and suitable
range to apply oxidation precipitation to remove As without filtering.
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TKEAT » 495 70% 2 T/KETE#EE
IREAL - RE T ZAChERR S 22 R BE /K B AT DA
N EHER R ZH K AIFHFEE 10 mg L
HOREE R o BT L EOt T Kb

B 0.1 ha i - KHEBMERFRKEL
1,000 Mg » £y 300 Mg > 5%ifi%) 100 Mg >
DIRKEES 2 BIERETE - FHIED 6 ZU¥
B 50 Mg /KR BEE AL 30 Hitet®E - 1]
{EFI 20 4% - B 40 HAME - 5t FH SALDIROE -
G HTE F /KR A4 8,000 7T 5 BEAM - FHER
NEEE - LBIRENE - AR BIURY) &
W) (R B AN TR -
B ERM BALE R

RBR B RAR AT DULEIRS
7% BALIUBERA (I RGE  WARE R
AT 90% DA b » Bl 5B fift Py 75 B il £k b 2
AR e B AR 1-30 d - BN KA
4730-100 ST /A4  BLARE BARZE 4L AT (Agri-
culture and Food Agency 2016) 24 0.1 ha /K
R FE AR 2 7K B 47 100-200 7T > BI4YE
MK EEL) 0.1-0.2 T » ST 5 FEMHK
B GEEER - A o HUAE DR BEER R 5
BOMERIE E KRV 2 BIER AT Kk
M sCERER R - TR RA 2 BogE skl 2
S ff o

3. BIERREERTTIALLEL -

BesH H4

H ARG Z B WA - b S ERAREAE 50%
DIT > HEEVEAKASSEAEN - £F
B DUV BREANGEENE - W RERARE
H HE R B ER AN EERSEEAES © &
bR R - Bl E B HAOKEE® > Dl
= KA > F A 12 JeEt 5 > RIE 0.1 ha
B F1F /K RA LT 3,600 7T HEHEEE
HOKE SR - HAOKHTRE SE & 100 m
¥ 10-20 EJT > 1£ 100 m N5 5 AOKE & A
BE > WHEERENEAAER > HEED
R B T LSRR AL ~ SAEIURZED
BEAE > BREKERMA S - SRR
FRZRER ~ (BHRE B ER EEE AR 3 R -

HEiam

AHHIERES B T K BRI B
RIDMESEERE - LR B s -
R K B 5 3 T 90% LA+ ficd K
R U T2 BT 130 4+ B
%0 BRI R B R 2R SR
030 A S R /R K L B T
-

s

AR ET BRI REEZ R G EHE M

Table 3. Comparison on the efficiencies of different methods to remove arsenic.

Removal Equipment/ Waste Cost”
Method efficiency Storage Reagent (Mg season) (NTD 0.1 ha season™) Defect Advantage
Ion-exchange  <30% No  Anion resin >3 0.9-1.2 million High cost Fast
resin
Adsorption <50% No  Activated carbon >4 0.3-0.8 million High cost Fast
Chemical 50-90%  Need FeCl, (NaClO, 0.02-0.04 = 10,000 Long time reac-  Easy, low
coagulation H,0,) (without filter) tion cost
Electrical 20-99% Need Iron rods (board) 0.02-0.08 10,000-20,000 Dangerous for Fast, low
coagulation /DC transformer  (without filter) high power supply cost
Oxidation 20-90%  Need No 0.02-0.03 = 8,000 Long time Easy, low
precipita- (without filter) cost, low
tion waste
Tap water No No No No = 3,600 (connecting Controversial of  Lowest
pipe, 0.1-0.2 million ~ water using cost, no
NTD 100 m™) waste

“The cost is the estimation of 300 Mg 0.1 ha"' season” water for upland cropping. The storage tower is 50 Mg and cost is about

300,000 NTD, 20 years (40 seasons) depreciation.
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Comparison on Various Methods to
Remove Arsenic in Groundwater

Chong-Yi Liao', Pei-Tzu Liao', and Chi-Ling Chen™

Abstract

Liao, C. Y., P. T. Liao, and C. L. Chen. 2016. Comparison on various methods to remove
arsenic in groundwater. J. Taiwan Agric. Res. 65(4):420-429.

Groundwater is one of water resources for agricultural irrigation in Taiwan. However, the arse-
nic (As) content is higher than the As criteria of irrigation water (0.05 mg L™) in some locations. The
objective of the study is to find out a better removal method to diminish As concentration in ground-
water. The lab-scale tests were attempted to compare the effectiveness of different methods such as
chemical coagulation, ion-exchange, electro-coagulation, absorption, and oxidation precipitation.
Some removal tests based on the lab data were conducted with 2 Mg volume groundwater at field ex-
periments. The results revealed that the ferric chemical coagulation and oxidation precipitation meth-
od had higher efficiency in field studies. It required 1-30 d to the whole course of treatment based on
different methods. The storage facilities are necessary for field application so that these methods are
suitable for greenhouse or drip irrigation.

Key words: Groundwater, Arsenic, Ferric chemical coagulation, Oxidation precipitation.
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