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ABSTRACT

Groundwater water makes up about 30 percent of total water supply in Taiwan and a
lot population depends on groundwater for its drinking water supply. It is important to
investigate arsenic concentration in groundwaters of Taiwan, which is a commonly
occurring toxic substance in groundwater. Previous studies show that arsenic mobilization
could be controlled by redox condition in aquifer. However, only few studies focus on the
redox condition and arsenic concentration in groundwater of Taiwan. In this study, we take
water samples from 610 monitoring wells of the Groundwater Monitoring Well Network in
nine groundwater basins. The concentrations of arsenic and some redox couples in sampled
groundwaters are determined for finding the correlation between the two variables.

We use concentrations of redox couples as the index of redox condition in aquifers.  The
values and concentrations of pH, Eh, dissolved oxygen, nitrate, sulfate, iron, methane,
sulfide, bicarbonate and ammonium in groundwaters were determined. More than 60% of
wellsin the T6 basin with a concentration of arsenic exceed 0.05 mg/L. The groundwaters
in T6 basin dso have the highest average arsenic concentration. The exceeding percent (>0.05
mg/L) of wells for T7, T5, T9 and T8 basins are 30%, 20%, 18% and 8%, respectively.
All of arsenic concentrations in groundwaters of T1 to T4 basins are lower than 0.05
mg/L, but some samples are higher than 0.01 mg/L. The exceeding percent of samples for
arsenic 0.01 mg/L in T3, T1, T2 and T4 basins are 28%, 24%, 23% and 6%, respectively.

Our results suggest that the concentrations of arsenic as well asiron in groundwaters
of Taiwan were elevated by the iron-reducing process in aquifers. Samples, especially
those with higher concentration of bicarbonate (> 400 mg/L) and oversaturated methane,
mostly in the T6 basin, show atrend of higher arsenic concentrations.

Keywords: Taiwan, Groundwater, Arsenic, Redox, Redox couples.
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1. Kk o B HE I MR A NIEA W217.50 A F #J% 0.01 °C
2. pH : &% I MR A NIEA W424.50 A F #J% 0.01
3. AR T BMEE # iR APHA (20th) 2580 B % 50% 0.1 mv
4. REA  EAERE A uAzAl  APHA (20th) 4500 OG 0.10 mg/L
5. TR R SHE iR APHA (20th) 6211 B 5000 ppm (F.54)
6. EXYAHE £ A itA NIEA W203.51B F 4% J% 001| puSlcmat 25°C
7. 45 : EDTA ATk APHA (20th) 3500-Ca B 0.51 mg/L
8. 4 : EDTA ATk NIEA W208.50 A 0.31 mg/L
9, RN T s APHA (19th) 3500-K D 0.65 mg/L
10. G R RIE S APHA (19th) 3500-NaD 0.69 mg/L
11. MR Rk NIEA W449.00 B 15 mg/L as CaCOs;
12. FAET « REERER A Tk NIEA W407.50 A 2 mg/L
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(APHA, 1998).2 fE ¥ Fik( 2) - HBRE 2R 5 |
SRR 0 DUREE 2 W mERA | 1
AepiE] » LK 10-15 £ o ARFFCRIIRIER 500 — T s . T s
& 2001 4 » 45 610 [ & M O FH & B A A A M
2 W oOF O h A R B
- Ot SRS CERRIRRE 2 SILBREMIEIERS

HHIF) S LEF IR IF3-400 ~ +300 mV
LIS A fiE e H 8 2 & rh R B A SR A
w0 E i R A LRI = (] 2) © 2%
K KB E A AR EE 1 mg/lL (Y

HEL DL s iR ) ~ % 60% (55 3 K& 3) -
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sk J& (unconfined aquifer) » &5 AS IR KA

—61—




*=3 OEtNENTKBBTGEEHEES DL
AR FAERE &k | ®E o & ¥ HE | Em A | BR e
pH 7.0 81 59 62 16 91 96 94 82 92
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Chen and Liu, 2003) - 15 H1 43 3t R 2 B 1R =5 I
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IRk e i 26 ~ 33 100% » FLZX 4T B sl
B H R 86% o Hiifg AL FLIEY) - 1E
FULRIFEARIER+500 mV > FRGAHHE R
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AT e e e 5 PR FEE R A L B G - DRI G T
7K F R AT s e £ 2 2T C I S o el A L
SR AR - 8L pH BUEE > ARDL pH Bk
1B > KSR IR R B o kR BT v i ) S
g G EEa e - RG22 R AR+
2EH o M KAY pH (EfR{K » FOIES R 6.87 K
6.91 ([& 5) - Rt /K SRR S R & -

SR TR A 0.3 mg/L (B LG LR
HAS 0 S T6%F 69% o st LI B Al
s R0 E SR DUE LB B R AL S
F o TER R BRI R — EHE o B K
s EUKHE A TR AR S e 1 - ST R 35
i b (Morse et al., 1987; Chen and Liu,
2005) B[ ~ 77 Ee ~ 5 e s e 4 S o P e e 250
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{Ld (FeS)RE R MRF IR F - O W A3 155 o ST
(FeS,) » HUAMRE i LsiEAR % -
Fe” + 2HS = FeS, + 2H" + 2¢
logK =18

mr b BSR4 R b & (R L AN

{Z7E > 0] LUV 55 1 e Bl 2 I S JE A TRYURE I 2
SO, 2+ 9H* + 86 = HS + 4H,0

logK = 33.66

frfb &t RS 0.1 mo/L {8 - Lladt - 54r
e st A 2 (18] 3) o A 3mo/L HYH:
%> QLG el D - efaH » KRk
HHR RS 2.9 mo/lL g5 38 A ri R BRI 1
Fi(Lovley and Klug 1986, Kirk et al. 2004) - #$4-
i e ol 52 I P ) 80 B R D B R {2 - 150
mV (Postgate 1984) -

H AR K 19 F AL R IR ST > AR R
(Methanogenesis) /& B R R EIFIEH 2 — &
I KR DU I S R e S
% ~ & 41% > i1 - S AR E
FE DRI EEIRIH FF BESR, o 5 e s A4
HiR K o R R SR R AL % 8YC (Y -67~
-75%%o » BB AE S 7k H — A A i SR i o
(Liuet al., 2009) » F&E A Bl E A8 — S b
3 10) » BUEAS HEATE A28 2L 1)

CO, +4H, = CH, + 2H,0

AG® = -32.4KCa .o, (10)

CH3COOH = CH4 + C02
AG®=-31.0KCE ..o, (11)

W Il iz i #5 B — % Ab fi A B (Oremland, 1988;
Chapelle, 2001) - [ fEX 10 % # 4 TR -
RERRK S S - TR R I S FE ST
FRE A RS IE » i R R A R e
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mg/L # » A5 IE IS HE

2CH,0 + SO, + H" = HS + 2CO, + 2H,0...(12)
B SALMRC BIERT 2 » IRt AN e
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6 TR P KRS MR

S J(Crill and Martens, 1986; Hoehler et al., 1994) -
— T STV 100 mg/L BEERIR K 5 1K
i EfE % 19000 mg/L » #117> 100~19000 mg/L
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REHIARE » Bt R - FER
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mRIRRIE R > SR S ARG -

A 11 HIZ AR PREMERES - EE IR
o Y A R L F e B — S L (Phel ps
and Zeikus, 1984; Kuivila et al., 1989) - {£& /K /&
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CO, + HyO=H* + HCO3 ovoorerrveerrre. (13)
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