FRERTFEL R £ b

17 R

HIEE R 204 = 0N B LR
EE X 1 kD)

S
HEYRF
H o7 HE =

R 0 R A G- E RS-

DO s A

: NSC 97-2116-M-041-001-
D97 E 082 0l p 2 98 & 072 31F
A BT B AT L

M < 45

Rt iE

AR REE R ERELEF LG

SR



O = O O

[ | [
NSC 97 2116 M 041 001
97 8 1 98 7 31

9 8 10

29



1.5km 1.mMKk
200m

2050m
20083
1 6m

65 55 45
2007 2009

20100m

1000 mMm



The occurrence and movement of hot spring water in Jiaosi,
Northeastern Taiwan

Abstract

The Jiaos hot spring is one of the most important hot spring destinations in
Taiwan. The hot spring water resource meet great challenge for an increasing
development of hot spring resorts in decades. Studies showed that hot water had been
extracted in excess of its recharge to the aguifer and the overpumping had caused the
hot water front retreated and temperature declined. However, there is no long-term
monitoring data to prove the time and magnitude of those overpumping events. For
understanding the occurrence and movement of hot spring waters, we compile a
hydrogeological conceptua model from driller’ s logs and by measuring the
temperature profile in wells. We aso install probes in four wells to monitor the water
levels and temperatures.

The quartzite in west hillside is the source of hot spring waters which flow upward
along fractures and enter the horizontally unconsolidated sedimentary aguifer, then
flow mainly to southeastern. There are three layers in the aquifer, with upper and
lower layers of gravels and sand layer in the middle. Thickness of the aquifer is about
20-100m in the northwestern upflow area and over 200m in the downflow area. The
hot waters distribute over the aquifer with a surface area of about 1.5x1.0 knr?.

There is asignificant correlation between water levels rise and rainfall intensity. In
September of 2008, the water levelsin hot spring wellsraised for several meters while
the rainfalls were over 1000mm. The temperature of the middle layer is higher than
the upper and lower layers that indicate the middle layer has been pumped intensely.
According to our data, we suggest that there is no hot water front retreated or
temperature declined in the monitoring period of one and half year.

Keywords: Jiaos hot spring, water level, temperature, monitoring
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The occurrence and geochemistry of arsenic in groundwaters of Taiwan
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168 University Rd. Min-Hsiung, Chia-yi, 621, Taiwan

Liu, T liutk@ntu.edu.tw

Department of Geosciences, National Taiwan University, No. 1, Sec. 4, Roosevelt Road,
Taipei, 106, Taiwan

Blackfoot disease caused by digesting water with high concentration (>0.3 mg/L) of
arsenic from deep wells affected thousands of people in Chianan of Taiwan during 1930 to
1960. Drinking water with arsenic, even in a lower concentration (0.1-0.01 mg/L) increase
risk of cancer that had been demonstrated by a number of studies on Taiwan. By concerning
the effects of long-term chronic exposure to arsenic, the EPA of United States had revised the
regulatory limit of arsenic for drinking water from 0.05 to 0.01 mg/L in 2006. Many
researches have investigated on the occurrence and chemistry of the arsenic-contained
groundwater and its health effects in Chianan of Taiwan. However, there are only a few
studies on the other groundwater basins of Taiwan that providing about one third of water
supplies for a population of 21 million. In this study, we investigate the occurrence and redox
geochemistry of arsenic in nine magjor groundwater basins of Taiwan.

The values and concentrations of pH, Eh, dissolved oxygen, nitrate, sulfate, iron,
methane, sulfide, bicarbonate and ammonium in groundwaters were determined with atotal of
610 monitoring wells in 2006. More than 60% of wells in the GW6 basin with a concentration
of arsenic exceed 0.05 mg/L. The groundwaters in GW6 basin also have the highest average
arsenic concentration. The exceeding percent (>0.05 mg/L) of wells for GW7, GW5, GW9
and GW8 basins are 30%, 20%, 18% and 8%, respectively. All of arsenic concentrations in



groundwaters of GW1 to GW4 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 GW3, GW1,
GW2 and GW4 basins are 28%, 24%, 23% and 6%, respectively. Our results suggest that the
concentrations of arsenic as well as iron 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 GW6 basin, show a trend
of higher arsenic concentrations.

0496 Water quality

1065 Major and trace element geochemistry

1831 Groundwater quality

Hydrology [H]

2008 Fall Meeting

Table 1 Percent of wells that exceeding the evaluation concentrations

Evaluation Ground water Basins
concentration T1 T2 T3 T4 T5 T6 T7 T8 T9
pH 7.0 81 59 62 16 91 96 9 82 92
DO 1 mg/L 19 4 8 60 6 0 0 16 10
Eh omVv 24 4 23 60 13 0 0 27 28

EC 750p S/lem 19 23 12 16 22 84 91 25 31
Hardness 120 mg/L 57 50 76 90 77 91 100 90 49
As 0.01 mg/L 24 23 28 6 33 82 85 40 55
As 0.05 mg/L 0 0 0 0 20 60 30 8 18
Fe 0.3 mg/L 76 64 67 42 64 69 27 38 41
Mn 0.05 mg/L 81 100 86 55 64 57 33 56 56
NOs-N 1 mg/L 5 14 17 35 12
NOs-N 10 mg/L 0 5 2 0 1
NH4*-N 1 mg/L 52 0 21 3 22 88 79 24 62
SO4? 3 mg/L 71 86 93 100 74 60 100 88 72
HCOs; 500 mg/L 0 0 0 0 4 30 9 2 15
CHa 5000 ppm 0 0 0 0 3 41 9 5 13
DOC 4 mg/L 10 5 0 6 6 47 18 1 10
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Fig.2 The plots of median concentration values of iron and bicarbonate for
arsenic-contained groundwaters. Points T1 to T9 from Taiwan (this study);
A for LaPampa, Argentina (Smedley etal., 2002); B1 (Zhengetal., 2004),
B2 (Nickson et al., 2000), B3 (Swartzetal., 2004) and B4 (Anawar et al .,

2003) for Bangladesh ; M for Mahomet, Illinois (Holm et al., 2004); Ma for
Marshall, Michigan (Szramek et al., 2004); P for Newark, Pennsylvania of
USA (Senior and Sloto, 2006); V for Hanoi, Vietnam (Postma et al., 2007).



The occurrence and geochemistry of arsenic in groundwaters of Taiwan

Wen-Fu Chen Email:chenwenfu@ntu.edu.tw
( Institute of Hot Spring Industry, Chia-Nan University, Taiwan )
Hsueh-Yu Lu
( Department of Earth and Environmental Sciences, National Chung Cheng University )
Tsung-Kwei Liu

( Department of Geosciences, National Taiwan University, Taiwan )

Introduction

Blackfoot disease caused by digesting water with high concentration (=0.3 mg/L) of arsenic from
deep wells affected thousands of people in Chianan of Taiwan during 1930 to 1960. Drinking water
with arsenic, even in a lower concentration (0.1-0.01 mg/L) increase risk of cancer that had been
demonstrated by a number of studies on Taiwan. By concerning the effects of long-term chronic
exposure to arsenic, the EPA of United States had revised the regulatory limit of arsenic for drinking
water from 0.05 to 0.01 mg/L in 2006.

Many researches have investigated on the
occurrence and chemistry of the arsenic-contained
groundwater and its health effects in Chianan of
Taiwan. However, there are only a few studies on the
other groundwater basms of Taiwan that providing
about one third of water supplies for a population
of 21 million. In this study, we investigate the

4 0

24

occurrence and redox geochemistry of arsenic in nine

major groundwater basins of Taiwan. The values

1 - .
o 2 and concentrations of pH, Eh, dissolved oxygen,
i Efﬂi:: nitrate, sullate, iron, methane, sullide, bicarbonate
: E;::;:l: and ammonium in groundwaters were determined
7 Kaoshiung with a total of 610 monitoring wells in 2006.
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al., 2002); B1 (Zheng et al., 2004), B2 (Nickson et i P ' Evapotranspiration
al., 2000), B3 (Swartz et al., 2004); B4 (Anawar et T 200 400 600 800 1000
al., 2003) Bangladesh ; M - Mahomet, Illinois (Holm HCO, (mgiL)

et al., 2004); Ma -Marshall, Michigan (Szramek et al., 2004); P - Newark, Pennsylvania USA (Senior
and Sloto, 2006); V - Hanoi, Vietnam (Postma et al., 2007).
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High concentration of As in reducing enviroment

Our results suggest that the concentrations of arsenic as well as iron 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 G6 basin, show a trend of higher

arsenic concentrations.
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Fig. 5 (A) Groundwaters of G6 would saturated for orpiment if pH is about 6. (B) A total of 56 samples
contain sulfide and arsenic in G6 basin are all under-saturated for orpiment (As,S,).



