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ABSTRACT  

 
The present study has managed for the determination of arsenic in water collected from an 
abandoned tin mining area at Tambon Ong-pra, Amphoe Danchang, Suphanburi Province, in 
central Thailand. The catchment area comprises an abandoned tin mine and inhabitants of 
the region. The concentration of arsenic in water samples was determined using Inductively 
Coupled Plasma Mass Spectrometry (ICP-MS) with emphasis on water sample digestion and 
interference reduction procedures.  Standard addition technique has been found to be an 
excellent method for reducing matrix effects. Contamination of total arsenic in the water 
varied from 76 to 748 g/L, 54 to 530 g/L and 32 to 607 g/L in October 2008, January 
and March 2009, respectively. The highest concentrations were found in the mining pit with 
the average arsenic concentration of 748 ±285, 530 ± 405 and 607±65 g/L in October 2008, 
January and March 2009, respectively. Arsenic concentrations in 80% of the water samples 
were found to exceed 50 µg/L set by WHO for Drinking-Water Standard. The high 
concentration of arsenic in water indicates the potential problem to human health from 
various stages of arsenic poisoning in this area. 
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INTRODUCTION 
Arsenic contamination in groundwater 

has been reported to cause significant human 
health effects in many Asian countries such 
as Bangladesh, Cambodia, India, Taiwan and 

Thailand. In 1987, human health problems in 
Ronphibun district, Nakhon Si Thummarat 
Province, Thailand were reported to the 
public when the first serious case of keratosis 
and hyperpigmentation was diagnosed on a 
resident who suffered from arsenical skin 
cancer. In the area, this sickness is called * Author for correspondence 
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“Kai-Dam” because it has dermatological 
symptom of creating dark spots on the skin 
to a hardening of the skin into nodules, often 
on the palms and soles. The Ministry of 
Public Health investigated arsenic associated 
with keratosis and hyperpigmentation, during 
1987 to 1988 were found that 1,150 cases 
identified as having arsenical skin lesions 
and 818 (85%) patients were recorded as 
residents in Ronphibun subdistrict. The 
reports in 1994 showed that 162 of 616 
participants were identified as the patients 
with arsenical skin manifestations 
(prevalence rate of 26.3%). By the late 
1990s, around 1,500 people have been 
diagnosed with arsenic related skin disorders. 
Arsenic concentration in the Ronphibun area 
has been thought to be from both point 
sources (leachate from tin dressing plant 
wastes) and diffuse sources (underground 
placer deposits) 1, 2.  

 
Tin mining activity in Tambon Ong-pra, 

Dan Chang Distict, Suphanburi Province 
started in 1980s and closed in 1990s. Since 
no reclamation of mining pits and mine 
tailing was performed, spoil materials was 
dispersed from the tin mining working areas 
resulting in arsenic contamination of soils 
and water in its vicinity. In Tambon Ong-pra 
area, water in the abandoned tin mine has 
been used as the main water source for local 
consumption. Arsenic levels in raw water 
was reported to range from 58 to 32,161 
µg/L, with the average arsenic concentration 
in the mining pit of 5,342 g/L3, 4. Both 
chronic and carcinogenic risks to human 
health, caused by arsenic exposure through 
drinking water pathways were estimated. The 
former standard for arsenic in drinking water 

was 50 g/L and was revised to a lower 
value of 10 µg/L for drinking water    
standard 9, 10 . The high arsenic concentration 
in raw water will certainly impose high 
health risks from various stages of arsenic 
poisoning to residents of the areas. Although 
arsenicosis has not yet been reported from 
central Thailand, this area is suspected of 
having a groundwater arsenic problem. 
Arsenic is a naturally occurring constituent 
of the earth’s crust and is the 20th most 
abundant element. Arsenic is released in  
the environment through natural processes. 
Arsenic occurs in both inorganic and   
organic forms in water. The main organic     
arsenic species, methylarsonic acid and 
dimethylarsinic acid, are generally present in 
smaller amounts than the inorganic forms, 
arsenite and arsenate. The oxidation state of 
arsenic in surface water in several parts of 
the world remains largely unknown. There is 
a large range of arsenic concentrations found 
in natural waters, with typical values seem to 
be a few mg/L or less8-10. 

Study Site 

The abandoned tin mine at Tambon 
Ong-pra, Dan Chang District, Suphanburi 
Province is located in the central part of 
Thailand.  The area is approximately 80 Km 
west of Dan Chang District, at a latitude of 
14o 0' 30" N and longitude of 99o 41' 50" W 
(Fig. 1).The mining area covers the catch 
-ment of approximately 4 km2, extending 2 
km in a north–south direction with a 
maximum width of 2.5 km. The average 
depth of the abandoned tin mine pit is 1.3 m, 
with the maximum depth of approximately 
2.1 m. Three areas around the tin mine were 
also surveyed to identify the study locations. 
The abandoned tin mining pit was chosen to 
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represent the site most at risk. In addition, 
two other areas in the vicinity of the tin mine 
were selected and surveyed. Sampling of 
water was taken place during October 2008, 

January 2009 and March 2009 at 13 stations 
(Fig. 2). All samples were placed in cool 
iced-box and transported back to the laboratory 
for further chemical analysis.  

 
 

 
 

 
 

Fig. 1 : Location of Suphanburi Province, Thailand 
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Fig. 2 : Map of study area and the sampling site at tambon Ong-Pra, Danchang District,Suphanburi 
Province, Thailand. # 1-9 are samping sites in the abandoned tin mining and contaminated arsenic. # 
10-13 are sampling sites in adjacent areas and not contaminated arsenic.  
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MATERIAL AND METHODS 

Inorganic arsenic standard and other 
individual stock solutions of internal 
standards (ICP grade, 1000 ppm) were 
obtained from AccuTraceTM   Reference 
Standard Arsenic 1000 ppm (Lot N. B 
2095027). All other chemicals were of 
analytical grade or better. Distilled deionized 
water (DDW) was used in all standard and 
sample preparations. All glass and plastic 
ware was cleaned prior to use by soaking in 
5% nitric acid overnight, rinsing with DDW 
water and storing clean. The ICP-MS 
instrument used in this study was Model 
ELAN 6000. 

Digestion of Water Sample 

EPA Method 3005 A is an acid digestion 
procedure used to prepare surface water and 
groundwater samples for analysis by 
ICP-MS when analyzing for total arsenic. 
For total recoverable arsenic, water sample 
was acidified at the time of collection with 
nitric acid. At the time of analysis the water 
sample was heated with acid on a hot plate 
heating source at 90 to 95oC until the 
volume was reduced to 15-20 ml. The 
digestate was then filtered and diluted to a 
final volume of 100 ml with distilled 
deionized water (DDW) and was then ready 
for ICP-MS analysis. Reagent grade 
chemicals were used in all tests. Nitric acid 
and hydrochloric acid (concentrated) were 
analyzed to determine level of impurities 
(method blank was less than the MDL which 
was 0.025µg/L.  Replicate water samples 
were used to determine the precision while 
spiked water samples or standard reference 

arsenic for ICP-MS was employed to 
determine the accuracy.  

For standards linearity assay, a blank and 
4 calibration standards (200, 400, 800 and 
1800 ppb) were carried out. Calibration was 
verified by analyzing a midpoint calibration 
blank at the beginning and the end of a 
sample run. All samples were prepared with 
a fixed amount of reference material to 
which increasing amounts of standards were 
added to cover a similar range as in standards 
assay. All calibration arsenic standard and 
blanks were prepared in a matrix of 2% nitric 
acid and mixed to all calibration standards  
to provide appropriate count rates for 
interference correction from 40Ar 35Cl5-7. 

RESULTS AND DISCUSSION 

We sampled 9 stations in the abandoned 
tin mining pit and 4 stations from shallow 
tub wells in the near-by areas (i.e. Wat 
Kokchang and NumtokCrithong) (Fig. 2). 
Earlier study by Pansamut et al (2009) 
reported the concentration of arsenic in water 
range from 58 to 32,961 µg/L, with the 
average concentration in the mining pit of 
5,342 µg/L. (Fig. 3, Fig. 4 and Fig. 5) show 
the average arsenic concentrations measured 
in water samples from the 13 sample sites. 
Concentration of total arsenic in the water 
varied from 76 to 748 g/L, with the average 
arsenic concentration in the mining pit of 
748±285g/L in October 2008; 54 to 530 
g/L, with the average arsenic concentration 
in the mining pit of 530±405 g/L in January 
2009 and 32 to 607 g/L, with the average 
arsenic concentration in the mining pit of 
607±65 g/L in March 2009, respectively. 
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Fig. 3 : Average arsenic concentration in water samples collected from the abandoned tin mining   

catchment at Tambon Ong-pra, Danchang District, Suphanburi Province, Thailand(October,   
2008). 

 
Fig. 4 : Average arsenic  concentration in water samples collected from the abandoned tin mining    

catchment at Tambon Ong-pra, Danchang District, Suphanburi Province, Thailand  (January,              
2009). 
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Fig. 5 : Average arsenic  concentration in water samples collected from the abandoned tin mining                                                  
        catchment at Tambon Ong-pra, Danchang District, Suphanburi Province, Thailand        
        (March, 2009). 

 
 
Farmers and vegetable growers in Tambon 
Ong-pra have been using water from these 
shallow tub wells for their crops. Most of the 
vegetables and other agricultural products, 
used by villagers, have been cultivated in this 
area as well as entered local markets for 
selling. These will certainly set high health 
risks from arsenic poisoning to local 
residents. The arsenic cycle has spread as a 
consequence of human interference and due 
to this, large amounts of arsenic end up in the  
environment and in living organism. It can - 

not be destroyed easily once it has entered 
the environment, so that the amount that add 
can spread and cause health effects to 
humans and animals in the near-by area due 
to high concentration that may have been 
present in food. The concentrations of the 
dangerous inorganic arsenic that are 
currently present in surface water enhance 
the high chances of genetic alterations in fish. 
This is mainly caused by accumulation of 
arsenic in the bodies of plant-eating 
freshwater fishes. 
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Table 1 : Comparison of As in groundwater in the region of Southeast Asia 
 
Country       
                                           
                         

Population at      
Risk 
(millions)         

 Level of       
As(µg/L)            

Year of 
first      
discovery  

National 
standard  
level of 
As(µg/L) 
in 
drinking 
water 

       
References 

Bangladesh 32 ND-4,730 1992 50 Chakraborti et 
al.(2008) 

Cambodia 0.3 1-1,610 2000 50 World Bank Policy 
Report(2005); 

West 
Bengal,India 

6.5 ND-3,880 1983 50 Chakraborti et 
al .(2008) 

Uttar 
Pradesh,India 

Unknown ND- 
 

2003 50 Chakraborti et 
al.(2008) 

Lao PDR Unknown ND-112 2001 50 World Bank Policy 
Report(2005) 

Nepal 0.5 ND-2,620 2001 50 World Bank Policy 
Report(2005) 

Taiwan 0.1 ‹0.15-3,590 1960s 10 Smedley and 
Kinniburgh(2002) 

Vietnam 10 1-3,050 2001 10 Berg et al.(2007) 
Thailand Unknown 32-748 2008-2009 50 This  study 

 

CONCLUSION 
The investigation of contamination of 

arsenic in water around the abandoned tin 
mining area at Tambon Ong-pra, Dan Chang 
District, Suphanburi Province, Thailand has 
been carried out and shown that arsenic in all 
studied samples are higher than those 
reported values in other areas of the 
country11-13. Although part of the arsenic 
contamination in this vast area at Tambon 
Ong-pra, is possibly due to geological 
occurrence, contamination by previous tin 
mining activities cannot be excluded. The 
daily intake of arsenic with water (and 
vegetables) is very harmful for the 
population health in this area. A further work 
will be undertaken by including soils, 

vegetables, and fish samples which are 
cultivated in irrigated land as daily food 
menu of the local population. There is also a 
need for integrated research to understand 
sources, release mechanisms, mobilization of 
arsenic in aquifers and the chemistry of 
arsenic and high arsenic in groundwater at 
Tambon Ong-pra, Dan Chang District, 
Suphanburi Province, Thailand. 
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