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ABSTRACT 
 

A study has been conducted for the determination of arsenic in water and 
sediment 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, with farming and 
livestock-raising as their main source of income.  The concentration of arsenic in 
water and sediment samples in the abandoned tin mine was determined using 
Inductively Coupled Plasma Mass Spectrometry (ICP-MS) with emphasis on 
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 water varied from 58 to 32,961 g/L, with the 
average arsenic concentration of 3,944 g/L, and total arsenic in sediment samples 
varied from 83 to 1,701 g/g, with the average arsenic concentration of 448 µg/g 
dry weight. The high concentration of total arsenic in water and sediment samples 
suggesting the potential problem to human health from various stages of arsenic 
poisoning. 

Key Words : Inductively Coupled Plasma Mass Spectrometry (ICP-MS), Tin 
mining, Arsenic contamination, Suphanburi Province. 

 
INTRODUCTION 

Mining generally has a very high impact 
on man and environment, which results on 

one side in an increase of employment and 
economic profit for the community and the 

operators, but also represents a threat to 
natural reserves due to landscape changes 
and pollution. This often results in destroyed 
ecosystems and polluted environments, 
which represent a hazard to the local 
population.  Therefore, the determination of 
metals and their impact in the environment 
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have been broadly studied in recent years. 
Tin mining activities in Tambon Ong-pra, 
Dan Chang District, Suphanburi Province 
started in 1980s and closed in 1990s. Since 
no reclamation of mining pits and mine 
tailings was performed, spoil materials were 
dispersed from the tin mining working areas 
resulting in arsenic contamination of soils 
and water in its vicinity.  The agricultural 
system in Tambon Ong-pra is mostly 
groundwater dependent, except during the 
rainy season (July-October). In addition, 
farmers even used water from shallow tube 
wells for their crops in the rainy season due 
to insufficient rainfalls in the area sometimes. 
Most of the vegetables and other foodstuffs, 
used by the villagers, have been cultivated in 
this area and entered local markets for selling. 
These will certainly impose high health risks 
from arsenic poisoning to residents of the 
areas5,8.    

Arsenic in nature comes from erosion of 
the earth’s surface or crust, or volcanic 
eruptions. Each year, globally more than 
70,000 tons of arsenic is redistributed into 
the air, water, rocks, soil, plants and animals. 
Such natural arsenic exists in low 
concentrations, and does not bearing any 
threat to humans. In addition to natural 
arsenic, human beings have exposed and 
used enormous amount of chemicals, some 
of them containing arsenic, such as fertilizers, 
pesticides, fungicides. These chemicals, and 
other human activities, such as mining, can 
cause high concentrations of arsenic in the 
environment, as in many Asian countries, 
such as Bangladesh, China, India, Japan, 
Taiwan and Philippines. Arsenic occurs in 
natural waters in different physico-chemical 
forms. Arsenic infrequently occurs in 
free-state, it is largely found in combination 
with sulfur, oxygen and iron. Occurrence and 
source of arsenic in ground water depends on 
several factors such as adsorption–desorption, 
precipitation–dissolution, oxidation– 
reduction, ion–exchange, grain–size, organic 
contents, biological activity and aquifer 

characteristics.  
The knowledge of the geographic 

different arsenic species in natural water 
system is important for environmental 
considerations of the geochemical and 
biological cycling of the element. Moreover, 
this will also provide insight into the 
geochemical process responsible for elevated 
arsenic concentration in different 
hydrogeological environment. 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. The arsenic contents of 
surface water in unpolluted areas vary; 
typical values seem to be a few mg/L or 
less2. 

A number of analytical methods have 
been developed for total arsenic analysis in 
environmental samples. Inductively coupled 
plasma mass spectrometry (ICP – MS) is 
becoming an attractive technique because it 
is rapid, flexible, and provides multielement 
analysis capability. As with many other 
spectrometric techniques, ICP-MS is subject 
to both spectral and non-spectral 
interferences. Most of the prominent 
spectroscopic interferences and the 
procedures to reduce them have been 
described in the literature. In many cases, 
spectroscopic interferences can be avoided 
by choosing alternative isotopes most 
elements in the periodic table have two or 
more isotopes. These procedures, however, 
may not be applicable to ICP-MS due to the 
different mechanisms and principle in terms 
of the interference and instrument operation. 
When applied to determination of arsenic in 
the presence of chloride, this technique can 
suffer from serious spectral interference on 
monoisotopic 75As+ arising from the 
production with the argon plasma of 
40Ar35Cl+.  The present study was 
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undertaken to assess the level of total arsenic 
in water and sediments around the 
abandoned tin mining area at Tambon 
Ong-pra, Dan Chang District, Suphanburi 
Province, Thailand using ICP-MS technique.  
For this purpose a critical location has been 
identified (an abandoned tin mine pit), and 
contaminated water and sediments have been 
characterized to conduct a preliminary 
arsenic contamination assessment of tin 
mining activities in Tambon Ong-pra and its 
environments..  

Study site 
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.  The 
mining area covers the catchment 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 
surveyed to identify study locations. An 
abandoned tin mining pit was chosen to 
represent the site most at risk (i.e., worst 
case). In addition, two other areas in the 
vicinity of the tin mine were selected and 
surveyed. Sampling of water and sediment 
samples was taken placed during 28-30 
August 2008 at 13 stations (Fig. 1). All 
samples were placed in cool iced-box and 
transported back to the laboratory for further 
chemical analysis. 

MATERIAL AND METHODS 
Inorganic arsenic standard and other 

individual stock solutions of internal 
standards (ICP grade, 1000 ppm) were 

 
Fig. 1 : Map of the study area and the sampling sites; #1-9 are sampling sites in the abandoned tin 

mining pit, #10-13 are sampling sites in adjacent areas. 
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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.  

Apparatus 
The ICP-MS instrument used in this 

study was Model Elan 6000. Sample material 
is introduced into an argon-based, high- 
temperature radio-frequency plasma, usually 
by nebulization. Energy transfer from the 
plasma to the sample stream causes 
atomization and ionization of target elements. 
Ions generated by these energy transfer 
process are extracted from the plasma 
through a differential vacuum interface and 
separated on the basis of their mass to charge 
ratio by a mass spectrometer. The mass 
spectrometer usually is of the quadrupole or 
magnetic sector type. The ions passing 
through the mass spectrometer are counted, 
usually by an electron multiplier detector and 
the resulting information processed by a 
computer–based data handling system. 
Typical instrument detection limits (IDL) for 
method analysts As are 0.025 g/ L. DLs 
were determined on A Perkin Elmer Elan 
60004. 

Interferences 
ICP-MS is subject to several types of 

interferences, namely; 
1) Isotopes of different elements that 

from ions of the same named mass to charge 
ratio are not resolved by the quadrupole mass 
spectrometer and cause isobaric elemental 
interferences. ICP-MS instrument interferences 
entered, and will perform necessary 
calculations, automatically to estimate 
chloride interferences. Verify that arsenic and 
molecular correction equations used in this 
method are correct and appropriate for the 

mass spectrometer used and sample matrix. 
2) Polyatomic (molecular) ion 

interference are caused by ions consisting of 
more than one atom and having the isotope 
of interest. The mathematical correction is 
approximately 0.4 %. Because chloride ion is 
present in most environmental equations for 
affected masses, a high resolution ICP-MS 
may be used to resolve interferences caused 
by polyatomic ions. 

Digestion for arsenic 
To reduce interference by organic matter 

and convert arsenic associated with 
particulates to a form that can be determined 
by inductively-coupled plasma spectroscopy 
one can use one of the digestion techniques. 
Use of the least rigorous digestion method is 
required to provide acceptable and consistent 
recovery compatible with the analytical 
method and arsenic being analyzed. Nitric 
acid is normally used to digest most water 
and sediment adequately. Nitrate is an 
acceptable matrix for flame ICP-MS analysis, 
and confirms good arsenic recovery for each 
digestion and analytical procedure used. 

Digesttion 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 should be 
less than the MDL).  Replicate water was 
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used to determine the precision while spiked 
water or standard reference arsenic for 
ICP-MS was employed to determine the 
accuracy.  

Digestion of sediments 
To evaluate metal availability in soils 

and sediments many extraction procedures 
exist which can be divided in two groups, 
sequential extraction and simple extraction. 
The EPA Method 3050 B is a very strong 
acid digestion that will dissolve arsenic from 
sediment matrix that could become 
environmentally available, and was chosen 
for our study. The dried sediment samples 
were gently ground and homogenized, sieved, 
weighed to the nearest 1 gram (dry weight) 
and then placed to a digestion vessel. Ten ml 
of 1:1 HNO3 was added to the sediment, 
mixed and covered the vessel with a watch 
glass. The sediment was heated to 955oC 
and refluxed for 15 minutes without boiling, 
then allowed to cool before adding 5 ml of 
concentrated HNO3, replaced the cover and 
refluxed for another 30 minutes. After the 
step has been completed and sediment has 
cooled, 2 ml of distilled deionized water 
(DDW) and 3 ml of 30% H2O2 were added. 
The vessel was then covered with a watch 
glass and returned the covered vessel to the 
heat source for warming and to start the 
peroxide reaction, until the volume has been 
reduced to approximately 5 ml.  After 
cooling, particulates in the digestate were 
removed by fillration. The digestate was then 
transferred to a 100 ml volumetric flask, 
diluted to the mark with with distilled 
demonized water (DDW) and ready for 
ICP-MS analysis14.      

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 35Cl+14.  

RESULTS AND DISCUSSION 
We sampled 9 stations in an abandoned 

tin mining pit and 4 stations in the near-by 
areas (i.e. Wat Kokchang and 
NumtokCrithong) (Fig. 1). Table 1 and 
Table 2 show the average arsenic 
concentrations measured in water and 
sediments in the 13 sample sites. 

Table 1 : Average arsenic concentration in 
water samples collected from the 

abandoned tin mining catchment at 
Tambon Ong-pra, Danchang District, 

Suphanburi Province, Thailand  
(August, 2008). 

Sample site 
Average As 

concentration of 
water (g/L) 

1 704 
2 32,961 
3 1,929 
4 3,773 
5 2,526 
6 4,734 
7 656 
8 316 
9 479 
10 58 
11 1,510 
12 66 
13 1,558 

Concentration of total arsenic in water 
varied from 58 to 32,961 g/L, with the 
average arsenic concentration of 3,944 g/L, 
and total arsenic in sediment samples varied 
from 83 to 1,701 g/g, with the average 
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arsenic concentration of 448 g/g dry 
weight. 

The average arsenic concentration in 
water exceeded the national standard of 10 
µg/L for water by a factor of 390, and that of 
sediments exceeded the sediment quality 
guideline of 5 µg/g by up to a factor of 90. 

Table 2 : Average arsenic concentration in 
sediment samples collected from the 
abandoned tin mining catchment at 

Tambon Ong-pra, Danchang District, 
Suphanburi Province, Thailand 

(August, 2008). 

Sample site 

Average As 
concentration of 
sediment (µg/g) 

DW 
1 426 
2 554 
3 469 
4 1,701 
5 260 
6 365 
7 656 
8 316 
9 479 
10 268 
11 135 
12 114 
13 83 

CONCLUSION 
The investigation of contaminated As in 

water and sediments around the abandoned 
tin mining area at Tambon Ong-pra, Dan 
Chang District, Suphanburi Province, 
Thailand  has been carried out and showed 
that As for both studied samples are higher 
than those reported values in other areas of 
the country. Although part of the arsenic 
contamination in a vast area at Tambon 
Ong-pra, is possibly geological occurrence, 

contamination by previous tin mining 
activities cannot be excluded. The daily 
intake of As with water (and vegetables) is 
very harmful for the population health. A 
further work will be undertaken by including 
soils, vegetables, fishes, etc 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. 

ACKNOWLEDGEMENT 
This project has been funded 

substantially by the Graduate School, 
Chulalongkorn University, Thailand. We are 
grateful to Dr. Singto Sakulkhaemaruethai 
and all laboratory technicians for their 
technical assistance and critical comments on 
the manuscript. The support provided by 
Department of Chemistry, Faculty of Science 
and Technology, Rajamangala University of 
Technology Thanyaburi, Pathumthani, 
Thailand is appreciated.  

REFERENCES 
1.  Marin A., Lopez-Gonzalvez A. and 

Barbas C.. Development and validation 
of extraction methods for determination 
of zinc and arsenic speciation in soils 
using focused ultrasound application to 
heavy metal study in mud and soils. 
Analytica Chimica Acta 442, 305-318, 
(2001).  

2.  Nriagu J.O., Arsenic: historical 
perspectives, in: J.O. Nriagu (1st ed.), 
Arsenic in the Environment, New York, 
1-2, (1994).  



Journal of Environmental Research And Development Vol. 3 No. 3, January-March 2009 

 613

3.  Sanders J.G., Ricdel G.F., Osman R.W., 
Arsenic cycling and its impact in 
estuarine and coastal Marine ecosystems, 
in: J.O. Nriagu (Ed.),    Arsenic in the 
Environment, Part I, Cycling and 
Characterization, Wiley, NewYork, 
89-290, (1994). 

4.  Clesceri L.S., Greenberg A.E. and Eaton 
A.D.. Standard methods for the 
Examination of Water and Wastewater 
20th Edition, (1998) 

5.  Berg M., Tran H.G. and Ngugen T.C., 
Arsenic contamination of groundwater 
and drinking water in Vietnam: A  
human health threat. Environmental 
Science and Technology, 35(13), 
2621-2626, (2001). 

6.  Rattanachongkiat S., Millward G.E. and 
Foulkes M.E., Determination of Arsenic 
species in fish, crustacean and sediment 
sample from Thailand using high 
performance liquid chromatography 
(HPLC) couple with inductively coupled 
plasma mass spectrometry ( ICP-MS) . J. 
Environ. Monit. 6, 254-261, (2004). 

7.  Sanderson H., Fauser P., Thomsen M. 
and Sorensen P.B., Human health risk 
screening due to consumption of fish 
contaminated with chemical warfare 
agents in the Baltic Sea. Jouranl of 
hazardous Material xxx, (2008).  

8.  Pansamut S. and Wattayakorn G.. 

Chemistry of arsenic in groundwater of 
abandoned tin mine at Danchang District, 
Suphanburi Province, Thailand.The 6th 
Eco-Energy and Materials Science and 
Engineeing Symposium (6th EMSES) 
The Kyoto University, Clock Tower,  
Kyoto, Japan, 25-27 May (2008). 

9.  Pansamut S.  Arsenic Removing Plants: 
Green and Clean. Life Cyclo Innovation 
for a better Future.The 2th Thai LCA 
Workshop and Seminar, Chiang Mai, 
Thailand Elsevier.com/locate/jhazmat, 
15-16 , March (2006). 

10. Boonchalermkit S., Wongsanoon J. and 
Fukuda M..  A study of arsenic in 
Thailand, Environmental Research and 
Training Center, Thailand, (2004) 

11. Gluodenis Jr., T.J., ICP-MS: The new 
standard for inorganic analysis , Am, Lab. 
November, 24-27, (1998). 

12. World Health Organization. Guidelines 
for Drinking Water Quality : 
Recommendations, 1 (2), WHO (1993). 

13. World Health Organization. 
Environmental Health Criteria 18, 
Arsenic Geneva: WHO (1981). 

14. Environmental Protection Agency. 
Ambient water quality criteria for 
arsenic,EPA 3005 A. USEPA; (1980). 




  

To sit in the shade,  
We have to plant a tree 

first 


