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Abstract—The objective of this study was to evaluate the 

distribution patterns of Cd, Zn and Hg in groundwater by geospatial 
interpolation.  The study was performed at Rayong province in the 
eastern part of Thailand, with high agricultural and industrial 
activities.  Groundwater samples were collected twice a year from 31 
tubewells around this area.  Inductively Coupled Plasma-Atomic 
Emission Spectrometer (ICP-AES) was used to measure the 
concentrations of Cd, Zn, and Hg in groundwater samples.  The 
results demonstrated that concentrations of Cd, Zn and Hg range 
from 0.000-0.297 mg/L (x = 0.021±0.033 mg/L), 0.022-33.236 mg/L 
(x = 4.214±4.766 mg/L) and 0.000-0.289 mg/L (x = 0.023±0.034 
mg/L), respectively.  Most of the heavy metals concentrations were 
exceeded groundwater quality standards as specified in the Ministry 
of Natural Resources and Environment, Thailand.  The trend 
distribution of heavy metals were high concentrations at the 
southeastern part of the area that especially vulnerable to heavy 
metals and other contaminants. 
 

Keywords—Groundwater, Heavy metals, Kriging, Rayong, 
Spatial distribution. 

I. INTRODUCTION 
ROUNDWATER is one of the major sources of drinking 
water in the world.  The contamination of groundwater is 

a serious problem to environment and human health.  Rayong 
province, located at the eastern part of Thailand, is an 
important agriculture and industrial base of the country.  
Rapid development of Rayong led to increase the potential of 
pollutants contaminate to groundwater.  Heavy metals are 
priority toxic pollutants that could be released from domestic, 
agricultural and industrial applications [1].  Generally heavy 
metal contaminations are often caused by human activities, 
including mining, wastewater irrigation, leakage of septic 
tanks, industrial processes that heavy metals residues in their 
wastes and nonpoint source surface runoff [2], [3].  In 
addition, another source of heavy metals comes from the 
nature, For example, erosion and weathering of parent 
materials [4].  All of activities that can be transport to 
groundwater with recharged water. 

Some metals such as iron (Fe), copper (Cu), manganese 
(Mn), and zinc (Zn) are essential for living organisms at low 
concentrations.  However toxic effects are observed when 
concentrations are increase [5], [6].  The trace elements in 
groundwater are important issue because it affects the use of  
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water [7].  The accumulation of trace elements in 
environmental have potential risk to human health and final 
into the food chain [8]. 

The objective of this study was to evaluate the distribution 
patterns of heavy metals, cadmium (Cd), zinc (Zn) and 
mercury (Hg) in groundwater at Rayong province, an 
industrial area, at the eastern part of Thailand by spatial 
interpolation techniques in GIS. 

II. MATERIALS AND METHODS 

A. The study area 
Rayong province covers an area of approximately 3,552 

km2 at the eastern part of Thailand (12-13 º N, 101-102 ºE).  
The topography is plain alternating with mountain and Coastal 
plain at the southern part, contacts with Gulf of Thailand, with 
percent slopes high at northeast and center of area along the 
north to the south.  The local economy depend agriculture and 
industry because Rayong has developing to eastern seaboard 
project.  The region climate is a tropical monsoon.  Annual 
average temperature is 29.30 ºC and precipitation is 1,501.7 
mm.  Lithology is various units ranges from Precambrian to 
Cenozoic (Quaternary period) are shown in Fig. 1a.  Majority 
of area are Quaternary-age deposit consists of alluvial deposit 
and beach sand (Qa) at the southern part and Terrace deposit 
(Qt) distribute throughout of the area but Carboniferous-age 
deposit consists of carboniferous granite (Cgr) at the 
northwestern part [9].  

B. Groundwater sampling and analysis 
Thirty one samples of groundwater around Rayong 

province were collected two times over a year in the dry 
season (March, 2009) and rainy season (September, 2009) 
from underground wells at the study area the sampling station 
are shown in Fig. 1b.  The samples were selected by using a 
complete randomization approach from total groundwater 
wells.  Sampling site geo-positions were determined using the 
global positioning system (GPS).  Groundwater samples were 
pumped out for flushing all retained water in the pipes before 
sample collection.  They were acidified to pH < 2 with nitric 
acid at collection sites and refrigerated at 4 °C before 
chemical analysis.  Cd, Zn, and Hg concentrations were 
determined by inductively coupled plasma atomic emission 
spectroscopy (ICP-AES, JY2000).  Anion and cation 
concentrations were analyzed using Ion Chromatography by 
high performance liquid chromatography (HPLC, 
SHIMADZU CL-10 ADVP).  Other parameters such as pH, 
conductivities, salinity and TDS were measured on-site by 
potable meters (YSI 550A and YSI EC 300). 
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Fig. 1 Geological units (a) and sampling points (b) in study area 

C. GIS and spatial analysis 
The spatial interpolation of contaminated groundwater is 

exhibiting some tool to analysis.  However, only a small 
proportion of in-situ data can be analyzed in a field 
investigation, depended on time and cost.  Geostatistics are 
widely used to estimate the spatial variability and distribution 
of field data with uncertainty [10].  Kriging is one of the 
geostatistical tools applied to analyse spatial horizontal 
distribution of groundwater contaminants [11], [12].  
Unsampled location, the values estimated by kriging method 
are minimizing the error because this method provides 
statistically optimal and estimates errors of interpolation [13]-
[15].  Kriging interpolation was used in this study.  The 
software used for spatial analysis was ArcGIS v.9.3.1. under 
license of ESRI (Thailand) Co., Ltd. 

III. RESULTS AND DISCUSSION 

A. Characteristics of groundwater  
The chemical characteristics of represented groundwater at 

Rayong are summarized in Table 1.  Generally, groundwater 
properties in this area were low ion and salinity 
concentrations.  The averages of pH, electrical conductivity 
(EC), total dissolve solid (TDS), and hardness were 7.08, 
324.43 mg/L, 277.60 mg/L and 78.53 mg/L, respectively.  
Most groundwater quality were below the groundwater quality 
standards for drinking purposes set by Ministry of Natural 
Resources and Environment, Thailand (2008) [16]. 

 

 
 

B.  Cd, Zn, and Hg concentrations 
The heavy metals concentrations in the study area are 

shown in Table 2.  The averages of Cd, Zn and Hg were 0.021 
mg/L, 4.212 mg/L and 0.023 mg/L, respectively.  
Unfortunately, most heavy metal concentrations were higher 
than these in groundwater quality standards set by Ministry of 
Natural Resources and Environment, Thailand [16].  Results 
show that of anthropogenic activities and natural sources 
might dominate influence on heavy metals concentrations.  

 

 
 

C. Spatial distribution analysis 
The spatial distribution maps were analysed using kriging 

methods.  Semivariogram analysis for kriging interpolation 
shows that pH, Cd, Zn and Hg concentrations were best fitted 
for exponential model, while electrical conductivity was best 
fitted for gaussian model.  

The geospatial trends (Fig. 2) of Cd, Zn and Hg were low 
concentrations in northwestern part of area, which matched 
the spatial distribution of conductivity.  The same trend was 
found in distribution of Zn and Hg in southeastern part.  The 
high heavy metals concentrations could be attributed to the 
low pH due to heavy metals are more easily dissolved in low 
pH than dissolved in high pH.  The geological at the 
northwestern part is consist of carboniferous granite (Cgr) 
contained high concentrations of heavy metals [17], [18] 
whereas there are consist of alluvial deposit and beach sand 
(Qa) the southeastern part.  Groundwater flow direction is 
downward from the north to the south [9], groundwater can 

TABLE II 
HEAVY METALS CONTENTS OF GROUNDWATER IN STUDY AREA (N=31) 

 Unit X±SD Median Range Standarda 

Cd mg/L 0.021±0.033 0.012 0.000-0.297 0.003 
Zn mg/L 4.214±4.766 2.143 0.022-33.236 5.000 
Hg mg/L 0.023±0.034 0.010 0.000-0.289 0.001 

a Groundwater quality standards (2000) .   
Ministry of Natural Resources and Environment, Thailand. [16] 

TABLE I 
CHARACTERISTICS OF GROUNDWATER SAMPLES (N=31) 

Parameters Unit X±SD Median Range 

pH  7.08±0.63 7.00 5.92-8.01 
Conductivity µS/cm 324.43±192.72 306.90 60.70-928.00 
TDS mg/L 277.60±193.01 215.40 45.70-829.00 
Salinity ppt 0.14±0.08 0.10 0.00-0.40 
Hardness  
(as CaCO3) 

mg/L 78.53±72.58 54.40 5.46-270.00 

Na mg/L 19.98±24.98 11.38 2.37-124.28 
NH4 mg/L 1.02±1.37 0.51 0.09-7.31 
K mg/L 4.64±4.63 2.45 0.19-17.06 
Mg mg/L 4.02±3.84 2.38 0.39-15.14 
Ca mg/L 24.82±24.10 17.87 1.22-83.19 
Cl mg/L 20.24±34.26 10.61 2.51-186.03 
NO3 mg/L 3.87±8.41 0.16 0.00-29.44 
SO4 mg/L 4.99±9.87 1.31 0.00-43.91 

a. 

b. 
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leach and dissolute heavy metals in the parent rock from the 
north to the south.  Our results also indicated that Zn and Hg 
were high concentrations at the southeastern part. Conversely, 
Cd was higher at the eastern part and southwestern part than 
the other area. Besides, the southeast area is mainly 
agricultural and residential areas.  The major sources of heavy 
metals may be influence from anthropogenic activities, 
domestic sewage, or some pesticides [19], [20]. 

 

 
 

 
 
 
 

 

 
 

 
 

 
 

Fig. 2 Spatial distribution maps of heavy metals in groundwater 
(a) pH   
(b) conductivity (µS/cm) 
(c) Cd concentration (mg/L) 
(d) Zn concentration (mg/L) 
(e) Hg concentration (mg/L) 

IV. CONCLUSIONS 
GIS and geospatial analysis tools were used to estimate the 

distribution maps for Cd, Zn and Hg in groundwater at 
Rayong province, Thailand.  Kriging method was selected for 
interpolation, which satisfy statistically optimal and unbiased 
prediction.  There is good correspondence between geologic 
units and groundwater geochemistry in this study area.  Cd, 
Zn and Hg in groundwater at Rayong were over groundwater 
quality standards set by Ministry of Natural Resources and 
Environment, Thailand.  The major sources of heavy metals 
contaminate in groundwater at Rayong province may come 
from both natural and anthropogenic inputs such as parent 
rocks, residues wastes from industrial, residential wastewater, 
and agriculture.  
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