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Project Period ( ) : 15 . . 2554 – 14 . . 2556 

One of the most agricultural areas, Tambon Hua Rua, Ubon Ratchatani Province, has 

long been intensively applied agrochemicals in agricultural activities, particularly for 

planting chilli and rice that may in turn impact negatively to the environment including 

human health. In few decades, there has long been used agrochemical, i.e. fertilizers, in 

many areas in Thailand. Heavy metals contained in such chemicals may release into 

soils and may eventually transfer into the food chain or reach through shallow 

groundwater. The concentration of detected metals in each well and the overall mean 

were below the acceptable groundwater standard limits for As, Cd, Cr, Cu, Hg, Ni and 

Zn, but Pb levels were higher of 4 wells with an overall average Pb concentration of 

16.66 + 18.52 g/L.  The batch experiment was designed to derive sorption coefficient 

(Kd) value yielding 0.0004 L/kg for Cu and 0.043 L/kg for Pb. The results of the 

desorption of the previously sorbed Cu and Pb show that the desorption coefficient 

value yielding 0.0003 L/kg for Cu and 0.0008 L/kg for Pb. Mobility potential of heavy 

metals in soils was analyzed by the BCR scheme, divided into four sequential 

fractionation phases and then measured the amount of heavy metals by ICP-MS. The 

results showed that summation of fraction 1 (exchangeable fraction) and fraction 2 

(reducible fraction) of Cu and Zn in most soils were higher than 50%, ranged from 

50.32 to 78.13%, except soils collected from point no. 6, 8 and 11, indicating such 

metals may be easily leached into shallow ground water. The decreasing of mobility 

potential of metals is in the order of: Zn (66.85%) > Cu (59.47%) > Pb (53.34%) > As 

(27.85%). Finally, the results of the HYDRUS-1D combined with MODFLOW simulation 

showed that the percentile 25, 50, 75 and 99 of amounts of Pb to groundwater wells 

located in the fields were 11.50, 34.15, 54.97 and 212.37 g/L, respectively and 



amounts of Cu were 14.86, 35.52, 59.11 and 283.99 g/L, respectively, which were 

corresponding to observed concentration in shallow groundwater wells in fields.

Keywords ( ) : Shallow groundwater, Heavy metals, Hua Rua, Sequential 

extraction 
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5-11 

 (acidic condition) 

 

 6.5-8.2  

 

5.4   

 5.4.1   

  HF/HNO3/HClO4    Microwave 

  Inductively 

Coupled Plasma Mass Spectrometer (ICP-MS)  EPA 3052 

 4  

Yara Mila, , Top one,  

 5.5  

 

 5.4  (mg/kg) 

 

Fertilizers 

(mg/kg) 
Ag Al As Cd Cr Cu Fe Ni Pb Zn 

Yara Mila 0.24 145.95 0.00 0.07 3.79 2.56 209.03 2.34 0.91 4.58 

 0.20 1.20 1.18 0.07 0.00 0.26 1.17 0.00 1.53 0.43 

Top One 0.18 848.22 0.00 0.05 22.04 1.20 1552.60 5.38 0.00 49.85 

 0.15 2352.90 2.14 0.41 13.22 1.21 1817.13 1.54 1.80 4.20 

 

 5.5 

  Cu Ni Pb  Zn 

 (  

 25 ( . .2547))  (form) 

 Exchangeable (F1) Reducible (F2) 

 Yara Mila  Top one  

 

 
 



5-12 

  5.4.2  

  4  2  2  

 5.4 

  5.6 

 4  Pb Cu As 

 Zn  5.12 – 5.15   Zn (86.37 g/L) > Cu (79.81 g/L)> Pb 

(21.35 g/L) > As (1.06 g/L) 

 

 (Arsenic, As) 
 0.32-8.68 g/L 

1.52 + 2.37 g/L 

 0.17-5.87 g/L  0.60 + 1.14 g/L  

0.25 + 0.11 g/L (  5)  6.44 + 3.17 g/L (  11)  1.06 + 1.74 g/L 

 11 (  5.5  5.28-5.29)  

  0.05, 0.01, 0.01 mg/L 

 (PCD), WHO  EU  (Pollution Control Department, 2004; WHO, 

1993; EU, 1998)   

  11  

   Takeno (2005) 

 H
2
AsO

3

- 

   

 Claesson and Fagerberg (2003)   

(arsenite, As(III) )  H
2
AsO

3

- 

 H
3
AsO

3
  (arsenate, As(V))  H

2
AsO

4

- 

 

HAsO
4

2-

  Santiago del Estero 

 6.4  9.3   
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 Copper (Cu) 
 4.27  751.0 g/L 

 92.49 + 164.27 g/L  0.58  234.0 

g/L  28.03 + 39.47 g/L  10.03 

+ 1.23 g/L (   5)  323.23 + 384.35 g/L (  7)   

60.26 + 90.98 g/L  7   5.14-5.15 

 5.5  

 1.5, 2, 2 mg/L 

 (PCD), WHO  EU  (Pollution Control Department, 2004; WHO, 1993; EU, 

1998)  

  (t-test) 

 (p>0.05) 
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 (Pb) 
 0.82  92.55 g/L 

18.64 + 25.38 g/L  0.65 to 48.10 g/L 

 14.67 + 4.38 g/L  0.95 + 0.42 g/L  

66.85 + 36.35 g/L  16.66 + 18.52 g/L 

 1   5.16-5.17  

5.5  

 0.05, 0.01, 0.01 mg/L 

 (PCD), WHO  EU  (Pollution Control Department, 2004; WHO, 

1993; EU, 1998)  

  (t-test) 

 (p>0.05)  
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 (Zn) 
 10.05  509.50 g/L 

 79.53 + 139.27 g/L  1.70  424.0 

g/L  47.32 + 62.89 g/L  6.94 + 5.73 

g/L  302.43 + 292.85 g/L  63.43 + 87.75 g/L 

 7   5.18-5.19 

 5.5  

 15  3 mg/L 

 (PCD)  WHO  (Pollution Control Department, 2004; WHO, 1993) 

 

  (t-test) 

 (p>0.05)   
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6.1  

1.   2  

  6.1  

1.1   

  10  

 2    (ST 11)   (ST 12)  3 

  6.2   

1)  (SWCC)  

2)  (soil porosity)  

3)  (bulk density) 

4)  (hydraulic conductivity)  
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    6.2  

   1.2  

    6.3   

 1)   12 

 

 2)   5   10   1 

  

 3)  15 . 30 . 60 .  1 

 ST2, ST10  ST11    

    4)  BCR scheme (Perez and Valiente, 2005) 

 Atomic Absorption Spectrophotometer (AAS)  
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6.2  

  Sieve Analysis 

Test  4, 10, 20, 40, 100  200  ASTM D 421-85, ASTM D 422-63  

Pipette analysis Test  (Grain size distribution curve) 

 1 (ST1)  12 (ST12)  6.4-6.15  

6.16  sand  loamy sand  
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 6.16  1-12 

   
   6.1 

 12   

(Kinetic sorption experiment)  (Sorption/desorption 

batch experiment)   

 

 

 

 

 



6-8 

 

 6.1   
Site Soil texture Sand 

% 

Silt 

% 

clay 

% 

Hydraulic 

conductivity, Ks 

cm day-1 

Organic 

matter 

% 

CEC 

cmol kg-1 

Bulk density 

g cm-1 

Porosity 

cm3 cm-3 

1-12 Loamy sand 77.0 15.0 8.0 11.73±4.57      1.06 2.3 1.56±0.06 0.43±0.06 

 

 X-ray Diffractrometer (XRD)  

Quartz (Sio2)  6.17-6.19  2, 6  10 

 11.73 .  

 B  (Silt loam or 

loam)  

 

  

sample 2

01-078-2315 (C) - Quartz - SiO2 - Y: 87.50 % - d x by: 1. - WL: 1.5406 - Hexagonal - a 4.91239 - b 4.91239 - c 5.40385 - alpha 90.000 - beta 90.000 - gamma 120.000 
File: sample 2.raw - Type: 2Th/Th locked - Start: 5.000 ° - End: 70.000 ° - Step: 0.020 ° - Step time: 0.6 s - Temp.: 25 °C (Room) - Time Started: 6 s - 2-Theta: 5.000 ° -
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 6.17  X-ray Diffractrometer (XRD) 

  2 (St.2)  
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sample 10

01-079-1910 (C) - Quartz - SiO2 - Y: 93.58 % - d x by: 1. - WL: 1.5406 - Hexagonal - a 4.91400 - b 4.91400 - c 5.40600 - alpha 90.000 - beta 90.000 - gamma 120.000 
File: sample 10.raw - Type: 2Th/Th locked - Start: 5.000 ° - End: 70.000 ° - Step: 0.020 ° - Step time: 0.6 s - Temp.: 25 °C (Room) - Time Started: 10 s - 2-Theta: 5.000
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 6.18  X-ray Diffractrometer (XRD) 

  6 (St.6)  

 

 

 

 

 

 

 

 

 

 

 6.19  X-ray Diffractrometer (XRD) 

  10 (St.10) 
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6.3  (SWCC)  

  (undisturbed sample) 

 (SWCC)  Pressure extraction  ASTM D 6836  pF 

 0.8, 1.0, 1.5, 1.7, 2.0, 2.5, 3.0  4.2   

  Pressure chamber (  6.20)  Pressure Chamber 

 (pF=0.8)  (

 1  1 )  

Pressure Chamber   (soil water content) 

 Pressure Chamber  

 

 (SWCC)  18  6  

1  3   van Genuchten (VG)  Brook 

and Corey (BC)  van Genuchten (VG)  Brook and Corey (BC) 

(Brooks and Corey, 1964)  RETC (van Genuchen et al., 1991) 

  6.21-  6.24 

  

 

 

 

 

 

 

 

 

 

 

 

   

  6.20  Pressure chamber  
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  6.21  soil water characteristics curve  1 

       : water content  

 

  
 

   6.22  soil water characteristics curve )  2  

 

 

R2 (VG) = 1.00

R2 (BC) = 0.99

R2 (VG) = 0.99

R2 (BC) = 0.94
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   6.23  soil water characteristics curve )  3  

 

  
 

   6.24  soil water characteristics curve )  4 

  

    

 

R2 (VG) = 0.99

R2 (BC) = 0.96

R2 (VG) = 0.99

R2 (BC) = 0.97
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  6.25  5 

 

           
   

  6.26  6 

  (SWCC)  van 

Genuchten Equation (VG)  Brooks and 

Corey Constitution (BC)   5  6 (  6.25  6.26) 

 van Genuchten   (hydraulic 

conductivity)  6  12.22   loamy sand  
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6.4  

 6.4.1  (kinetic sorption experiment)  

    

 1.   1:20 (g: ml) 

 33  33  

 2.  15, 30, 45 , 1, 2, 4, 8, 12 , 1, 2  3 

 200   

 3. 

 3  

 4.  42 

 AAS 

 5.  

 

  1  2 

  6.27  6.28  

 

 

  
        6.27  (Cu)  3  
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   6.28  (Pb)  3  

 

 6.4.2             

(Sorption/desorption batch experiment) 

   
 1)  15, 25, 40, 60, 80, 100  120  mg/L 

  100  pH  4 

 2)   3   20   

 3)  1  

 4)  2  

 5)  

 42  

  AAS 

 6) 

  (Caq)  (Cs)  

  (Single metal 

systems)  6.29 - 6.30  

 

(sorption coefficient)  6.31-6.34  
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 6.29  Cu 

 

 

          
 

 6.30  Pb 
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 6.31  Cu  Pb

 (Competitive sorption system) 

 

       
 

 6.32  Cu  Pb

 (Competitive desorption system) 
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 6.33  Cu 

(sorption- desorption)  (Competitive desorption system) 

 

        
 

 6.34  Pb 

(sorption- desorption)  (Competitive desorption system)  
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6.5  HYDRUS-1D  

  HYDRUS-1D 

 (Pb)  (Cu)  0.342  0.476 

mg/L   

 

 3    2553 

 2553  

 (132 )  

 2.04 x 10-5 mg/L  

2.27 x 10-3 mg/L   6.35 – 

6.38   

 6.5.1  

  1  (Single sorption system) 

  6.35-6.36 

  (Single sorption 

system) 

 

 

 

 

 

 

 

 

 

 

 

  6.32   
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)

Time (day) 
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  6.33   

 

  2  (Competitive metal system) 

  6.37-6.38 

  (competitive 

sorption system)  

 

 

 

 

 

 

 

 

 

 

 

 

 6.37    

 

Time (day) 
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) 

Time (day) 
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 6.5.2  

  1  (Single sorption system) 

  6.39-6.40 

  (Single sorption 

system) 

 

 

 

 

 

 

 

 

 

 

 

 6.39   
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 6.40   
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  6.41  6.2 

 exchangeable fraction (F1)    69.47 mg/g 

 48.58 – 114.50 mg/g  reducible fraction (F2)  45.97 mg/g  29.64 

– 84.00 mg/g  (F1+F2+F3+F4)  8  

317.08 mg/g  exchangeable fraction (F1)   41.60 

g/g  13.18-74.73 g/g  12  

1,308.6 g/g  

 6.2  As, Cu, Pb and Zn   12  (  mg/g,  

       mean±SD)  

 

      *(  g/g)

  

 6.42  6.3  exchangeable fraction 

 Zn (40.23%) > Cu (27.41%) > Pb (22.50%) > As (5.84%)  reducible 

fraction  Cu (32.06%) > Pb (30.84%) > Zn (26.62%) > As (22.01%) 

 exchangeable fraction  reductible fraction 

 (mobilizable  and bioavailable forms)  Zn (66.85%) 

> Cu (59.47%) > Pb (53.34%) > As (27.85%) (  6.43) 

  

 

 

 

 

Site 1-12 Exchangeable fraction reducible fraction oxidisable fraction residual fraction 

As 41.60(19.05)* 156.82(63.38)* 265.65(156.57)* 248.53(105.28)* 

Cu 1.35(0.91) 1.58(1.30) 1.05(0.85) 0.94(0.52) 

Pb 1.71(0.95) 2.34(1.88) 1.79(1.28) 1.84(0.90) 

Zn 69.47(28.19) 45.97(21.85) 55.37(27.13) 1.88(0.88) 
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 6.3  12   

 

 6.42    12   

 

 

Site 1-12 Exchangeable, F1 Reducible, F2 Oxidizable, F3 Residual,F4 

As 5.84± (2.74) 22.01± (7.70) 37.28± (20.13) 34.88± (13.62) 

Cu 27.41± (16.90) 32.06± (24.79) 21.43± (26.86) 19.10± (9.19) 

Pb 22.50± (21.26) 30.84± (24.63) 23.52± (17.17) 23.14± (11.89) 

Zn 40.23± (12.64) 26.62± (11.93) 32.06± (20.88) 1.09± (0.45) 
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 6.42 ( )    12   
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             Show percentages (%) concentration of heavy metals in a fraction of 1 and 2               

 6.43  F1  F2    12 

 

  Filgueiras et al. (2002)  fraction 1 

 (ion-exchange mechanism)  

  50 %  

 exchangeable fraction  4  42.39% 

 exchangeable fraction  10  53.56% (  6.43)

6.7  (Mobility potential of heavy metals) 

 

 (binding forms)   

 6.4  (Zn)  

fraction 1 (exchangeable form)  (Cu)  fraction 2 (reducible form) 

  (Zn)  (Cu)   

 oxidisable form  residual form 

   (As) 

 residual form  (non-mobile fraction) 

 

66.85% 
F1+F2

A B

C D

27.85% 
F1+F2

59.47% 
F1+F2

53.34% 
F1+F2
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 6.4  

Step Condition Mobility 

1 Exchangeable fraction Zn > Cu > Pb > As 

2 Reducible fraction Cu > Pb > Zn > As 

3 Oxidizable fraction As > Zn > Pb > Cu 

4 Residual fraction As > Pb > Cu > Zn 
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 7 

 

7.1  (conceptual model)  

  

      

 

7.1.1  HYDRUS 1D  (Pb)  

 (Cu)  (Unsaturated zone)   

 

 7.1  25  

  

 7.1 

 HYDRUS 1D 

 
7.1.2  (Saturated zone) 

 Visual MODFLOW 4.2   MODFLOW 2000  MT3DMS 

 Waterloo Hydrologic lnc.   

Visual MODFLOW  25, 50, 75  99 (P25, P50, P75 P99) 

 HYDRUS-1D  

 

Input parameter Value Reference 

 [mg/L] Pb =1.73 Cu =1.85    (2552) 

Adsorption isotherm coefficient, kd [L/g] Pb =0.226 Cu =0.069  (2553)  

Bulk density [g/cm3] 1.64   (2553) 

  [cm/day] 7.625   (2553) 

Residual soil water content, Qr [-] 0.16  (2553) 

Saturated soil water content, Qs [-] 0.36  (2554) 

Parameter  in the soil water retention function [m-1] 0.007  (2554) 

Parameter n in the soil water retention function  2.19  (2554) 

Tortuosity parameter in the conductivity function [-] 0.5  (2553) 

Freundlich exponent  1  (2553) 
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1.  (constant-head boundary)  

  120     

2.  (general-head)  130 

   

3.  X  168   

 23.1   Y  15.4   136   160 

   356   Z  1  

  

4.  (Pb)  (Cu) 

  

 

 

 

 

 

 

 

 

 
 

 7.1   120-130 
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 7.2  visual 

Modflow  
 
 
 
 
 
 
 
 
 
 
 
 
 
 

7.2  

 IDW    ArcGIS 9.3  

(Unsaturated zone) 

 12   

  1.4 – 3.3  

 7.2  

7.3   

 HYDRUS-1D  (Pb)  (Cu) 

 (Pb) (Cu)  1.73 1.85 mg/L  

 

 25  

    25, 

50, 75  99   7.3  7.4  

 

 
 

Input parameter Value Reference 

Bulk density [mg/m3] 1.64 x109  (2553) 

Hydraulic conductivity in 

X-direction, Kx  [m/day] 

0.6  

Hydraulic conductivity in 

Y-direction, Ky [m/day] 

0.06  (2554) 

Hydraulic conductivity in 

Z-direction, Kz [m/day] 

0.06  (2554) 

Specific Storage, SS[m
-1] 0.00001  (2554) 

Specific Yield, SY 0.25  (2554) 

Total Porosity 0.35  (2554) 

Recharge [mm/year] 214  (2554) 
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 7.2  .  .  .  

 1:10,000 

 

 (Pb)  (Cu) 

   

   7.3  7.4  

 
 
 
 
 
 
 
 
 

Thickness of Unsaturated zone of Tambon Hua Rua,  Amphoe Muang, Changwat Ubonratchathani 
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 7.3  (Pb)  ( : . ) 

Thickness of unsaturated 

zone (m) 

P25 

 

P50 

 

P75 P99 

1.4 3.35 3.75 5.86 13.70 

1.5 3.26 3.58 5.35 11.10 

1.6 3.21 3.49 4.93 9.35 

1.7 3.13 3.40 4.61 8.12 

1.8 3.11 3.34 4.44 7.20 

1.9 3.10 3.31 4.31 6.51 

2.0 3.09 3.30 4.20 5.99 

2.1 3.09 3.31 4.16 8.96 

2.2 3.08 3.31 3.97 5.25 

2.3 3.06 3.32 3.92 5.88 

2.4 3.06 3.33 3.88 5.62 

2.5 3.06 3.32 3.82 4.73 

2.6 3.07 3.32 3.81 4.64 

2.7 3.11 3.33 3.77 5.43 

2.8 3.09 3.35 3.85 7.09 

2.9 3.13 3.42 3.86 5.39 

3.0 3.07 3.33 3.63 4.83 

3.1 3.10 3.35 3.76 5.07 

3.2 3.09 3.31 3.63 4.30 

3.3 3.22 3.49 3.88 4.58 
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 7.4  (Cu)  ( : . ) 

Thickness of unsaturated 

zone (m) 

P25 P50(mg/L) P75(mg/L) P99(mg/L) 

1.4 3.40 4.34 5.80 16.60 

1.5 3.28 4.09 5.31 13.10 

1.6 3.23 3.88 4.99 10.90 

1.7 3.20 3.73 4.72 9.31 

1.8 3.19 3.61 4.57 8.39 

1.9 3.18 3.52 4.44 7.70 

2.0 3.16 3.47 4.30 7.20 

2.1 3.14 3.44 4.34 22.40 

2.2 3.12 3.43 4.18 6.44 

2.3 3.10 3.39 4.14 7.09 

2.4 3.11 3.43 4.14 6.43 

2.5 3.11 3.35 4.09 5.71 

2.6 3.11 3.43 4.08 5.54 

2.7 3.13 3.34 4.07 7.19 

2.8 3.17 3.43 4.11 12.30 

2.9 3.18 3.53 4.19 6.65 

3.0 3.18 3.37 3.96 6.34 

3.1 3.19 3.40 4.07 6.93 

3.2 3.20 3.35 3.92 4.94 

3.3 3.33 3.76 4.23 5.41 
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  7.3  (Pb)    5 ,10  15    

 

 

 
 
 

 

 

 

 7.4  (Cu)    5 , 10  15    
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