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4.3 Groundwater Quality 
 
In the study, detailed investigations on groundwater quality were emphasized and carried out 
to evaluate the groundwater resources for safe drinking water supply based on the experience 
of the JICA’s groundwater development study in southern Cambodia with considering the 
problem of groundwater contamination by arsenic and other substances in Cambodia.  
 
(1) Methodology 

 
Groundwater quality of the newly constructed test wells as well as the selected existing wells 
was analyzed in a laboratory and measured in the field. 
 
1) Laboratory Analysis 

For the JICA test wells, a total of 31 samples from 30 wells were collected during a period 
from August to October 2001 after the completion of the well construction. The samples were 
sent to a laboratory in Bangkok, Thailand. In addition, 10 samples were collected in 
December 2001 for cross checking purpose and for evaluating the effectiveness of the iron 
removal device. For the existing wells, a total of 68 samples were collected during the 3rd 
simultaneous groundwater observation in August 2001. 
 
In the laboratory, following 21 parameters were analyzed for each sample: 
 

Water Temperature, pH, EC, Ca, Mg, Na, K, Fe, Mn, NH4, As, CO3, HCO3, CO2, Cl, 
SO4, NO3, F, SiO2, Hardness, TDS 

 
2) Field Groundwater Quality Measurement 

For the JICA test wells, field groundwater quality measurements were carried out on a 
monthly basis after the completion of the well construction. For the existing wells, field 
groundwater quality was measured in the simultaneous groundwater observation (4 times) and 
the periodic groundwater observation (12 times). The simultaneous observations were carried 
out in February, May August and November 2001. The numbers of the measured wells were 
about 250 wells in the simultaneous observation, 26 wells in the periodic observation, and 30 
JICA test wells. The field measurements were carried out by the study team members and the 
counterparts from the DRWS. The methodologies of groundwater sampling, quality 
measurements, data recording, and data processing were well transferred to the counterparts. 
 
In the field, 11 parameters shown below were measured for each sample: 
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Water Temperature, pH, ORP, EC, Fe, F, NO3, NH4, As, coliform, bacteria 

 
(2) Results of Laboratory Analysis 

 
1) JICA Test Wells 
a）Major Dissolved Ions 

The samples from northern Kg. Chhnang province show (Na＋K) –HCO3 type, however, the 
samples from the central to southern part of the province show Ca – HCO3 type. In Kg. Cham 
province, most samples show Mg-HCO3 type, but there are some samples having Ca-HCO3 
type in Memot district. No. 30 well located in western Kg. Cham province has a strange 
chemical composition and shows bad water quality. The total amount of major ions in Kg. 
Chhnang province ranges from 8 to 24 meq/L. The amount in Kg. Cham province is generally 
lower, having about 5 meq/L. However, there are three (3) wells in Memot district having 
total major ions of 15 to 20 meq/L. No. 30 well has very high total ions of 45.6 meq/L 
(Figure 4.3.1 and 4.3.2). 
  
b）Comparison with WHO Guideline Value 

The results of the laboratory test were compared with the WHO guideline value for drinking 
water. In the test wells, only No. 7 well has Na concentration of 218 mg/L exceeding the 
guideline value of 200 mg/L. For Fe, there are 10 wells exceeding the guideline value of 0.3 
mg/L. For Mn, there are 19 wells having more than the guideline value of 0.1 mg/L. For As, 
there are two (2) wells exceeding the guideline value of 0.01 mg/L. For Cl, there is only one 
(1) well exceeding the guideline value of 250 mg/L. For NO3, there is only one (1) well 
exceeding the guideline value of 50 mg/L. For F, there are three (3) wells having more than 
the guideline value of 1.5 mg/L. For TDS, there is one (1) well having more than the 
guideline value of 1,000 mg/L. Out of the 30 test wells, only 11 wells could pass the WHO 
guideline values of the analyzed parameters. In Kg. Chhnang province, there are two (2) wells 
out of 10 wells satisfied the guideline values, whereas nine (9) wells out of 20 in Kg. Cham 
province satisfied the guideline values (Table 4.3.1).  
 
c）Distribution of Groundwater Quality 

The pH values in the test wells are characterized by more than 7 in Kg. Chhnang province and 
mostly less than 7 in Kg. Cham province. There are some test wells having 5.6 to 5.85 in pH 
in Suong and Memot areas in Kg. Cham province. The ORP values in most test wells show 
positive values, however, negative ORP values ranging from –20 to –60 mV were found from 
the wells located along the Tonle Sap River and the Mekong River, and from some wells in 
Suong and Memot areas, indicating the groundwater under reducing conditions. The EC 
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values in Kg. Chhnang province range from 50 to 100 mS/m. In Kg. Cham province, the EC 
values range from 4 to 20 mS/m in from the northwestern part to the southeastern part through 
the central part of the province. The rest of the wells except No.12 and No. 14 wells in Memot 
and No.30 well in the west have 25 to 50 mS/m in EC, indicating better groundwater quality 
than Kg. Chhnang province. The maximum value of EC was detected at No. 30 well at a level 
of 225 mS/m. The higher TDS value more than the WHO guideline value was detected at No. 
30 well. The TDS concentrations in Kg. Chhnang province range from 240 to 660 mg/L. In 
northwestern to southeastern Kg. Cham province has better TDS concentrations ranging from 
25 to 200 mg/L. Higher Fe concentrations are found mainly from lowland along the Mekong 
River and the Tonle Sap River. Fe concentrations along the Mekong River range from 1.9 to 
3.6 mg/L. The concentrations along the Tonle Sap River range from 0.4 to 0.7 mg/L. On the 
other hand, the wells in central to western Kg. Chhnang province and in the northwestern part 
and the central to eastern parts of Kg. Cham province have less than 0.1 mg/L in Fe 
concentration (Figure 4.3.3). The Mn concentrations exceed the WHO guideline value in 
wide areas except southern Kg. Chhnang province and eastern and northwestern Kg. Cham 
province. The Mn concentrations more than 0.5 mg/L are distributed along the Tonle Sap 
River and in the upstream area along the Mekong River. Although there is no test well having 
Na concentration above the WHO guideline value in the study area, it is known in northern 
Kandal province that the groundwater has higher Na concentrations above the guideline value. 
In the study area, there are three (3) test wells in Kg. Chhnang province and one (1) well in 
Kg. Cham province having Na concentrations between 100 and 200 mg/L. No. 30 test well in 
western Kg. Cham province has Cl concentration of 386 mg/L above the WHO guideline 
value. No. 8 well in southern Kg. Chhnang province has 170 mg/L. However, the rest of the 
test wells have less than 50 mg/L. 
Arsenic in groundwater exceeds the WHO guideline value at No.10 well (0.098 mg/L) in 
northern Kg. Chhnang province and at No.23 well (0.027 mg/L) in northern Kg. Cham 
province along the Mekong River (Figure 4.3.4). Three (3) test wells in northern Kg. 
Chhnang province have F concentrations ranging from 1.53 to 1.87 mg/L, which exceed the 
WHO guideline value(Figure 4.3.5). NO3 values in test well groundwater are lower than 10 
mg/L except No. 30 well, which has the level more than the guideline value. There is no test 
well having NH4 concentration above the WHO guideline value. Relatively higher NH4 
concentrations ranging from 0.2 to 1.0 mg/L are found at six (6) wells in Kg. Chhnang 
province and at two (2) wells in Kg. Cham province. No.30 test well in western Kg. Cham has 
relatively higher value (= 177 mg/L) in SO4 concentration. However, the rest of the test wells 
have very low SO4 concentrations below 20 mg/L. 
 
2) Existing Wells 
a）Major Dissolved Ions 
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In the dug wells, relatively higher values of the total dissolved ions ranging from 50 to 80 
meq/L are found in northeastern Kg. Chhnang province and in the area along the Mekong 
River in central to western Kg. Cham province. Some wells in the area shows Na–Cl type in 
groundwater quality. The total amount of major dissolved ions in central to southern Kg. 
Chhnang ranges from 2 to 10 meq/L. The amount in most of the wells in eastern Kg. Cham 
province is less than 1 meq/L. 
 
For combined wells, although only three (3) samples from central Kg. Cham province were 
analyzed, the chemical composition of groundwater varies and the total amount of major ions 
ranges from 13 to 40 meq/L. 
 
In the borehole wells, most wells have Ca–HCO3 type of groundwater in Kg. Chhnang 
province. In Kg. Cham province, more than half of the wells have Mg-HCO3 type or Ca-
HCO3 type of groundwater. The total amount of major dissolved ions in central Kg. Chhnang 
province to western Kg. Cham as well as northern Kg. Cham province ranges from 20 to 62 
meq/L. The total ions in the rest of Kg. Chhnang province and central Kg. Cham province 
range from 5 to 15 meq/L. In Memot district, some wells have relatively higher amount of 
total ions ranging from 4 to 16 meq/L, on the other hand the rest have very small total ions 
below 1 meq/L (Figure 4.3.6). 
 
b）Comparison with WHO Guideline Value 

The results of the laboratory test (31 dug wells (DW) and 34 borehole wells(BH)) were 
compared with the WHO guideline value for drinking water. For Na, there are 3 DW and 2 
BH exceeding the guideline value of 200 mg/L. For Fe, there are 9 DW and 19 BH exceeding 
the guideline value of 0.3 mg/L. For Mn, there are 15 DW and 12 BH exceeding the guideline 
value of 0.1 mg/L. For As, there are 2 DW and 3 BH exceeding the guideline value of 0.01 
mg/L. For Cl, there are 3 DW and 2 BH exceeding the guideline value of 250 mg/L. For NO3, 
there are 3 DW and 1 BH exceeding the guideline value of 50 mg/L. For F, there is no DW 
and BH exceeding the guideline value of 1.5 mg/L. For NH4, there are 4 DW and 2 BH 
exceeding the guideline value of 1.5 mg/L. For SO4, there are 2 DW and 1 BH exceeding the 
guideline value of 250 mg/L. For TDS, there are 4 DW and 3 BH exceeding the guideline 
value of 1,000 mg/L. On the other hand, there are 2 DW out of 13 and 3 BH out of 13 in Kg. 
Chhnang province satisfying all the guideline values of the measured parameters. In Kg. 
Cham province, 7 DW out of 18 and 5 BH out of 21 satisfied the guideline values (Table 
4.3.2). 
 
c）Distribution of Groundwater Quality 

The pH values in most of the existing dug wells (DW) in the right-bank of the Tonle Sap 
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River and in the left-bank area of the Mekong River show less than 7 of acidic water. On the 
other hand, the area between the Tonle Sap River and the Mekong River has alkaline 
groundwater ranging from 7 to 7.8 in pH. In the existing borehole wells (BH), acidic 
groundwater having 5.2 to 6.9 in pH occurs in eastern Kg. Cham province, whereas the 
groundwater in the rest of the areas except two (2) wells in central Kg. Chhnang province 
show alkaline water with 7 to 7.8 in pH (Figure 4.3.7). 
The ORP values in all the DW show more than 0 mV, especially strong acidic water was 
found in eastern Kg. Cham province with 250 to 500 mV and in central Kg. Chhnang 
province with 200 to 300 mV. The ORP values of BH in eastern Kg. Cham province range 
from 250 to 600 mV, showing strong acidic water. However, the groundwater of BH along 
the Mekong River and in western Kg. Cham province and northern Kg. Chhnang province has 
0 to –150 mV in ORP, showing alkaline water. 
The EC values of DW in most parts of Kg. Chhnang province and eastern Kg. Cham province 
have less than 25 mS/m, showing good quality of water. On the other hand, there are wells 
having more than 100 mS/m in eastern Kg. Chhnang province and central to western Kg. 
Cham province. In western Kg. Cham, EC values more than 300 mS/m were found. In the 
BH, smaller values of EC less than 25 mS/m were found in central Kg. Chhnang province and 
eastern Kg. Cham province. However, EC values ranging from 100 to 300 mS/m were found 
in northeastern Kg. Chhnang province and western Kg. Cham province (Figure 4.3.8). 
The distribution pattern of TDS is similar to that of EC. In DW, the TDS levels exceed the 
WHO guideline value in the central part of the study area. In BH, higher TDS values more 
than the WHO guideline values were found from narrower areas in northeastern Kg. Chhnang 
province and western Kg. Cham province. 
The Fe concentrations in DW more than the WHO guideline value are found in northern 
Memot district, western Kg. Cham province, and northern and central Kg. Chhnang province. 
The Fe concentrations in BH are generally higher than that in the dug wells in the study area. 
The area having more than the guideline value is distributed from lowland areas of Kg. 
Chhnang province to Kg. Cham province except Memot district. Very high Fe levels ranging 
from 11 to 22 mg/L were found from the wells near the Mekong River (Figure 4.3.9). 
The Mn concentrations in DW and BH show a similar distribution pattern. The Mn values 
exceeding the WHO guideline values are found in eastern and central to western Kg. Cham 
province and in northern Kg. Chhnang province. The higher Mn levels more than 0.5 mg/L 
are found in a wide area in the central part of the study area. 
The Cl concentrations of both DW and BH are higher than the WHO guideline value in 
western Kg. Cham province. The area of Cl contaminations in DW is larger than that in BH, 
and the Cl levels in DW are higher than BH. 
The patterns of Na distribution are similar to that of Cl distribution. The Na levels exceed the 
guideline value in northeastern Kg. Chhnang province and western Kg. Cham province. The 
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area having more than the guideline value is larger in DW. 
The As levels in DW more than 0.01 mg/L are found along the Mekong River in southern Kg. 
Cham province. In BH, the As levels more than the WHO guideline values are found in 
northwestern and central Kg. Chhnang province and northern Kg. Cham province.  
There is no well having more than the WHO guideline value of F (=1.5 mg/L) in D and BH in 
the study area. But the F levels in DW are higher than BH. In western Kg. Cham province, 
some BH has 1.2 to 1.4 mg/L in F concentration. 
There are limited wells having NO3 concentrations above the WHO guideline value in DW 
and BH. However, the concentrations are higher in DW. The areas having the concentrations 
above 10 mg/L are widely distributed from the central area to the northeast and the northwest 
in the study area. In BH, the NO3 concentrations above 10 mg/L are distributed in western Kg. 
Cham. In the rest of the area, the higher values are sporadically distributed. 
The DW having NH4 concentrations more than the WHO guideline value are found in 
northern Kg. Chhnang province, western Kg. Cham province and Memot district. In BH, the 
levels more than the guideline value are found along the Mekong River in Kg. Cham 
province.  
The SO4 concentrations in DW exceed the WHO guideline value in central and western Kg. 
Cham province. The levels higher than 50 mg/L are found in northeastern Kg. Chhnang 
province to western to central Kg. Cham province. In BH, there is a well having 710 mg/L in 
SO4 in northeastern Kg. Chhnang. However, the rest have SO4 levels within the guideline 
value even there are some wells having more than the guideline value of SO4 in Kandal 
province. The area having more than 50 mg/L is also limited in the study area. 
 
(3) Results of Field Measurement 

 
1) Simultaneous Observation 

The followings are the results of the 4 times of simultaneous groundwater observation.  
 
a）pH  

It is common in the dug wells (DW) that the eastern Kg. Cham province and most parts in Kg. 
Chhnang province have pH values less than 7, whereas the central part of the study area has 
alkaline groundwater. However, the areas of alkaline water and pH values changed over time. 
In February 2001, the areas having pH values more than 7 were distributed widely from 
central to western Kg. Cham province. In May 2001, the pH values decreased and the area of 
alkaline groundwater became smaller. In August 2001, the areas having pH values more than 
7 were expanded and the pH values in the area less than 7 in pH slightly increased. In 
November 2001, the areas more than 7 in pH decreased in central to western Kg. Cham 
province, however, the areas more than 7 in northeastern Kg. Chhnang province was 
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expanded.  
The pH values in the borehole wells (BH) show less than 7 in eastern Kg. Cham province 
throughout the simultaneous observation period, however, there are changes in the location of 
pH=7 contour line and pH values in central Kg. Cham province to Kg. Chhnang province. In 
February 2001, the area having relatively higher values of pH was widely distributed in the 
central part of the stud area. In May 2001, the pH values generally decreased and the areas 
having pH<7 were expanded in western Kg. Cham province and in Kg. Chhnang province. In 
August 2001, the areas having pH>7 further decreased and the pH values in the area of pH<7 
decreased in Kg. Chhnang province. In November 2001, the areas of pH>7 was slightly 
expanded and the increase of pH values was observed.  
 
b）ORP 

In DW, although the ORP values were generally higher in February 2001 with showing more 
than 200 mV in many places, the values in May 2001 decreased in the whole study area and 
the values became less than 200 mV except eastern Kg. Cham province. The distribution 
pattern of ORP values in August 2001 is similar to that of May 2001, however, increase of 
ORP values was observed in Memot district and he values were decreased in the areas along 
the Mekong River and the Tonle Sap river. In November 2001, the area of ORP<100 mV 
appeared in the central part of the study area and the negative values of OPR were found in 
some wells in western Kg. Cham province and northern Kg. Chhnang province. 
In BH, negative values of ORP were found in some areas along the Mekong River and the 
Tonle Sap River in February 2001. In May 2001, almost all the ORP values in the study area 
were decreased and the areas of ORP<0 mV were increased. In August 2001, the ORP values 
slightly increased and the areas of ORP>100 mV were expanded in western Kg. Cham 
province. The increase of ORP values were also observed in Memot district. In November 
2001, the ORP values in Memot district were decreased, and the slight decrease of the value 
were also observed in the central part of the study area. 
 
c）EC 

In DW, there is no significant change in EC distribution pattern and EC values in Kg. Cham 
province, but there are some changes in EC values in northern Kg. Chhnang province. In the 
northwestern part of the province, increase of EC values was observed in some wells. The 
increase of EC values was also observed in northern Kg. Chhnang from August to November 
2001. 
In BH, The distribution pattern of EC remained almost the same through the simultaneous 
observation period. More than 150 mS/m of EC values are always found in northeastern Kg. 
Chhnang province and western Kg. Cham province. 
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d）F 
In DW, significant changes in F distribution and F values were not found by the simultaneous 
observation. The higher values of F more than 1.5 mg/L were found in northern and southern 
Kg. Chhnang province and western Kg. Cham province.  
Similarly in BH, significant changes in F distribution and F values were not found by the 
simultaneous observation. The higher values of F more than 1.5 mg/L were found in northern 
and southern Kg. Chhnang province and western and central Kg. Cham province along the 
Mekong River.  
 
e）NO3 

In DW, there is no significant seasonal change in NO3 concentrations and their distributions 
by the simultaneous observation. There is no well having NO3 concentration more than the 
WHO guideline value by the pack test measurement. Relatively higher values more than 10 
mg/L were found sporadically in eastern to central and western Kg. Cham province and 
northern and southern Kg. Cham province.  
In BH, F concentrations increased from February to August 2001, but the concentrations 
decreased in November 2001 in southern Kg. Chhnang province. In the rest of the area, there 
was no significant seasonal change in NO3 concentrations and their distributions by the 
simultaneous observation. There is no well having NO3 concentration more than the WHO 
guideline value by the pack test measurement. Relatively higher values more than 10 mg/L 
were found sporadically in western Kg. Cham province and northern and southern Kg. Cham 
province. The NO3 concentrations in eastern Kg. Cham province in borehole wells are lower 
than that of dug wells.  
 
f）NH4 

In DW, there are a few wells in central Kg. Cham and central Kg. Chhnang provinces having 
NH4 concentrations more than the WHO guideline value by the pack test measurement. In 
central Kg. Chhnang province, there was an area having NH4>0.5 mg/L in February 2001, but 
the area disappeared from May 2001. Except this, there was no significant change in NH4 
distribution.  
In BH, relatively higher values of NH4 were detected in some wells in Kg. Chhnang province 
in February 2001, however, the values decreased from May 2001. In southern Kg. Cham 
province along the Mekong River, NH4 concentrations in a few wells show a increasing trend 
from February to November 2001. In November 2001, three (3) borehole wells in northern 
Kg. Cham province along the Mekong River had NH4 concentrations ranging from 2 to 5 
mg/L. Except these events, there is no significant variations in NH4 distribution. 
 
g）Fe 
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In DW, the Fe concentrations tended to increase along the Tonle Sap River in Kg. Chhnang 
province from the period from February to May 2001. Except this, there is no significant 
change in Fe concentrations. The areas having Fe concentrations above the WHO guideline 
value are sporadically distributed in the study area. 
In BH, the distribution patterns of Fe concentrations are almost the same throughout the 
simultaneous observations. Along the Mekong River, a zone of higher Fe concentrations was 
well traced in May and November 2001 because a number of wells near the river could be 
measured without the flooding. In the rest of the study area, elevated Fe concentrations above 
the WHO guideline value were found in eastern and western Kg. Cham province and in the 
area along the Tonle Sap River in Kg. Chhnang province. 
 
h）As 

From DW, As concentrations more than 0.05 mg/L were not found throughout the 
simultaneous observation. There are some wells having As concentration ranging from 0.001 
to 0.01 mg/L by the field kit, however, it should be considered that the values are almost 
below the detection level of the field kit. In the dug wells, there is only one suspect well of 
actual As contamination, which is located in northwestern Kg. Chhnang province with As 
level of 0.02 mg/L by field kit. 
In BH, the As levels more than 0.05 mg/L were detected in northern Kg. Chhnang province 
and central to northern Kg. Cham province along the Mekong River. The results of the 
observations in May and November 2001 show that the highly contaminated zone by As is 
located along the Mekong River. 
 
2) Periodic Observation 

Based on the results of the periodic groundwater observation, changes of each groundwater 
quality parameter are mentioned below. 
 
a）pH 

In DW, the pH values at some wells in Kg. Chhnang province and in northwestern Kg. Cham 
province show a slight increasing trend of pH values from August 2001. The pH values in 
Suong and Memot areas in Kg. Cham province were fluctuated within a certain range 
BH in Kg. Chhnang province and in northwestern Kg. Cham province shows a slight 
increasing trend of pH values from August 2001. 
 
b）ORP 

In DW, although some wells show irregular fluctuations of ORP values over time, the ORP 
values in Kg. Chhnang province and northwestern Kg. Cham province decreased from 
January to April 2001. These ORP values once rose in June but again decreased gradually 
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from July to December 2001. The ORP values Suong and Memot areas also show a 
decreasing trend of ORP values from January to December 2001. 
In BH, the changes in ORP values show a wider range of irregular fluctuations over time. 
However, the wells in Kg. Chhnang province and in the northwestern part and Memot of Kg. 
Cham province area have a decreasing trend of ORP values. 
 
c）EC 

In DW, the EC values having relatively lower values of EC in Kg. Chhnang province tend to 
increase slightly from May to December 2001. On the other hand, the EC values in the wells 
having relatively higher values of EC fluctuated within a certain range. In northwest Kg. 
Cham province, the changes in EC values are small in the wells with relatively smaller EC 
values, but the greater EC values irregularly fluctuated over time. In Suong area, the EC 
values in the wells having smaller values of EC tend to decrease from January to June 2001 
then increase from August. In the wells having greater values of EC, one well has a gradual 
decrease of EC values over time, whereas another has decrease of EC values from January to 
October 2001 then sharp increase of EC values. In Memot area, the EC values are generally 
lower than 15 mS/m. Most of the wells have a slight decreasing trend of EC values from 
February to July 2001 then show a clear increasing trend from August. 
In BH, R189G well in Kg. Chhnang province shows higher EC values in the rainy season. But 
the rest of the wells show that the EC values fluctuated within a limited range of variation. In 
northwestern Kg. Cham province, the EC values have slight increasing trend over time. The 
EC values at R321M well in Suong area clearly decreased over time. 
 
d）Fe 

In DW, significant changing trend of Fe concentrations cannot be found from the results 
considering the accuracy of the pack test measurement. 
In BH, the range of variation in Fe concentrations is greater when the wells have relatively 
greater concentrations of Fe. However, some of the wells show irregular patterns of 
fluctuation. There are three (3) wells having higher Fe concentrations in May to July 2001. In 
northwestern Kg. Cham province, some wells have increasing trend of Fe levels coinciding 
the changes in groundwater levels. 
 
e）F 

In DW, significant changing trend of F concentrations cannot be found from the results 
considering the accuracy of the pack test measurement. 
In BH, there is one (1) well in Kg. Chhnang province having an increasing of F 
concentrations. In the rest, there is no significant change of F concentrations over time 
considering the accuracy of the pack test. 
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f）NO3 

In DW, some wells in northwestern Kg. Cham province seem to have a decreasing trend of 
NO3 concentrations from July to September 2001. However, considering the accuracy of the 
pack test measurement, significant changing trend of NO3 concentrations cannot be found in 
other areas. 
In BH, some wells in northwestern Kg. Cham province tend to increase the NO3 
concentrations from June to September 2001. However, there is no significant change of NO3 
concentrations over time considering the accuracy of the pack test. 
 
g）NH4 

In DW, although the NH4 levels in the wells having greater NH4 values fluctuated with a wide 
range, there is no clear correlation with the seasonal change. Some wells have higher 
concentrations in the rainy season but the other has higher values in the dry season. 
In BH, the NH4 concentrations in the borehole wells are generally low so that any significant 
changing trends of the concentrations cannot be found. 
 
h）As 

In DW, there is no significant trend in changes of arsenic levels considering the accuracy and 
detection limit of As by the filed kit. 
In BH, R197G borehole well has increasing trend of As level with oscillation. By March 2001 
the As level was below 0.05 mg/L, however, it went up from April and reached 0.2 mg/L in 
August, September and December 2001. In other wells, no significant trends in As level 
changes were found considering the field kit limitations. 
 
3) JICA Test Well Monitoring 

Based on the results of the groundwater monitoring of the JICA test wells, changes of each 
groundwater quality parameter were examined. 
 
The pH values in most test wells show a decreasing trend. Particularly the decreasing trend is 
clear in Suong and Memot areas in Kg. Cham province from August to October 2001. Very 
high ORP values were found at some wells in September. This is due to the disinfection of the 
wells by bleaching powder. Except this event, most test wells show decreasing trends of ORP 
values. About a half of the test wells show increasing trends of EC levels. However, slight 
drops of EC values were observed in some wells in Kg. Cham province. Fe concentrations at 
No.23 well in northwestern Kg. Cham province show a decreasing trend. The concentration 
decreased from 8 mg/L in August to 4 mg/L in December 2001. On he other hand, No.20 test 
well in Memot area shows a increasing trend of Fe level. No. 23 well and No. 27 well have a 
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peak of Fe concentration in October 2001. No.4 well in Kg. Chhnang province has an 
increasing trend of F concentration, starting from 1.5 m/L in August and reaching 4.5 mg/L in 
December 2001. The rest of the wells do not show any significant trends in changes of F 
concentrations. The NO3 concentrations in No.10 and No.11 wells show aide range of 
variations with irregular fluctuations. No.30 test well has more than 50 mg/L in NO3 
concentration from September to December 2001. The NH4 concentration in No.23 well 
increased from 0.1 mg/L in July 2001 to 2.0 mg/L in December 2001. The rest of the tests 
well have NH4 concentrations below 0.2 mg/L with no significant changing trends. The As 
concentration of No.10 well in Kg. Chhnang province exceeded 0.05 mg/L in September and 
December 2001. In No.23 well in Kg. Cham province, 0.3 mg/L of As concentration was 
detected in November 2001. 
 
4) Coliform and Bacteria 
a）Existing Wells 

Almost all the dug wells and combined wells were polluted by coliform and bacteria. On the 
other hand, borehole wells were polluted from 23% to 85% by bacteria in Kg. Chhnang 
province, and were polluted from 19% to 50% by coliform. In Kg. Cham province, borehole 
wells were polluted from 40% to 88% by bacteria and from 15% to 46% by coliform. 
Pollution levels of existing wells on the 3rd simultaneous observations are lower than the 1st 
and 2nd simultaneous observations. 
 
b）JICA Test Wells 

In October 2001, coliform and bacteria contamination was found at No.8 well in Kg. Chhnang 
province. In Kg. Cham province, No.11 and No.18 wells were contaminated by bacteria. 
Moderate contamination by coliform and bacteria was found at No. 5 well in Kg. Chhnang 
province. In November 2001, moderate contamination by coliform and bacteria was found at 
No.2 well in Kg. Chhnang province. In December 2001, only slight contamination by 
coliform and bacteria was found at five (5) wells. However, the filtered sample at No.6 well 
was contaminated by bacteria and coliform. Moderate contamination by bacteria was also 
found from the filtered samples No.23 and No.30 wells in Kg. Cham province. 
 
Referebnces:WHO (1996): Guidelines for drinking-water quality, 2nd edition. Volume 2, 
Health criteria and other supporting information, WHO, Geneva. 
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Trilinear Diagram of Groundwater at
JICA Test Wells

JAPAN INTERNATIONAL COOPERATION AGENCY (JICA)

Figure 4.3.2
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pH Distribution in Groundwater
 Taken from Existing Wells
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EC Distribution in Groundwater
 Taken from Existing Wells
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Fe Distribution in Groundwater
 Taken from Existing Wells
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Figure 4.3.1 (1/2)  Results of Laboratory Chemical Analysis of Groundwater Taken from JICA Test Wells 
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Figure 4.3.1 (2/2)  Results of Laboratory Chemical Analysis of Groundwater Taken from JICA Test Wells 
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Figure 4.3.2 (1/4)  Results of Laboratory Chemical Analysis of Groundwater Taken from Existing Wells 
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Figure 4.3.2 (2/4)  Results of Laboratory Chemical Analysis of Groundwater Taken from Existing Wells 
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Figure 4.3.2 (3/4)  Results of Laboratory Chemical Analysis of Groundwater Taken from Existing Wells 
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Figure 4.3.2 (4/4)  Results of Laboratory Chemical Analysis of Groundwater Taken from Existing Wells 
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