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4.4.4 Results of Field Measurement 
 
The results of field measurements of water quality of the existing wells as well as the JICA 
test wells are presented in the Appendix in this main report. The individual data sheet for each 
surveyed well is presented in the data report. 
 
(1) Simultaneous Observation 

 
Based on the results of the simultaneous groundwater observation, groundwater quality maps 
for 4 observation times (February, May, August and November 2001) were prepared.  
 
1) PH 

 
a） Existing Dug Wells (see Figure 4.4.4.1 and Figure 4.4.4.2) 

Throughout the 4 time observations, it is common 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 
expanded.  
 
b） Existing Borehole Wells (see Figure 4.4.4.3 and Figure 4.4.4.4) 

The pH values 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 
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expanded and the increase of pH values was observed.  
 
2) ORP 

 
a） Existing Dug Wells (see Figure 4.4.4.5 and Figure 4.4.4.6) 

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. 
 
b） Existing Borehole Wells (see Figure 4.4.4.7 and Figure 4.4.4.8) 

In February 2001, negative values of ORP were found in some areas along the Mekong River 
and the Tonle Sap River. 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. 
 
3) EC 

 
a） Existing Dug Wells (see Figure 4.4.4.9 and Figure 4.4.4.10) 

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 were also observed in northern Kg. Chhnang from August to November 
2001. 
 
b） Existing Borehole Wells (see Figure 4.4.4.11 and Figure 4.4.4.12) 

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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4) F 
 

a） Existing Dug Wells (see Figure 4.4.4.13 and Figure 4.4.4.14) 
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. The main reasons of the minor 
changes of contour lines and F values in the maps are due to the no access to some of the 
target wells during the flooding and the accuracy of measurement by the pack test.  
 
b） Existing Borehole Wells (see Figure 4.4.4.15 and Figure 4.4.4.16) 

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. 
The main reasons of the minor changes of contour lines and F values in the maps are due to 
the no access to some of the target wells during the flooding time and the accuracy of 
measurement by the pack test.  
 
5) NO3 

 
a） Existing Dug Wells (see Figure 4.4.4.17 and Figure 4.4.4.18) 

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. The main reasons of the minor changes of contour lines and 
NO3 values in the maps are due to the no access to some of the target wells during the 
flooding time and the accuracy of measurement by the pack test. 
 
b） Existing Borehole Wells (see Figure 4.4.4.19 and Figure 4.4.4.20) 

In southern Kg. Chhnang province, F concentrations increased from February to August 2001, 
but the concentrations decreased in November 2001. 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.  
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The main reasons of the minor changes of contour lines and NO3 values in the maps are due 
to the no access to some of the target wells during the flooding time and the accuracy of 
measurement by the pack test. 
 

6) NH4 

 
a） Existing Dug Wells (see Figure 4.4.4.21 and Figure 4.4.4.22) 

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.  
 
The main reasons of the minor changes of contour lines and NH4 values in the maps are due 
to the no access to some of the target wells during the flooding time and the accuracy of 
measurement by the pack test. In addition, it should be noted that the results of NH4 
measurements by the pack test are disturbed when the groundwater is rich in Fe concentration. 
 
b） Existing Borehole Wells (see Figure 4.4.4.23 and Figure 4.4.4.24) 

In February 2001, relatively higher values of NH4 were detected in some wells in Kg. 
Chhnang province, 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. 
 
The main reasons of the minor changes of contour lines and NH4 values in the maps are due 
to the no access to some of the target wells during the flooding time and the accuracy of 
measurement by the pack test. In addition, it should be noted that the results of NH4 
measurements by the pack test are disturbed when the groundwater is rich in Fe concentration. 
 
7) Fe 

 
a） Existing Dug Wells (see Figure 4.4.4.25 and Figure 4.4.4.26) 

From the period from February to May 2001, the Fe concentrations tended to increase along 
the Tonle Sap River in Kg. Chhnang province. 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. 
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There are minor changes in Fe distribution, however, the reasons are due to the no access to 
some of the target wells during the flooding time and the accuracy of the measurement by the 
pack test.  
 
b） Existing Borehole Wells (see Figure 4.4.4.27 and Figure 4.4.4.28) 

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. 
 
8) As 

 
a） Existing Dug Wells (see Figure 4.4.4.29 and Figure 4.4.4.30) 

From the dug wells, As concentrations more than 0.05 mg/L were not found throughout the 
simultaneous observation. There are some well 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. 
 
b） Existing Borehole Wells (see Figure 4.4.4.31 and Figure 4.4.4.32) 

In the borehole wells, 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 were examined. 
 
1) PH 

 
a） Existing Dug Wells and Combined Wells (see Figure 4.4.4.33) 

The pH values at some wells in Kg. Chhnang province and in northwestern Kg. Cham 
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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 
 
b） Existing Borehole Wells (see Figure 4.4.4.34) 

The borehole wells in Kg. Chhnang province and in northwestern Kg. Cham province show a 
increasing trend of pH values from August 2001. 
 
2) ORP 

 
a） Existing Dug Wells and Combined Wells (see Figure 4.4.4.35) 

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 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. 
 
b） Existing Borehole Wells (see Figure 4.4.4.36) 

The changes in ORP values of borehole wells 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. 
 
3) EC 

 
a） Existing Dug Wells and Combined Wells (see Figure 4.4.4.37) 

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. 
 
b） Existing Borehole Wells (see Figure 4.4.4.38) 

In Kg. Chhnang province, R189G well shows higher EC values in the rainy season. But the 
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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. 
 
4) Fe 

 
a） Existing Dug Wells and Combined Wells (see Figure 4.4.4.39) 

Considering the accuracy of the pack test measurement, significant changing trend of Fe 
concentrations cannot be found from the results. 
 
b） Existing Borehole Wells (see Figure 4.4.4.40) 

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. 
 
5) F 

 
a） Existing Dug Wells and Combined Wells (see Figure 4.4.4.41) 

Considering the accuracy of the pack test measurement, significant changing trend of F 
concentrations cannot be found from the results. 
 
b） Existing Borehole Wells (see Figure 4.4.4.42) 

There is one 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. 
 
6) NO3 

 
a） Existing Dug Wells and Combined Wells (see Figure 4.4.4.43) 

In the dug wells, 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. 
 
b） Existing Borehole Wells (see Figure 4.4.4.44) 

In the borehole wells, some wells in northwestern Kg. Cham province tend to increase the 
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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. 
 
7) NH4 

 
a） Existing Dug Wells and Combined Wells (see Figure 4.4.4.45) 

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. 
 
b） Existing Borehole Wells (see Figure 4.4.4.46) 

The NH4 concentrations in the borehole wells are generally low so that any significant 
changing trends of the concentrations cannot be found. 
 
8) As 

 
a） Existing Dug Wells and Combined Wells (see Figure 4.4.4.47) 

Considering the accuracy and detection limit of As by the filed kit, there is no significant 
trend in changes of arsenic levels. 
 
b） Existing Borehole Wells (see Figure 4.4.4.48) 

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. 
 
1) pH (see Figure 4.4.4.49) 

 
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. 
 
2) ORP (see Figure 4.4.4.50) 
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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. 
 
3) EC (see Figure 4.4.4.51) 

 
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. 
 
4) Fe (see Figure 4.4.4.52) 

 
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 peak of Fe concentration in October 2001. 
 
5) F (see Figure 4.4.4.53) 

 
No.4 well in Kg. Chhnang province has a 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. 
 
6) NO3 (see Figure 4.4.4.54) 

 
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.  
 
7) NH4 (see Figure 4.4.4.55) 

 
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 
 
8) As (see Figure 4.4.4.56) 

 
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 
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concentration was detected in November 2001. 
 
(4) Coliform and Bacteria 

 
1) 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. 
 
2) 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. 
 
[References] 
WHO (1996): Guidelines for drinking-water quality, 2nd edition. Volume 2, Health criteria 
and other supporting information, WHO, Geneva. 
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Distribution of ORP Values
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(Feb 2001, May 2001)

JAPAN INTERNATIONAL COOPERATION AGENCY (JICA)

THE STUDY ON GROUNDWATER DEVELOPMENT
IN CENTRAL CAMBODIA

420000 440000 460000 480000 500000 520000 540000 560000 580000 600000 620000 640000 660000
UTM-E (m)

1280000

1300000

1320000

1340000

1360000

1380000

1400000
UT

M
-N

 (m
)

241261

243
284 264

304
221

333

243

311

355

352

246185220
328335

254
364

331

273
317

244

348
328

273

235

115

198

149

212

307

258

279

237

249

269146
158

303
233

229

230

60
135

248

228

181

237

224

289

250

169

229

142

192

208

190

250

206

186

332

217
357

329

231
215

232

139163203

180

184
149159

266

242197

173

236
235

213 227

156

246

182

173

244

222
232

227250
270

226230

262232

282

273

299216
142

294

244

344

184

252

274

220181

224

271

271
250

242

277296

228
261

284

245

160

201

194

229

270241

225

267

273
260

226

184

Study Area

District Boundary

Road

River

Rail

VIET NAM
Kampong ChamKampong Chhnang

Phnom Penh

Tonle Sap Lake

420000 440000 460000 480000 500000 520000 540000 560000 580000 600000 620000 640000 660000
UTM-E (m)

1280000

1300000

1320000

1340000

1360000

1380000

1400000

U
TM

-N
 (m

)

201172

309
293
324

254

175

252

295

266

229239195
252234

146
270

263

299
221

231

305
256

281

185

39

116

121

126

216

79

144

256

168

160125
70

189
217

240

154

126
136

210

157

76

187

92

226

252

175

66

205

133

88

239

94

210

231

171
280

274

144
164

132

97120

139

108
7166

216

229220

191

138
132

150 137

113

189

75

197

161

151
133

237
288

243215

232180

229

242

143
127

119
49208

150

141

201

182

44119

200199

201
123

176

167
168

152

187248

169 203

137

207

201

73

144

151

209114

154

145
151

167

72

VIET NAM
Kampong ChamKampong Chhnang

Phnom Penh

Tonle Sap Lake

ORP < 0 mV

0 mV =< ORP -250 -200 -150 -100 -50 0 50 100 150 200 250 300 350 400

Oxidation-Reduction Potential, ORP (mV)
DW: Dug Well

(ORP values were measured by ORP meter in the field.)

DW-ORP, Feb 2001

DW-ORP, May 2001

Figure 4.4.4.5

4-207


	CHAPTER 4  GROUNDWATER INVESTIGATION
	4.4 Groundwater Quality
	4.4.4 Results of Field Measurement
	Figure 4.4.4.1






