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Abstract

Volatile chlorinated hydrocarbons, such as tetrachloroethylene (or perchloroethylene, PCE), have been found in many
sites and in groundwater, and the pollution by these chemicals has also been observed in Kanazawa city. In this study,
field surveys were conducted and the characteristics of groundwater flow in this area were examined using a key
diagram of chemical composition of well water samples and multivariate analysis. The groundwater flow was divided
into three categories corresponding to the quality of well water samples. Based on the study of groundwater flow, the
concentrations of PCE and its degradation products (trichloroethylene (TCE)and cis-1,2-dichloroethylene (cis-DCE) )
in well water samples were investigated as a function of distance from the tentative source of contamination. The total
concentration of the three compounds and the degradation level which was evaluated from the molar fraction of the
products (TCE+cis-DCE) , were closely related to the distance from the source of contamination.
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Fig. 1 Sampling locations and their chemical compositions of

well water samples classified in @ to ®(Fig.2) .
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Table 1 Analytical methods of water quality

Water quality index Method ; Apparatus

fon chromatography ; Dionex DX-
Na*, K¥, Mg?", Ca** ErphY

120

CT, NO;, SO42' Ion chromatography ; Dionex DX-
120

HCOy Titration method

i Absorption spectroscopy ; Hitachi U-

Si0,
2000

Al Fe, Cu, Mn Graphite furnace atomic absorption

spectrophotometry ; Hitachi Z-8200

Tetrachloroethylene

(PCE), Headspace-Gas chromatography /
Trichloroethylene Mass spectrometry ;

(TCE), Hewlett Packard 7694, 5890 1l plus,
cis-1,2-dichloroethylene 5972

(cis-DCE)
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B, EFESOEMICH - T, BEENL L&t
LY,

TOLEXDERA Table 3 ISFRT, A BEEHOR
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Table 2 Results of well water samples analysis Unit : mg-l"'

Inorganic Total North of Sai Riv. South of Sai Riv.

Compound  mean range mean range mean range
cr 13.5 7.02 ~ 21.3 13.6 7.02 ~ 213 13.3 921 ~ 174
NOy 1.91 0.104 ~ 3.67 1.83 0.104 ~ 2.73 2.08 0.806 ~ 3.67
o 15.7 8.19 ~ 26.5 14.1 8.19 ~ 22.6 19.0 8.85 ~ 26.5
Na* 14.9 7.52 ~ 22.3 15.3 752 ~ 21.6 14,1 932 ~ 22.3
K 1.85 0815 ~ 4.85 1.97 0815 ~ 4.85 1.62 1.01 ~ 2.21
Mg* 6.88 3.26 ~ 1.5 6.57 326 ~ 10.1 7.52 3.67 ~ 1.5
ca** 19.0 8.09 ~ 28.8 18.3 9.50 ~ 28.8 20.4 8.09 ~ 27.5
HCO, 24.6 352 ~ 64.9 19.1 352 ~ 433 35.6 114 ~ 64.9
Si0, 28.4 13.0 ~ 58.2 26.6 13.0 ~ 58.2 319 223 ~ 53.1
Al 002 <0.01 ~ 0.28 003 <001 ~ 0.28 001 <001 ~ 0.03
Fe 032 <003 ~ 4.14 042 <003 ~ 4.14 0.1t <003 ~ 1.53
Cu 0.006)" <0.01 ~ 0.05 001 <0.01 ~ 0.05 0.004)"  <0.01 ~ 0.02
Mn 0.017 <0.001 ~ 0.326 0.024 <0.001 ~ 0.326 0.003 <0.001 ~ 0.029

*1: mean value of well water samples containing Cu>0.0Img-1"

O: South of Sai Riv.

{1J: Between Sai Riv. and Asano
Riv.

-}~ North of Asano Riv.

A.: Koubou-ike water (typical
groundwater of the Tedori

Riv. deposit)

Fig. 2 Chemical compositions and their sampling locations
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Table 3 Summary of principal component analysis

Inorganic Order of principal component

compound Ist 2nd 3rd 4th
cr 0.9165 0.1010  -0.0088  -0.0069
NO;y 04049  -0.2367 05521  -0.2289
Nehd 04536  -0.7046 0.2410  -0.0407
Na* 08976  -0.0470  -0.1321  -0.0204
K" 0.1821 0.1626 0.6714 0.4660
Mg** 0.7853  -04298  -0.3139  -0.0750
Ca** 05913 -0.6003  -03972  -0.0479
HCO;y 0.4985  -0.0298 0.6918  -0.2949
SiO, 0.8794 0.0812  -0.1482  -0.0283
Al 0.5177 0.7134  -0.3052  -0.0080
Fe 04192 -0.1449  -0.0605 0.7909
Cu 0.5522 0.7714 0.0062  -0.1915
Mn 0.7083 0.3343 0.1766 0.1249

Eigen-values 5.2868 2.3806 1.7161 1.0452
Contributory

percentage
Cumulative
percentage

40.67 18.31 13.20 8.04

40.67 58.98 72.18 80.22
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Fig. 3 Cluster analysis of groundwater
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Fig. 4 Sampling locations for the analysis of degradation products
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Fig. 6 Relationship between PCE concentration and distance
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