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Abstract
Wautthisasna, J., Chittrakarn, T. and Bhongsuwan, T.
Concentration of heavy metals and major elements in shallow well water and
its relation with the evidence of oral and esophagus cancers in Namom District,

Songkhla Province
Songklanakarin J. Sci. Technol., 2004, 26(5) : 709-725

Altogether 39 water samples were collected from shallow wells in Namom district, Songkhla province.
Two groups of sampling wells were recognized, i.e., a cancer related group and a no-cancer related group,
which were related with the presence or absence of evidence of oral or esophagus cancers at the home of well
owner. The pH, TDS, hardness and concentration of heavy metals and major elements (Ba, Cr, Mn, Fe, Ni,
Cu, Cd, Zn, Pb, Mg and Ca) of water samples were measured. The results showed that the pH of all water
samples ranged from 4.5 to 7.4 among which 64.1% of water samples were not complied with the rural
drinking water quality criteria B.E. 2531. Heavy metal and major element concentrations in all samples did
not comply with the quality criteria except for cadmium in 1 sample (0.0055 mg/l) and iron in 2 samples
(0.77 and 0.59 mg/l). Results of multivariate factor analysis showed that three factors were extracted from
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9 variables. Factor-1 included TDS, hardness, Mg and Ca, which were interpreted as a result of granite
decomposition. Factor-2 included the concentrations of Ba and Zn, which originated from decomposed
granite in the south of Krongrang and Tungkamin sub-districts before transporting towards the north into
the Klong-Wa. Factor-3 included a single element, iron, which had no relation with any others. Results of
the t-test revealed significant differences (p<0.1) for TDS, hardness, Mg and Ca between no-cancer related
group samples and cancer related group samples. The TDS, hardness, Mg and Ca content in water samples
were certainly not related to cancer in this area but another alkali earth metal ‘radium’, a natural radio-
active substance, which is a well known carcinogen, probably plays an important role in this case. Measure-
ment and analysis of radium and radon content in this water is urgently needed to confirm the radium
content and its relation with oral and esophagus cancers in this area.

Key words : heavy metals, major element, shallow well water, factor analysis,
cluster analysis, cancer
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Table 1. Oral and esophagus cancer cases in Namom district of the 12 year period (B.E. 2532-2543).

Sub-district

Pijit Namom Tungkamin Klongrang
Male Population (2543) 2046 3495 2329 1916
Female Population (2543) 2140 3548 2379 2024
Oral cancer and Esophagus Cancer in Male population 17 14 11 14

Oral cancer and Esophagus Cancer in Female population 3 3 1 2
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Figure 1. Geology map of Namom District, Songkhla province.
(Redrawn from Pungrassami, 1984)
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Table 2. Average TDS, pH and concentration of heavy metal in shallow well water in the sub-district

of Namom District.

L Quality Pijit Tungkamin Klongrang Namom Average conc.
sub-district - .
Criteria* mean  range  mean  range mean  range mean  range ID granite*

pH 6.5-85 6.3 5.3-7.1 5.9 4.8-7.4 6.1 4.7-6.8 5.6 4567 -
TDS (mg/l) 1000 114.1 32.7-255.0 101.8 31.5-434.0 1309 52.0-224.0 87.7 28.2-164.0 -
Hardness (mg/l) 300 202  4.1-422 206  23-91.7 334 128-87.7 174 19-549 -
Mg (mg/l) - 1.308 0.168-3.630 0.957 0.246-3.220 1.746 0.306-5.420 0.804 0.010-1.270 0.56%
Ca (mg/l) - 592 1.22-13.50 6.67 0.50-31.4 1052 4.59-26.20 5.63 0.60-20.40 1.58%
Ba (mg/l) - 037 0.21-0.72 041 0.17-0.70 0.34 0.22-049 034 0.17-0.66 830 mg/kg
Cr (mg/l) 0.05 N/D N/D 0.006 0.006 0.004 0.004 N/D N/D -
Mn (mg/l) 0.3 0.098 0.008-0.202 0.057 0.012-0.162 0.072 0.004-0.252 0.078 0.007-0.296 0.06%
Fe (mg/l) 0.5 0.212 0.022-0.593 0.159 0.006-0.774 0.082 0.007-0.272 0.103 0.005-0.435 2.7%
Ni (mg/l) - 0.007 0.007 0.006 0.006 0.008 0.008 0.005 0.005 -
Cu (mg/l) 1.0 0.012 0.005-0.018 0.027 0.007-0.047 0.019 0.015-0.023 0.017 0.016-0.018 20 mg/kg
Cd (mg/l) 0.005 0.003 0.002-0.006 0.002 0.001-0.003 0.002 0.001-0.003 0.002 0.002-0.003 -
Zn (mg/l) 50 0.044 0.014-0.122 0.060 0.010-0.138 0.035 0.009-0.112 0.034 0.004-0.106 60 mg/kg
Pb (mg/l) 0.05 N/D N/D 0.011 0.010-0.012 N/D N/D N/D N/D 20 mg/kg

N/D = non detectable

* Rural Drinking Water Quality Criteria (snasiaamwinuslaalusuun lagaaznssumsudmslasamsdaliimn zoralusuuninimng

2181903 2531)

=+ Average concentration of elements in normal granite rocks (Govett, 1983)
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Figure 3. Contour maps of the chemical properties of well water samples: (a) TDS, (b)
Hardness, (c¢) Mg, (d) Ca, (e) Ba, (f) Mn, (g) Fe and (h) Zn
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Figure 4. Factor loading plots of corresponding factors after VARIMAX rotation.

Figure 5. Distribution of Factor score 1 (TDS,
Hardness, Mg and Ca) in study area.
Area in gray color indicates Factor
score > (.7.

Figure 6. Distribution of Factor score 2 (Ba and
Zn) in study area. Area in gray color
indicates Factor score < -0.7.
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Figure 7. Dendrogram of the cluster analysis.
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Figure 8. Cluster 1 and cluster 2 located at the Figure9. Cluster 1.1 and cluster 1.2 located at
linkage distance of 20. the linkage distance of 12.5.
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Figure 10. Ternary diagram showing the correlation of the alkaline earth metals Ba, Ca and Mg.
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Table 3. Varimax rotated factor loading matrix.

ffaden 1 wnsnedunelddn o dedulesss
44.81 vasnnundsUsiu denlainuinii 4.03 (Table
3) afunznisiuunifadeldnnni adsznevdadauds
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wazAANLdiNdus1g Mg waz Ca lusindadaagng
o Xu ¥ e e o . A A
{2uBNANBIULNTBNINNTT 0.8 LasiNaNgLLALN
WHUA N1InTEevasiulsluilada 1 (Figures 3a,
3b, 3c, 3d) AuwwunssdiIngr Mm% wisa qulen
Mudsluifaden 1 drazdinn “Niusiunslsng
- -« v A - X 4.
vosduunsie Iululd siduunstanluinuisine

Variable Factor 1 Factor 2 Factor 3 Factor 4 Factor 5 Factor 6 Factor 7 Factor 8
pH 0.406 0.158 0.065 0.037 0.897 -0.001 -0.001 -0.011
TDS 0.921 0.115 0.027 0.052 0.165 -0.034 0.036 -0.324
hardness 0.971 0.035 -0.002 -0.006 0.217 0.017 0.014 0.091
Mg 0.857 -0.151 -0.088 0.083 0.006 0.477 0.025 0.011
Ca 0.954 0.075 0.017 -0.026 0.255 -0.088 0.010 0.105
Ba -0.168 -0.911 -0.112 0.132 -0.063 -0.027 -0.325 0.030
Mn 0.033 -0.141 0.051 0.988 0.028 0.014 -0.004 -0.004
Fe -0.018 -0.018 0.997 0.049 0.049 -0.014 0.014 -0.003
Zn 0.081 -0.933 0.130 0.079 -0.121 0.070 0.283 -0.014
Eigen value 4.033 1.954 1.116 0.855 0.582 0.192 0.160 0.108
Percentage of variance 4481 21.71 12.39 9.50 6.47 2.13 1.78 1.20
Cumulative percentage 4481 66.52 78.91 88.41 94.88 97.01 98.80 100.00
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