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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

Department of Physics, Faculty of Science, Prince of Songkla University, Hat Yai, Songkhla, 90112 Thailand.

infinumangazan.a. muiHand *Ph.D.(Nuclear Physics), 583/1&0510158 *Ph.D.(Applied Geophysics), Hragmansnasg
mniniand aazinnmani amInndvaavaruniuni sunemalual Smiaaavm 90112

Corresponding e-mail: btripob@ratree.psu.ac.th

Fuauativ 29 ey 2547 Fuasiiud 28 finwou 2547

45



Songklanakarin J. Sci. Technol. Concentration of heavy metals and major elements
Vol. 26 No.5 Sep.-Oct. 2004 710 Woutthisasna, J., et al.

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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Figure 11. Box Plots and the T-test probability of the concentration of heavy metals in well water
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Abstract
Wautthisasna, J .,1 Chittrakarn, T.Z, Bhongsuwan, D.’ and Bhongsuwan, T.*
Concentration of Ra-226 in shallow well water and its relation with the evidence of oral

and esophagus cancers in Namom District, Songkhla Province

Altogether 150 water samples were collected from shallow wells distributed in
Namom district, Songkhla province. Co-precipitation technique was used to absorb radium
in the co-precipitate Ra-BaSO,, which was measured for Ra-226 using a low background
alpha spectrometer. The results showed that the Ra-226 concentration in well water in
Namom district ranges 3.51 - 292.1 mBq/l, with a geometric mean 50.7 mBq/l. Ra-
226 concentration in thirty one water samples or 29.31% exceeded 111 mBq/1, wich was
the maximum contaminant level of the US Environmental Protection Agency. Six villages
having are arithmetic mean of Ra-226 concentration in well water exceeding the 111
mBq/1 level include Ban Koktang Moo 2, Pijit sub-district; Ban Tungkho Moo 2, Namom
sub-district; Ban Lancai Moo 2, Ban Tungpho Moo 3, Tungkamin sub-district; Ban
Meapia Moo 3, Ban Tonpling Moo 5, Klongrang sub-district. Ban Tonpling Moo 5 had
the highest concentration at 177.8 mBq/l. The high Ra-226 contaminated water wells are
generally located in granite basement with associated fault/fracture zonec. The estimated
annual dose averaged over Namom district is 15.3 WSv while people living in Ban
Tonpling Moo 5 met the highest estimated annual dose of 36.3 WSv. However, the ratios
between the number of water wells with and without associated oral and esophagus cancer
cases in the area where the estimated dose is over and below 8 WSv are not significantly
different.

Keywords : Radium-226, shallow well water, Dose, Fault, cancer
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MW 37 % wamsAnmnwuh enudutusden-226 luhuedly a.umiey o
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Concentration of Ra-226 in shallow well water and its relation with the evidence of oral

and esophagus cancers in Namom District, Songkhla Province
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YA UAUNS AUUAT W.A. 2533 - 2537 WunAgthalsan5manaaIms wazuzla
Tuganthnluiuil  e.unvaiew a.awan Sunuannielnd lagAauanmsainasgueny
ASR (age-standardized incidence rates) @A EnY 24.8 War 16.8 AU A
UsznNUaUAUMNEITU (Tongsuksai et al., 1997) Fudlusiiguiiadisuiusunalng
WAEN A5 wazame (2547) lei"ﬁﬂmmmLﬁuﬁuwaqiawzwﬂ'ﬂLLazmqﬂé’ﬂiuﬁwﬂaﬁﬂu a.
wvilan WUhmaWan Ca uaz Mg Semuduiusiidaihianduifiaangnluthuiulse
nzdeasiiUsinm Ca uar Mg ganhnguuaihiilifimngnluhuiuusde agslsionue
anudndumglavevinuasandnmum Ca uaz Mg Tuhuansvuaiiosaialddsla
Wuehinasguihau 8l Ca uas Mg lildiflumananside fivedldaguhusinalans
winuazsandnluthuely aanwaan ludedasiugianmsouzdeluiuiiil aeslsh
MANNTBYINIATINIANNNUAMNTENNDINA (ATUNSTWEINTFIN, 2532) WU UN
duitly aanmianfienenududunsidisuauyeiidugeionddasswin s-12 aua.
wasnnwamsitsanuuduieiuiuesidiseeuluameauasluhnmaluiuiguh
nziauaem (lasnw uazanz 2544) wuhid aanuisufuiuiififenudedias
wutlammsvudlauansiusun3idsssumd (naturally occurring radionuclide) MNKAMNS
a9 NNENTUg S TENYBIAUULNTHOEYa)  (Ishihara, 1980) uazyesiuwnsioly
fwiassem wnge daondl (quated, 2537) wuhfienuududugsilouauyagege
sz 18 dua. G'Z’%qgmdwmml,ﬁ'nﬂ'um?{ﬂgL'ﬁLﬁamuHaﬁﬁaauﬁ"ms:mﬂlmﬁqﬁﬂ'ﬁL‘vh
fu 2.2 aua. (nsumiwennsssdl, 2532) uasgenhamdsgisuauyaluiuunsiion
U 4.8 @dua. (Faure, 1986) Usznaunulu a.anviaien weiinsnumMInmINULS
FusiunSidnasuaslud (Pungrassami, 1984) lumilasusuvianils Fausaenanildn
Usznavzasagiaiiengei 48 % Tasbwiin Mnfinaandeduiahdehiui o.un
oy SenudmgsiasnuilgmmstuidaumsiuiuaSidsssuma

tden-226 Wulslalnuinduesidaglusynsumssanadiasgsiiion-238 (U-
238 series) ﬁﬁgLsLﬁﬂu—zss fluinleadaady fa3edin 4.468x10° U (Pfennig ef al.,
1995) amaduvusaiisnniusifion-226 Fiiasedia 1,600 ¥ udeaasaal
Hhuudefuiundidisaau-222 iiaTdia 3.82 Ju uisEesudinsameadadaliauiue
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L‘sLﬁﬂuﬁmmws'ﬂszmﬂ'gjalmmé'aulﬁdmphumqszuuﬁywﬁiiumﬁ (Krishnaswami et al.,
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(1985) FENUN Lsuﬁﬂuﬁawu’lu%wma%’mtﬂumsﬁamlféﬂuﬂsz@ﬂ wzi5lwsayn
weiSlonld wazneSeluduaiee (head carcinomas)

myiaenudnTurausion-226 luhenamlanaeds wu msanaznausim
(co-precipitation) @IEAINILULIEN (barium carrier) (Loyd and Drake, 1989) Wa2aNii)
aznaudlalusesadunuanisnanision-226 Tasnsemeesasailnlasiinadsed
wnNIN viadaSiduaarhuausiien-226 meeissailnlasivaiSiduearh (Lawire et
al., 2000) waiiawipsiarugamliifenldlumslinnsiviinumalu o AAA
(Atomic Absorption Analysis), ICP-AES (Inductively Coupled Plasma Atomic Emission
Spectrometry) himmsa"i'mﬂ'%mmvﬁammL?Tuﬁ'utsl,ﬁﬂuﬁﬁagiLﬁﬂQLgnﬁ'aﬂluizﬁu 10°
aua. seniludadldinaiiamsasaiesidszauduasvialdinaiamuailumsiu
el lutueauusn (Oliveira et al., 1998) WAIMNMYMS LHNANAMINTIVINSIE
52U

semassifumamsinmnenuduiususifion-226 Tuihveaufidiasionls
wlnatuly aanvdey 2.8 TegldinaiinmsanaznausineiafmmwuEanians
Fusidenlnhuasiiosemssumuilasmnmsgandudidusan sessnzuillidendas
fanafivzduaglinh  udriensimuBinausifien-226  amedieanlasiineid
waarh  wazlsziivlSanasedfissnaummnusanazldsudadnnsion-226 iy
davagluth
a0 aunsaluazisnside
1. MstAuMBgIUanu

Tlumsisensaiilaifiumathaivsmuly  a.uwisn nusthuasthusnnu 150

WAIAIIDY nszmﬂmamquﬁuﬁ p.ANVNEN WNA Figure 1 waeenumisiife
endas yasUhfudIneh %qmnaauﬁmm‘%awanﬁﬁ'ﬂgﬁmam%ﬁaﬂmuﬁﬂu
(Trimble Navigator, Basic Plus, USA) msiiudeahluhuion ey -
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WOUMAN W.A.2546 GIBENA: 10 805 UIIYluzIalnalenaunanasaInaeinay
YSuuazsnmnamwinimegdiamainnsaluasnanundy 1 N Y3nes 15 wa. 6
daatna 1 das teldhagluamuiilunsedidr pH nh 2 udrdusnenhaaded

gaunni 4 °C (APHA, 1998)

2. Mae3anmamuniwiumameszuusnlasinasieduaarh
ihdhathahiafisnmamuly daetheas 10 das mnszmelindeoUsines 1 sas
wdnseuntiiaminnznaulnuassmensmunsadloutd (Whatman, GE/F) 1hihen
pENITINTBILAINENUATEIUMSANAZN BUTIN (Chart 1) (Kriege and Willtager, 1980;
APHA, 1998) Bugamseunse HCl 12 N U505 20 ¥a. @ndmmuuEenisna 8
un. Tdenudauuazauauian Mntiudnnse H,50, 18 N U5anas 20 wa. Tianudau
wheudallifiune 30 il ilaliiRemaanaznausiniisuysel  wasivelife
fuunfidisnouiidadnagameadaanly ey 1 alwe udnhehadalunsasde
NSEMENIEie lawn mnau‘ﬁaﬂﬁ'ﬂquuﬂizmwmawzaﬂugﬂ Ba(Ra)SO, Nnnudhe
nszeunsatasuaeuesnnaEni i iufiewimiuTa s ﬁﬂﬂauuﬁqﬁqmmﬁ

(e} ¥ @ v a v & @ @ & o w '
105 C LLmLﬁ‘umamqmﬂauwlﬂ”li‘lumﬂmmﬁmﬂunm 25 M AINNUUINAIDEN
PenaUUUNUFOUEd A Fuaarhuaasian-226 MmeeINalnlasiinassad
waanh

3. m3dsuiiauanasgualasaulnlasiitnasseduaaninly
wiasanlasiwassaduaarhnldnuitudaslasumsusuiaunmanzannu
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= Add’ a v d! a Y o [ = 9 v a
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FIUNNTIUMANNNTUSIAN-226 Nilad

3.1 MSHIUSLENTNINAITAULSLASNAIINTZUIUNITONAENAUIINLULSI BN

) Vo Y a ' a P a

{3 lamhnmsnassslSuldsuausnanudeanldlunszuiunmsanaznau
LSLAEN WATNUNUSIIMLULSEN 8 N. Lﬂuﬂ%mmﬁmm:auﬁqﬂiuﬂsgmumimnmﬂau
' v v oo o a U of g v a a )
PN warMmIasdmaesavdilnlasiwassaduaavhnly  Tumsmuszansmwmsau
isisnlumadinh  laihasazaeanasgIusien-226 AL 470.9 mBq AN
aznaus N laglEFmwIuuGey 8 NA. waININMBENNENIUMIINANAUATIN 1 MO
AzNaUTIMEUSIUMIWILUES N 8 NN, ILEN LaamMIINaNzNaUTIUIU 3 AST WA
magnaznauldagluamzangasidnasnniimhliaanasussdusan (Figures 2a,
2b, 2¢) HUMNIUTFUBAWT (count) EWILHBANAINIUYBAUILAEN-226 WLNNIUTIFNH

%ad (Figure 3) @I08NALNBUNLANNMIANALNBUIINGIATIN 2 way 3 iUty
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Seduoawiipsasaulndidesiusidniings  dathdinnuiudidnmussansmumaiu
isidsalaeAsmsanaznausnluasadion wuhsmnsasusdenluihdedaldas
98.7%

3.2 mswilszanamwrasszulinanesnseduaavhinly

M3 Useandmwraeszulnsiduaavhle ldas819BunNasgIu  2a9aednIWas
muﬂsma‘gszmwﬂszmw (IAEA, The International Atomic Energy Agency) &%suusu
WgumuutuSdnuamenuusesdisfon-226 logldas91989105514 IAEA-313,
IAEA-314 way IAEA RGU-1 (Strachnov et al., 1991; Steger, 1987) Aflenuuseyed
PDIUILAYN-226 LNNU 171, 366 Az 2476 mBq MNEIAU WNFITATAUNINTFIUNIAN
aznausInasuuEsNaadsmsluiitel 2 udnheznauliiasasnlasiwadsed
waavh Taeldnasassduny 6 Falas

4. myalSinasiduearhuausiion-226 lunznaudiw3aaanaiagiainianu
arnausINSaEN-wuEsnFamalunusauaafindsnnndiatraiaiy
SNUINe 150 fhatha smﬁgm::nauﬁ'm%amwﬂmsmmgmua:mzﬂaugﬁmﬁ‘ﬁ'
wisnanninay Idhinesiameaalasinesseduaanh (Canberra Model 4701,
USA) Toal#winniia Passivated Implanted Planar Silicon (Canberra Model A450, USA)
STULEINAARUAIBIATZRILUUWANEYas (MCA, Canberra Model 35+, USA) Uaztite
Iii%adgindadiciiigaieldimsiasiduensnaudasislussuugaanmeasziu <
300 pmHg Imﬂiﬁ'ﬁuqmmwmmmu‘[smﬁ (Cenco Pressovac Model 90550, USA) d1%5U
fhataaznauiiassnnnine asldnmiasedunudateas 4 $alua

nauazmﬁl,mwﬁ'ua

1. Uszansmwpasszuunaavhannlasiiwassaduaavhiild

namsmiszansmwaasainlasiiwesseduaarhild  Tealdssazansfinion
NNETENBWNATY TAEA-313, IAEA-314 uaz IAEA RGU-1 fiRAMausesedues
SHEN-226 AU 171, 366 War 2476 mBq MNAIAU IANNAZNBUTINAILAIN
wuBanmadamslusdei 2 wdihltiaseaunlasiiassiduaavh  snanulsu
WauanesgI (Figure 4) findonsennesasniu (cps) AuUMANNUTSIFsHoN-
226 20961510931 (Bq) dadmamsumsuiuidisulasums

DAY (cps) = 0.37 X ANUUNNFILHEN-226 (Bq)
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logden 4.4 R® = 0.99 ansumsdsuidiaumnesgiunun szuviassduaanhan
sLfan-226 Nlglunuiaeil JuUszandmw 37 %

1
a [ % =<

NAMIIAMNFNNVSY FuesaNNnmMIanaznaudnlagldaiaguinay uu

u

a W

3 A3 oegnanesusadnivasuaadly  Figure 3 laaaasuusidaaewny

u

0.000987 cps logdemilasiuuanasgiu (O) WNNU 0.000134 cps MUIUMAATINAEN
§0293911539 (L.L.D.) NaN5284 Curie (1968) lalyfiu 1.7 mBq

2. anudindunaasidan-226 Tuiniaau Tu anwsiaw
wamalensianuidudumasifion-226 Tudehahvedunmun 150 dehs

uaaslu Table 1 Tosanudutuisifion-226 fienagsevin 3.5 - 292.1 mBg/1 ilahan

Fnannidgunnuanuasanud wuhdayaiianuyaemsuanuaswuuidlymeem

u

'
aadg W

(Figure 5a) Aafimeemlumemgs lesfismeaddnaiany laun agiudien (mode) @
W58 U (median) LATMLRALLAYAMA (arithmetic mean) WAL 22.6, 50.3 uaz 75.1
mBq/l MNEIRU AiadsaradaasasagUmetuABuEINN FaiuenasaAdin
ﬁqlﬂﬁﬂ'wé’hLmuﬁﬁwmmmmLm“i’fagafr mnﬁmimwmsm:mmaﬁagaluémmé’au
Fananansainwuniimsuanuaailuuuy log-normal (Limpert ef al., 2001) $IMIANN
Wausiian-226 ludwnadas (Malance et al., 1996) WAMSUANUIIEIANNITNIY
istiea-226 Tnedy a.unmdan AWUNIMSUANLAUY Tog-normal WUty &
wagaaly Figure 5b lagfiAmassnadin (geometric mean) WU 50.7 mBq/1 aeilen
TnalAsenuendsasu (50.3 mBq/1) é’qﬂ?ﬁqmﬂ%ﬂ'wﬁﬁagm (50.3 mBg/1) Waamiaay
ismadia (50.7 mBg/1) Wumdunmasdimdsamudniumeasiion-226 luthuamu
Tu 2.1 msiaw

3. ANNENA USRI EN-226 Tuhtauaznsnszars luiun
NNHAMAIANLHTDYIN NN NTUSIHEN-226  Tuihuadummnun  a.1vsau
wudwﬁmﬂismﬂagﬂumqﬁw (3.5 - 292.1 mBq/]) Iﬂﬂﬁ@hﬁﬁﬂgmﬁwﬂ’hmgqqﬂagj
= I Y v Y Y % ‘;‘y d' 4%’ d‘ d! = U S Y
n Juduldlahaenudidugeenanszgnalununlonuinin Jelaiwnezvdayaly
v o ' A o & A A ' o Yaq v o ) '
szaufuaLasuitny  tinemvuazauweiundasdadaymisidenluihlveglussauny
v ] v d{w d'g o
1 L lvnsznuiunnesine
WANMTONAANNINTUSIHEN-226 TUINUD .1WNBN  HEUNUNANING
umenuntugiganeanliila (MCL, Maximum Contaminant Level) 284MUNM3
WNNWaeaaNtaslszinaanigawsm (US.EPA, 1976) fiMwuad eranumiuzu
sien-226 lwihauliasiiy 111 mBq/1 wamsansamedaihuen v.uNnNaNNg
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wue wuhil 31 deen Alenuduiusden-226 us MCL vipdaiiy 29.31%
sasnnudateavie

Walinnuhlssmuluudasiiuiies  aanmian  asiilamadasiiasldy
UEnasidnnmavilaahdudawsiden-226 nndasiiadds Seldiensidayalas
LENANAUNATENSEAUIMUD wosvgthu (Table 1) Gedaluil

fuaiidns wamslnnsianuiuiureusifion-226 ludehahiaiuau 33
e 1n 6.7305 menudadureasdan-226 wasiim 53.9 mBq/l Mindsgige
(126.5 mBq/1) mnwuﬁwgﬁ 2 thulanng %ﬁgj\iﬂ’j’lﬁh MCL mmﬁlaﬁ‘iwqﬂ (30.7
mBq/1) anANUTINYR 6 thursssinen WeRimsanmeanueNutinduRaaLseN-
226 Iui‘iywé'ffsashqmﬂmgﬁ 1, 3,4, 5 Udz 6 Tﬂﬂh\iﬁmmmﬁ'ﬂmﬂwgﬁ 2 WUNAPNINTY
Fusidan-226  luhazfemuuandaduliinnin  Tesfdmdsilndidesiuaglugs
30.7 - 52.7 mBq/l uasvgthudiienenududusden-226 Tuhwdssasnnnyi 2
oyl 4 Thuwdems Swsuenudidumisneaaiden-226 luthdatanuyd 2
thulaniis wuuandennuasvythuduy Tu o.flesesadiuldda Fahazanandnuas
wwsmaaiinasiuduuasiuihluudomd

fuawmsian wamsiensimeiuhtainu 51 dadn ldmanudusy
\iien-226 wagly 0oy AU 63.8 mBq/l MenudTuRAgIgaNUTivg 2
thuriada 118.1 mBq/1 ganden ML lisnniin anudaduindsdhge (27.7 mBq/1)
Humasdathahnmhuwgan withuidenuduiueissasnnnmii 2 damiii 10
thuiuia fie 96.5 mBq/1 Mgsilganudsasasnuandiuliannin Tasmanudy
Fumdsnaasion-226 ludatahnniaue 10 mjthuly awnwian fimanssda
nsznevasiays Taslifivhhuiifisngsgaviamaausnaaninatadute

dnuarjeuiiv namsliansimaiahteiuinu 33 daet wuanududu
uDNSFEN-226 1ABEEY 0.9ewily fd 81.7 mBq/1 Tasiiduadaginie MCL ag 2
wyjthudanydl 2 thuaulng wasvydl 3 thunsIng (124.9 uaz 151.3 mBg/1) o
Sy dhdhagennugil 7 thuslng feedelndidssium MCL @0 103.7 mBg/l
dumanuiduduga (21.9 mBg/1) anawuiivg 1 thurseiiu senududumasly
wy 4, 5, 6 Denliganniin vesnhenudaduadslunyd 2, 3, 7 dwmdumii 3 thu
vislwd Awusimasanuiduduausifion-226 Tuhggeiu anadunamnnnlszianms
donhaudamanmiiaduadanlivinadimauideweundon-226  lusina
wnnnmgtulnaides

fuansawss wamsilensidemannmuee 33 et ldmanuduy

a P v val v Y a el o~
LRVULILNEN-226 DN 9.ADNWN WA 107.0 mBqg/I1 I@Eﬁ’iﬁ;ﬂ’l ) U’]ucﬂuﬂj\iua$w%ﬂ 34



71

H H
IS =

AIRAGNER 177.8 war 157.4 mBg/l MNSOU WGNNA MCL win 1 Nanade

U
1

110.7 mBq/1 AuadsanuinduEidon-226 dgalu a.aeeamsa agivgit 6 thuldn
fia fieh 66.7 mBq/1 ddlunydl 2, 4 uas 6 FAuadedalidud MCL

anudutunasrauafon-226 aslaunniigedl a.aeemi owiiy aan
vien  a.W30s  TesGssddunninnlides  dusidesiiuduaiiosawudainis
\fien-226 milge uiRdmuhiivihuifisiedsenududursusifion-226 ginhan
MCL Fawgit 2 thulaniie

4. MINITNHUDAUILAEN-266 U 8. unaYN wazANNFNNUSHussaInen Tuivun
Wathmenundurausiden-226 TuhaegnnganuasgNnmag 150
90 MNUKUNABUINS (Figure 6) WUNWUNTIHMANNENTUGHEN-226 F5WIN 100
[ a v [ a d%’ 4:: L4 1 a
- 250 mBq/1 azagilluvinaninly a.esewmsi wasiudlanhluly aanviiaumsiia
PxURn el NTaNuKUNSIaAnen (Figure 7) wuhusnaesnandluuSnauniisu
unstousugiu  Pungrassami (1984) asnanwusasidauluiuunsiausnuninanse
MsuUsaMNAIEINTNaZRIMITULaTEITAraI8saY  LagaTIAaNUMSHUSTNINYBILS
4 < 1a a a d'd'd o v = ] < o w ° v
wadahsluiluusduem duunstianfifafiansausyuazngu Juhaziuaadaginlv
glavenunusidenludiuiilomagnzzanazagaaninmenszuviumszaninmaala
[ 1 a a & P I a < ] . o 91:3’ ! a dyd
Seanluduwnstiomlugaduduudauazuiy (Dickson, 1990) ¥lvnunluusnadis
ANNINTUDBUSLAEN-226 ganluuSnuTAes

5. Ussnaustiien-226 fisranalasudail

namsaauLuudaumamsldinuslaerasssnmuly aanwien wuihvaay
€|’qmL?Jul,mziqﬁmé’ﬂém%’umsu%‘[.ﬂﬂLLazqﬂIﬂﬂwaqﬂs:mﬁu dladssfiuGnums
wlamhuudlousiden-226 2e9m oo Tagaylanldinawiuas WHO (2002)
Falszdiusanmsuslaath 3 2 das/Su/eu Tuom 1 1 szdmh 730 das dialden
{lads 2.8x107 Sv/Bq BelFdmumstsaiiuGinasidauyaiinamenacglvglddude
U (adult annual equivalent dose) namsEnaUsnasidnlasunnmsuslnathvsdu lu
p.uvNaN uaeNag LU Table 1

ICRP (International Commission on Radiological Protection) lamvuain e
UBnasediyaaamlldsunnddnnaiadamuinasedonaidass (committed dose)
Neslesulitiy 0.1 mSv  wSawhiu 1/10 2aunoiUaanny 1 mSv (dose limit;
ICRP, 1991) dnudluinasidigunndaiisuiulnasidialdfunnsden-
296 luthdy aeelsfion UNSCEAR (2000) laiwuatsmnadiduinadodiasldsy
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NNEEN-226 6o ang-imdn Nliesiy 8 psv/ll Tumsdnwesadilaaylawly
o’l:%’ P2 a B o oA 1 Yo = g’ v d%’
waeiiliiadsziudinasednen sanmisn azlasunnsden-226 luihiadu o

ugniansanluszauduaninaliil

muaiians mUsnasidmdsiilsznrunn a.4305 losuaatl den 11.0 uSv M

gegaagivyil 2 thulanvisfiengeda 25.9 USv uazlumyii 1, 2, 3 uas 4 FAuAund 8
usv Tagonausnnguvthuaaniiy 2 ngu nguusnifiunguiiuzanassdildsudi iy
Sumedailiiuni 8 usv Aaussnauluwyil 1, 2, 3 uas 4 uaznguitgaadunguiiasld
Sulsinaiddetiadedinh s usv deussnaulunyi 5 uax 6

dnuanmian Ginasdivssnaly aanviey 1d3udall nUBinausidies-
226 Tuthau fidads 13.0 psv genlu a.fdaslhinnniin wydl 2 thuedaiigege
fia 24.1 psv Teganansouanngumgthuaaniiiu 2 ngu nduusniinsldutBnasedeet
§andn 8 uSv ﬁaﬂszmﬁﬂwgﬁ' 1,2,5,6,7 8 uaz 10 LLazﬂajuﬁ@hleT%'uﬂ%mm%’qﬁ
wasdaliend 8 usv Aedszemulu wyi 3, 4 wax 9

@‘imavjwﬁu muBInasedivssnodly ajeduldduded nnUSinausde-
226 luthuafildaudmmasuniu 16.7 LSV ‘[ﬂﬂﬂszmﬁﬂumﬁ 2,3, 4, 6 uar 7 le
SutBinasediiunt 8 usv wastssmiluva 1 wes 5 axldutBinasidimaadation
AN 8 USv

fuanaaanss Ussnmem a.assmssasldsuliinasiddetl wmasohiu 21.9 p
sv Tagmavginulu a.asems aldduuBinasidiiunh s usv mithuilldsudge do
iyl 6 thuldniiald3u 13.6 usv dail

nnmsdasudumiihuiivssnruazldsulsinasidnnaden-226 Tuh g
10 Suduusn Usznaude thuduilse wy 5 a.aaamde (36.4 usv) thuuiide: wy 3
0.AaaWSa (32.2 psv) thurIng vy 3 a.veuiiu (30.9 psv) thulansis wy 2 a.
WANT (25.9 uSv) thuaulns wy 2 m.vjwﬁu (25.5 USv) TUYNAB Yy 2 6.UIviNN
(24.1 usv) thussems vy 1 a.pe0m3 (22.6 usv) thuslnd wy 7 oy
(21.2 uSv) UuAUIA W3 10 a.uvisaN (19.7 USv) waz Thuus ey N 2 0.AFBINI
(19.1 uSv)
dafimsannasivsinudidunedas 8 uSv (UNSCEAR, 2000) Tudhniumg

thumanae 29 mjthuiidrmanuh f5unu 22 withu flamalddulsnasdguiu s
USv tasHINen 7 mg"ﬁ'm"?l'ﬁ‘[amalé’%’uﬂ%mm%’qﬁéi'miw 8 usv anlsnmuUsnussd
Fanandnnamamsuslaaiouiiasasaden winluamnsauq wu 4m dladas in
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Y Ao a = ¥ a v < v a v oo A
wazkald AUSnausiden-226 agludinugiaieg Yssnzunazlasulsinasadinmnn
AUMEMNFASIUNUSINALaLANNNTUSIHEN-226 TuB1N5UsELANTIY 9

6. MNNTNNUSLSLAEN-226 ﬁ’uqﬁ'ﬁm‘smﬁmmﬁ%ﬂuﬁmmnl,l,aamaammms

AT wazeme (2547) Tdhautiawiluesihvaay a.anvaion nntatnhuins
UszSamsiiulsauzGeainnhn waznzBivannams (mwnsiilssanmiheusSe aoe
UWANEAENS NININTNLFWAIUATUNS) wazvinudlifusyiansds smasaums
affide -test Taawud aanudndu Ca wos Mg sswinngudayaiinlszidusd fu

v o

1y wa [ [ = v o ] o @ o W aa o [
ﬂall?lE‘JNB‘VIVLNNUSS’N]W]‘JLUHN%L‘N NANUUANANNUBDINNUYFAIPUNNTDG NILTOHUANN

9 U
1 v P

Wosuwannnh 90 wWasizud marallululan ca waz Mg fiduddaslumsgadu
daNngsNmMe Wsndasshuninauaihminee 150 Ua (Uahifivszifuzde Sunu
35 Ua lddanwal @ wazuanlufiuszinuzSe 115 Ue Tddnanwal +) avluunuiudns
szaulSinasednUsznauazlasuaall (Figure 8) Tagldnawitdmnasidunadas 8 W
Sv wud ngn 1 ngnusluiunnazlasulSinasidgininas ddediuuaniivs:ia
w239 Ualifiuseid ohiu 16 : 61 Aalu 26 % waz ngu 2 nanualuNuNNazlasy
Usinausedenndnnadt fidadiunhiu 19 : 89 Aadlu 21 % aziiuhdasiuvans 2 ngu
fienliuaneaiuanniin

= J Y v o < < 1

Femnanlan  addmsalnzSivasaamsuazazisaiaaihnasssnguly .
wivsianldlafianudunusivegniiteddgiumsnssnamanuandusden-226 Tu
Y v 1 < 4 = [ v P v a v v | Y 1 v
e uaadnlsiony deasitadenanzadniienadesinsansinae Wuduh (1) da
yannugtheszdenatemawmaay (2) ddamsudlamhan uwazans wazmsdu
& = ° =P & v ¢ o [ a =
Wawsiden-226 luenmshnnigiinuaziiiadnd wia (3) anadluwnzwginssnides
4 Ao a 1 a v a4 a y dAd o O
auq NABNBWagY Wy M Maguynd durminnuasedy Nenulutlagiud
Wudadenanzasmatialsnnzsanasnamsuasnsiewean  LazdannaeInungd
nssumsuilaanamlviigiimsaiuzSeasnangeluwanely  a.umson  agnlsh
MungAnssumsduman guynd duminnuazeduiiunginssumsuilaazesunnm
logwmwswane  wimsnsznevaustdenlubuslaauandwiuluwdaziun  mms
Unnguassidsanduiavagluiuazarmslulsiugieralinadsunasnisani
synergistic effect ¥ litinaNNFssdamsillunzSweseltzinedes wudenums
guynsnumslasuduiamanniuasdisnsuiiesunasnuuainanudasdamsiu
wzdwaalunyed  nnnhenuEssuzGBennmsguynitiisediudsn wislasu

FNNFNULTODULNEDENLREN
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a;ﬂ
2 a 2 vy v o T '

NAMSANEILATEAANNITNTUYUSIHEN-226 Tuihuaduluwe a.uvNay
a.gualaglfedadiensianlasiwassaduaan wazldmatiamsanaznausinlas
Tammuusay  wuniUssansmwlumsaus@ente 99 %  WamMIATITHAISTUNS
AszanEYaasaN-226 LhuaduluiNundnw wunuvasiiiasidaninazananniug
ﬂﬂmﬂgﬁﬁmmsﬁmLﬂuﬁugmimﬂLawwﬂuﬁuﬁﬁwuﬁuuﬂsﬁmDg Wy uSnalndasas
o v av Yo Yy o ' & A a v a
BOY ATEUIUNSTLANONSITNIA Lo IisdenuwsnszanalUlunun daemsluduuss
Tuihaunuannzmuedl WaminadSinassanlssngusnn a.unvdavazlesuaall wu

ssnmulu a.aa8913s azlasuusinasidgainidssnsuluduadu TasUssnaulu a.

aapsmFmnvgthuagldiusinasidgnn 8 psv einsaniiisudssmanududy
sien-226 luthualy a.1wiax ﬁuﬁuﬁﬁﬂwﬂugﬁmﬂﬁ'uwaﬂaﬂ (Table 2) WUNZN
enudndusifien-226 Tuhisly aanmian asfienganhilananulutssmaldniu
mawmilerasansganim warluuaud udsnhitemanululsemedy wes wasiu was
Weauwhauiesanululsemnasangs
KaMIlANzimInsznsmanudnduEian-226 luthves Sufuseyamaii

Nzi3maaaImsuarNzsdahnaaslszruly aanvien  wuhlilafianuduwus
fuatheiiieddn  adnlsiauiiaeithseduiifaidasazarsimmsanmiiads
Huduh sanmsudlambay matwidausiden-226 lummshwnidnuasiladas
uarwgAnTsNENdU ) ATBNEWage Wy Madawmd maguywd Auvnnuazeidu e
Pifluthiendnvasmaialsanzdameanamauszusieonhn  mauslambiuidau
L'ﬁLﬁaugﬁ'auﬁ’umsﬁwqaﬂﬁuL?imﬁu5’] AR WAL UNSIFHNT synergistic effect 9
inanudssdamaiiuasSasefnsaananld

naanssNUsENIA

fisvarauguaniiAdessuummsngy  (d5e.)  wastadiednends Al
aruayuIMABLeINeNdnus 2a2auanmaINNand uazrangnsiagmans ansinen
mand  uminndsassaaiund  Aldayanaliilfiadesiioindiulumeainids e
saunaanneMIguiinmmanimsunndgnugsnd  wethy e Aadusyums
Anwidundeil uavuenauam amadts 1B9h wiwitnlnegie Hlienuayensita

yaminseduaarh vevauqugia afinus Nlienuhemaslumsifiudiadn
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A5 e 538 Fansems uaz lasnw Weegrssa 2547. anudadulansuiinuassng

e

wanluhtady  wasamuduiusiugiamsalifalsanzBeanhnussusdmaan
awnsluiiuiidwnewmion Samiadwa. 2.awmuaiund mn. 26(5) : 709-
725.

Tasnw Haegnssns 537 ez duns 289 Wads wawey quaiad A3ngne At
F0ns0lWus 2544, msUsziiuanudesdaisnaumeluszmevsnamsluiui

YU AINNNLAIUTID  PENUIEUBHUNNUAMLATTNN I UG

q
o 4 v
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Figure 1 Map of Namom district showing the water sampling wells.

Chart 1 Flow chart of the co-precipitation technique used in the study.

10 £ water sample
evaporateto 1 £

*4 Add 12 N HC1 20ml and
barium 8 mg
Heating
and stir
ﬁ Add 18 N H,SO,4 20ml
Heat to boil

for 30 minute

v

Stand in room
Temperature for 1 hour

v

Filter with Glass
fiber filter (GF/F)

Heat co-precipitate in SS
plate in oven at 105 C°

v

Stand for 25 days
in desiccator

v

Count by alpha
spectrometer
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Figure 4 Standard calibration curve of count rate

(cps) vs activity of Ra-226 (Bq) in

standard water sample.
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Figure 6 Contour map of Ra-226 concentration in shallow well water in Namom district,

Songkhla province.
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Figure 7 Geologic map of the Namom District (Redrawn from Pungrasami, 1984)

Table 1 Average concentration of Radium-226 in shallow well water and the estimated annual dose.

Subdistrict / village Village = Ra-226 concentration (mBq/1) Mean annual
(No. of sample) No. Min. — max. Mean S.D. Dose (USv)

Ban Naenpijit (10) 1 12.7-115.1  44.4 31.1 9.17
Ban Koktang (5) 2 14.5-262.4 126.5 110.0 25.9
Ban Kokpayom (5) 3 22.6-57.5 41.0 14.0 8.4
Ban Plee-kway (4) 4 48.8-60.2 52.7 5.1 10.8
Ban Tungnawan (4) 5 3.5-83.4 33.6 34.6 6.9
Ban Klongmuangtok (5) 6 21.6-38.4 30.7 7.4 6.3

Mean of Pijit sub-district (33) 3.5-262.4 53.9 54.3 11.0

68.9

Ban Tungtanod (5) 1 29.0-198.7 89.8 18.4
Ban Tungkho (8) 2 23.8-285.0 118.1 98.8 24.1
Ban Plumau (3) 3 6.8-42.9 27.7 18.7 5.7
Ban Kwounjong (9) 4 9.3-28.1 16.9 7.4 3.4
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Ban Namuang (9) 5 17.2-134.1 69.5 35.4 14.2

Ban Nai (3) 6 16.3-136.2 65.7 62.7 13.4
. 21.5

Ban Chaina (4) 7 26.5-75.1 57.1 11.7
. 37.6

Ban Tungpakain (3) 8 16.5-83.2 39.8 8.1
18.2

Ban Khochapu (3) 9 4.7-41.0 22.0 4.5

Ban Teenwat (4) 10 50.5-130.7 96.5 34.3 19.7

Mean of Namom sub-district (51) 4.7-285.0 63.8 59.5 13.0

Ban Tungkamin (4) 1 6.8-44.4 21.9 16.3 4.5

Ban Lancai (3) 2 34.5-269.8 124.9 126.7 25.5

Ban Tungpho (5) 3 91.9-253.9 151.3 69.1 30.9

Ban Natongsuk (4) 4 9.8-126.3 58.4 49.0 11.9

Ban Na (3) 5 22.2-28.1 24.3 3.3 5.0

Ban Tungkamin (7) 6 8.9-164.2 63.6 61.3 13.0

Ban Tungpho (7) 7 55.4-258.5 103.7 73.6 21.2

Mean of Tungkamin sub-district 6.8-269.8 81.7 74.2 16.7

(33)

89.2

Ban Klongrang (7) 1 30.8-245.1 110.7 22.6
. 27.8

Ban Maepia (5) 2 50.1-115.2  93.2 19.1
. 88.2

Ban Meapia (7) 3 27.2-292.1 157.4 32.2

Ban Sea (7) 4 31.7-216.3 71.1 69.3 14.5

Ban Tonpling (2) 5 91.7-264.0 177.8 - 36.4
. 31.5

Ban Plukting (5) 6 24.3-107.1  66.7 13.6

Mean of Klongrang sub-district (33) 24.3-292.1 107.0 7.3 21.9

Overall Namom District (150) 3.5-292.1
Arithmetic mean (150) 75.1 68.3 15.3
Geometric mean (150) 50.7 2,5‘ 10.4

A T .
Note Multiplicative standard deviation
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Figure 8 Contour map of the estimated annual dose (uSv) Radium-226 in Namom district.

Symbols indicate shallow wells which cancer case found (®) and not found (+).

Table 2. Mean concentration of Radium-226 in water

Country Ra-226 conc. References
(mBq/1)
Namom district, 16.9 - 157.4 This study
Songkhla, Thailand
Taiwan 0 - 28.1 Kuo et.al, 1997
China 1.2 - 941 Zhuo et al., 2001
North America United 0.4-1.8 Cothern and Lappenbusch,
States 1983
Germany 1-1,800 Gan, 1985
Poland 1.7 - 4.5 Pietrzak-Flis, 1997

U.K. 0-180 Bradley, 1993
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Abstract : )
The study of radon risk assessment indoor/outdoor to public communities in Songkhla

Lake Basin showed the anomalously high radon concentrations in air in Namom district,
Songkhla province. This study is performed in order to analyse for radionuclide Radium-226 and
heavy metals contents in shallow well water in Namom district. Altogether 39 well water samples
were collected in the district. The analysed metals and other parameters include the pH, TDS, Ca,
Ba, Cd, Cr, Cu, Fe, Mg, M, Pb, Ni and Zn. Contouring using krigging grid generator shows that
the distribution of metals can be grouped into three areas. First area is the (Tambol) Pijit sub-
district, the second is the area west of (Tambol) Namom sub-district, the third area locates south
of (Tambol) Tungkamin sub-district and Klongrang sub-district. Multivariate cluster analysis
used to analyse for the similarity of sampling sites, which are grouped into three groups. Factor
analysis of heavy metals shows three different groups. First group contains TDS, Ca, Mg, which
represent the hardness of shallow well water samples, the second group contains Ba, Zn, which
may be originated from mining activities in the past. The third group includes Fe, Mn, Ni, pH,
which are not correlated with each others. Radionuclide Ra-226 concentration in water samples
have a good correlation with TDS, Ca and Mg.

Keywords : Radium, Heavy metal, Multivariate, Factor analysis
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ABSTRACT

Altogether 39 water samples were collected from shallow wells in Namom district, Songkhla province of Southern
Thailand, The samples were chemically analysed for pH, TDS, hardness, major and trace elements (Ba, Cr, Mn, Fe, Ni, Cu,
Cd, Zn, Pb, Mg and Ca) and radiometric analysed for Ra-226. Results of multivariate factor analysis show that three factors
are extracted from 10 variables. Factor 1 includes TDS, hardness, Mg and Ca. Factor 2 including Ba and Zn are of the
stratiform sediment-hosted group. Factors 3 and 4 are Fe and Ra-226 which both have no relation with all other elements.
However, we show that Ra-226 content in water samples has a good correlation with Ca and Mg contents. It can probably
conclude that the alkaline earth metals Ca, Mg and Ra found in the area are the result of dissolution of the decomposed
granite which is exposed in the fault zones in Tungkamin end Klongrang sub-districts where the high Ra-226 concentrationg

in the well water are present.

Keywords: Shallow well water, major elements, Factor analysis, Radium-226, Decomposed granite

1. Introduction

Radium is an alkalinc earth element that comprises 4
isotopes in the natural environment, i.e., *Ra (half-life
11.68 d), ™Ra (half-life 3.64 d), *Ra (half-life 1622 y),
and *Ra (half-life 5.75 y). Radium may enter ground
water by a number of processes including decay of
dissolved parent isotopes, alpha-recoil, adsorption from
aquifer surfaces, dissolution of aquifer solids, ion
exchange, and leaching from radiation-damaged crystals
(Krishnasawami et al., 1982). In Surface water, radium
concentration generally ranges from 10 to 100 mBq/L
(Iyengar, 1990). However, in ground water the
concentration can reach values up to 38,000 mBa/L,
depending on factors such as type of aquifer rock and
chemical and physical water characteristics (Gascoyne,
1989).

The district of Nomom is located south-east of
Hatyai district of Songkhia province in southem
Thailend. The airborne radicactivity map of Namom area
showed the ground concentration of equivalent uranium
renged 8-12 ppm (DMR, 1989). Bhongsuwan el al.
(2001) reported the result of indoor-radon study in the
Songkhla Lake Basin and found the highest radon
concentration in air and in ground water in Namom
district. Ishihara et al, (1980), Sirijarulul (1994)

reported that the Songkhla granite contained uranium of
as high as 18 ppm eU, which was much higher than the
average value for the whole Thailand (2.21 ppm eU;
DMR, 1989) and the world average for granite (4.8 pp
eU; Faure, 1986) ‘

This research aims to study the concentration of
major clements and the radionuclide Ra-226 in shallow
well water and the distribution of Ra-226 and its
correlation with other means.

2. Study area and methods

2.1 Location and geology

The study area is located in Namom district of Songkhla
province of Southern Thailand. The district comprises
four sub-districts; Pijit, Tungkamin, Klongrang and
Namom sub-districts, between the UTM coordinates
665000 680000 E to 760000 - 777000 N (Figure 1).

The area is surrounded by hills and consists of
middle pilain. Rocks exposed here include the
Carboniferous to Late Triassic sedimentary and Late
Triassic to Early Jurassic granite and metamorphic rocks
were also exposed. Soil, sand and gravel found in this
area were of Quaternary age {Figure 2).

Granite was found to be under the influences of
pneumatoiytic  and  hydrothermal  activities. It
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decomposed to soil and leaving the elements dissolved
and transported into ground water system (Pungrassami,
1984).

BES000 670000 875000 580000
.f‘-—.w
775000 R ) 775000
_ L PllR sub—dmnﬁ

\ -t e
Namom sdub-distrd /—" e ST
{ 770000 : : 770000

765000 765000

780000 e 760000
865000 870000 873000 30000
+ Sampling Site
Figure 1. Sampling sites of well water in
Namom District, Songkhla Province

Torbernite, a high radioactivity mineral
(Cu(UO,)2(POy): 8-12H,0)) was reported from this area.
Such mineral has a uranium content of 48%. It was found
in dikes and joints of granite and in quartz, quartzite and
decomposed granite (Pungrassami, 1984).

2.2 Sampling collection and preparation
Altogether 39 water samples were collected from shallow
wells in  April-May 2002, Sampling wells were
positioning using a GPS (Trimble Navigator, Basic Plus,
USA) (Figure 1). All samples were analysed for pH, TDS
and hardness. Some major and trace elements shown in
Table 1, were analysed using an ICP-AES (Perkin Elmer,
Model 4300 DV). Each water sample of 10 ¢ was
preserved for the pre-concentration procedure before the
determination of Ra-226.
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Figure 2. Geology map of Namom District
{Redrawn from Pungrassami, 1984)

2.3 Preparation of water sample for

radiometric analysis

A 10 { of each water sample was evaporated to 1 {. The
co-precipitation of (Ba,Ra)SQ, was resulted after the
barium carrier and sulfuric acid were added according to
the method of USEPA (Krieger and Whittaker 1980).
The precipitate was filtered on to a glass micro-fibred
filter, which was placed on a stainless steel planchet and
dried in the oven. The planchet was kept for a month to
atlow the decay of Ra-228 leaving only Ra-226 on the

planchet for the measurement of Ra-226.

Table 1. Mean TDS, pH, and concentrations of major and trace elements and Ra-226 in shallow well water in the 4 sub-
districts of the Namom District, Songkhla provinee,

Sub-districts
Chemicals Quality Pijit Tungkamin Klongrang Namoem
Criteri ’
(mg/L) a* mean  Range meian  range mean _ range mean range
pH 6.5-85 6.3 5371 - 59 438-7.4 6.1 4.7-6.8 5.6 4,5-6.7
TDS 1000 1141 32.7-255.0 1018  31.5-434.0 130.9  52.0-224.0 877 28.2-164.0
Hardness 300 20.2 4.1-42.2 20.6 2.3-91.7 334 12.8-87.7 17.4 1.9-54.9
Mg - 1.308  0.168-3.630 0.957  0.246-3.220 1.746  0.306-5.420 0.804  0.010-1.270
Ca . 592 1.22-13.50  6.67 0.50-31.4 10.52 4.59-26.20  5.63 0.60-20.40
Ba - 0.37 0.21-0.72 .41 0.17-0.70 0.34 0.22-0.49 0.34 0.17-0.66
Cr 0.05 N/D N/D 0.006 0.006 0.004 0.004 N/D N/D
Mn 0.3 0.098  0.008-0202 0.057 00124-0.162 0.072 (.004-0.252 0.078  0.007-0.296
Fe 0.5 0212  0.022-0593 0.159  (.006-0.774 0.082 0.007-0.272 0.103  0.005-0.435
Ni - 0.007  0.007 0.006  0.006 0.008 0.008 0.005  0.005
Cu 1.0 0.012  (.005-0.018 0.027  0.007-0.047 0.019  0.015-0.023 0.017 0.016-0.018
Ccd 0.005 0.003  0.002-0.006 0.002 0.001-0.003 0.002  0.001-0.003 0.002  0.602-0.003
Zn 5.0 0.044  0.014-0.122 0.060 0.010-0.138 0.035  0.009-0.112 0.034  0.004-0.106
Pb 0.005 N/D N/D 0.011 0.010-0.012 N/D N/D N/D N/D
Ra-226 (mBg/T.) LIt ** 73 23-262 125 9-599 182 36-463 33 797

N/D = non detectable
* Rural Drinking Water Quality Criteria , 1988 Thailand
** United States Environmental Protection Agency, National Primary Drinking Water standards (USEPA, 2000}



Table 2. Varimax rotated factor loading matrix.
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Variable Factor1 Factor2 Factor3 Factor4 Factor5 Factor6 Factor7 Factor8  Factor9
pH 0.426 -0.131 -0.176 0.086 -0.032 0.873 0.005 -0.004 0.011
TDS 0.909 -0.119 0.078 -0.007 0.069 0.129 0.051 0.029 0.358
Hardness 0.977 -0.030 0.032 0.002 -0.008 0.184 0.012 0.010 -0.093
Mg 0.814 0.120 0.225 -0.144 0.081 0.026 0.494 0.023 0.023
Ca 0.961 -0.065 -0.018 0.038 -0.030 0212 -0.107 0.007 -0.116
Ba -0.169 0.935 -0.048 -0.075 0.092 -0.052 -0.026 -0.278 -0.034
Man 5 0.031 0.101 0.092 0.019 0.990 -0.023 0.015 -0.001 0.006
Fe -0.029 0.028 0.123 0.989 0.019 0.061 -0.023 0.011 -0.001
Zn 0.076 0.915 0.170 0.123 0.055 -0.092 0.065 0.312 0.021
Ra-226 0.105 0.076 0.968 0.134 0.099 -0.132 0.038 0.014 0.008
Eigenvalue 3.960 2.066 1.219 1.040 0.869 0.364 0.204 0.149 0.129
Percentage 39.60 20.66 12,19 10.40 8.69 3.64 2.04 1.49 1.29
of variance
Cumulative 39.60 60.26 7245 82.85 91.54 95.17 97.22 98.71 100.00
percentage

Fe mines (Figure 2). The highest concentration is as high as
1 t 599 mBq/L found in Tungkamin.
Contour lines ranged high Ra-226 concentrations
of 80-200 mBg/L locate toward the south, south-east and
0.5 to the east of the Namom district, where the granite is
75 Ra exposed, while the lower ranges of Ra-226
3 pH Ca . + concentrations are found in the area where the granite is
=] + :
2 0 S TFds . absent (Figure 2). Fault zones south-west and another
i3 Hardness 1 one south-east of Namom district are consistent with the
MgBa mn area with high Ra-226 concentrations. The decomposed
.05 granite occurred under the influences of pneumatolytic
: and hydrothermal activities of coarse-grained biotite
granite in the study area (Pungrassmi, 1984) is found also
in the fault zones and is probably a potential source of
-1 radium distributed in the area.
-1 -0.5 0 0.5 1 665000 670000 675000 680000
Factor 3
Figure 6. Loading Factor Plots for factors 3 and 4, 7750001 L.775000 MBI
following VARIMAX rotation

alkaline earth elements. Granite in the area west of the
Namom district is probably the potential source of the
natural elements distributed in the area especially the
decomposed granite in the area of Tungkamin and
Klongrang sub-districts.

Factor 2 indicates the geochemistry of Ba and Zn,
which are the member elements of the stratiform
sediment-hosted group (SSH-type) of Zn-Pb-Ba (with
factor loading 0.93 and 0.951 for Ba and Zn; Table 2).
The deposit of such SSH elements were associated with a
high geo- thermal gradient and found in a general high
heat flow area (Plant et al., 1990).

Factors 3 (Ra) and 4 (Fe) with loading of 0.97 and
0.99, do not show a closed correlation with any other
elements (Figure 6, Table 2).

3.3 Distribution of Ra-226 and Geology

of the area

Figure 7 shows a contour map of Ra-226 concentration
in shallow well water samples. Ranges of high Ra-226
concenfrations are found in Tungkamin and Klongrang
sub-districts (Table 1) in the area where decomposed
granite has been exposed to ground or in the abandon tin

7700004

765000 F765000
760000--— T T 760000
665000 670000 675000 680000

+ Sampling Site
Figure 7. Contour of Radium-226 in the study area.

4. Conclusions

Concentrations of Ra-226 in shallow well water samples
in Namom district show a good correlation with Ca and
Mg. Radium, Ca and Mg, all are in the alkali earth
elements, which are probably leaching from weathered
granite, the host rock of the area.

Areas with high Ra-226 concentrations are
consistent with the area where granite is the host rock.
The highest Ra-226 concentrations were found in the
area closed to the fault zones in the granite host rock,
which was probably highly decomposed due to the



The precipitates on the planchet were analysed
for Ra-226 using the Alpha spectrometric system
{Canberra 4701 with PIPS-450 detector and Canberra
§35+ rmulti-channet analyzer). The system had an
efficiency of 37% at the alpha ray energy of Ra-226.
With our geometry arrangement and methods of sample
preparation, the minimum detectable activity (Curie,
1968) for Ra~-226 was 1.78 mBg/L.

3. Results\\and discussions
3.1 Concentration of Ra-226, major and

trace elements

Results of analysis for the pH, TDS, Hardness, Mg, Ca,
Ba, Cr, Mn, Fe, Ni, Cu, Cd, Zn and Pb in shallow well
walter samples are shown in Table 1. The pH of 25 out of
39 water samples is less than 6.5, which is the lower limit
of the Rural Drinking Water Quality Criteria B.E.1988 of
Thailand. The Cd concentration of only one sample
exceeds the standard criteria (0.0055 mg/L; criteria 0.005
mng/L), Two water samples have the Fe concentration
exceeding the criteria (0.59 mg/L, 0.77 mg/L; criteria 0.5
mg/L). All others analysed major and trace element
concentrations are in compliance with the standard
criteria for rural drinking water quality. The results
indicate that the water from shallow wells in Namorm
district is probably safe for drinking in terms of the major
and toxic metals contents. However, the Ra-226
concentration in all samples ranged 7-599 mBg/L in
which 8 out of 39 samples have the Ra-226 concentration
above the maximum coataminant level (MCL) proposed
by the USEPA (EPA, 2000; 111 mBg/L).

3.2 Correlation of the alkali earths

A good correlation of Ra-226 with Ca and Mg was also
found in this study area, similar to the result of the study
of ground water in the area of the Stripa granite (Andrew
et al., 1989). The alkali earth elements Ca and Mg in the
study well water is most probably a result of dissolution
of these elements present in gramite, which is the host
rock in this area.
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Figure 3. Ra-226 vs. Ca concentration plot.

Chemical analyzed data show that Ra-226
correlates well with the Ca and Mg data, which are
within the £2*S,, (£2 standard deviations around the
best fitted line showing as dot lines in figures 3 and 4).
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Figure 4. Ra-226 vs. Mg concentration plot.

3.3 Statistical treatment

Multivariate  statistical method for classification,
modeling and interpretation of large data sets was used in
this research. Factor analysis interpretation of chemical
clements was a powerful mean of detecting such
similarities among the variables of samples. The
techniques extracted the eigen values and the eigen
vectors and analyzed for the matrix of correlations or
covariances (Davis, 1973).
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Figure 5. Loading factor plots for factors | and 2,
following the VARIMAX rotation.

The data have been standardized by using standard
statistical procedures (Reghunath et al., 2002). The Cr,
Cd, Cu, Ni and Pb were not transferred in to multivariate
analysis because their concentrations were below the
detection limit of ICP-AES.

The Varimax rotational method developed by
Kaiser (1958) is used in this study to increase the
segregation between component loadings. Plot of factors
1 and 2'is shown in Figure 5 and Table 2 (factor loading
0.98, 0.96, 0.91, 0.81 for Hardness, Ca, TDS, and Mg,
respectively). Factor 1 shows a high loading of
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Influences of pneumatolytic and hydrothermal activities
and at present becomes a potential of radium distributed
in the study area.
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	Figure 1 Map of Namom district showing the water sampling wells.





