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Assessment of Annual Effective Radiation Dose from Radon Gas Contamination in Hot
Spring Water and Domestic Water in the Khuan Sa Hot Spring Area, Palian District,

Trang Province, Southern Thailand
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ABSTRACT

The Khuan Sra Salty Hot Spring, located in Suso Subdistrict, Palian District, Trang Province, was discovered over
100 years ago. Later, it received funding from the Thai Niyom Yangyuen (Sustainable Thai-ism) project for development and
expansion, making it available to the public, tourists, and visitors for mineral water soaking therapy. However, this salty hot
spring originates from fissures in the Earth's crust, which may allow radon gas to diffuse from the water into the atmosphere,
posing potential health risks. This study aimed to examine the physical characteristics and measure radon gas concentrations
in the salty hot spring and domestic water (including tap water and groundwater), as well as assess the annual effective
radiation dose from ingestion and inhalation. A total of 27 water samples were collected from the salty hot spring and
domestic water sources. The results revealed that the average values for temperature, pH, electrical conductivity, total
dissolved solids (TDS), salinity, and dissolved oxygen (DO) in the salty hot spring were 42.8+1.42°C, 6.67+0.46, 1.52+0.03
S/m, 8.53+0.18 ¢/L, 8.84+0.18 ppt, and 8.16+0.53 mg/L, respectively. In contrast, domestic water sources had average
values of 27.2+0.67°C, 7.06+0.46, 0.02+0.01 S/m, 0.10+0.06 ¢/L, 0.10+0.06 ppt, and 7.89+0.20 me/L, respectively. The
average radon concentration in both the salty hot spring and domestic water was 33.48+10.11 Bg/L, exceeding the standard
limit for radon contamination in drinking water (11.1 Bg/L). However, when estimating radon diffusion from the water into
the atmosphere, the average concentration was 3.35+1.01 Bg/m?3, which is below the global outdoor average (15 Bg/m?).
Additionally, the estimated average annual radiation dose was 92.88+6.95 uSv/y, within the reference level (100 pSv/y),
while the background radiation level was 1.50+0.19 mSv/y.

Keywords: Radon, annual effective doses, salt hot spring, RAD7-RAD H,O
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nUein 1 (H1) eglusedu 0.08+0.01 ppt kag 9.11+0.01 ppt MuEIRY Fanmit 5 (@) Tneuanenauegiedl

'
aaa @

TedAyn1eadAfisgdu 0.05 (One-way ANOVA) Faiulddn WmdeudinnnuiAugninssduninsgiuiisedu 0.5

ppt [21] TneArAnuAudesinegiszau 4.96+4.43 ppt luvariigaaiuauidu lawnsadald Wefiasen

'
o w aada

USunueendlauiiavarsluinvesunanntuasdng g wui inanaisiuegsiidedAgymisadiffnszdu 0.05 (One-
way ANOVA) lngilAadesiuianinegiseiu 8.040.43 me/L Feaglutiavessziuunnsgiu (5-8 mg/L) [22]
waztllolSeuisuiuanadslsuiueandiauiazaislulnvesynniuau N5eau 8.00+0.00 meg/L wun L

upnAAueslityd1Agyn19aianszau 0.05 (Independent samples t-test) AININT 5 (@)

Ysunuanudutuvesiiaisnouluiiuazluoiniaf semeg Tuusseinia aniuidnw J1uunaiy
Uselnnuesdl wadnsuandlunisnedt 1 lagssyaiaign (Min) gega (Max) a1lade (Mean) wazdiuidouuuy

155U (SD) WU G, TAnsEvinesnaniisgeanog 15.38+2.83, 50.58+3.66 uariiAnady 33.48+0.58 Bo/L 39

a ! q‘

mmqamﬁzﬁumiﬂuL?JauLLﬁ"aLimauiuﬁﬂﬁ'mm U 11.1 Bg/L (300 pCi/L) Bermuslag U.S. EPA [20] ussnnin

seAue9dedimiuiA L (100 Bg/L) Fauugrlag WHO [4] uag WUl C, AAN5EnIengniiagegnoy

a va &

7l 1.50+0.28 Bq/m’, 5.06+0.37 Bo/m® wazdlAnade 3.35:0.06 By/m® Aiawininssduliifvesufaisnou

MNsasianduazinermansinly 27
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TDS (g/L)
()Y
1

0 THN—

H1 H2 H3 H4 H5 S1 S2  Total Control
10 (n)

Salinity (ppt)
N

H1 H2 H3 Ha H5 S1 S2  Total Control
15 - ()

10 4

DO (mg/L)

H1 H2 H3 H4 H5 S1 S2  Total Control
(m)
AT 5 N51LERS () USunaveawdaiauaiazatslutii (1) mnudy was () Usunaean@nuiazaieluti

nulue1Ash 148 Bg/m’ [20] uazininaademilanvedidsnounieusneins 159U 15 Bg/m’ [10] wans

'
v o o ' 1%

T LLﬁaLimauiuaﬂnfmﬁtﬁmmm}laﬁluszmm ynusuRuwvasTLEndu Wy Au fiu vieTanieaine [20]

’mﬂmiwﬂﬂaumiﬂ%ma"uaﬁaga (Kolmogorov-Smirnov Normality test, p > 0.05) Iuﬁ?aﬂ’mﬁ’] 3
sy Idun dhwdeu (15 feg19) thunata (6 §28819) ua 11dse (6 Faeg19) nuh ynnduiinisuanuas
wuUnd deiisuifisudiadeaudutusaeuluiuassnoufissmegusseinia (1l 6 uag 7) §e One-
way ANOVA (p > 0.05) IajwummLLmﬂm'Na&J'Nﬁﬁ’aﬁﬂﬁmszmﬂaﬁwﬁu’ﬂmuﬂsxmm agnslsfimu Aadesinves
Limﬂuug’]LLazLimuﬁismaquﬁmmﬁ gandnguAuAuegslitidAgneata (independent samples t-test,
p < 0.05)

mnmsinyUiinasaddwailisudetnnuiaseeuluumdnihuinuiuiifnw Susenoufednieu
Lﬁmmwfﬂﬁm%qﬂhﬂﬁim IFinsUssfiuanisladusadinumenisuslaath (Din) WAEN1INTMELA (D)

FIIAUSHSaETImINe (D) nan1sAnfiusInglunseil 2 uansbiliudi anedsvesl3uasddmans

Yanmsuilaatnegi 7.03+0.89 psv/y luvadienannmsmneladidadeegi 84.37410.73 usv/y ilefiansan

AUTINUTETII IR WUl SAeduegi 92.88+6.95 USv/y
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nansAnw gl Usinasdnlasuanuiaseeuluuanimnussunvluiiui@nw Jaegluna

Uaoasty Wesnnlifuaasgiuiiesiniseusislan (WHO) Avualifisziu 100 uSv/y [4] Fawanaliiiin

wriasTluusnalifindanulasndedmiunislidnuntunsuilnauasnisgulag

M19199 1 YSunauenududuvesiiasneuludinaslueiniaiissimvedtuusseinia Iniundne

Uszian  qaufiu Crn(Ba/L) Corn(Bym’?)
y n
29311 f9819 Min+SD Max+SD Mean+SD  Min+SD Max+SD  Mean=SD
H1 3 21.78+1.40 50.58+3.66 36.95+1.18 2.18+0.14 5.06+0.37 3.70+0.12
H2 3 26.06+2.94  42.08+3.63 34.79+0.35 2.61+0.29 4.21+0.36 3.48+0.03
ﬁww%au H3 3 45.79+3.87  49.04+391 47.37+0.02 4.58+0.39 4.90+0.39 4.74+0.00
WAy H4 3 31.80+3.51 43.69+4.04 38.58+0.27 3.18+0.35 4.37+0.40 3.86+0.03
H5 3 15.3842.83  20.55+3.29 17.32+0.25 1.54+0.28 2.05+0.33 1.73+0.03
334 15 15.38+2.83 50.58+3.66 35.00+0.67 1.54+0.28 5.06+0.37 3.50+0.07
ﬁwé’m%’u S1 6 33.13+3.02 38.93+4.05 3587+0.44 3.31+0.30 3.89+0.41 3.59+0.04
Qﬂiﬂﬂ S2 6 16.17+2.28  36.89+8.79 27.28+0.51 1.62+0.23 3.69+0.38 2.73+0.05
UslnA 334 12 16.17+7.80 38.93+4.05 31.58+0.48 1.62+0.23 3.89+0.41 3.16+0.05
i’Jiﬂﬁzﬂ‘mN} 27 15.38+2.83 50.58+3.66 33.48+0.58 1.54+0.28 5.06+0.37 3.35+0.06
YAAIUAL 3 7.10+2.40 9.30+2.70  8.03+1.14  0.71+£0.24 0.93+0.27 0.80+0.11
o 11.1 Bg/L [20]
STAUDND 15 Bg/m’ [10]
100 Bg/L [4]
60 -
~ 50 -
-
ER |
©S 40
2 =
2 X T X
& 30
2
S 20 l l
ap
=
g
<« 4
0 ===
O T T T T
5m%’a‘u ihuana sz kRt YAAIUAN

v

Al 6 mudndursiasneuluimiowhuuaziidmiugulnauslan

MsasHanduarInenmansialy
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=

2 &

& g

£ 5 x T
£ S X
S 2 3

=

2

2 <

z B

[

Unou U1u1ana sz 39U YARIUAN
MR 7 ALt AU SEEguTIEINIA

P a v oo A Yo 1 Ao 9 a & a & S & A
M139N 2 ‘Uﬁlﬂﬁu‘iﬂaﬂQN@‘WI@?UW@U&WMTUﬂ'ﬁﬂULLagﬂrﬁ‘ﬁ’]Eﬂg\]LLﬂaLim@umUULﬂQUIUUﬂ,UWUWﬂﬂ‘l‘tﬂ

e YSunauaddmailasusel (uSvy)
ANUAIDYNN (n)

Din D D,

H1 (3) 7.76+3.04 93.12+36.45 100.88+23.63

H2 (3) 7.31+£1.70 87.68+20.43 94.99+13.24

H3 (3) 9.95+0.34 119.37+4.10 129.32+2.66

Ha (3) 8.10+1.28 97.21+15.42 105.31+9.99

H5 (3) 3.64+0.59 43.65+7.10 47.28+4.60

94 (15) 7.35+1.07 88.21+12.81 95.56+8.30
S1(6) 6.44+1.75 77.31+21.03 83.76+13.63

S2 (6) 6.82+1.07 81.83+12.84 88.65+8.32

U (12) 1.40+0.48 79.57+5.79 10.98+3.75

Min 3.64+0.59 43.65+7.10 47.28+4.60

iﬁmﬁgﬂﬁuﬂ (27) Max 9.95+0.34 119.37+4.10 129.32+2.66

Mean 7.03+0.89 84.37+10.73 92.88+6.95

YAAIUAL (3) Mean 20.53+2.91 20.24+2.87 40.77+0.03

namsinTziUsInasasmadetanuiasaeuluwnduissanee q luluiidne Seuaadunind
8 wuteasuiitaula il mﬂmiL‘U%&J‘ULﬁauswd’mﬂduﬁaaﬂwaﬁwﬁamwizLm/l #un dndouwdy huana
waztUsel1 #2833 eadn One-way ANOVA (fiszdutaddey 0.05) linuauuansisegsfidodidyves
USinausvdsuniildsu edulsfinu Wetdeyawmdrdluieuisuiunguauaudienisnaaey Independent

samples t-test WU AAuLANAEE9TTIE A YN 9EDR (p<0.05)
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Ding  Dinh g Dt

anl.

unou ihuima sz YARIUAN

U (uSv/y)
3

lasusie
(0]
(@)

g9maNINeng

40

a5

20

o

[}
o
T T T T T T T T T T T T T T W B B B O

U

UA
o

Uszanvasin

I o

209 8 Usunaussddananlasusaldnsunisiukasnismelandasaeunvuileauluiluiundne

NAENSTALMIAUI wliwrasiwdazussinnluiunaneaslrmisuiasdansaouluseaulndidesiu we

@

a3 ABUAUNINTFIUATUANKET NFUNUTT AANULANANTdALY FeerasTioudisanunen1essaling)
wngnuiniikadensaranvessaaululasmail
Wefnwaiderislunazaissemanlad@nwusmnaaududuniasaoululmasdimiowan wazi

dmsugulnauslanifidnvarluvinaiiuidnyiduirasimsoway Alinswiavesiundaasfusou dawali

Annsuanddesufiasneugiuussenmalddiiennnddu Hadidnvaglndifesiuiuiivinadmiouduamuasely

s & o 4, &% Y TR o o v o o ¥ v & %
NIl Aslansluns1ei 3 Well dilseundaluinidiunsyuiunsiidadmnsvinlgluasiseu dautiuinna

waztmSeuAuduihanuanihsssundnliiiunszvaunmsiitn wuldin dmdewiu danadoanududy
wiasneugininilssiandu q sisd wuin mnududusiaseeugafiganululszmelneusnanimSouas

guneviiane Jmingsnugonll egiiseu 8507.48 + 1.06 Boy/L [33] 5090931 fip 1iles Naples Useimednd g

'
' =2

Tut29 0.1 + 0.1 Bg/L 4 1146 + 57 Bo/L LLazﬁmLa%"aag N5eAU 152 Bq/l_ [32] mmﬂdwmui%’aﬁimaﬁ

ABg

pid }

1 a1 ' o

Aaduagiisedu 35.00+0.67 Bo/L dauthuimaiasenuluenided :Jml,aasaa fiseeiu 35.87+0.44 Bg/L &9

Y
v

Buuvasihuinadiegusnalndundaimfewd wiuldd farlndidssiuihuiamainsanunimonuldes
UseineludiFe fanadvogiisedu 35.90+38.90 Byl Faduiiuiidiidanuduturesufasaouiiguasiins
nsgedldidusuulnd Wesnniinsesidourosiiufudelfufasneuiiarauogludufivinausaunsndy
Jusngfiufiaiu 16] warlueiddod nuamududuresufasneulussdulndifsstuufasaouludiniasn
unastim o Klodzko Velley Usginaluuaus dsidnoglut 353 fla 272.0 Bo/L [28) oeslsfiniu aau
duduufaseouluhuimauinaunduniens suneduuwans uay suneilssasy Twiagsrugiend 8
Aadogsiian leiteuuiuiity 4 Fsogfiszu 45.90+6.35 Bg/L [26] wazarsgemuiisnefunaay Janin
uasUsu fAnadsogiissdu 0.95 Bo/L [14] wenaint wuih armiduduufasaouluiussuluiiuiisnneys-
wiagu Jainnss Useinelne ﬁmm?{aagjﬁisﬁu 27.28+0.51 Bq/L flenlndidssiuiiuiiusnaudaniious
Sunethumans waz sunelissase Smingugiont egfiseiu 26.36+5.28 Bg/L [26]
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aglsinnu seduanudnduniasnouveaunaniv 3 UssianananuideifidaninAuinsgiunis
Uudeuufasneulutifu (11.1 Bg/L) fifuualag U. S. EPA [20] usidansiininsedudieds (100 Bo/L) darfmun
Tng WHO [4] fetfu oraufululédn udailuiiuiifieglndidestuuvanimfoudy vie Snsiadouiivesiiuin

Audaalisianududuveuiasneuluiiaameiuny

av o a

A9 3 NslSpuisuRanIInIVInAUTNTULAaIsAoUluLUTEIANFNN o AUNWIdeniieITes

Ussiamven  Usune Nufidnw ml,aaasuaﬂm:ummu 91989
ufasnauluil (Bo/L)
Iraq Baghdad 8.06+2.30 (23]
China Jiaozuo 0.21+0.14 [24]
Bangladesh ~ Dhaka 1.54+0.38 [25]
ey o.0muEswey 0.38%dsy  15.77 £ 34.58 [26]
sz 2491143571 (26.36+5.28)
ne aovunaluladfdundes 0.10 84 2.89 (0.51£0.55)  [27]
WIANA (B9ANTIUINUL)
2.99A5NY 2.UATUIEN
ne 0. UzldU 2.059 27.28+0.51 sl
Poland Klodzko Velley 35.30 14 272.00 [28]
Nigeria Southwestern 35.90+38.40 (6]
Nigeria Agbabu 30.2+6.70 [29]
y ey 0. 0UWEsUuaY 0.038%85y  35.48 119 53.79 [26]
DRIVl oL
2431943574 (45.90+6.35)
Tne a.MuneaY 2.uATUSY war  0.05 819 2.51 (0.95) (14]
2.0l 257943
ey 0.Usndeu 2.739 35.87+0.44 et
Pakistan Himalayan 5.56 §4 10.16 [30]
Indonesia West Java 2.60 84 3.10 [18]
Iran Kerman 11.015 [31]
D Italy Naples 0.1+ 0.1091146 + 57 [32]
UnseuLAN
(152)
ne 0.AROBY 1.n330 18.64 + 0.96 (si"wqm) (33]
9.711219 2.85194)5574 8507.48 + 1.06 (g3ein)
Ine 9.Uzivasu 2.059 35.00+0.67 sl
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A3UNan1337e

nsfnyIAadnYLEnImenuazmsdituresfasneuluuvanhuTnawiouAumuasy fua
alay Sunodundou Sminns Feuseneudetmdoudn 15 fegrs huimauastihssiednses 6 Foehs
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ﬁwuqmmwﬁwmqmamw ﬂ"]La?{sﬁuanqmauﬂ’ﬁmaﬂwmwmmifwasﬂuizﬁmalﬂﬁ 9NNl 35.9+7.98
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o o
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[ @ <~
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