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ABSTRACT

Chae Son Hot Springs is a tourist attraction located within Chae Son National Park where water is used for
tourism-related activities. Thus, the water quality may affect the health of the visitors. This study aims to examine
certain physical and chemical properties of the water quality and compare them with the groundwater quality
standards for consumption. The study involved collecting water samples from three hot spring sources: a hot spring
without tourism activities, a hot spring reservoir used for mineral bathhouses, and a warm water pond for foot
soaking. Data collection was conducted twice: once during the summer and once during the rainy season. A total
of 22 water quality indicators were analyzed. Statistical analysis was performed to compare the water quality
between various hot spring sources using the F-test and DMRT, and between seasons using the t-test.

The water was clear with low turbidity, with the water temperature ranging from warm to extremely hot.
Among the 14 chemical indicators analyzed, fluoride levels in all sources during the summer and the hot spring
without tourism activities during the rainy season exceeded the standard limits. Additionally, arsenic was detected
but remained within the standard limits, while six heavy metals were not detected. Differences in water
temperature and turbidity between different hot spring sources was found to be statistically significant (p<0.05),
whereas other water quality indicators were not found to be significant (p>0.05). Seasonal comparisons indicated
statistically significant differences (p<0.05) in sodium (Na), potassium (K), calcium (Ca), chloride (Cl), fluoride (F),
manganese (Mn), and arsenic (As), while other water quality indicators were not found to be significantly different
(p>0.05).
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Table 1 Geographical coordinate of the three sites

for water sampling in Chae Son hot springs
Sites

No

1 No activities

Geographical coordinate
549686 E 2082785 N

hot spring 549686 E 2082786 N
549688 E 2082785 N
2 Hot spring 549760 E 2082804 N

549772 E 2082824 N
549757 E 2082823 N
549827 E 2082809 N
549830 E 2082809 N
549834 E 2082809 N

water reservoir

3 Hot spring for

foot soaking
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Figure 1 The experimental sites for water sampling in Chae Son hot springs; 1) hot spring with no activities,

2) hot spring water reservoir, and 3) hot spring for foot soaking.
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Ysunaunaalse (C
UsnaeaelsduasuotmieudilufinmiAanssy
voufisn vewnimdou wazdethgudmsunisuii
dantnaidssiuegluye 9.36-12.69 dadnusedng
(Table 4) ifla3auifisuamnuuannsseainsedndou
Wyl ludanuunnaeanueg 19l de A yni19ad f
(F=0.282, p=0.773) (Table 2) waziilowUTouiflousyning
gosouLazgHy nudn Ysuueaslsadainuunnedianiy
pu19HlUBdAYN19adf (t=—4.173, p=0.014) (Table 3)
Tngluggruiivunueaslsduinnitluggfeu deegly
naiiesguynUailliolIsuifisuiuinasgiununm
ihunafiaglduslnaldvesnsensaminenssssun
wazdanndon dahitléunsaeiviinueaslsdliiu
250 fadn3ureding (MNRE, 2008)
Yuaungaalsa (F)
Usumrgeelsdvesyoumioud lidnsi
Aanssueniien vonimeu wazuaungudmiu
nsudin denlnalAesiueglugie 0.000-1.697 fadnsu
#odnT (Table 4) Ll BLUTBULTBUAMNLANA195EMI
ﬂaﬂfﬂw%’au wudn lfimnuunnensiuegnedided g
adf (F=0.069, p=0.935) (Table 2) waziil ow3suiiiay
senI19g9 Sounazga iy wui1 Usuiungeslsddl
ALLANA 19 A URY 1l WadAyn19ad @ (t=5.588,
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p=0.029) (Table 3) Ingluggousiusuinngealsd
Wunausismsgunnue dnlugarunuvigeslsafiuiuim
foslutotnioudlifnsiAanssueniien dafu
nassfamsgud oiFeuisuiuansgiun anwin
uimaieglduslaaldvenssnsimineinssssuminay
Aawanden Sahildiunsasiiviinuigeslsdlsifiu 0.7
fadnsusieding viseoylangeanliiiu 1.0 Tadnsuseding
(MNRE, 2008) Tngtiussssumfimsasiingealsdliiiu 1
fadnsuredns uinindngeelsduinnin 1 dadnfuse
A0 Fowuansdiftouindingealsd druthusssumada
Waeelsauinndt 2 dadinsudedns Aouandnsieuiily
wisngdmumInuaglingongainin 7 U (Ministry of
Plublic Health (MOPH), 2000) Lﬁaqmﬂmﬂlﬁ%’UWQadiﬁ
TudsmaiinniAuluagiliftuannszifugeduagiin
nadesialasanseanuazilu (Homchan et al., 2014)
Uunauasnaile (Mn)
USuanuenidavesyeunoud ladnisv
Aanssuvioaiien U'aﬁ’mfm%’au LLas‘U'mqu'uﬁ'm%’U
nswi1 delndiAgaiueglugig 0.000 - 0.049 dadniu
Hodns (Table 4) LilaLUTBULBUAILUANAI5EMINS
vorhmeu wuin lufianuusnerstuedeideddy
N19@0f (F=0.226, p-value = 0.810) (Table 2) waviile
Wiguiflsuseninsgaseunarggiu wud Usununaslsd
dpuunna1snueg 1wl dedAyn19ad @ (t = -4.248,
p-value = 0.043) (Table 3) Ingluggaluilusuauaanila
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unninlugefou deeglunasiuinsgiunnyeiile
Wisuiisufuinmsgruaaunmiiuinaiiaslduilnald
Y9INTENTNNINYINToIINIAUALA swandon euiil
T¥Aumsariviinaussnialiiiu 0.3 fadniudedns
(MNRE, 2008)

Ysuaasuy (As)

USnaamvyvesUaiindeuilifinisiAanssy
vioadier Uownunou uasvetngudnunisudih
fenlnaiAsiueglugae 0.005 - 0.009 dadnsusiedns
(Table 4) ifla3auifisuanuuansinsssainsandou
Wyl ludanuunnm i ey 198 TedA yn19ad i
(F=0.029, p-value = 0.972) (Table 2) waziilosouiieu
TENT9g9 T oukATaANY WuI1 UTuraaelsadl
AMULANA 1N WY NI UudAYn19adf (t = -2.899,
p-value = 0.044) (Table 3) Inglugguuiiviunmaisny
unninluggou deoglunasiuinsgiunnyeiile
Wisuifeusuannsgruganmianaiiorlduiineld
YoINTENTININGNTTTIALArAMINGen Fohilldd
Aaslinuansny vieeylaugeanliiiv 0.05 dadnsusie
dn3 (MNRE, 2008) TagUSunadansuyaainaaisnnsgiu
‘fwLLi'ﬁi'iwmamaamsmaammimqmmiﬁﬂ'wlmﬁu 0.05
faansuneans (MOPH, 2000)

USuudaned (Zn) nesuas (Cu) azia (Pb)
wanldew (Cd) lasilew (Cr) wagusen (Hg) msaliinuly
Frog19t
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Table 2 Comparison of water quality among the three sites at Chae son hot spring

Average
Parameters F-value p-value
Site 1 Site 2 Site 3
Physical water quality
1. Water Temperature (°C) 53.6° 44.6° 43.2° 102.105 0.002*
2. Turbidity (FAU) 0.82¢ 1.32° 1.05° 35.579 0.008*
Chemical water quality
1. Total hardness as CaCOs (mg/L) 52.7 50.7 49.3 1.900 0.293
2. TDS (mg/L) 400.3 386.7 373.3 0.791 0.530
3. TS (mg/L) 403 389.3 377.3 0.723 0.554
4. 7SS (mg/L) 2.7 2.7 4.0 0.800 0.527
5. Sodium (Na) (mg/L) 32.22 32.34 31.87 0.022 0.979
6. Potassium (K) (me/L) 9.05 9.76 9.18 0.011 0.990
7. Calcium (Ca) (mg/L) 12.09 12.06 10.64 0.090 0.916
8. Total Nitrogen (TN) (mg/L) 2.92 7.75 10.36 6.128 0.087
9. Sulfate (SO4*) (mg/L) 58.76 46.68 46.33 7.085 0.073
10. Iron (Fe) (mg/L) 0.024 0.024 0.030 0.312 0.753
11. Chloride (Cl) (mg/L) 10.25 11.50 10.98 0.282 0.773
12. Fluoride (F) (mg/L) 1.17 0.85 0.83 0.069 0.935
13. Manganese (Mn) (mg/L) 0.034 0.038 0.043 0.226 0.810
14. Arsenic (As) (mg/L) 0.007 0.007 0.007 0.029 0.972
* = significant differences at 95 % confidence level.
Remark : Site 1 = hot spring with no activities
Site 2 = Hot spring water reservoir
Site 3 = Hot spring for foot soaking
Table 3 Comparison of physical and chemical water quality indicators between seasons
Average (min - max)
Parameters : t-value p-value
summer rainy season
Physical water quality
1. Water Temperature (°C) 46.7 (42.9 - 53.3) 47.7 (43.5 - 53.9) -0.215 0.840
2. Turbidity (FAU) 1.07 (0.77 - 1.37) 1.06 (0.87 - 1.27) 0.053 0.960
Chemical water quality
1. Total hardness as CaCOs (mg/L) 51.3(49.3 - 52.7) 50.4 (48.7 - 53.3) 0.500 0.643
2.7DS (mg/L) 379.6 (362.7 — 394.0) 394.0 (364.7 - 410.7) -0.834 0.451
3. TS (mg/L) 383.3 (366.0 — 396.7) 396.4 (367.3 - 412.7) -0.763 0.488
4. 7SS (mg/L) 3.8(2.7-5.3) 24(20-2.7) 1.604 0.184
5. Sodium (Na) (me/L) 33.79 (33.51 - 34.04) 30.49 (30.23 - 30.64) 16.279 <0.001*
6. Potassium (K) (mg/L) 13.00 (12.70 - 13.48) 5.65(5.26 - 6.04) 22.368 <0.001*
7. Calcium (Ca) (mg/L) 14.32 (12.68 - 15.20) 8.88 (8.60 — 9.10) 6.515 0.020*
8. Total Nitrogen (TN) (mg/L) 7.04(2.80 - 12.32) 6.99 (3.04 - 9.52) 0.014 0.989
9. Sulfate (SO4*) (mg/L) 53.23 (48.68 - 61.33) 47.94 (43.66 — 56.19) 0914 0.412
10. Iron (Fe) (mg/L) 0.020 (0.016 - 0.029) 0.031 (0.031 - 0.032) -2.536 0.126
11. Chloride (Cl) (mg/L) 9.74 (9.36 — 10.30) 12.07 (11.13 - 12.69) -4.173 0.014*
12. Fluoride (F) (mg/L) 1.650 (1.590 - 1.700) 0.249 (0.000 - 0.747) 5.588 0.029*
13. Manganese (Mn) (mg/L) 0.015 (0.000 - 0.023) 0.046 (0.043 - 0.049) -4.248 0.043*
14. Arsenic (As) (mg/L) 0.006 (0.005 - 0.007) 0.008 (0.008 - 0.009) -2.899 0.044*

* indicates significant differences at 95 % confidence level.
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(el suifisuainns@nyiues Charat (2003)
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Table 4 Physical and chemical water quality indicators at the three sampled sites in Chae Son hot springs, Lampang province

Parameters

Summer season

Rainy season

The standards for groundwater

(May 2023) (September 2023) intended for consumption
Site 1 Site 2 Site 3 Site 1 Site 2 Site 3 Appropriate Maximum permissible
criteria criteria
Physical water quality
1. Water Temperature (°C) 53.3+0.0 43.7+0.0 42.9+0.0 53.9+0.2 45.5+0.6 43.5+0.4 - -
2. Turbidity (FAU) 0.77+0.26 1.37+0.17 1.07+0.05 0.87+0.05 1.27+0.05 1.03+0.21 5 20
Chemical water quality
1. Total hardness as CaCOs (mg/\) 52.0+0.0 52.7+0.9 49.3+0.9 53.3+1.9 48.7+0.9 49.3+1.9 <300 500
2. TDS (mg/\) 394.0+7.1 362.7£75.0 382.0+£3.3 406.7+7.5 410.7+11.1 364.7+15.2 <600 1,200
3.TS (mg/V) 396.7+7.7 366.0+74.4 387.3+5.0 409.3+8.1 412.7+11.1 367.3+14.8 - -
4. 7SS (mg/L) 2.7+0.9 3.3+0.9 5.3+1.9 2.7+0.9 2.0+0.0 2.7+0.9 - -
5. Sodium (Na) (mg/0) 33.82+0.09 34.04+0.08 33.51+0.11 30.61+0.20 30.64+0.03 30.23+0.10 - -
6. Potassium (K) (mg/0) 12.83+0.13 13.48+0.24 12.70+0.05 5.26+0.19 6.04+0.12 5.66+0.07 - -
7. Calcium (Ca) (mg/V) 15.09+0.87 15.20+0.58 12.68+1.08 9.10+0.07 8.93+0.02 8.60+0.11 - -
8. Total Nitrogen (TN) (mg/l) 2.80+0.46 5.99+0.55 12.32+0.91 3.04+0.64 9.52+1.21 8.40+0.00 - -
9. Sulfate (SO4*) (mg/V) 61.33+1.40 49.69+0.24 48.68+0.50 56.19+2.85 43.66+1.70 43.98+1.17 <200 250
10. Iron (Fe) (mg/\) 0.016+0.001 0.016+0.002  0.029+0.005 0.031+0.002  0.032+0.001  0.031+0.000 <0.5 1
11. Chloride (Cl) (mg/V) 9.36+0.46 10.30+0.42 9.56+0.94 11.13+0.37 12.69+2.17 12.39+0.86 <250 600
12. Fluoride (F) (mg/\) 1.593+0.082 1.697+0.046 1.660+0.059 0.747+0.088 N.D. N.D. <0.7 1
13. Manganese (Mn) (mg/\) 0.021+0.002  0.023+0.002 N.D. 0.048+0.002  0.049+0.002  0.043+0.002 <0.3 0.5
14. Arsenic (As) (mg/\) 0.007+0.000  0.005+0.000  0.006+0.001 0.008+0.002  0.009+0.001  0.008+0.002 0 0.05
15. Zinc (Zn) (mg/V) N.D. N.D. N.D. N.D. N.D. N.D. <5.0 15
16. Copper (Cu) (mg/l) N.D. N.D. N.D. N.D. N.D. N.D. <1.0 1.5
17. Lead (Pb) (mg/l) N.D. N.D. N.D. N.D. N.D. N.D. 0 0.05
18. Cadmium (Cd) (mg/l) N.D. N.D. N.D. N.D. N.D. N.D. 0 0.01
19. Chromium (Cr) (mg/l) N.D. N.D. N.D. N.D. N.D. N.D. - -
20. Mercury (Hg) (mg/\) N.D. N.D. N.D. N.D. N.D. N.D. 0 0.001

Remarks: N.D. = Non Detected

Site 2 = Hot spring water reservoir

Site 1 = No activities hot spring

Site 3 = Hot spring for foot soaking
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