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Water Quality and Health Risk Assessment of Drinking Water
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Abstract

The objectives of this research were to assess the water quality and health risks of drinking
water in Mae Tom Noi village in Phayao province, a remote location outside the reach of standard
infrastructure. Water samples were collected and subjected to physical, chemical, and biological analyses.
Physical parameters were measured at in-situ, and biological function included Bacteriological Analytical
Manual (BAM) and detection of algae and plankton. Major and trace elements were analyzed by
Inductively-Coupled Plasma Optical Emission Spectrometry (ICP — OES) and Coupled Plasma Mass
Spectrometry (ICP — MS). Results showed that pH, dissolved oxygen (DO), electrical conductivity (EC),

turbidity, and hardness were at acceptable levels, and sulfate (SO,%), phosphate (PO,%), nitrate (NO3),
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and major and trace elements were below acceptable levels. The risk assessments of EC, turbidity,
hardness, sulfate (SO,?), phosphate (PO,*), nitrate (NO5) showed medium risks, and the major and
trace elements, including Ca, Al, As, Cr, Fe, Li, Mn, and Mo, showed medium risks. However, there were
no high risk elements. The bacteriological analysis showed that total coliform bacteria (MPN
coliforms/100 ml), Escherichia coli, and total plate counts were more than the allowable values. In
addition, investigation of algae and plankton indicated that they were not toxic species and were not
harmful to humans. The study recommended that the quality of the drinking water should be improved by
filtration through filter material to remove sediment, color, odor, organic matter, and minerals, in addition

to boiling for disinfection purposes before consumption.

Keywords: Drinking water quality: Health risk assessment
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Coupled Plasma Optical Emission Spectrometry
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2) MIIBUABUALINATZIHA AN N
indn lefun s duwasesdnizawsivlan
(WHO; World Health Organization, 2011)
umigﬂuﬁwﬁummﬂi:mmﬁﬂu (DWQSs;
Drinking water quality standards of Japan)
mmg']uﬁﬂﬁmaaﬁs:mﬂaaamnﬁﬂ (ADWG;
Australian Drinking Water Guidelines, 2004) ,
mmgﬁwﬂaaéwﬁmmﬂnﬂaﬁaLnﬂé"auﬂs:mﬂ
a%iﬁsam?m (U.S. EPA,; United States Environmental
Protection Agency, 2006 L&z 2008), &J’mig’mﬁ’]
Auvassgunanediily Uszinaanizaiuinn (Tite
22; California Code of regulations, 2008) ,
&l’]@lij’]%ﬁ’]ﬁ&l’ﬂﬂdﬁﬁﬂ’]?‘lﬂqiﬁﬂ (EU; European
Union, 1998), mmgmwamﬂ”mﬁqmanﬁﬂisuﬁw
u‘ﬂnﬂLm:mmgmqmmwﬁﬂﬁ’aﬁmadﬂs:mﬂ
Tne (Pollution Control Department, 2556) [1-3, 5-
12] wuin e Saina wazluasn fendn
NdINI0I3 I ﬁw]]%é'ﬂ"l,ﬁl,l,ﬁ uwaalfeon (Ca),
Twunadon (K), unnii@on (Mg), lodsy (Na),
wazganaw (Si VLJJﬁﬁ’]@!@T’ﬂﬂﬁﬁﬁ’ltﬁ%&l’]@lﬁi’mﬁ’l
fw waz9amq leun azadifian (A), M3y (As),
lusau (B), wuiseu (Ba), waaidsow (Cd), lavaa
(Co), lasidlan (Cr), NaIu@d (Cu), tWan (Fe),
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LNaLiay (Ga), Aoy (L), undnadha (Mn),
Tududin (Mo), ftfia (Ni), azia (Pb), siidou
(Rb), B1Tau (Se), ¥aTanlSay (Sr), Wnatfoy
(T, gratibaa (U), 2unlasa (V), WasdInsd (Zn)
wud ldmglafdanininasgiwiry waasi
Lmdai{wﬁﬂwgumuﬁmmﬂaaﬂﬁ‘ﬂmnus’m@;ﬁ
Ywdau Taonamsamaitausasluasd 2

3) msﬂsmﬁumwmﬁﬂmaqmmw

(Risk quotation assessment) W 131 Y U6

= S . o o o
bUadIah aNYB ﬂ’liu’le‘V\l‘V\l’l LREAINNUNITAT

A4 A

2898188 FauFeIdunans ﬁ?%;ﬂﬁ?@%é’ﬂ



Msingmaaiuazinalulad amningsbguenani adufies ningnay 2560

a a

WU uealGen (Ca) daadsstunans uazlal (Fe) Buion (L) wnanfia (Mn) uazlududiu

22

119N faNFeIge dnTuaaniguudn (Mo) Aannanfssdiunans uazlidyasalan

axgfifinn (A) a13wy (As) lasidoy (Cr) wwan Unngirdienuidsigs aaanam 2

A197197 1 LLammmsmaﬁmﬁ:ﬁma@a%af‘mm

HANITILATIER NG
a '3 T 0 T 0
INYNIATINNATIEN WIR298197 1 89 wIR288191 2 )
., . ANAITIH
Taiswn1snsas WIWNNINTDI
Tnanasuda 100 dadfas
1,600 MPN/100 ml 4.5 MPN/100 ml 2.2 MPN/100 ml
(MPN Coliforms /100 ml)
fdunidnivuadadadfas
5.9 x 10* CFU/ml 1.4 x 10° CFU/ml 500 CFU/ml
(Total Plate Count / ml)
8la'lada 100 Tadfas 3 .
ATIINL ATIAINY Fa99332 biwy

(Escherichia coli / 100 ml)
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@13597 2 LEaIANNAIIWINaNLssMITEduANUESIIEIINANTITY (Risk quotation assessment)

WAees Wiy @AIIN A191NN13 . . - HAWIIANLELY RELHT)
. LARINIATIZTIND DY 4
(PNEC) d1973 (MEC) (RQ) ANNLALI
anuidunia - 619 - 6.5-9 7.83 WHO Guideline for Drinking Water Quality, 2011 - [AgtTs
ﬂ'ﬂaaﬂ%wuazmulm{ﬂ mg L 3 6.24 WHO Guideline for Drinking Water Quality, 2011 - [AgtTs
ﬂ’nmiu NTU 60 8.85 Surface Water Quality Standard, Thailand, 1994 0.15 Junansg
mavin s us cm’” 1500 150 WHO Guideline for Drinking Water Quality, 2011 0.10 én
AUNTZAN mg L™ 150 57.11 WHO Guideline for Drinking Water Quality, 2011 0.38 unad
TaLWe mg L™ 250 102 Drinking Water Standard, Thailand, 1978 0.41 wnad
Tuan mg L 45 3.7 Drinking Water Standard, Thailand, 1978 0.08 Gén
Waswe mg L™ 250 0.018 EU; European Union, 1998 7.2E-5 é
uAsLTou mg L 300 101.56 Drinking Water Quality Standards (DWQSs) of Japan, 2008 0.34 unand
Twunaidon mg L™ 411 1.63 WHO Guideline for Drinking Water Quality, 2011 3.97E-3 @;n
uunfidon mg L 300 19.89 Drinking Water Quality Standards (DWQSs) of Japan, 2008 0.07 én
T mg L 200 11.88 Drinking Water Quality Standards (DWQSs) of Japan, 2008 0.06 @;n
P v v &
Tnawu mg L udt 14.57 Tufiinasinnaspuluamei - -
a:gﬁw‘iw pg L 100 43.75 ADWG; Australia Drinking Water Guideline, 2004 0.44 wnad
1IN pg L 10 1.32 WHO Guideline for Drinking Water Quality, 2011 0.13 unand
U0 Hg . uideline for Drinking Water Quality, . &
1 L’ 500 15.47 WHO Guideline for Drinking Water Quality, 2009 0.03 7
wuisen Mg L’ 700 36.27 WHO Guideline for Drinking Water Quality, 2011 0.05 @én
unaLdo pg L 3 0.07 WHO Guideline for Drinking Water Quality, 2011 0.02 @én
Tauaad pg L 11 0.27 Title 22; California Code of Regulations, 2008 0.02 @én
JCE Y pg L 50 14.07 WHO Guideline for Drinking Water Quality, 2011 0.28 unad
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@397 2 (da) LFAIAINNAIPIWNANUAE T TELTUANAFEIVEINANTTU (Risk quotation assessment)

WIndaas Wig @A @193 . . - HAYNIANMAEAY  STAUANN
LHRRINTIAIDTND 19D :
(PNEC) §1379 (MEC) - (RQ) EEN
NDILAY ug L' 2000 0.72 WHO Guideline for Drinking Water Quality, 2011 3.6E-4 Gé]’]
VARN Hg L 300 134.35 ADWG; Australia Drinking Water Guideline, 2004 / USEPA,; 0.45 drwnand
United States Environmental Protection Agency, 2006 and 2008
uniiew pg L Yaifl 1.04 VL;JﬁmmﬂVTmmgm‘me:f: - -
Ao pg L? 73 12.59 Title 22; California Code of Regulations, 2008 0.17 hunans
waania pg L 400 69.22 WHO Guideline for Drinking Water Quality, 2011 0.17 unans
Iuﬁuﬁﬁu g L 50 14.30 ADWG; Australia Drinking Water Guideline, 2004 0.29 Jrwnand
na pg L 70 0.41 WHO Guideline for Drinking Water Quality, 2011 0.01 én
mﬂd’s pg L? 10 0.67 WHO Guideline for Drinking Water Quality, 2011 0.07 Gén
siden pg L Yaifl 1.10 VL;JﬁmmﬂVTmmgm‘me:f: - -
SR pg L 10 1.03 WHO Guideline for Drinking Water Quality, 2011 0.10 &
FATOWLTEN pg L aifl 1873.66 "L&J'ﬁmwﬁmmgmlmmzﬁ - -
unaLiey pg L 2 0.003 Title 22; California Code of Regulations,2008 / USEPA; United 1.5E-3 6;11

States Environmental Protection Agency, 2006 and 2008
HLSLﬁYJn pg L 15 1.28 WHO Guideline for Drinking Water Quality, 2011 0.09 én

MR Hg L 260 0.37 Title 22; California Code of Regulations, 2008 1.42E-3 6;11

WaNgLAa: RQ fa Risk Quotient #3a NAMIIAMALFBINNMIAMWIBYIAL A1anmsd1Tv/dmnasgn uud 4 szavleaud RQ 0 - 0.10 Ganuiissszauen, > 0.10 — 1 fauiies
szauthunand, 1nnd 1 4 anuldsIszdugs uazannnit 10 dauEsdszauganIn
nxn: ADWG,; Australia drinking water guideline, 2004, DWQSs; Drinking water quality standards of Japan, 2008, Drinking Water Standard, Thailand, 1978, European Commission.,

1998, Surface Water Quality Standard, Thailand., 1994, Title 22 - California Code of regulations, 2008, U.S. EPA., 2006, U.S. EPA., 2008, WHO., 2009, and WHO., 2011,
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