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Abstract

This research involved the analysis of heavy metal contamination levels and the assessment of health
and cancer risks due to exposure to heavy metals present in tap water through consumption and bathing in
the Mueang Phitsanulok District, Phitsanulok Province. Tap water samples were collected randomly from every
sub-district. In each sub-district, tab water samples were randomly obtained from one water supply source
and three households, making a total of 80 sampling points. The quantification of heavy metal levels was
analyzed using an Atomic Absorption Spectrophotometer (AAS). The study's findings revealed that tap water from
both sources exhibited the highest contamination levels of Fe, followed by lead, zinc, copper, and cadmium,
with average concentrations of ND-0.249, ND-0.049, 0.003-0.151, ND-0.077, and ND-3.584 mg/L, respectively.
Only Cu and Cd concentrations exceeded the Metropolitan Waterworks Authority standards. In the event that
the public utilizes tap water for drinking, it resulted in a low health risk over a 5-year continuous consumption
period (THQ = 0.73484), a moderate risk over a 10-year continuous consumption period (THQ = >1.46968),
while lifetime consumption leads to a high health risk (THQ = 7.93090). Additionally, tap water consumption
also poses a risk of developing cadmium-induced cancer (CR = 0.0003-0.00144). Using tap water for bathing does

not have a substantial impact on health (HQ = 2.66x10™ to 1.72x10”).

Keywords: Tap water, Heavy metals, Health risk assessment, Cancer, Exposure
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Table 1 Constant values for calculation in health and cancer risk assessment equations

Variable symbols: Meaning of symbols

Constant values

CDI

ingestion water

CDI

Dermal contact water

HQ: Hazard quotient, THQ: Total hazard quotient
CR: Cancer risk, TCR: Total cancer risk
CW: Average heavy metal content in water (mg/L)

IR: Incidental ingestion rate of water (L/day)*”

EF: Annual exposure frequency for water drinking /bathing (days/year)

(21)

ET: Exposure time for bathing (hours/day)

ED: Lifetime exposure duration (years)

AT: Averaging time (days) : carcinogenic substance (70 years

BW: Body weight (kg): Female, Male “*
SA: Skin surface area exposed (cm?’) : Female, Male

PC: Skin permeability constant (cm/hour) *?

CF: Conversion factor (L/cm?)
Rfd: Reference dose (mg/kg/d)

CSF: Cancer slope factor (mg/kg/day) *¥

: Chronic daily intake via water ingestion (mg/kg/d) .

: Chronic daily intake via dermal contact water (mg/kg/d) -

2
365
0.4
70
25,550
57.4, 68.9
1,582, 1, 801
Pb = 0.001, Cd = 0.00084, Zn =
0.0006, Cu = 0.001, Fe = 0.001
107
Pb = 0.0035, Cd = 0.0005, Zn =
0.3, Cu = 0.04, Fe = 0.007
Pb = 1.5, Cd = 0.38

) (22)
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Figure 1 Contamination of heavy metal in water supply

at Mueang Pitsanulok district, Pitsanulok province
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Table 2 Health risk of heavy metal through tap water consumption and bathing

Health risk Tap water consumption Bathing tap water

assessment 5 years 10 years 15 years 20 years Lifetime 5years 10 years 15years 20 years Lifetime
Pb

DE

female 0.00039 0.00078 0.00118 0.00157 0.00549 1.24x10™° 2.48x10™ 3.72x10™° 4.96x10™ 9.57x10”
male 0.00033  0.00065 0.00098 0.00131 0.00457 1.18x10™° 2.35x10™ 3.53x10™° 4.70x10™ 9.08x10”
HQ

female 0.11199 0.22399 0.33598 0.44797 156791 2.36x107 4.72x107 7.09x10" 9.45x10" 1.72x10°
male 0.0933  0.1866 02799  0.3732 1.30621 2.24x107 4.48x107 6.72x107 8.96x107 1.64x10”
LHR

female Low Low Low Low Medium Negligible Negligible Negligible Negligible Negligible
male Negligible Low Low Low Medium Negligible Negligible Negligible Negligible Negligible
cd

DE

ferale 0.00005 0.00011 0.00027 0.00021 0.00074 1.40x10™" 2.79x10™ 4.19x10™ 5.59x10™" 1.13x10”
male 0.00004 0.00009 0.00013 0.00018 0.00061 1.32x10™" 2.65x10™"" 3.97x10™" 5.30x10™" 1.07x10”
HQ

female 0.10515 0.2103  0.31545 0.4206  1.4721 1.40x10° 2.79x10° 4.19x10° 5.59x10° 1'02'?10
male 0.0876  0.1752  0.2628  0.3504  1.2264 1.32x10° 2.65x10° 3.97x10® 5.30x10° 9.67x10”
LHR

female Low Low Low Low Medium Negligible Negligible Negligible Negligible Negligible
male Negligible Low Low Low Medium Negligble Negligble Negligible Negligble Negligible
Zn

DE

femnale 0.00009 0.00018 0.00027 0.00035 0.00124 1.68x10™" 3.36x10"" 5.04x10™" 6.72x10™"" 1.42x10”
male 0.00007 0.00015 0.00022 0.0003  0.00103 1.59x10™" 3.19x10™" 4.78x10™" 6.38x10™" 1.35x10”
HQ

female 0.0003  0.00059 0.00089 0.00118 0.00413 2.80x10™ 5.60x10™ 8.40x10™° 1.12x10° 2.04x10*®
male 0.00025 0.00049 0.00074 0.00098 0.00344 2.66x10™ 531x10™° 7.97x10™" 1.06x10”° 1.94x10°
LHR

female Negligible Negligible Negligible Negligible Negligible Negligible Negligible Negligible Negligible Negligible
male Negligible Negligible Negligible Negligible Negligible Negligible Negligible Negligible Negligible Negligible
Cu

DE

female 0.00007 0.00014 0.00021 0.00028  0.001 2.25x10™" 4.50x10™ 6.76x10™" 8.54x10™" 1.80x10”
male 0.00006 0.00012 0.00018 0.00024 0.00083 2.14x10™" 4.27x10™ 6.41x10™" 8.54x10™" 1.70x10”
HQ

female 0.00178 0.00356 0.00534 0.00712 0.02492 1.88x107 3.75x10° 5.63x10° 7.51x10” 1.37x10"
male 0.00148 0.00297 0.00545 0.00593 0.02544 1.78x10” 3.56x10° 5.34x10° 7.12x10° 1.20x10”
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Table 2 Health risk of heavy metal through tap water consumption and bathing (Continued)

Health risk Tap water consumption

Bathing tap water

assessment 5 years

10 years 15 years 20 years Lifetime 5 years

10 years 15 years 20 years Lifetime

LHR
female Negligible Negligible Negligible Negligible Negligible Negligible Negligible Negligible Negligible Negligible
male Negligible Negligible Negligible Negligible Negligible Negligible Negligible Negligible Negligible Negligible
Fe

DE

female  0.00127 0.00254 0.00381 0.00509 0.0178 4.02x10™ 8.05x10™ 1.21x10° 1.61x10”° 2.89x10®
male 0.00106 0.00212 0.00318 0.00424 0.01483 3.81x10™ 7.63x10™ 1.14x10° 1.53x10”° 2.74x10°
HQ
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Note: DE: Daily exposure (mg/kg/day), HQ: Hazard Quotient, LHR: Level of health Risk, HQ<0.1 (Negligible),
HQ=>0.1<1 (Low), HQ>1<4 (Medium), HQ>4 High
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