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ABSTRACT

Objectives: This study was investigated the characteristics of small-scale water works (SWW) in Gyeongnam
area and conduct a health risk assessment of water-quality inspection items unfitted for water-quality standards
(WQS).

Methods: The characteristics of SWW in Gyeongnam province were analyzed using the data of SWW in the
last three years (2014~2016) published in National Waterworks Information System. In addition, the health risk
assessment for inspection items unfitted for WQS was carried out in four steps: hazard identification, dose-
response assessment, exposure assessment, and risk characterization.

Results: The total number of SWW in Gyeongnam area was gradually decreased from 2014 to 2016. In addition,
drinking water sources of SWW were in the order of ground water, valley water, spring water, surface water,
and river-bed water. The number of points unfitted for WQS in SWW by year was 22, 45, and 18 in 2014, 2015,
and 2016, respectively, and a total of 112 points were found to unfit for WQS in SWW during 2014?2016. The
hazard quotient (HQ) for fluoride, nitrate nitrogen, boron in the unfitted points for WQS was more than 1.0, and
the mean values for turbidity and color in points unfitted for WQS were 2.38 nephelometric turbidity unit and
16.25 color unit, respectively.

Conclusions: The HQ for fluorine, nitrate nitrogen and boron was more than 1.0 in points unfitted for WQS
among SWW in Gyeongnam area, and the turbidity and the color degree exceeded WQS, which mean that there
is a possibility of harmful impacts on the human health.

Keywords: Gyeongnam province, small-scale water works, water quality, hazard quotient, health risk
assessment
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Table 1. Health risk for inspection items of small scale water works

Inspection items

Health risk

Total colony count

- Possibility of pathogenic bacteria present
- Generally not directly related to disease outbreak

Total coliforms

- Indicator bacteria for drinking water quality
- Indicating possibility of bacteria existence

Escherichia coli or
fecal coliforms

- Indicating contamination by feces
- Short-term health effects such as diarrhea, seizures, nausea and headache
- Danger for people with weak immunity

Fluoride

- Occurrence of mottled teeth in children
- Risk of bone disease when ingested over 4 mg/L for many years
- Acute poisoning can result in weight loss, nausea, vomiting, constipation, and myasthenia

Ammonium nitrogen

- Suspection for discharge of animal excreta and manure throughout household and industrial
wastewater

Nitrate nitrogen

- Causing cyanosis in children by hemoglobin function loss

- Generation of odor by organic matter
- Algae breeding and wastewater inflow

Odor - No direct effects on human health/
- Aesthetic disgust
- Influx of Mg, K, Ca and Pb in drinking water
Taste - No direct effects on human health
- Aesthetic disgust
Color - No direct effects on human health
- Aesthetic disgust
Manganese - Induction of anemia and cardiovascular disease
Turbidi - Very little direct health impact
vy - Possibility of containing pathogenic bacteria due to disinfection disorder
- Induction of osteomalacia, osteoporosis and skin allergy in kidney dialysis patients, infants and
Aluminium elderly people

- Possibility of Alzheimer disease occurrence by accumulation of central nerves system

Residual choline

- Reproductive and developmental toxicity by byproducts of chlorine disinfection
- Carcinogenesis by byproducts of chlorine

Boron

- Nausea, vomiting, diarrhea, dermatitis, estrogen hormone reduction
- Affecting the digestive system when ingested for a long period of time

Chloride

- No direct effects on human health
- Occurrence of hypertension when overdosage with sodium chloride
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] Environ Health Sci 2018; 44(3): 227-237



Table 2. RfD, DWEL and LHAs of inspection items in
drinking water

RfD DWEL LHAs

Inspection items

(mgkg/d)  (mgll)  (mg/L)
Fluoride 0.06 2.1 0.21
Nitrate nitrogen 1.60 56 5.6
Manganese 0.14 49 0.49
Aluminium NA NA NA
Residual chlorine NA NA NA
Boron 0.20 7 0.7

RfD, reference dose; DWEL, drinking water equivalent
level; LHAs, life-time health advisories; NA, not available.
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Table 3. Quarterly total point and unfit point numbers of
small scale water works in Gyeongnam

province
Year Quarter Total point Numb;(r)iz{unﬁt
1 2,002 4
2 1,994 1
2014 3 1,974 3
4 1,964 14
Sub-total 7,934 22
1 1,937 11
2 1,909 23
2015 3 1,890 10
4 1,881 1
Sub-total 7,617 45
1 1,879 9
2 1,857
2016 3 1,848 3
4 1,832 2
Sub-total 7,416 18
Total 22,967 85
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Table 4. Numbers of point unfitted with water quality standards in small scale water works at Gyeongnam province

Inspection items Water quality standard Year Total
2014 2015 2016
Total colony count 100 CFU/mL 5 7 3 15
Total coliforms ND 9 21 8 38
E. coli/tecal coliforms ND 0 14 4 18
Fluoride 1.5 mg/L 3 5 0 8
Ammonium nitrogen 0.5 mg/LL 0 0 0 0
Nitrate nitrogen 10 mg/L 2 2 1 5
Boron 1.0 mg/L 0 1 1 2
Odor unfit 0 0 0 0
Taste unfit 0 0 0 0
Color 5CU 2 2 0 4
Manganese 0.05 mg/L 0 1 3 4
Turbidity 1 NTU 3 7 3 13
Aluminium 0.2 mg/L 0 3 1 4
Chloride 250 mg/L 0 0 0 0
Residual chlorine 4.0 mg/L 0 1 0 1
Total 24 64 34 112
ND, not detected.; CU, color unit; NTU, nephelometric turbidity unit.
A Zolee FAE B, wid AskrE AyplRer, 2 tho 2 iyt B A e
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Table S. Numbers of small-scale water works and point unfitted with water quality standards in research area of

Gyeongnam province

Year

Re;f:a“"‘h 2014 2015 2016 Total g//os)
SW UP SW UP SW UP SW UP
Geoje 240 0 240 19 236 0 716 19 2.65
Geochang 746 3 713 0 712 1 2,171 4 0.18
Goseong 624 0 596 0 514 0 1,734 0 0.00
Gimhae 28 0 28 2 28 1 84 3 3.57
Namhae 112 0 96 0 93 1 301 1 0.33
Miryang 568 1 556 3 544 0 1,668 4 0.24
Sacheon 168 0 160 0 152 1 480 1 0.21
Sancheong 732 0 732 0 821 0 2,285 0 0.00
Yangsan 60 4 60 10 48 11 168 25 14.88
Uiryeong 698 0 684 0 657 2 2,039 2 0.10
Jinju 84 0 31 0 24 0 139 0.00
Changnyeong 165 0 131 0 92 0 388 0 0.00
Changwon 223 13 207 0 221 0 651 13 2.00
Tongyeong 219 0 209 0 198 0 626 0 0.00
Hadong 752 0 752 0 736 0 2,240 0 0.00
Haman 486 0 407 1 330 1 1,223 2 0.16
Hamyang 552 0 551 2 542 0 1,645 2 0.12
Hapcheon 1,477 1 1,464 8 1,468 0 4,409 9 0.20
Total 6,457 21 6,153 37 5,948 18 18,558 76 0.41
SW, number of small scale-water works; UP, number of unfit point.
U/S (%)=(UP/SW)x100.
Table 6. Hazard quotient for some inspection items unfitted for water-quality standards
Classification Total point Unfit point
Inspection items We;t;g:ra;lty l\/ianpl(;/nLu)m Mean+SD ADD HQ Mean+SD ADD HQ
Fluoride <1.5 mg/L 3.90 0.106£0.219  0.068 1.130  2.558+0.649 1.644  27.402
Nitrate nitrogen <10 mg/L 17.0 1.684+1.793 1.083  0.677 13.580+2313 8730  5.456
Manganese <0.05 mg/L 0.271 0.001£0.006  0.001 0.006  0.158+0.085  0.102  0.727
Aluminium <0.2 mg/L 0.60 0.00937 NA NA 0.443+0.162 NA NA
Boron <1.0 mg/L 2.00 0.008+0.091 0.006  0.029  2.000+0.000  0.284 1.422
Residual chlorine <4.0 mg/L 4.94 0.235+0.322 NA NA 4.940+0.000 NA NA
SD, standard deviation; ADD, average daily dose; HQ, hazard quotient; NA, not available.
o, 2 9] T, et B 298 it &, AL AL, W7, SR, 4, HREAe 5
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Table 7. Unfit rate in total coliforms and Escherichia coli or fecal coliforms

. Year
Items Points
2014 2015 2016 201472016

Unfit 9 21 8 38
Total coliforms Total 7,934 7,617 7,400 22,951
U/T (%) 0.11% 0.28% 0.11% 0.17%

_ Unfit 0 14 4 18
E. coli or fecal Total 7,934 7,617 7,343 22,894

coliforms

U/T (%) 0.00% 0.18% 0.05% 0.08%

U/T (%)=(unfit point/total point)x100.

Table 8. Maximum concentration and average for total colony count, turbidity and color in small scale water works of

Gyeongnam province

Classification Total point Unfit point

Items Water quality standard Maximum concentration (Mean+SD) (Mean£SD)

TCC <100 CFU 8,900 4.4783.70 1.594+2.808
Turbidity <1l NTU 0.21+0.20 2.38+1.77
Color <5 CU 0.51+0.77 16.25+7.81

SD, standard deviation; TCC, total colony count; CFU, colony forming unit; NTU, nephelometric turbidity unit; CU, color unit.
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