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Table 1 The classified standard of all grades on health risk of groundwater quality
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Table 2 Strength coefficients of chemical carcinogens and reference doses of non-carcinogens

BUSRIE A [mg/ (kg d)]"

ORI 2% 5] it mg/(kg - d)

Cr™ As Cd Zn Mn CN

Pb Fe Cu NH, 7} F

41 15 6.1 0.30 0.14 0.037

0.0003

0.0014 0.30 0.004 0.97 0.10 0.06
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Table 3 The groundwater quality data of 6 sources of drinking water in Panjin (mg/L)

T/ LY IES bt 27 A KR KA MK MRAK IR TR PE e
2= 80 As 0.004 0.004 <0.0004 <0.0004 0.004 <0.01
cd 0.0005 0.0005 <0.01 <0.01 0.0005 —
Cr 0.002 0.002 <0.004 <0.004 0.002 <0.004
AR TS U NH, 0.06 0.08 0.46 0.03 0.06 —
F 0.42 0.58 0.2 0.3 0.45 0.05
CN 0.001 0.001 <0.002 <0.002 0.001 —
Hg 0.00002 0.00002 <0.00002 <0.00002 0.00002 <0.00002
Pb 0.005 0.005 <0.01 <0.01 0.005 <0.01
Fe 0.02 0.08 1.02 0.2 0.056 <0.05
Mn 0.025 0.043 0.012 0.08 0.025 <0.05
Cu 0.005 0.005 <0.04 <0.04 0.005 <0.05
Zn 0.025 0.025 <0.05 <0.05 0.025 <0.05
i} 0.001 0.001 <0.002 <0.002 0.001 —
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Table 4 Health risk rate from carcinogens by drinking water, skin touch and breathing approach
R b ) ALK IR [=BiRi e MK IR LR K IR FARIKIR KK
Yok (x10) As [5.73, 8.26] [5.73, 8.26] <[0.57, 0.83] <[0.57, 0.83] [5.73, 8.26] <[14.3, 20.7]
Cr® [7.83, 11.29] [7.83, 11.29]  <[15.7, 22.6] <[15.7, 22.6] [7.83, 11.29]  <[15.7, 22.6]
cd [0.29, 0.42] [0.29, 0.42] <[5.8, 8.4] <[5.8, 8.4] [0.29, 0.42] —
R [13.85, 19.97]  [13.85, 19.97]  <[22.07, 31.83]  <[22.07, 31.83] [13.85, 19.97]  <[30.0, 43.3]
IR 7R (x10%) As [5.44, 8.61] [5.44, 8.61] <[0.54, 0.86] <[0.54, 0.86] [5.44, 8.61] <[13.6, 21.5]
cr* [7.44, 11.77 [7.44, 11.77]  <[14.87, 23.55]  <[14.87, 23.55] [7.44, 11.77]  <[14.87, 23.55]
cd [0.27, 0.44] [0.27, 0.44] <[5.53, 8.76] <[5.53, 8.76] [0.27, 0.44] —
BRI [13.15, 20.82]  [13.15, 20.82]  <[20.94, 33.17]  <[20.94, 33.17]  [13.15, 20.82]  <[28.47, 45.05]
Je ez fiig e (x10")  As [2.4, 3.6] [2.4, 3.6] <[0.24, 0.36] <[0.24, 0.36] [2.4, 3.6] <[5.9, 9.0]
cr* [3.2, 4.9] [3.2, 4.9] <[6.4, 9.8] <[6.4, 9.8] [3.2, 4.9] <[6.4, 9.8]
cd [0.12, 0.18] [0.12, 0.18] <[2.4, 3.6] <[2.4, 3.6] [0.12, 0.18] —
R [5.72, 8.68] [5.72, 8.68] <[9.04, 13.76]  <[9.04, 13.76]  [5.72, 8.68] <[12.3, 18.8]
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Table 5 Health risk rates from non-carcinogens by drinking water, skin touch and breathing approach

TR 159 ALK TR MK IR L KR TR KK A
YoKigtz A [5.9, 8.5] [7.8, 11.3] [45.5, 65.1] [2.9, 4.3] [5.9, 8.5] -
(x10™°) T (668, 964] [924, 1330] [322, 462] [476, 686] [700, 1050] [77, 112]
fotid] [2.6, 3.7] [2.6, 3.7] <[5.2, 171 <[5.2, 1.7] [2.6. 3.7] -
K [6.4, 9.1] [6.4, 9.1] <[6.4, 9.1] <[6.4, 9.1] (6.4, 9.1] <[6.4, 9.1]
Hy (343, 490] [343, 490] <[679, 980] <[679, 980] [343, 490] <[679, 980]
ik [6.4, 9.1] [25.2, 36.4] [322, 469] [63.7, 91] [17.5, 25.9]  <[16.1, 23.1]
b [16.8, 24.5] [29.4, 42 (8.4, 11.9] [54.6, 77 [16.8, 24.5]  <[34.3, 49.0]
Kl (119, 175] [119, 175] <[980, 1400] <980, 1400] [119, 175]  <[1190, 1750]
B (7.7, 11.2] [7.7, 11.2] <[16.1, 23.1] <[16.1, 23.1] [7.7, 11.2] <[16.1, 23.1]
[} [0.98, 1.4] [0.98, 1.4] <[1.9, 2.7] <[7.7, 11.2] [0.98, 1.4] -
R [1176.78, [1466.08, < [2386.5, < [2291.6, [1219.88, < [2018.9,
1696.5] 2110.1] 3430.6] 3289.4] 1799.3] 2946.3]
) S A [0.56, 0.89] [0.75, 1.18] [4.30, 6.81] [0.28, 0.44] [0.56, 0.89] -
(x10) AL [63.5, 100.5] [87.7, 138.8] [30.2, 47.9] [45.4, 71.8] [68.0, 107.7] [7.6, 11.9]
WA [2.5, 3.9] [2.5, 3.9] <[4.9, 7.8 <[4.9, 7.8] (2.5, 3.9] -
K [0.61, 0.96] [0.61, 0.96] <[0.61, 0.96] <[0.61, 0.96] [0.61, 0.96]  <[0.61, 0.96]
e [32.4, 51.3] [32.4, 51.3] <[6.5, 10.3] <[6.5, 10.3] [32.4, 51.3] <[6.5, 10.3]
B [0.61, 0.96] [2.4, 3.8] [30.8, 48.8] [0.61, 0.96] [16.9, 26.8] <[1.5, 2.4]
i [1.6, 2.6] [2.8, 4.4] [0.78, 1.2] [5.2, 82] (1.6, 2.6] <[2.3, 5.1]
il [11.3, 17.9] [11.3, 17.9] <[90.7, 143.6]  <[90.7, 143.6] [11.3, 17.9]  <[113.3, 179.5]
¥ [0.76, 1.2] [0.76, 1.2] <[1.5, 2.4 <[1.5, 2.4] [0.76, 1.2] (1.5, 2.4]
[} [0.09, 0.14] [0.09, 0.14] <[0.18, 0.29] <[0.18, 0.29] [0.09, 0.14] -
T [113.93, [141.31, <[170.47, <[155.88, [134.72, <[133.31,
180.35] 223.58] 270.06] 246.75] 213.39] 212.56]
EEEE AR [0.24, 0.37] [0.33, 0.49] [1.86, 2.83] [0.12, 0.19] [0.24, 0.37] -
(x10™) FALY [27.4, 41.8] [37.9, 57.6] [13.1, 19.9] [19.6, 29.8] [29.4, 44.8] [3.27, 4.97]
T [0.11, 0.16] [0.11, 0.16] <[0.21, 0.32] <[0.21, 0.32] [0.11, 0.16] -
K [0.26, 0.40] [0.26, 0.40] <[0.26, 0.40] <[0.26, 0.40] [0.26, 0.40]  <[0.26, 0.40]
i [14.0, 39.8] [14.0, 21.3] <[28.0, 42.6] <[28.0, 42.6] [14.0, 21.3]  <[28.0, 42.6]
Bk [0.26, 0.40] [1.05, 1.60] [13.3, 20.3] [2.61, 3.98] [0.73, 1.11]  <[0.65, 0.99]
i [0.70, 1.06] [1.20, 1.83] [0.34, 0.51] [2.24, 3.41] [0.70, 1.06]  <[1.40, 2.13]
i [4.90, 7.46] [4.90, 7.46] <[39.2, 59.7] <[39.2, 59.7] [4.90, 7.46]  <[49.0, 74.6]
B [0.33, 0.50] [0.33, 0.50] <[0.65, 0.99] <[0.65, 0.99] [0.33, 0.50]  <[0.65, 0.99]
[} [0.04, 0.06] [0.04, 0.06] <[0.08, 0.12] <[0.08, 0.12] [0.04, 0.06] -
R [48.24, [60.11, <[97.00, <[92.98, [50.71, <[83.24,
92.00] 91.40] 147.68] 141.51] 77.21] 126.69]
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Fig.1 Maximum health risk rate from carcinogens by drinking water approach in 6 groundwater sources in Panjin
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Health Risk Assessment of Groundwater Quality in Source of
Drinking Water Based on the Uncertain Parameters

ZHENG De-feng', ZHAO Feng-xia', SUN Cai-zhi"’, ZANG Zheng', SU Lin'

( 1. School of Urban Planning and Environmental Science, Liaoning Normal University,
Dalian, Liaoning 116029, China; 2. Center for Studies of Marine Economy and Sustainable
Development, Liaoning Normal University, Dalian, Liaoning 116029, China)

Abstract: The assessment model of environmental health risk was firstly introduced in this article. Considering
the uncertainty of some parameters in the model, triangle fuzzy number was used to express interval range of
exposure parameters. The interval range of exposure parameters was transformed into interval estimate by
choosing acceptable reliability level of risk management. Then the model on health risk of groundwater quality
based on triangle fuzzy number was established. By using the above model, interval estimates of the health
risk rate from carcinogens and non-carcinogens by drinking water, skin touch and breathing approach could be
respectively calculated in the sources of drinking groundwater. Furthermore, taking the 6 sources of drinking
groundwater in Panjin as an example, the health risk rates from carcinogens and non-carcinogens by drinking
water, skin touch and breathing approach were respectively calculated according to the groundwater quality da-
ta of 6 sources of drinking water. The results showed that the risk rates from carcinogens to human health were
greatly bigger than risk rates from non-carcinogens, so risk from non-carcinogens wasn’ t usually paid atten-
tion by people. The health risk rates from all the contaminants by drinking water were greater than the risk
rates by breathing and skin touch approach which can be generally neglected. The health risk rates from carcin-
ogens by drinking water had already exceeded the risk attribute values proposed by U.S.EPA and badly endan-
gered the health of the residents. The health risk rates from carcinogens by breathing and skin touch approach
were less than the risk attribute values and had little harm to the people. The ranking of risk values from chemi-
cal carcinogens was chromium (VI), Arsenic, Cadmium, and the ranking of risk values from non-carcinogens
was Fluoride, Lead, Copper, Manganese, Zinc, Iron, Mercury, Ammonia, Cyanide, Volatile phenol. Among
these sources of drinking groundwater in Panjin, the health risk values from all the contaminants in Dawa
groundwater source was highest, the risk values in Xingyi and Xingnan groundwater sources were in the mid-
dle, and the risk values in Shishan, Gaosheng and Pandong groundwater sources were the least. Lastly, on the
basis of above-calculated health risk rates from carcinogens and non-carcinogens in the sources of drinking
groundwater in Panjin, we could conclude that some contaminants were primary and the other contaminants
were secondary. The priority of remediation would be given to those primary contaminants. All the results of
health risk assessment could provide a reference and basis for risk management of contamination and setting
down conservancy measures in the sources of drinking groundwater in Panjin.

Key words: health risk; source of drinking water; triangle fuzzy number; chemical carcinogen; non-carcinogen



