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Health Risk Assessment of Drinking Water Quality in Tianjin Based on GIS

FU Gang', ZENG Qiang', ZHAO Liang', ZHANG Yue’, FENG Bao-jia', WANG Rui', ZHANG Lei', WANG
Yang', HOU Chang-chun'”

(1. Institute of Environment and Health, Tianjin Centers for Disease Control and Prevention, Tianjin 300011, China; 2. First Teaching
Hospital of Tianjin University of TCM, Tianjin 300381, China)

Abstract: This study intends to assess the potential health hazards of drinking water quality and explore the application of geographic
information system( GIS) in drinking water safety in Tianjin. Eight hundred and fifty water samples from 401 sampling points in Tianjin
were measured according to the national drinking water standards. The risk assessment was conducted using the environmental health
risk assessment model recommended by US EAP, and GIS was combined to explore the information visualization and risk factors
simultaneously. The results showed that the health risks of carcinogens, non-carcinogens were 3. 83 x 10, 5.62 x 10 ™ and 3. 83 x
10 77 for total health risk respectively. The rank of health risk was carcinogen > non-carcinogen. The rank of carcinogens health risk was
urban > new area > rural area, chromium ( VI) > cadmium > arsenic > trichlormethane > carbon tetrachloride. The rank of non-
carcinogens health risk was rural area > new area > urban, fluoride > cyanide > lead > nitrate. The total health risk level of drinking
water in Tianjin was lower than that of ICRP recommended level (5.0 x 10 ~*) , while was between US EPA recommended level (1. 0 x
107*-1.0 x107%). It was at an acceptable level and would not cause obvious health hazards. The main health risks of drinking water
came from carcinogens. More attentions should be paid to chromium( VI) for carcinogens and fluoride for non-carcinogens. GIS can
accomplish information visualization of drinking water risk assessment and further explore of risk factors.

Key words : drinking water; health; risk assessment; geographic information system; spatial distribution
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Fig. 1 Distribution of sample points for drinking water in Tianjin
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Table 1 Values of g,, of model parameters
e EoE Y (5 fif f =& e R 3
YooKtz q;,/mg- (kg-d) ™ 4. 1E +001 1. 5E000 6. 1E000 4. 6E-002 7. 0E-002
®2 HWESYRD,
Table 2 Values of RID,, of model parameters
b= 20y AL e R By i} HA
TRoK#EAE RID,,/mg- (kg-d) ~! 6. 0E-002 6. 0E-004 3. 0E-004 1. 4E-003 5.0E-003 9.7E-001
e BOm Y fi FER B2 TR Eh BE B
K& RID,,/mg- (kg-d) = 1. 4E-001 3. 0E-001 1. 6E000 3. 0E-001 3. 0E-001

1.5 BHEsit5a0
BARS 3  H SPSS 20. 0 58 B, 2% [8] 43 4 Al 41
FE BRI AreGIS 10. 1 525K,

2 HRE5HM

2.1 JKFTsHT

AR IR KK BT bR A4 [ 5 AR 1 TR 7K
TEARUE (GB 5749-2006) 7 rb 43 MK B 45 b
(BRSSP bR) AIa . AR B A R A
N2 VLSS PN EE UL (e e
) . B3R X 8 43 7K B4 AR A, JEA 8 5 A 75 4
Ay, R FHASIN 25 2R 18w SRR A 7 XU -

3 AR IK AR bR YR B S oAt K BUHE AR
W N () L B () L B () o A H R
(x,) « PHSEALTR (x5) « RALY) (%) FALHD (x,)
FHRER (xg) | 1 (og) R (ay) | (e, ) | PRI
(%) %ﬁ(xB) N %1?1(9514) N %¥<x15) N %ﬁ(%s) L
JE (xy7) MR (25) SRR (2y0) . INHRFTIL A
(x20) « A () - BRIRER (2, ) P MRIE LB 1A
(%33) ){éﬁ%f}f(m) N %/ﬁi(%s) « PH () ol
(2x9) ﬁﬂ(ng) N [ﬁ%‘?%ﬁi{ﬁ{%ffﬂ(%)% h#E3
ARV, IR R AHmRER L Bk, &AL AR R R
AR Al R DX 3 AR DX R DX A SRk L G
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£3 RAKKRERRE /mg-L!
Table 3 Concentrations of drinking water quality indexes/mg-L !
[X 5, X £ %3 e x5 % X, Xg X %10 Xy Xy
X 2.00E-003 8.50E-004 1.30E-003 2.00E-003 5.00E-005 1.00E-003 4.40E-001  1.20E000 1.00E-003 1.00E-004 5.00E-004 1.00E-003
ZFX 2.00E-003 1.00E-003 3.00E-004 4.00E-004 1.00E-004 1.00E-003 7.00E-001 7.70E-001 1.30E-003 1.00E-004 1.27E-003 2.00E-004
BIX 2.00E-003 1.00E-003 3.00E-004 1.11E-002 5.00E-005 1.00E-003 4.92E-001* 7.99E-001* 1.00E-003 1.00E-004 1.00E-003 1.00E-003
£7i 2.00E-003 1.00E-003 3.00E-004 1.70E-003 1.00E-004 1.00E-003 5.00E-001 1.08E000 1.30E-003 1.00E-004 2.00E-004 1.00E-003
X4, X3 e X5 X6 Xy X Xa3 e X5 Xag o Xag
MiX  1.50E-001 3.00E-002 3.00E-002 1.00E-001 5.58F +001 1.02E +002 3. 10E +002 2.01E+002 1.75E000 7.24E000 5.00E-003 1.00E-001
ZBIX5.00E-002 3.00E-002 3.00E-002 1.00E-002 4.70E +001 7.29E +001 3.68F +002 1.87E +002 1.52E000 7.94E000 4.00E-003 5.00E-002
X 3.00E-002 3.00E-002 3.00E-002 2.00E-002 4.85E +001 8.70E +001 3. 16E +002* 1.99E +002 1.70E000 7.76E000 * 8.00E-003 3. 00E-002
£ 6.10E-002 3.00E-002 3.00E-002 1.00E-002 5.00E +001 9.30E +001 3.55E +002 1.94F +002 1.69E000 7.75E000 4.00E-003 5.00E-002
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P BTN S EO A5 20 45 IXCE 3 oK 38 42 i g i
FFEIA NAEBUE (R XS (2 4) | AU filt flE K
W (R 5) FLEMERR AR (£ 6).

MR A FTLIE X R8T X BUE Y
ke B XU 359 R 4. 09 x 10, 3. 83 x 10 Fl1 3. 85 x
1077 D3 () 1 il R JXUS: HE 7 7 X > 8 X > RBIX.

S0 1 (8 XU I SR 8 (75 > 4@ > fift > =
S L > Sk, A DX B A B0 B 0 fat
AU 1K M i ICRP #E7  Ab 2= BUm W) 2 oK s 12
A K AT KU K - (5.0 x 10 77 BIAR4E AT 5
N B RLER FH K 48 27 G 52 B f B A 2
FET-HY NBORBE 3 500 A) HAL T US EPA #E#
(R ZRAR AR AR i S5 At R e 31 B IR, AT 422324
FEl(1.0x10* ~1.0x107°%).

x4 MLEFHEYREKEEBREENTEHDIAERK R /2™

Table 4  Health risk caused by the chemical carcinogens by the drinking water pathway/a ~

1

X 3k X X 3 Xy Xs R¢

X 3. 68E-005 5.72E-007 3. 56E-006 4. 13E-008 1. 57E-009 4. 09E-005
RBIX 3. 68E-005 6. 73E-007 8.22E-007 8.26E-009 3. 14E-009 3. 83E-005
HIX 3. 68E-005 6. 73E-007 8.22E-007 2.29E-007 1. 57E-009 3. 85E-005
Ex] 3. 68E-005 6. 73E-007 8.22E-007 3. 51E-008 3. 14E-009 3. 83E-005

£5 FBEYVRAKEEEREETNTEANIAERE R /2!

Table 5 Health risk caused by the chemical non-carcinogens by the drinking water pathway/a =

X 5, Xg X7 Xg %o X109 x1y

Xya X3 Xig %5 X6 R"

X 7.48E-010 3.29E-009 3.37E-010 3.21E-010 1.50E-010 4.49E-011 1.50E-012 2.24E-010 9.62E-011 4.49E-011 4.63E-011
ZBX. 7.48E-010 5.24E-009 2.16E-010 4.17E-010 1.50E-010 1.14E-010 2.99E-013 7.48E-011 9.62E-011 4.49E-011 4.63E-012
X 7.48E-010 3.68E-009 2.24E-010 3.21E-010 1.50E-010 8.98E-011 1.50E-012 4.49E-011 9.62E-011 4.49E-011 9.26E-012
4l 7.48E-010 3.74E-009 3.03E-010 4.17E-010 1.50E-010 1.80E-O11 1.50E-012 9.13E-011 9.62E-011 4.49E-011 4.63E-012

5.31E-009
7. 10E-009
5. 41E-009
5. 62E-009

M5 W] LR Y T IX AR DR X R 2o
YRR KU 23 518 5. 31 x 1077, 7. 10 x 10 ~°H15. 41
x 10 7 LSO Yy 0 fa e XURS: 19 DX U0 R 2B X >
B> TTIX. 2R 30 A A At R XU A 1k
Yy > FAeW > Hy > G AR A, Horb s A B i X
WS (55 1, o A B0 P f Fe XU L 451 1) 68. 5% .
A DX 3l R P A SO Y B £ R RUBS: Sz /N T ICRP 4
FEM 2R IROK TR AR T S50 ik R £ 35 I XU e KT
FEZ K (5.0 x 10 7°) F1 US EPA HEFF (9 281K i&
(ElUTE 0N 5 o S AN 8 i N [ 2 e
(1.0x10°°).

£6 WKERBRERENTFHNAELRK R/

Table 6 Total health risk caused by the chemicals

by the drinking water pathway/a ~'

[X 45k R¢ R" R"

i X 4. 09E-005 5. 31E-009 4. 09E-005
RBIX 3. 83E-005 7. 10E-009 3. 83E-005
X 3. 85E-005 5. 41E-009 3. 85E-005
] 3. 83E-005 5. 62E-009 3. 83E-005

6 g5 F WR . AT e FE XK R 3.83 x
1072 1T X BT DX S R LR 43931 A 4. 09
x107° . 3.83 x 10 °#13.85 x 10, HHF N X >
RBIX. > BT F BRI AR Al e XU o 5T 350 9 5
2 4 DR A A E R XU IR T ICRP /Y

KA 32 A KF BLALF US EPA HEFE I 44Kk
TRARE T S50 (B i 3 A~ A8 RURS: 1] 4257 4 .
2.3 JLF GIS MR RS iT # 4k

GIS J2 A6 A~ B 43 i BR 26 1 -5 2 [a] i 2 43 A
ARMEIR G BT RAE | 6, SR, 708,
RN T ENLR S, B4 a2 mfE B MBS
B BRI TR (B RS 2 BT RN 2 8] ] AR SR 1 T
Bz, 22 RSP 5 B R 47 4 ) T AR R
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