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Health Risk Assessment of Heavy Metals in Drinking Water Based on Field

Measurement of Exposure Factors of Chinese People
DUAN Xiao-li, WANG Zong-shuang, LI Qin, ZHANG Wen-jie, HUANG Nan, WANG Bei-bei, ZHANG Jin-liang
(Chinese Research Academy of Environmental Sciences, Beijing 100012, China)

Abstract ; This study was carried out in Biyang County, located in the junction of Yangtze river and Huaihe river. Drinking water
samples of 20 sites in urban and rural areas in this county were collected to measure 14 heavy metals by ICP/MS. About 2 500 subjects
with different age and sex were selected to measure exposure factors. Time-activity of drinking water by ingestion and dermal contact of
each individual subject during the last three days were kept in dairy in detail by questionnaires. Intake of drinking water from direct and
indirect consumption of water and time duration of dermal contact to water in each individual subject were kept in record based on real
time measurements. Human health risks were assessed and sensitivity of exposure factors and uncertainty of risks were also analyzed.
The results showed that the average drinking water intake rate of male and female are 2 276 mL/d, 2 265 mL/d in urban adults and
2464 mL/d, 2170 mL/d in rural adults respectively. Body surface area of male and female are 1. 806 m”,1. 641 m’ in urban adults
and 1.747 m®,1. 617 m® in rural adults respectively. The contents of 14 heavy metals in this study area are all below the national
drinking water standards. Cancer risks from exposure to As are ranged from 2.5 x 10 "® t0 5. 2 x 10 ~® through ingestion and 1. 1 x 10’
to 2.3 x 10 77 through dermal exposure. Non-cancer risks are ranged from 2.1 x 10 77 to 1. 7 x 10 ~® through ingestion and 1.0 x 10 * to
6.0 x 10 ~* through dermal exposure. Non-cancer risks in rural population are 2. 1 times to 5. 6 times to the risks in urban populations.
However all the risks are below the acceptable level. The sensitivity of various exposure factors including drinking water intake rate,
dermal exposure time and body surface area are 71.5% . This indicates that exposure factors play a very important role in health risk
assessment. Health risks in this research based on real measurement of exposure factors are about 0. 94 time to 6. 33 times higher than
the risks based on the references of the data from the exposure factors handbooks in other countries. This study showed that the
accuracy of health risk assessment could be improved a lot by the real measurements of exposure factors. Attentions should be attached
to exposure factor investigation to decrease uncertainty of health risk assessment.
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Table 1 Subjects information
AE il B 0~4% 5~14 % 15~19 % 20 ~39 % 40 ~59 % 60 & LA I Gt/ A
RN E B % 5 18 10 33 22 12 100
BFEALE n/ A 125(5) 450(18) 250(10) 825(33) 550(22) 300(12) 2500
KA REAE n/ A 115(5) 414(18) 230(10) 759(33) 506(22) 276(12) 2300
WEAE A B n/ A\ 10(0.4) 36(1.6) 20(0.9) 66(2.9) 44(1.9) 24(1.0) 200
HEHE /A 63(5) 225(18) 125(10) 412(33) 275(22) 150(12) 1250
LY i/ N 62(5) 225(18) 125(10) 413(33) 275(22) 150(12) 1250
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ATk

P S F B RARME R POKRESH K
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Table 2 ICP/MS Methods

P tE O BEEC RMMEREG) KHER/mg L
1 As 75 1 0. 000 08
2 B 11 0.999 1 0. 000 25
3 Ba 137 0.9989 0. 000 02
4 Cr 53 1 0. 000 02
5 Cu 63 1 0. 000 02
6 Mn 55 0.999 7 0. 000 03
7 Mo 95 0.999 8 0. 000 03
8 Ni 60 0.9999 0. 000 08
9 Pb 208 0.999 2 0. 000 12

10 Se 82 1 0.000 12
11 Sr 88 0.997 8 0. 000 02
12 U 238 0.9999 0. 000 02
13 Al 51 1 0. 000 01
14 Zn 66 0.999 6 0. 000 64
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(a) ;BW WK (kg) ; AT K F-HmFE] (d).

~ CW x SA x PC x ET x EF x ED x CF
dermal — BW XAT

ADD

(2)
A ADD, 8 B R ) [ me/ (kg-d) ] CW
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Table 3 List of RfD through ingestion and dermal exposure, and

penetration coefficients of non-carcinogenic heavy metals

. o PC”il RID* /mg- (kg-d) ~! A
/em+h 20 28 e ik
1 it 0.001 8 0. 000 3 0. 000 123
2 i 0.5" 0.2 0.2%
3 ol 0. 000 004 0.2 0.014
4 % 0. 002 0. 003 0. 003
5 il 0.000 6 0. 04 0.012
6 it 0. 000 1 0. 046 0.001 8
7 | 0. 002 0. 005 0.0019
8 ! 0. 000 1 0. 02 0. 005 4
9 i 0. 000 004 0.001 4 0.001 4%
10 il 0.001 8 0. 005 0.002 2
11 2 0.000 6 0.6 0. 6%
12 il 0. 000 004" 0.003 0.003%
13 B 0. 002" 0.007 0. 000 07
14 B 0.000 6 0.3 0.01
1) FR A A F PC Y B4 7T R JH 12 5 3 B D00 a5k BOH: Ay 9 I i

PCRZ T 2) Fon B4 e Ik 2 5 09 B (8, BT LU &8 0 2 58 19 %
85 3)PC A KRB B R EL; 4) RID ATV BT 5 2% 5 4

EW%&%%%E%%%%%EN@,ZE%kﬁ

BURY) R R 5 S Ry j Rl A SO Y R R 1

UK
1.3.3  J7 ik HOBCRUAN B 5 v o0

R TR AS [ A U5 S B0 VA 45 SR S R
AW TS 1 56 T 2 B9 i XU PE M 45 51 5 56 T
RHBSEF M o S BUAK P 1 45 5 AT
SR e Ry 2 5. A Crystal ball XFAHFE
(0 2 B AT OB 3 A OF X 45 R AT SRR R PR
1 2 PE 3

ISA
7

2 FER5ITR
2.1 KT ESE

S B AR 2K R A AR 7K P B G i 0 E R L
x4 R4 PRI, B R BESE D,

B 1A PO K R B B AN, A 2 I < R R
FBAE % 1k B [ 5 A TR AR K TLZE AR AE AR AT K
FZK R BR T RSN, oA T 6 T8 B R B2 B i T
AR AR 1.4 ~ 117.3 £, 3 nT BB & T K
BRHK i B BEK  ead T —E B IE UAL FEAR T
AR R K B A 28 3 7 s b B8 0 2 e, K P 4
JE KPR AT HESE A AR T a1 Tl 5 3.

F4 RAKPEEEKRE /mg-L~

Table 4 Concentration of heavy metals in drinking water/mg-1L ™'

- wa R K o 4 e ok ?BM(
WMBL(n=2) Rk (n=16) Fpii'"

1 i 0. 000 52 0. 000 72 0.01

2 i 0.003 4 0. 009 91 0.5

3 &/l 0. 044 22 0.21279 0.7

4 i 0.000 3 0. 000 48 0.05

5 i 0.001 08 0. 003 65 1

6 i 0.003 19 0.374 32 0.1

7 # 0.001 16 0. 000 55 0.07

8 R 0.000 17 0. 002 07 0. 02

9 it ND? ND? 0.01
10 i ND? 0. 002 1 0.01
11 £ 0.17127 1.286 84 NAD
12 i 0. 000 55 0. 006 42 NAD
13 L 0.000 9 0. 005 4 NAD
14 B 0.13052 0. 002 53 1

1)NA ZR LS EH; 2)ND Fn kT A H R

2.2 PROKFNHZ k2 5% S 500 T A 45 R
2.2.1 HhiAEAR R

R A5 T 5 25 TR, X Bk 18 A X 4 0 A i 43 A F
HFEAC R ARG, 45 R WK 5.

R4l 2 5, e e Bl otk B A5 K7
>95% LA FRIS R dhE NHE 5 A H XN B 9 4
MEFARE ¥ 20A% 0.944 F1 1. 138, 3% it 1
ARAIF 5T FRAT ) 5 5 2 B BE NS S 1t 4 M A JE 179 52 B 2
1 L.

2.2.2  PROKIEAR I AL

XoF VR Ml DX | AR A AN ] R R K H A e g

Tt s R W% 6.

P

1T

®5 FRSTHERRMERR"

Table 5 Results of sampling representative test

i B % . kS .
S; P, (S, -P,)°/P, S; P, (S, -P;)°/P,

0~5% 3.52 3.3 0.015 3.56 2.5 0. 449
6~17% 11.07 14.7 0. 896 10. 34 12.4 0.342
18 X LU | 35.97 34.9 0.033 35.54 32.2 0. 346
AR X =0.944 p>0.95 x> =1.138 p>0.95

1) S, SRR IR AR 3 — AR B NS BB LU 5 P, 3878 AN i XS — 4RI Be A% 8 N H0ry L 1



5 BN A5 3 F S 80500 i 7K 2 4 2 R I fE R XU F 5 1333
®6 FEABRAKBANR(IR)WFEER /mL-d™!
Table 6 Intake rate of drinking water in people with different gender and ages/mL-d =
KA R
51 AR 3 WHH (n =200) Aht (n =2300)
T E o AR 22 T E o AR 22
0~5% 957 219 742 533
% 6~17 % 2236 1335 1579 611
18 % L b 2276 814 2 464 888
0~5% 848 90 707 373
Zz 6~17 % 1815 1039 1514 530
18 % U I 2265 440 2170 693

H 22 6 TR AT UL, B 5 ROK B R AR i 1Y
AR LA . TE I R WA R AR AT, T B ki R
7,6 ~ 17 B NBEUOKEEARIEA FHE 0 ~5 %
2.2 544 M 18 B A L ABFREA LR 6~17 %
NBEUOK AR 1.3 54247, TR I Bl o 4T % 1 34
T, 2 28 NHE B IR OK 2832000 4G 0, B3 Jn 336 B2 20 Se R
Je 18 FLUR AR B R E B TR A R A A AR 22
SeME. BR 18 % DA IR 55 1 | R K 38 A L AR BT
T RARA , A A 18 B AS 43 i) #6022 30 H kA
AR M IS X T 0 ~5 % Y L 3 58 PR 2 1 4y
e 29.0% Ml 20.0% ;10 6 ~ 17 % 43 5 & H
14.1% 1 19.9% , 18 % LI I 2 M W8 L R B &5
4. 4% . X AR T BE -5 3 A AN AR i BRI A 7 AR 2T A5
AEYIRR. B B AR AR 23T 55 PEAROK 4%
AR T M G M e H AR T B 3
2.2.3 WIKBEZESH

Xof 8 2 b DX | AR AN TR R Bk 2 8 1T AR

(SA) | B Pk ZFE A (ET) Z k47 403 o b, 45 51 4y
HIUWLER T FER 8. AR T BRI, SR IR E R
BeRk 4 5 2 i AR A B RIS S 1L.5% ~
51. 2% , o DA AT e 2 I AR RO L AR R IR
(2% 5 ) IE 58 1 e K 4 B 5% 6% 1 AR L 2ot
1.1% ~44.3% , 53CHk[6 ~9] i —5. £ 8 1]
U, 8 25 NTHE Bz Jok 22 ik 7K 1 B5) T 76 3 BEL 5 A A 22 [
FEAE & 22 S 1k I, Bie B Btk 5
ZRBRHARTE 20 min/d A b A A AR AE 15. 2 min/d
PATR s X0 7 30 00 2 88 I ] R i, 6 ~ 17 % RA 2 1
VU 3R B L P o ORI LA A A5 AR I B AN A3 1k
HOSE LTI AR R 3. 8% ~55.3% WYIE L
ANOVA K35 25 BL R W | 428 N HBE R JoR 422 fik 7K 1) BF 1]
W1 AR AR IS 25 5 BRI 6 ~ 17 2 Lo MRS RR B &
AT 1) 1 1 Rz IR 2 ok 7K 1 B[] 320 T 184 n A R 55 4k A
M 4 B B R fk K A e R) S AR — 2K, T B R i
B 2 fik 7K G B TE] U] BE £ 20,5 ~39.5 min/d ;3

£7 TEAABHEBKEEER(SA)/m’

Table 7 Skin surface area of people with different gender and ages/m>

B Ik 2% % T AR
B3| 4 51 RS o 4] A (n =200) 4kt (n=2300)
- {E o 1R Ml 22 - {H o 1R A 22
0~5% 0.795 0.189 0.634 0.174
5 6~17 % 1.830 0.012 1.210 0.317
18 %1k 1.806 0.049 1.747 0.117
4 B B R 0 A
0~5% 0.756 0.102 0.626 0.219
% 6~17 % 1.268 0.479 1.166 0.271
18 £+ 1.641 0.126 1.617 0.130
0~5% 0.041 0.010 0.033 0.009
5 6~17 % 0.095 0.005 0.063 0.016
18 £+ 0.094 0.003 0.091 0.006
T 2 1M AR
0~5% 0.039 0.005 0.033 0.011
% 6~17 % 0.066 0.025 0.061 0.014
18 2L I 0.085 0.007 0.084 0.007
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Table 8 Dermal exposure time of water of people with different gender and ages/min-+d ™'

B2 ok 5 28 e [l
251 P31 A IR (n =200) A (n=2300)
FHME o 4 g 2 T E T o g 22
0~5% 25.5 2.8 10.5 8.7
i) 6~17 % 33.0 3.2 12.9 10.7
18 % D b 38.3 17.2 15.2 10.6
& B R R
0~5% 26.8 2.5 10.7 9.0
“ 6~17% 20.8 7.4 12.9 9.1
18 % I 32.2 7.9 14.4 9.2
0~5% 8.3 5.8 8.0 4.7
% 6~17% 12.3 5.3 10.5 7.7
18 % Dk 15.5 6.1 13.5 11.5
T A
0~5% 13.2 3.9 8.5 5.7
i’y 6~17% 8.5 6.0 15.3 1.1
18 % | 60. 4 12.4 49.4 27.1
He~17 XML BMe g RERND 12,2 BRI A AN [a] 2 J91) A 1% 1 28 10 IR K 28 B
min/d, FHBREE D 3.8 min/d, HRFREHA LI T Hiiéﬁ% (18 it B XU DL 35 9 FIER 10, 38 v ol B8l o 58
W HE BRI K 4.9 ~44. 9 min/d. ARIE B 1 FRIE 2 53 50 A A A AR 55 1 AR K Rz
2.3 2o T1HROK N2 5k T2 15 1) fit e XL I 5 8 Tl 1 S0 IR A B0 LI 437
x99 RAKBENERERE
Table 9  Health risks through drinking water exposure
x5 WA AT
P i) ks % Zz
0~5% 6~17% 18XULE 0~5% 6~17% 18XULE 0~5% 6~17% 18¥ULE 0~5% 6~17% 18 %L E
Sy 4.1E-06 2.5E-06 2.6E-06 3.7E-06 3.5E-06 3.1E-06 5.2E-06 4.9E-06 4.2E-06 5.2E-06 4.9E-06 4.1E-06
i 9.2E-08 5.6E-08 5.9E-08 8.2E-08 7.7E-08 6.9E-08 1.1E-07 1.1E-07 9.3E-08 1.2E-07 1.1E-07 9.2E-08
i 9.0E-10 5.5E-10 5.7E-10 8.0E-10 7.5E-10 6.8E-10 2.4E-09 2.3E-09 1.9E-09 2.4E-09 2.3E-09 1.9E-09
a 1.2E-08 7.2E-09 7.5E-09 1.0E-08 9.8E-09 8.8E-09 5.1E-08 4.8E-08 4.1E-08 5.1E-08 4.8E-08 4.1E-08
% 5.3E-09 3.2E-09 3.4E-09 4.7E-09 4.4E-09 4.0E-09 7.7E-09 7.3E-09 6.2E-09 7.7E-09 7.3E-09 6.1E-09
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Fig. 1  Distribution of cancer and non-cancer risks of drinking water exposure in male rural adults ( Mont-Carol Simulation)
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Table 10  Health risks through dermal exposure to water
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Fig.2 Distribution of cancer and non-cancer risks through dermal exposure in male rural adults ( Mont-Carol Simulation)
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Fig.3  Sensitivity analysis of cancer and non-cancer risks of male rural adults through drinking water and dermal exposure
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Fig.4 Comparison of health risks of non-carcinogenic heavy metals through drinking water exposure between real

measurements of exposure factors and reference to the factors in other country’s handbook
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Fig.5 Comparison of health risks of non-carcinogenic heavy metals through dermal exposure to water between real

measurements of exposure factors and reference to the factors in other country’s handbook
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