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Risk Assessment of Lead Exposure from Different Intake Pathways for Children

in Wuhan City

HAO Han-zhou'*, CHEN Tong-bin*, WU Ji-liang' , LEI Mei*, TIAN Hui’, ZU Wen-pu*, ZHONG Xue-bin'

(1. Resources and Environment College, Hubei University of Science and Technology, Xianning 437100, China; 2. Center of
Environmental Remediation, Institute of Geographic Sciences and Natural Resources Research, Chinese Academy of Sciences, Beijing
100101, China; 3. Hubei Academy of Preventive Medicine, Wuhan 430079, China; 4. Xianning Institute of Environmental Protection
Xianning 437100, China)

Abstract: 70 sampling points were set in Wuhan City to collect soil, dust, air and food samples. According to the U. S. EPA
recommended childhood lead exposure parameters, U.S. EPA human exposure risk assessment method was used to assess the potential
health risk of different pathway exposures of children in Wuhan City to lead. The results of calculation show; Wuhan urban children’s
daily lead exposure is 1.20 x 10 ~* mg- (kg-d) ~'. The digestive tract is the main way for children’s exposure to lead, with the exposure
of 1.04 x 107° mg-(kg-d) ™', followed by the respiratory route and dermal absorption route, the exposures were 0.153 x
107 mg- (kg-d) ™" and 8.56 x 10~ mg- (kg-d) ™' respectively. Pathways of the digestive tract, ingestion of soil or dust lead exposure
accounted for 52. 0% of the total exposure, through the digestive tract of soil or dust ingestion is the main route of exposure. Monte-Carlo
method was used to simulate the pathway in the digestive tract, the amount of lead exposure through ingestion of soil was 2.48 x
107% mg+d~". The probability that exceeded the PTDI ( Provisional Tolerable Daily Intake) specified by JECFA (The Joint FAO/WHO
Expert Committee on Food Additives) was 2. 1% . The results of the risk assessment indicate that lead exposure risks from the digestive
tract, respiratory tract, skin absorption are less than the maximum acceptable risk level 5.0 x 10 ~° respectively and the risk associated
with skin absorption of lead is less than the negligible risk level 1 x 10~*. Application of Kriging interpolation method, Wuhan City
children lead exposure value on spatial distribution were obtained, and Qingshan district and Jiangan district have a high level of children
lead exposure. The aggregate risk index of Wuhan City children lead exposure was yield by using the indicator Kriging.

Key words : Wuhan City; children; lead; exposure; risk assessment
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R 12 m, BEIE AR R PR AL AR 0.45 pm, ELFRE 90
mm , SRAE 2 h R 1 SR8 A E X T R UK T
AT 4RAS vhas [l s ah =, Tredn b A7, L
FEMFEZERH 0 ~20 em £ 1 (HI/T 166-2004) , ¢
AIBEHAS R R 5200 2 KA SR AN S K U,
wASE, R A B A4S L & 5 R A 2 SR GB
5009. 12-2010 HLAE BA7 B8 30 JE 1 I OGS k. K
AR R FH i 1R -3 4 Ak ST 6 R B S TR T
fife, B R VAR 5. KA B m (A 88 J - ik
A3 RE B E (HT 539-2009) . +IEHIK A & &
KA S WG EEE I E (GB/T 17141 -
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2.1 MRS
A2 0 4 B HC 3 B 2 M o 40 A 1 ( RP RS
FEPEY ST ) A TG ( BPSOUE PR ) S, s
FAHENE0E/E R, X S0EE B aiuEdsE A~
Feor. EPREEREFFELA (TARC) ¥ H 53 2B 26 H)
XFEh Y REBUE Y, ST e BUE Y Y HoAg R
JRUK: SR USEPA J5 %k, T Fatita ™),
R, = (ADD,/RfD,) x 107 (1)

R= >R, (2)

Ao, R MAEBUE ) I AN W] R 5 i AR T B0 A
PRAERRE BLXUS 3 ADD, (average daily dose) A 4k
HRYTE  RBEERTNHE Y RERE,
mg- (kg-d) ™' 10745 RID, HXF 7 A9 IR 5 1T 33252
R 6 188 7K S KRB R (B 45 [ B S B 4 22
2 (ICRP) HMEFFE M KRl #2214 5.0 x 107° A
EEUOT LA W IR Y R/ )8

RID, Wb M E R REER T NS %
FH, mge (kged) ™", F7RTE A I [H] B0 {4 T 45 B
AN 2B AR B0 BT e W e K i EPA 4
A2 0B AN RD N 1.4 x 107°
mg- (kg-d) ~'"UFEARTF ST Y4 e Bk SR R E A
f) RID 2 %K FH SCHk [ 10 ] B fdi F{H 5. 25 x 10°*
mg- (kg-d) ~H B L P IRGE BB RID S HCR
FHSCHRT 18 ] Frfdi FH{E 1. 4 x 10 ° mg- (kg-d) ~".
2.2 FREEEAITE

7 e TR — R 26 EABE AR B 4R Ak
Pl is ey 2 i i 0 TH L 43 SN 3 AR Y
FRER IR  WPGE B R T IE R R R R kT
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R RAE A F2S 1.2 m AT R E
FRB) 23 ST ET I BE . W AR R R ATR
7 o BRI 27 ) [R] (9 508 K U8 T USEPA FrffE4# 1
ILERBESHCY.
ADD - c.. X IR, x EF x ED 3)

BW x AT

K e, BARESSPHRE ( peem ™), ¥AEN
0.68 pg-m ™, AR KA R IEA AR IR, #RaE R
AR (m®-d™" ), ¥IEH RS m’-d™"; EF FR L
H(0~6 %) BEMAE(d-a™") , HME K360 doa™';
ED RN BEEMN B (a) ,YIE R 6 a; BW Kom JLE L
PRARTE (kg) , 2910 16 kg; AT Fm-FHIHE (d),
¥IE A 70 x 365 d.
2.2.2 ZHERESETE

LT 3 Sy 2 £ 4 W ASORI T 11 42 B A 1) -
R X T, e T KR B NAEE,
o G S FokFRILE 1 d AN EY.
A0 156.4 . 108. 4 139. 83, 8.82 #1294
g-d']”(”.

B WA A R R R R A

CW x IR x CF x EF x ED
ADD = BW x AT (4)

X, CW YT Ph & i AR g L
HEY Hmg-kg™'; IR BB EY R A HE,
mg- & LB CF ONFEHRH T (EAER N
107 S E RN 1) EF HREIR B -a™';
ED K& fE AT B, d; BW NIKHE, kg; AT V38T
], d.

R4 EE EPA #5% IEUBK R, 4 ~5
% JLEE 2L WS Y = E R 22 ) 5 100 mg-d ™',
5~6%JLE N 90 mg-d . AW PRMILEZRO
B SR Z F1 R 100 mg-d ™", 1A R HfERE
(LB KA - H AR AR HE o 0. 45 1)
I HE R W AR IR 43 A5 3] 3 K 2R 1Y
W A 3R IR, A 68.97 mg-d™' IR, N 31.02
mg-d ™. 28 W AR A Y R R 2k
A

IR x EF x ED
ADD = <% 5
BW x AT (5)

Ko, e Ry R A P TR (mg-kg ™), AT
WP ¢ IMEN 120,51 mg-kg ™", KAPEVREE ¢, 3
{54 203. 10 mg-kg ™", e, Ml ¢, Y HIERIM i ; IR

P ISR A (mg-d ™), HIEWRAGHE
RIR,, YIMH N 68.97 mg-d ™" | JKAEWABRIR,
{7 31.02 mg-d™'; EF /R JILE(0 ~6 %) BFEHi
F(d-a™'), WK 350 d-a”'; ED E£RBEEMN B
(a) ,HMEHR 6 a. BW F/n JLE B RIKTE (kg) , HMH
16 kg; AT FR FIETE (d) ¥R 70 x365 d.
2.2.3 DR BESEIE
HRARX AR (6) .
¢ X SA x AF x Add x CF x EF x ED
BW x AT

ADD =

(6)
K, e N HIEEORAE PR E (mg-kg ™), T4
WRE ¢ YIME M 120. 51 mg-kg ™", KARHVIRIE ¢, 34
{E} 203. 10 mg-kg ™", fi J§ SPSS # {1 statistics-
Nonparametric test-One-Sample Kolmogorov-Smirnov
Test( K-S Kz 50 7% ) Kz 5, e, Ml ¢, IR IER 5340
SA AL B BRkF- 4 B R E A (m?) , ¥I{E N 0. 28
m’; AF JJLEE R RS TR T (mgrem ™),
YIEHM 0. 20 mg-cm 7 ; Add R JLEE B2 R G B4 I Wi
P, {EH0. 000 03, = AIB 43 3 CF Ry fb A
T, 10°° EF £/ JL#E (0 ~6 %) BEWE
(dea™) , ¥} 360 d-a™'; ED Fm BB (a),
PIEH 6 a. BW £ JLE S IRIAEH (ke) , YIE N 16
kg; AT FRFXEHE (d) ,¥I{ER 70 x365 d.
TEZFZVEN A, >R Monte Carlo 340 FE A 1
FE P B AN E M. KA W) ik A0 2% R 1 2 BUE G T
Mote Carlo FRBIFEAL ANWIIEIA 240 SMNESS B A
TRE(L) (2) ', e A BRI — AR T L

= RS=S=]

AR IS
3 HRE5SH

3.1 AR

TEFE BN, 2R FH Monte Carlo 3540 BRPEH 1
PR A B 2 M. AN [R] 3% 45 2 57 10 2 40038 oL
Mote Carlo BRIl RIBE IS LA AME S5, Hi A
FRE(L) (2) ', e 19 804 S — MR T s T L
BT AR R . BB O 3 X SRR A g K A
S SN B S RE S P AR B SR R R LR 1
2 2.
3.2 RiEH

I 3 AR BR R iR A . PR E R B 4
TH Ak 18 % 5% 28 2 2 B R T H B 1 W A IR W
AN 2 5 i AR 1 L3 A 2 R o B AU DL 3R 3. X
BEERIATEGE W R &I, BT O IR IX L E
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Table 1  Descriptive statistics of soil, dust and air of
sampling point in Wuhan City

v T KR 25
Hlx PR /mg'kg’l /mg'kg’I / }.Lg'm’3
VLR IX 10 121.36 £156.70  210.51 £227.60 0.8 +1.82
VLBLX 10 131.53 +189.43  230.52 £256.68 0.7 £1.31
WX 10 121.29 £156.69 220.55 £236.72 0.7 £1.51
DA IX 10 78.38 £65.16  189.51 £190.58 0.6 +1.28
KREX 10 111.41 £156.84 190.53 £221.70 0.6 +1.20
HX 10 181.27 £223.46 200.55 £211.82 0.8 +1.48
B IX 10 98.34 +76.21 179.51 £190.44 0.5 1. 10

I 5% B b s o 250" / 1.5%

DT T A 2530

1) 3k +-HE R85 ST BB ( GB 15618-1995) — S ARHE(H ; 2) RIS 2s
SRARARE(GB 3095-1996 ) -1 —br il

BRI RN 1.20 x 10 mg- (kg-d) . Hrp
FH T AL T F8 A 1 ) S - K 2 2 R I A i
1.04 x 10 mg- (kg-d) ", WP IE WA 25 S 4t
$90.153 x 10 ~* mg- (kg-d) ™", G5 Bz ik DA+ 4% 55
JRA WU #5548, 56 x 10 77 mg- (kg-d) ~'. MAS
Wik g G AR RNEH R E, Mk 2
Fr it WP IE R | R AR ER o SRR R
86.6% . 12.7% M 0. 7% . WG T4 KA E, N
THAGE R 2 0 i LR K. RN, 8
o KA REREN 6.25 x 107
mg- (kg-d) ~', i BB Y 52.0% ; BT EBAR
V) BFE 8 M4.10 x 10 mg- (kg-d) 7', AR REE

®2 BYHAHBERBLETHE

Table 2 Food sampling number and the average lead content in sampling food

e pAmp TS B FR " SR
/g-d /mg-kg /mg-kg
HREAAEEN 36 294.0 0. 092 0.2 IERS R
i 30 108. 4 0. 056 0.1 EAS
KR 15 156. 4 0. 085 0.1 EAS
R a2 S 45 139. 83 0.125 0.2 ERS
£ 30 8.82 0.159 0.5 IERS
1) GB 2762-2005 , { e A R0 [ R AR ——& i b i e i i)
x3 RNTHOBERILEEREKEREREE /mg- (kg-d) 7!

Table 3 Wuhan city children’s risk level and lead exposure /mg- (kg+d) !

. T THAGIE 255 .
ERaRE] I 3 % 5 e TR Fe Jk 2 TR
¥ifE 1.53x10 4.10x107* 6.25 x10 8.56 x10 7
bR 2 2.30 x10 3 0.39 x10 72 0.96 x 10 ~2 0.59 x10~°
BRE 0.32 0.13 0.39 0.43
P 25 -0.23 -0.44 0.06 0.13
U 1.32 0.09 0.73 0. 64
RID 1.4 %10 ~3018) 1.4 x10 3017 1.4 x10 3017 5.25 x 10 ~3010]
KUK R 0.11 x107° 0.29 x10° 0.45x107° 0.01 x10 ¢

(1) 34. 1% , B0t id BH 3 2o 7 Ab 3 1R 2 H A 3 80K
IR FE R RIS

AR AR R R U K L3R 3, 3 Mg de
)4 2 i 118 DXL 7K - 389 /N T e K AT 4 32 XU 7K ~F
5.0 x 10 77 Hrr 285k B kW IScads A 1) A 2 sl XIS
ANTFRT 220 AU K 1 x 10 75,
3.3 BEEEM X KSR AR5 A

*Hl Monte Carlo 35 ALFHIFA o #2 P AT E
PE 1 ~4 4352 T LB R B AEA A iR A2 R B
BE 2 R B SRR i 2k S B R R AR
2. 1F 95% MPRIRUE T, &P IGE Y 2 8 i 2061k
R ARG BRE R 3.3 x
107, 2.48 x 107>, 2.50 x 107 1 2.78 x 10~°
mg-d .

#1999 455 53 JmBK A ERAH S R T4
HEAVE TR NG B K22 5122 (JECFA) il 2 B &
HET YR B SR i 32 5 (PTWI) B kg 1T 0. 025
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