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Abstract: [ Objective | To explore the bioaccessibility of Pb in soil and its influencing factors in different functional
areas of Guangzhou, and to assess the health risk of hand-to-mouth exposure to Pb. [ Methods | Triplicate soil samples were
collected separately from 9 commercial districts, 9 bus stations, 9 residential areas, 6 education areas, 6 hospitals, and 7 parks in
Guangzhou city as the research object. An in vitro digestion model was developed to assess bioaccessibility and health risks. Soluble
Pb contents in simulated stomach and intestinal solutions, as well as Pb contents in soil, were determined using atomic absorption
spectrometry. [ Results | The mean content of Ph in soils of different functional areas (90.34 mg/kg) exceeded the Pb background
values in soils of Guangzhou, Guangdong, and China, respectively (P <0.05). The average bioaccessibility of Pb in the simulated
stomach and intestinal phases were 36.55% and 9.03% respectively, in which the park soil presented the highest values (41.98%,
14.17%). The average intakes of Pb by oral exposure among children and adults were 18.32 pg/d and 4.58 pg/d, respectively, in
which the commercial district soil was the highest (28.14 pg/d, 7.03 pg/d). The average bioaccessible amounts of Pb for children in
simulated gastric and intestinal phases were 6.86 pg/d and 1.46 pg/d, with the highest values in the commercial district (13.03 pg/d,
2.03 pg/d); and those for adults were 1.72 pg/d and 0.36 pg/d, respectively, also with the highest values in the commercial district
(3.26 pug/d, 0.51 pg/d). There were good linear relationships between bioaccessible values and total Ph content in soil (P <0.05).
The values of absolute health risk coefficient (K,) and the relative risk coefficients for simulated gastric phase (K,) and simulated
intestinal phase (K,) in different functional areas were within the permitted maximum Pb intake levels for both children and adults
as suggested by the World Health Organization (WHO). [ Conclusion ] Soil Pb contamination levels vary in different functional
areas in Guangzhou, but not exceed the WHO human health risk warning line.
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B B B v Ph AR 0 R 4 i o A AR IEAS A0 A1, H2E 5 oA
KRGS B AL BB Ph A My AT 455 L3 Ph i
A BT pH (B A1 26 6 2 R Pearson # 5G40 a1k
K BE Ph AE W nl 55 5 4 Ph S A HLSRT pH(ELG 56 2R
FAZEPERIH AT K3k fE 0=0.05

2 R
2.1 TN AFGHE HE P A ES A

T H O R IX A 38 PhAF34 8 B (190.34 m/kg ) 5 M
it (=545, P<0.001 ), " ZRA" "2 (1=6.85, P<0.001 ) Fl [z
TS EHE (=811, P<0.001 ), A[RIZHHEX Ph &t (1924
FTES 273 X (F=2.50, P=0.046 ), Hr IR X Ph 3
iR (14070 mg/kg ), Silb—H Z I, Bk X PV &
di e FHA S AN IIREIX (P<0.05)(#£ 1),

F1 M AFOE X 11 Pb 4376 ( mg/kg )
Table 1 The distribution of soil Pb concentrations in different

functional zones of Guangzhou

IFEIX ( Functional zone ) JL I ( Range ) X+£s
il X ( Commercial district ) 76.21~369.70 140.70 +29.98
7% % 3 ( Bus station ) 31.31~126.64 81.72 +10.31
JE X ( Residential area ) 37.86~128.74 76.20 £ 31.99
L X ( Educational area ) 37.86~131.10 7831 +12.07
57 X ( Hospital ) 28.59~90.36 70.95 +9.33
/A1 ( Park ) 32.25~166.18 92.13 + 41.36
A1 (Total ) 28.59~369.70 90.34 + 53.84

2.2 JMN T RS HRIX £ OR R K ALK ARG Ph A4 T 40k

JN T H 0 IR X A R AL B B 1 Ph VB AR T 4
1 K 36.55% , HiF N 13.019%~72.54% , A [a ZBEIX PhF-1
A AT A5 PE DL T (41.98% ), Rl X (39.65% ) 4 v, Hofth
Y1 fig X AE I Ry 28.329%~34.78%;  FEAE AU /1N 7 B B 1) Pb - 3
AT 25 1 R 9.03% , Y N 2.70%~47.24%, A TR S RE X
Ph -3 A4 WA 251 L2 Bl e v ( 14.17% ), FoAb 2l ag X AR iR
6.94%~9.81%( 32 ),

F2 M RO IR E AU L BT ER Y Pb IR 4R 1 ( % )

Table 2 The oral bioaccessibility of Pb in gastro-intestinal phase

IhEEIX H BB ( Gastric phase ) /MY EE (Intestinal phase )
Functional zone 35 ] ( Range ) X+ts 36 [ ( Range ) Xts
1] X
Pk c ... 13.14~70.46 39.65+18.41 3.63~13.92  6.94 +3.36
Commercial district
P40 ( Bus station ) 13.01~68.61 34.78 +21.00 3.46~17.41  8.48 +4.33
X
EEE . 16.42~37.72 28.32+6.23 3.40~13.88  8.28 +3.87
Residential area
X
}‘Cﬁ[: 16.42~48.28 33.71+12.46 5.94~14.51 9.81 +3.46
Educational area
597 X ( Hospital ) 21.81~56.60 31.95+13.65 4.25~18.66  7.32+5.64

43P (Park ) 23.76~72.54 4198 +15.81 2.70~47.24 14.17 +15.02

A1t (Total ) 13.01~72.54 36.55+19.18 2.70~47.24  9.03 +6.97

23 ST FOHEILEFRALZ D EEEALIZE PhIEAT

PR 3K )L #E PhOF- 4 8 AR 18.32 ug/d,
L DUR M X Ph £8 At 5 e ( 28.14 pg/d ), HABAR K 2>
Bel (18.43 pg/d )> V5 26 35 (17.61 pg/d ) > Jir B X (15.24 pg/d )>
BE 97 X (14.24 pg/d )> SCE X (13,19 pe/d )3 2807 223 81, R
[A L BE X L Ph A B0 i 22 S G012 B X (F=2.34,
P=0.059 ),

TR AT H o 30 X A 3 B Ph A 2 EE A 4.58 pe/d,
FLrp DA M X Ph 48 A 6 35 5 ( 7.03 pg/d ), LAWK K Ry 23 el
(4.61 pg/d )> 75 %4 3 ( 4.40 pg/d )> Jit & IX (3.81 pg/d )> EEJ7 X
(3.56 pg/d )> SCHUX (3.30 pg/d ); ARITIHEX A Ph AR
AR TG E L (F=2.34, P=0.059 ),

24 7T SR K ILE Fe AR B I AL Ph £ 4 T 4 F

TN T HC 3 X ) L ZE AL B RN B B 9 Ph SF-3
HE WAL 25 0 ) 6.86., 1.46 ng/d, DL X A% 55 (13.03
2.03 pg/d ), HABAK K A2 FEl (812 1.96 pg/d ) > ¥ 736 (5.27
1.37 pg/d ) > SCHEIX (4.84, 1.23 pg/d ) >JHRIX (4.41, 1.14 pg/d ) >
EYFIX(4.26, 0.83 pg/d ); L5140, AFIDIRE X L 7E 45
PUE By Boh AN B BEh Ph AR RT 45 8 (R 43 A1 25 7 BT
B (BB F=1.94, P=0.109; /NzH Bt H=4.43, P=0.498 ),

TN AT O 3 X BN AE AL B RN B B Y Ph o
e R 5 1,72, 0.36 pg/d, I RLRG L IX f 5 (3.26,
0.51 pe/d ), HABAK UK A2 FEl (203, 0.49 pg/d ) > P 736 (1.32,
0.34 pg/d )> CHIX (1.21, 031 pg/d )> JHERIX (1.10, 0.28 pg/d )>
EYFIX(1.06, 021 pg/d ); 5814007, AR DI RE Xl e A5
WE N BB P AR R A 22 5 TS S H
WPt F=1.94, P=0.109; /NABIE H=4.43, P=0.498 ),

25 PhAMHTAELE LEPHEE, pHAIR X A

JLEE . A B LB B Ph 2B vl 45 i 5 e P
S AP IR G OC R L AT B AL B B
i PhAEY T 45 5 pH AAFAEAIDC R R (323 ), #E—25XF Pb
AT g S R Ph B A LT pH R T A £ 1 el
b, SRR, JLEAE B HIH B P PhAEY T SRS +
HEPh st 2R 6 R (1=12.60, P<0.001), E £ I1757E R
»=0.137x-4.02( R*=0.78 ), N1 B W TH AL B Beh Ph 2B vl 45
5P B R RN XR (1=12.60, P<0.001 ), HLEIH)T
N y=0.034x-1.005 ( R?=0.78 ),
=3 PhAEYFAESTEPD 2. pH B HLRA Pearson fHX 537

Table 3 Pearson’s correlation coefficients between Ph oral bioavailability

and total Pb content, pH and organic matters

HRFRE(r)
AWl o5 Correlation coefficient
Bioaccessible value -3 Ph A " FHLT
Total Pb content P Organic matters
H BB ( Gastric phase ) 0.884" 0.080 0.495*
=7
) Lfi /N BE ( Intestinal phase ) 0.698* 0.163 0.405*
Children
#1H(Total ) 0.885" 0.092 0.497"
H BB ( Gastric phase ) 0.884* 0.080 0.495*
i%i{l\hs /N B ( Intestinal phase ) 0.698" 0.163 0.405"
£ (Total ) 0.885" 0.092 0.497*

[ ]*: P<0.05,
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2.6 L3 Ph AR B RIS FEN

AN TR 3 BE X 4= 458 Ph X L A9 SF- 2y ft B 26 3o UG 2R K
(K.) 2k 0.34, FE40L T /N B B BE 14 fH 3 A X JRUBS: 22 5093 31
K.=0.13, K»=0.03, ARt WHO AR XU m Lk . AIELh
fEX 14 Ph X LAY K, 2N 0.011, K,y " 0.0040, K, > 0.0008,
FAE L WHO A A 32 KU i 2k o 76 6 D IIREIX Hr, Bl IX.
JLEFB AN K, Ko Ko 339208505, (AR B WHO A4
BB Lk (£ 4 ).

R4 FEIDHEEX T3 Pb 3T ILEMA ARIERXUE R EL
Table 4 Health risk of exposure to soil Pb pollution for children and adults

N i WA
HHEX Children Adults
Functional zone
K, K. Ko K, K K»
whl X
kX e 0.52 0.24 0.04 0.020  0.0076 0.0012
Commercial district
=ty
P . 0.33 0.10 0.03 0.010  0.0031 0.0008
Bus station
X
EE%E . 0.28 0.08 0.02 0.009 0.0026 0.0006
Residential area
X
)\CﬂE 0.24 0.09 0.02 0.008 0.0028 0.0007
Educational area
PR
EJT.E 0.26 0.08 0.02 0.008 0.0025 0.0005
Hospital
VAN
= 0.34 0.15 0.04 0.011 0.0047 0.0011
Park
it
0.34 0.13 0.03 0.011 0.0040 0.0008
Total
3 g

TN T H L 3R X A 38 Ph -3 4 (190.34 mg/kg ) 5 T
P AR A E R SE Y, £ PP AR
Sy RN AR I E R Y 192, 2,51, 3.47
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J& Pb i m s R R it S s i i N 1 B
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B H T NS B HUE A8 S A v ol X 4
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PRAMEA S T M TS [R) D RE X+ 38 Ph AEASTHL
AR B f - 249 A= 1 T 28 ( 36.55% ), B3 e T/ N s Ak B BE
(9.03% ), MEA5H5 LIFERFITRaE —50 > 0, BB Ph 76 9B
AR AT g AR Y v, LD R AT B s BRI PR R T Pb Y
TR A &, /N P s, B R AR

Ph AL EWIVLTE, FECTEE Ph & BB T M ABFSE P AR
] Dy i DX - TR AL 2R 48 Ph A= W vl 45 P AR iR AR,
WS B BER 13.019%0~72.54% , /NI EEN 2.70%~47.24%, i H.
ARITIBEX ] Ph AP T 45 Pt AR 25 550K, 48R + 58 Ph /YY)
AT VETT RS BRI ORI RN . - EPh B LRI,
NTES S O, AW REL, . NAB B Ph AR
YIAT AP LA R (41.98%, 14.17% ), 3X AT g/ 14 mT
Ve Ph A, BN B L Ph AR MRl A P v AT Ph AT
A T2 BRI T A PG 5 Ph 594 25 s AR IR, skt i i k<
FRRYTFE R Ph, 2k . SRR B B R A L5 AR
BB, TN - Ph AT 25 S b P SR RAECR,
HPAMRE ) PhAEY TSRS pH M ML AL AE
LAERIAG R, KT - PhAEY AT 45 B N £, iR A f
Filb— B RART .

SR FH AR SIS0 DA T S [ T i X 4 396 Ph Xk A MR
ft DRV, T Rl DXL . B A i R 440 06 XU R (K ). A
L P o7 B At B JRUBS: R B (K ) i T Bl L ¥Rk . SO
X, BEIFIX R RIX, {H 64D RE X fd A X XU 22 5505
1F WHO NIRRT Ze sk, $8n T MR I BE X 418 Ph ¥
AXF L . B A R e BSOS L XU o 6 /1> ) B DX 114 ft R XU
BT, LI R XU R (K, ) #E 0.24~0.5236 /1, 5
WHO NI B EANZEAZL ;N 435 Ph Xt AAfiER
SRR Bk T - 38 Ph % 51 Ph A9y ] 251, 5 0 3 Ph Y
TSP H ™, A HR L KA Ph 15 L p 3T 13,
Lol R PR IO SRR, A AR B XU R 0 2 Bl 2 AN T
I, AHSEFRITXEIA T 4398 Ph 15 YL I 1R RSN 5 | R E A

ZE FRRAR, TN ARSI REIX 44 Ph O Z F2 A —RY
Ve, Horp L X A1 Ph V5 Y di o M, (HOR R AR IX 4 4
Ph ZARIMELITE DA (19 A AA A U 1 A 35 31 WHO A AR
Bl 2k e 2k o BRI 8 B PRBE, HLEE R AR T b Ph
BRI, AT RV 2 b R B 1 85 A 3G Ph A=l 45 5
RV AT RERE LRSI A MR R K i, BN RESE IR 1k
B AN MR AEIR SEBrf:, (H AT R A AR KU TEA
A AN SRR .

B BT L FREB AR F I 5
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