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Bioaccessibility and Health Risk Assessment of Heavy Metals in
the Dusts in Bus Stops in Shijiazhuang City
WANG Ke, ZUO Shu-mei, LI Kun, HUA Zhong-xia, CHEN Long-xing, HE Yan

( Department of Poison Detection, Shijiazhuang Center for Disease Control and Prevention, Shijiazhuang 050011, China)

[ Abstract] The physiologically based extraction test (PBET) , an in vitro gastrointestinal simulation method was used to study the
bioaccessibility of Cr, Mn, Cu, Zn, Cd, and Pb in the dusts samples from 15 bus stops along the Jianshe Street in Shijiazhuang City,
Hebei Province, and the US EPA human health risk model was applied to assess the health risks of the six metals. Results show that
the concentrations of Mn and Cr in samples of all the bus stops were below the provincial benchmarks of the background values of soil ,
while those of Cu, Zn, Cd, and Pb exceeded the background values, of which Cd showed the largest degree of enrichment. The bioac-
cessible concentrations of these heavy metals in gastric and intestinal stages were obviously different. Except that the bioaccessible con-
centration of Cr in the intestinal stage was larger than that in the gastric stage shown in one sample ( Yunhe Bridge stop) , the bioacces-
sible concentrations of all the six metals in the gastric stage were higher than that in the intestinal stage in all samples. The bioaccessi-
bility of Cu, Zn, Cd, Pb, Mn, and Cr was, respectively: 40.57% ~90.31% , 45.67% ~77.57% , 61.03% ~84.14% , 49. 05%
~82.99% , 59.46% ~85.32% , and 11.36% ~54.17% . The hazard quotients ( HQs) and the carcinogenic risks ( CRs) for chil-
dren were higher than that for adults. The HQs of the six heavy metals in all the samples were less than 1, being within the safety
threshold values. The CRs of Cr and Cd ranged from 1 x 10 ™® to 1 x 10™*, being at an acceptable level, while that of Pb was less than
1 x10 7% in all the samples thus it could be ignored.

[ Key words] bus stop; heavy metal; dust; bioaccessibility; health risk assessment
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ologically based extraction test, PBET) ¥ . AE ¥ & Pk
fa L ( simple bioavailability extraction test, SBET)
BN fa] B S B 2 B (simple gastrointestinal extraction
test, SGET) #:45 . 1996 4£, PBET 21 Ruby 257 1 &
JF R T AR [ AL 5T rh () R ] 25 MR ST
MR RS [ G MR S . VPSR 38R, 530
YySEBAR EE AR SMEEELR B0 B AT S 06 i 0 2 AR
SR EIME S . ST I E 4R B
BRI R AR AR B — e R 4
AT AR (R G5, TR R o 4 R AN g iR AR
Wi o AR ME LR BRI L R 4, 20 31
W Az B B S SRR A, il A A vh B 4 SR S A
LIS SRR E SR B S A LUE R A REAR
W JE ARl gk

tE A N IARSN E AR A 2 T A
JEWAI T AR HGE (AR 2 R XTI A |
B XAt M X+ T XA AR -+
H AR TG Y I g e ek i
[ o e o A VNG ) Sy T EDS 5 |
I, BR F PBET 553 H 3 5 T 18 KA 2 32 i A
Rt E 4 )& Cr Mn Cu . Zn Cd Pb (A Ha] 251,
i — 20X 45 R 25 S AT oA, TR L3 SN i fit
SRRV DAy, Xof 42 o o 4 Ja ¥ G L By B 4 J b A A
15 RGN T AR I EA
R
L1 #mREEHE&

WFERT 2 A R AR T R T I KA
15 A58 ul md, AR A T 2018 4F 3 T R4E.
AR i /NG R i R AN () 3 p5OR SR MR R A R
ERSEEE I B S B AR AT IRAE L TAR i 100 H 1Y
FE AT , 0 5 A A A2
1.2 XWHE
1L.2.1 2rE42kezne

2R+ 48 AR R A HNO,-HF-HCIO, ¥ #E 17
T .6 Bl EE 4 )8 Cr Mn Cu,Zn Cd Pb & 5 F
FH L BR  AF B F R 3 AL ICP-MS (3£ [
PerkinElmer 23 %] ELAN 9000 ) gE4710 %2 o
1.2.2 2 &2 BkAYTAENT

b 4R (A T 25 I SR PBET {4
HME B A SE I Ty B3R
1.3 £TEEENEYAAEITE

BA = (D/T.) x 100% (1)
A (1) :BA R+ Cr Mn Cu.Zn Cd . Pb 4
Yl gtk , % ;D k2 £ Cr Mn Cu Zn Cd | Pb /1)
SR (BRBRESESHREBMSTEZM),

mg/kg; T a2 £ EH G BAYEE, mg/ke,
1.4 fERXE T

R E R E P UPN L NF Rl
A R IS 2 3 31 25 g 50 DX R Al S0 XU o AT
FLH 6 PG R Y A AR EUE S, o Cr Cd \Pb
A BATEOR AR . BT A 30 S RO AR
PRI R DL SR 15-16 ]

2 HR5H

2.1 At EEEEENH

I N S S S 92 1 152 47 N R /AT
Rt BT g% G aAb, WF 58 ek 4 £ Cr Mn Cu,
Zn Cd.Pb 6 P& JEICR A&, WK 1 s, H
R L R EAZ W R TP E S Cr,
Mn . Cu.Zn,Cd,Pb & &5 F 70 5~ 23.86 ~
65.78 .225.01 ~515.25.35.07 ~ 147.24 [174.82 ~
557.61.0.84 ~9.62 31.78 ~79. 56 mg/kg,Cr Fl1 Mn
TEFTA S i & A b LT R
Sl . CuZn Cd Pb 545Nl 15 5 Bk 3
ol HoE B 27 5 2.06,1.61.,2.82,
2.55.3.77,.3.56,2.85,3.88,2.62,3.80,3.73,
6.75.3.85.2.15.2.00 £%,3.65.2.23.2.82.3.06,
3.56,2.99,3.19,3.32,3.59,4.34_,3.78,5.25,
5.61.4.34 7.11 £%,21.60.12.77.15.74 ,102. 34 |
101.17.76.70,83.62 .75. 11 ,40.32 . 88.40.27.77 .
8.94 13.94 10.11 8.94 4%,1. 48 .2.00.2.10.2. 55,
2.53.2.41,3.70,3.03,2.74,2.80,2.79, 3.36,
2.87.2.63 2.07 %, £ b, AZKET @R KELA

F1 ERAEAXRURLTIECRELE
Table 1 Total content of heavy metals in dust of bus

stops in Jianshe Street

fREBLE (mg-kg™")

LS Cr Mn Cu Zn e Pb
MWERAW  25.67 230.75 44.82 286.11 2.03 31.78
Wy 23.86 225.01 35.07 174.82 1.20 42.93
AN 38.39 252.92 61.46 220.97 1.48 45.15
BT 39.19 248.55 55.65 239.89 9.62 54.79
K5 A A 43.37 243.26 82.15 279.44 9.51 54.34
Bt 48.85 250.92 77.52 234.78 7.21 51.86
ANAERNE] 57.28 26475 62.03  250.40 7.86 79.56
WAL KkBE  52.39  271.40  84.69 259.95 7.06 65.16
A% 65.08 270.07 57.05 281.63 3.79 58.96
At = F bk 65.78 290.04 82.77 340.61 8.31 60.27
AU 50.44 251.38 81.28 296.40 2.61 60.00
AL 51.51 275.22 147.24 411.59 0.84 72.23
LiGE 37.68 275.87 83.84 439.84 1.31 61.77
K 61.87 515.25 46.96 340.06 0.95 56.56
EWFRIZ 3273 265.99  43.65 557.61 0.84 44.49
b+

68.30 608.00 21.80 78.40 0.094 21.50
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2.2 RIHPEEENBHESE

PRA B i A 401 52 6 il 15 2 8 R 2 32 i 2
TP ESE NS EINER 2 s, k2 PR
TRLE 18 E B BOAz BB, Cr Hl Mn £EARK 53
VA i IR, Cu 7E BRI AL S v i 25 i e i, Zn
TR Iz WA 263 Ul VA A 5 i o vy, Cd 7 22 AT il 1 i
SRR, P AEA S E A RIS E HA
Ph 75 15 [ Be A B Be ) 9 il 25 Bt o R (E R BAE A
[ 3t i, HE B BEAE 22 58 S 20 W) ol V5 A 25 R e e
1 Wy BEAE AR SR i i i S B e

Ak R A AN TR G A T A S R A
A BAFAEZE S o bR Cr Ab, HAy S R G B a4
Aol RS B B TR B, i Cr A A
iz B 18 v R SR Y BOR T 18 B B, e A
vl R E B B T O B I RR A SR AT RE R
PSR B R i pH = 1.5 fE (i R TE RS T
G PEAR 5, B 4% Mn Cu Zn Cd \Pb A2t
fEm ik, PR ERPESROFERSES. NB
BrBeEI A BB, A Na, CO, i35 pH M\ 1.5 T3
7.0, 5842 X} Cr g HEAE 1 FEAE, Of BLAHLRR AT
Difssiits s rh O’ 8% 5 B i S0k 4 26 i T AL

*r2

B Cr®" BEANT Cr RS Bh ik, o 1T S 5808 T AR 0 1Y)
Cr fE M B s S s T8 I B X F 240
SRENEMSEEE B & THIE, vieEhm T
pH T 2 v, (AR B b A B ok 1 B2 4 T
W BRHOTOE , T8 ke 1) 45 i - VR T R o,
FOLAE I B it & AR
2.3 A+HEEENEYITAMRBEENHER
7% 3 ik PBET IR AL O dik R A
2yl R P Y 6 R EE 4R 1 A YT S T TR 4
W [Rl—FP 4 8 AE AR R 52 = (R A W ml 2 A
2R, Bt Cu i &, HA YT 45 A 40.57% ~
90.31% , 22 F W i, Zn (AW ] 45 Pk K8 43 4
53.75% ~67.60% , 1t it & <¢ Wi K, iy 45. 67% , 7+
BRI Rl 77.57% . Mn [l ¥y 20k %
Hh 70. 83% ~85.32% , AT ARV [ B 3 AL AIK, hy
59.46% . Cd [AE AT 45 PERBR AR 2 dibfr ol i MBI
AN 32 ) 47 %38 0 K T 80% Ab, At v 34 7
61.03% ~75.97% J5FE M. Pb 7ENAS N 6l vl 5 ik
82.99% ,FE At x5 (1 A ) T 45 PR3 7E 49. 05% ~
65.91% Yo [N o 1 8T 4 Ji AE 8 38 s i e gt
sl I AU 3l Rz T A 2 il A T P v £ i
PRI BRI 4 A3 18 58 245 4 1 2240 Lb HC At ol
%, HoRMEMRE RN I B HE A S ZE B3
7% SECE 4R A T e Y L Cr 2RI 4G
PERHRIME 11.36% ~ 24. 04% 5 Bl P, 645 DU B o |
AR, R AR O Sl Mz Il A il i s, (HL S
Hoftl 5 A4 J@ 09 A= 4 ml S VEAR Bb SR R 3 AR,
e T O FE LIRS SR EE, A
AR

BEAEARMRELTIESREAIRSE

Table 2 Bioaccessible concentration of heavy metals in dust of bus stops in Jianshe Street

& R AR/ (mg-kg ™)

R AR B Wb B
Cr Mn Cu Zn Cd Pb Cr Mn Cu Zn Cd Ph

HEE S e 2.59 107.85  14.13  159.09 1.15 21.21 1.48 85.18 10. 28 6. 19 0.16 0.36
o 1.83 111.75 11.34 79. 65 0. 69 20. 67 1. 00 80.23 7.86 3.02 0.11 0.07
SN 4.62 114.40 31.64  136.58 1.01 26.49 2. 68 96. 34 22.04 4.51 0.15 0.62
2N 4.17 102.36  29.51 144. 84 6.82 31.54 2.03 91.76 20.75 11.25 0.95 0.72
IK 55 £E A 3.43 101.21  32.92  144.15 6. 65 31.89 2.41 72.77 25. 81 11.31 0. 62 0.78
it 5.22 101.20  32.82  125.35 4. 68 26.78 3.17 78. 87 24.05 4.61 0. 64 1.04
N =¥/ 7.23 105.74  27.26  140.12 5.04 69.91 4.97 91. 80 20. 63 6.26 0.63 1. 66
I | Ay 89 7.26 107.44  27.36  146.25 4.50 29.96 5.51 99. 09 21.30 9.97 0.61 1.20
TS % 7.80 113.70  24.23  168.51 2.43 31.89 4.61 81.10 17. 61 9.43 0.29 0.90
b R 3k 9.59 97.97 25.44  178.51 4.53 36. 41 5.98 74.49 19.22 5.89 0.46 0.76
s 10. 21 112.65 19.34  152.92 1.75 29.97 10. 17 71.43 13.18 5.41 0.19 0.96
#RFFIL 10.73  126.58  44.02  227.42 0. 65 36.97 10. 45 78. 45 30. 41 18.78 0. 06 2.16
ik 8.85 126.57  20.36  276.23 0.70 33.72 9.37 84.83 14.35 25.20 0.10 1.57
el 14.24  214.30 11.87 194.10 0.47 32.52 12.26  150. 66 7.23 15.77 0. 06 2.90
& AR %38 v 8.61 120.53  17.33  393.07 0.62 26. 50 9.10 89. 66 9.76 47.15 0. 09 1.40
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Table 3 Bioavailability of heavy metals in dust of

bus stops in Jianshe Street

AW 5 %

i 5 4 T il
Cr Mn Cu Zn Cd Pb
MEREH 1471 83.65 54.05 57.76 61.54  65.91
s 11.36 85.32 54.65 45.67 65.39 49.05

EREIAFE 16.82 83.32 87.51 64.59 73.96  60.05
gt 15.84 78.10 90.31 65.07 80.83 58.87
K554 13.60 71.52 68.79 55.39 75.97 60.13
B 16.61 71.77 73.57 54.90 74.62 54.04
ANSERNE] 20055 74,61 77.95 58.43 71.26  82.99
LB 24.04  76.10 58.91 59.35 72.10 50.46
AWEE 1673 72.13 72.69 61.34 71.75 57.18
JLEREW 21.77 59.46 53.32 54.06 61.52 61.74
44 I 40.45 73.23 40.57 53.75 74.22  52.97
@RI 41.36 74.50 55.92 56.88 80.63  55.32
T 48.72 76.63 46.43 67.60 62.33 57.53
e 44.85 70.83 43.95 61.45 61.03 61.57
B KBy 54.17 79.02 62.74 77.57 84.14 62.71

2.4 ELEEBEXKIERG

X B0 4 JE R FH B0 KUK BT (CR) PPN, AR B0
4B RSB0 MU 7 (HO) 34 . i CR ST 3%
Jai KBS I, — M A R CR < 1.0 x 10 ~° 7% KUK EL 13 5
CR A 1.0x10 7% ~1.0 x 10 * FrRIEAE—E K {2
MTTHEZ 5 24 CR > 1.0 x 10~ 3677 XU AR *F i #
HQ S ARARRAE SR A RN, 2 HO <1 B, 3R
AR B A B P e AR B0 U #5824 HQ =1 1

U AT A ARG N TR £ A P A A B AR

FRAE 52 [ PR Ry (et S XURS: PEAN B 7Y A5 o R
JE T HE R KA 45 52 s - Xk L EE RN A i
RIS PFAf, in e 4 f$ 5 frzn, Cr.Mn,Cu.,Zn,
Cd . Pb 6 FP i 4 JREA Ul A HQ 21, JLEE Ay faBR
DB 8 R BN 1 e 2 BEZ N, 5L
RN A T TR S0 KU 3/, Cr A Cd 7E
HubSJLEM CR & TR CR, Cr XF JLE AL
B BICIRS XU A 4% 3l i e PR R - b R R ik > T I
%> KRR > NN > AR BE > dE R
b > B VUBE > Bt B > K55 E W > L@ > IR
OB S MR > s TR s b > T E T A >
S, Cd X L BN 1 5008 IRV A 45 3l s R LA
LM > KRS EW > JLERW > A3 BAF > 8
THRE > Wb KB > TiIRE 2 > B B > W+ f
IR > WRFI AT > #i L > 3 SF > R >
Hidb > iz WA %z vl , HfEAE 1.0 x 107° ~ 1.0 x
10 SR, A7 — 5 KBS , (EL i 1] 4252 5 Pb 7845
M CR IR EILER & TR, HE < 1.0 x
10 ¢, SO XU EL 1o, T 2205

3 it
(1) A Z e RO A 1% B s (BR Mn Al
Cr S ) B A6 T A 28 58 ol i, 13 58 DA [R) 7 B 1)

feo U Cd 722 g7 uli MK 55 4R T o e 4R 18
i, IR E] 100 AL

F4 BRAXEATMRETHESEHERXBRITN (JLE)

Table 4 Health risk assessment of heavy metals in dust of bus stops in Jianshe Street ( children)

RIS IF A/ [ mg- (kg-d) ~' ]

i AR Mn cd Cu Zn Pb Cr
HQ CR HQ CR HQ CR HQ CR HQ CR HQ CR

WERSH  1.08x1072 — 1.33x1072 6.96x107° 7.96x10™° — 6.27x107° — 5.85x1072 1.52x1077 5.63x1072 7.23 x10°
i LO6x1072 — 7.90x1073 4.13x107° 6.23x10™% — 3.83x10> — 7.91x1072 206x1077 5.23x1072 6.72x10°
[GEUNT] L1I9x1072 — 9.70x1073 5.07x10™® 1.09x10™2 — 4.8 x10> — 832x1072 216 x1077 8.41 x107% 1.08 x107>
Ergci L17x1072 — 6.32x10723.31x107° 9.89x10™* — 526x10° — 1.01x107" 262x1077 8.59%x107% 1.10x107>
IR 4 L14x1072 — 6.25x10723.27x107° 1.46x1072 — 6.12x107° — 1.00x107" 260x1077 9.51 x107% 1.22x107>
Bt LI8x1072 — 4.74x1072 2.48x107° 1.38x1072 — 5.15x10™° — 9.55x1072 248 x1077 1.07x107" 1.38 x107>
N ISYNC| 1L.24x1072 — 5.17x1072 2.70x107° 1.10x1072 — 5.49x10™> — 1.47x107" 3.81 x1077 1.26x107" 1.61 x1073
WHERMERE 127 x1072 — 464 x1072 2.43x107° 1.51x1072 — 5.70x10™° — 1.20x107" 3.12x1077 1.15x107" 1.48 x107>
TS Z 1.27x1072 — 2.49x1072 1.30x107° 1.01 x10™2 — 6.17x10> — 1.09x107' 2.82x1077 1.43x107" 1.83 x107>
JbE R 1.36 1072 — 5.46x1072 2.86x107° 1.47x1072 — 7.47x10> — 1.11x107" 289 %1077 1.54x107" 1.98 x107>
AUk LI8x1072 — L72x1072897x10™° 1.4x1072 — 6.50x10> — 111x107" 287 x1077 1.11x107" 1.42x107>
29x107™7 — 5.54x1077 290x107° 262 x107™ — 9.02x1077 — 1.33x107" 3.46x107" 1.13x107" 1.45x107°
AL 1.29 x1072 5.54 %1073 2.90x107° 2.62 x10 2 9.02x1073 3x107" 3.46x1077 1.13x107" 1.45x107°
iiiBi 1L.30x1072 — 859x1073 449%x10™° 1.49x1072 — 9.64x10> — 1.14x107" 296x1077 8.26x107%2 1.06 x10~>
K 22x1072 — 6.25x1073 3.27x107° 8.35x10™> — 7.45x107° — 1.4 x107' 271 x1077 1.36x107" 1.74x107>
BAEER 1.25x1072 — 5.55x107° 290x107° 7.76 x103 — 1.22x1072 — 8.19x1072 2.13x1077 7.17 x1072 9.22 x10~°
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Table 5 Health risk assessment of heavy metals in dust of bus stops in Jianshe Street ( adult)
TR AN/ [ mg- (kg+d) ~']
i AR Mn cd Cu Zn Pb Cr
HQ CR HQ CR HQ CR HQ CR HQ CR HQ CR
MWFEALEW 1.16x107° — 1.43x1073 298 x107° 8.53x10™* — 6.72x10™* — 6.27x107 6.53x10™® 6.03x107% 3.10x10°¢
= L13x107° — 846x10™* 1.77x10°° 6.68x10™* — 4. 11x10™* — 847x107* 8.81x10™® 5.60x1072 2.88 x10~°
I GAYNT L27x107° — 1.04x1073 217x107% 1.17x107°> — 519x10™* — 891 x107> 9.27x107* 9.02x10"% 4.64 x10°¢
L L25x107° — 677x107° 1.42x107° 1.06x10> — 5.63x107* — 108x107% 1.12x1077 9.20x107 4.73 x10°°
7K 55 4RI L.2x107° — 6.70x1073 1.40x107° 1.56x10™°> — 6.56x10™* — 1.07x1072 1.12x1077 1.02x107" 5.24 x10°¢
Bt 1.26x107° — 508x107° 1.06x107° 1.48x10™> — 551x10™* — 1.02x1072 1.06x1077 1.15x107" 5.90x10°¢
ASERATEL 1LB3x107 — 5.54x107° L16x107° L18x107* — 588 x10™* — 1.57x107 .63x1077 1.35x107" 6.92x10~°
WAEKIEBE  1.37x107° — 4.98x107* 1.04x107° 1.61x107° — 6.10x107* — 1.29x1072 1.34x1077 1.23x10~" 6.33 x107°
T 1.36x1073 — 2.67x107% 5.58x107° 1.09x1073 — 6.61x107™* — 1.16x1072 1.21 x1077 1.53 x10~" 7.86 x10~°
JC IRk 1.46x107° — 585x1073 1.22x107° 1.58x107> — 8.00x10™* — 1.19x1072 1.24x1077 1.65x10" 8.50 x10°¢
B IUBE 1L26x107° — 1.84x107° 3.84x107® 1.55x10* — 6.96x10™* — 1L18x107% 1.23x1077 1.18x10~" 6.09 x10~°
AR 1.38x107° — 594x107* 1.24x107° 280 x10™> — 9.67x10™* — 1.43x1072 1.48x1077 1.21 x107" 6.22x107¢
s 1.39x107° — 9.21x10™* 1.93x107°® 1.60x10™* — 1.03x107° — 1.22x107% 1.27x1077 8.85x1072 4.55x10~°
K 2.59x107° — 6.69x107* L40x107° 8.94x107* — 7.9x10™* — 1L12x107% L.16x1077 1.45x10~" 7.47 x10~°
BRZE 1.34x107° — 595x107* 1.24x107° 8.31x10™* — 131x107° — 878x107° 9.13x107® 7.69 x107% 3.95x10°¢
T —" R R
DY ) 2 NS N
(2) K H PBET 3E 8 BUA Al A 4 8 % 5 = ¥ #

AT R I, 453 5 2k PO TR EE 4 R G A R S
EE RN B EZESR . BREBIH Kz Cr i1
AR BR T E BN, 6 FESBAENA
v AR B M ERAE SRS T B

(3) [Al—FhEE & JR AF R KA A Al s 2h
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