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Assessment of pollution and health risks of heavy metals in surface dusts from
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Abstract: Twenty-nine surface dust samples were collected from driving schools in a city of Henan. Concentrations of Cu, Zn, Pb, Cd, Cr, Ni and Co in
dust samples were measured by inductively coupled plasma mass-spectrometry ( ICP-MS), while Hg and As were analyzed using atomic fluorescence
spectrometry ( AFS) . The pollution of heavy metal in surface dusts was assessed by pollution load index( PLI), and the health risks exposed to heavy
metals in dust in three different scenarios ( working for 10a, 20a and 30a in driving-school ) were estimated using the health risk assessment model
developed by US EPA. The results show that concentrations of the most heavy metals in dusts are higher than their background values except Co and Ni.
Average PLI of nine metals in dusts is 2.38 with moderately pollution. In contrast, the accumulations of Zn,Cd and Pb in dusts are the most serious with
heavy pollution. Pb is the major non-cancer risk factor, and non-cancer risks of metals are lower than their thresholds( HI>1) except samples J20 and J26.
As is the major carcinogen risk factor, and carcinogen risks of metals are lower than their thresholds(>1x107*) in three different scenarios except sample
J20 in scenes of 2 and 3. Average daily doses by ingestion of dust particles for all metals are much higher than those by inhalation of re-suspended dust
particles and dermal contact with dust particles. The concentrations and health risks of heavy metals in dusts are closely associated with the surroundings
around driving schools and the previous land use status, but not significantly with the operation time and densities of coach car densities in driving schools.
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1 5|5 (Introduction)

Sl T 3 R A4 2 IR T DR AUMURE ) 1) R U
51975 (% #55,2007 ; Kumar et al., 2013) ,1F—5E
IIEAE (T BB ZE08 e N6 30 %) FEITR
A FRRHE A KR, Bl Bl 2 b A% It i B 3 A -
FKAR AR 16 5 PR 58 22 0 RN IS ft B 119 T 22 A i
(Wei et al., 2010; Lee et al. ,2015) , Y& 117 # & K 24>
15 YL Ok 32 3] 27 R B G T N AMR 225
FETEA S G H IR B WD 22 5 15 Y48 2
FARH T 5 RS 55 5 BT AS [R) T R K 2R
ROE 4B g 5 kB (5K — 1B %, 2012; Kumar
et al., 2013 ; #5055, 2014 ;) (25 [0] 4340 ( Apeagyci
et al., 2011; X 58 45 1 2015) AP ZS ( EF 45,
2011) KRIARKON (H ##45,2008) 500 K (75 Rk
4 2010) FEEER XU ( Chabukdhara et al., 2013 ; Liu
et al., 2015; 5K 3G, 2015 ) FFJ& T K F 58 -
o L B LI ) 0F 5T 2 DL 518 A Bl o
WG RIFFE R G2 T B X2 A b 3R IR 4> ( AR fi

B IR AR ) T A JE G G R XS B A 5 A e L
TI?(L
WMo G2 A NS R AR AT B 5 A

PER A, R ACHRR R IR BE 31 IR B 5 55 2
HiE 4R W R 25 R R 27 2 2] IR
TR i 4 o 2 0 T 50 i o DX AN L Y . 1H 2 2k
BT AERT R, v] R 2 0 HLf R 7= A — E fa 5 .
W ASSC AR 29 Jir 25 4 g 5], Xof H b 3% 2

J& (Zn .Cd .Pb Cu.Cr Ni, Co.As Hg)ﬂ:ﬁi‘@
i 5 KU P71 E‘T%TF'%Z%? B AR, A Ik
A 4 e V5 e B iR R S %

2 ## 57 % (Materials and methods)

TS I 3k T 57 T 100 R 4 i AR S 1) T
B b AR B 70 m A2 A R TR T B R T K
ZRS e, AR SR 14.52 C L AE K B 627.5
mm , 35 117 LA A 32 R0 O B 4. 2015 AR AR X
TR 130 km® 35X A 1T 120 J7.
2.1 HEXEHAE

T 2015 4F 2 A RAEIZT 29 Fr 21 1 Hb 3R K
22O T PRIERE S AR TE R B R R 5
30~50 IR FHE TR S A B AE AT IR BOK e 45
RS rioy S AT SR R M B = o s e e I /9 Ll LV B
R E SRR IR 1 ke TR -G HE 5. R
HIC ST 4522 AR 118 T AL ARSI () L 2 G A e ]

PRI B 5 B, S HSCR IR IR & 1),

R1 REBREXERL

Table 1  Basic questionnaire of driving schools

R RREE/ e RAERAE EPA  mton

B a 7~/hm TR A
1 2 1.36 10 A H A< H
2 7 0.72 11 A H N-ZEHL T H S-Ji R X, W-A B 54T E-25 i
13 2 0.71 13 A< Hl N-HE BRI ] 5 S-25 1l W-HE A e 5 25 3
J4 2 0.35 6 A N-JE REIX ; S-0  s WS b B-Jil R IX
J5 8 0.51 7 IRpEs N-EEA T H  S-A K W-25 1l E- R R IX
J6 8 0.64 10 i NS B IX S-Hfe i X W-Th s B-25 i
J7 2 0.05 7 A =153
I8 8 1.95 18 A H N-JBRIX ;S-Th i Bi g5 Jmr; W44 E- R RIX
J9 0.5 0.05 6 A N-f22237) , S-25 H , W25 b s E-VR ZE RS B bl
J10 4 0.15 3 A N-152 2537 25 b S-452 4237 s W-28 il <
J11 6 0.69 10 A H N-IRFEAR 5 GBI SR W-E R IX G E-J| RIX
112 25 1.13 15 A N-ff 38 ; S-oN i RIX W-F i ; E-/
113 1.5 0.02 6 LR/ N-15 7537 ; SR WA i s W-I R IX B4
J14 7 0.97 15 i HE N-A B S-fi R X , W-IE RIX  B-fi B IX
J1s 3.5 1.54 18 A% H N-3EHb ; S-25 70 A F] s WA L E-4 H
116 0.24 0.20 10 I N-BRIX SALIE  W-BR X B3
n7 0.2 0.27 2 A H A H
18 1.5 0.62 10 =RE N-AEHE) s S-ARAET s W-ARAE) s E-5EET
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2R
O i (R e
J19 2.5 0.80 5 R H N-23 # 5 S-25 Hhy ; WK O il 5 B-25 b
120 2 0.57 8 WA NBRE AT S-BR Rl W E-AAE
121 5 1.40 25 A H N-ZA 1% 3 S-ZE RSB X 5 WA RIX -2 10 X
J22 2.5 0.80 5 A N-25 5 S5 1y ; W-IE S O 2l 5 E-45 b
123 2.5 0.84 13 A N-Z5H48 A6 ) 3 S-25 it WK B ) B4 [
124 2.5 1.45 7 A H N-Z5 b ; S-25 b s W-25 b E-fL T
125 2.5 0.54 6 A H NALL) ™S5 4207, W08 ) E-R
126 2.5 1.35 12 A& H N-AEAET 5 S-IRFREIET s WA 28 E- A\ I
127 6 1.35 18 A% H N-jif T3 5 S- 25 ) W-T- 2 E-25 1l
128 2.5 0.79 13 A& H N-Z8 53] 5] 5 S- 3008 ; W- L E-75 b
129 3 1.34 13 A | N-gh LI 5 S-br 3l ; W-HL S E AR

{E: &P ES\W N DHIFRA B L

FESEI0 2, T ST AR R v A ) R
it BLHRURIAT JRSORE 5 2% 51 5 SR J5 W 0 5t 1 P A 98 )
b A A2 525 ~30 &) BUREZ) 100 g, H1HS
FEOFARBTIE 230t 0.149 mm JE 0, 45 FHRE St
S R A PTG K A P
SR AN 22.37 g-kg IR ORI ML, VR (>63
pwm) 54BN 66.16% , Ky ki (4 ~ 63 pum) H
30.31% , 560 ( <4 wm) N 3.53%.

22 EAREMNEF

JEZE Zn .Cd Pb . Cu ,Cr Ni fil Co &R JH HCI-
HNO,-HCIO,-HF JHff A 25 fift , 1ICP-MS L0 5 , A
A X-Series [T 721 JEH & 25 28 1R o i ( 52 [
FEIR KR ) KA As FI Hg &5 8 5% FH 7K 98
AFS ¥ (GB/T 22105.1—2008) Wl 5, { %8 #7 AFS-
3100 B 75 606 BE T (Jb at i) 7R e o 7
SR FHPPA TS T S5 o - A (ESS-2, #74) ]
Wi i A o o ) ST R 6 Y A X O 22 X 7
5% VAP, BRI FE 96.53% ~ 106.20% 2 [8].

23 EABEEFNFE

K H 15 4L 1 fag 48 20 (Pollution Load Index,
PLI) PEA K 2R B 4 J& 15 Y4 R I ( Tomlinson et al.
1980) , AR

PLI = /CF, x CF, x --- x CF, (1)

CF, =¢/c, (2)
X, CF oA AR i (SIS YR8, o R E 4R
SISt e, FOR T &R § 1975 S PLL A CF
(5 AREN : PLICCF) <1 HJEI5 %, 1<PLI(CF)
<2 WRJEIGYe, 2<PLI(CF) <3 M55, PLI
(CF)>3 N HEFEET5 Y (Ma et al., 2009 ; X1 {857 %,
2014).
231 E4ABEEHA RATESETELTF-H
FRA B2 fh P 0 0 A 7 B iR AR HE AR, 2%
R RN E 4R R TR AR (A5, 2012;
Z5/NKREE 2013) INF .
_c+IngR - CF - EF - ED

ADD. = 3
g BW - AT (3)
« InhR « EF - ED
ADDinh :C . (4)
PEF - BW - AT
¢c+*SA-CF-SL-ABS:EF - ED
ADDderm: BW . AT (5)

i, ADD,, \ADD,,, il ADD,,,,, M50 F- T HEA A
R BB AR A 4R H R FE R (mg-kg - d ™),
HASHCS L HUE W3 2. 7% FE B2 M 3045 61 TAE
AR B 2, ARBF I T T 7E 28 48 T/ 10,20
30 aN[F R FRAEBR Y 3 A 5, A R HE 4R
Tk 75 1 I AR XU

®2 REESEANRBEHESHSNRIE

Table 2 Parameter values for average daily dose of heavy metals in dusts
e Hfy & A B he U

CF kg-mg™! 2T 1x107° FHREE | 2004;Lim er al., 2008
ED a TR 10,2030 ARBES

BW kg RSN 64.15 FFE 2009




3020 7 A - - 36 &
2L3R2

240 L 8 BUE LIEIEE S/

EF d-a™ TR g 300 A5

AT(AEBUE) d 1 s i) 365%XED US EPA, 1996;2002; Ferreira-Baptista et al., 2005

AT (E0) d B F 1] 365%70 US EPA, 1996;2002

IngR mg-d™! IR 150 US EPA, 2002

InhR m*d~! EEBA 13.7 Ferreira-Baptista et al., 2005 ; T-523€45,2009

PEF m*kg™! IRAHE A 1.36x10° US EPA et al., 2004 ; Ferreira-Baptista et al., 2005

SL mg-cm™> JeREG A 1 bt B R R BE, 2009

SA cm®d”! Bz k2 8 T AR 2280 F &S, 2008

ABS T 2 R W e PR 1.00x107? Ferreira-Baptista et al., 2005; F &% 2008

232 @EEARRAMA ARG FESE 5 HI=1 EHUAEIEEUE .

P EA AR A B M e U, P As (Cd Ni AT Cr
[ i i HAT S0 IRURGE. N B B 4 s P B8CIE B0
IR it e XU, PR A AR TR ( 2/ 65, 2013) 28

3. ADD,
HO = X o (6)
HI = iHQi (7)

b HQ, R HEAE U 4R @ AR B0 KUK R, AL
HARR i 3 AR R AR A9 AR BUR XK ; ADD,
SrE R E R 5 MR IR AR BUE B E0E H
PR (mg-kg - d™) s RID, WAEBURE 428 i 56 j
T B B BRI SE 54 (mg-kg -d ™) s HI HHAE AT
9 Pl G w3 AR BR R AR I B AR B0 S AU
4 HQ<1 B HI<1 W A S0 KUK AT LAZ0 s HQ = 1

=3

U S HXURS: 48 %% ( TCR) R AE, 1158 A X
(ZE/NREE 2013) 0 F .
R, = ADD, x SF,

(8)
TCR = i iRy (9)

A RO FRE S BUR E R R 5 j Fh R ER RN
TR XU 48 80 SF, 0 B ke i BUR H 2w 1 5 j b
BB BIERIPERE (mg-kg™+d™") ; TCR KK
B 5 Z R U T R R B0 S X 2 R, 3 TCR /)
T 107 I ANAELEBUR AR KT 107 I, A7 1 8O
S 5 76 1070 ~ 107" Z ] B, A7 A2 A AR AT i 52 3508 K
B (Zhang et al.,2010) .44 JE AR B IR IERE N
RfD Fl SF HU(E L3R 3 (45/0 ® 4, 2013; £ 5545,
2008 ; Zhang et al.,2010).

RKLEBELERBEN RD 5 SF

Table 3 RfD and SF in different exposure routes for heavy metals

RID/(mg-kg™!-d™!)

SF/(kg+d-mg™")

T F-HEEA LR TN B TR Ak F-OHA LT TN B2 I i
Cr 3.00x1073 2.86x107° 6.00x107° — 4.20x10" —
Co 3.00x1073 2.80x107° 6.00x107° — — —

Ni 2.00x1072 2.06x1072 5.40x1073 — 8.40x107! —
Cu 4.00x1072 4.02x1072 1.20x1072 — — —
Zn 3.00x107! 3.00x107! 6.00x1072 — — —
Cd 1.00x1073 1.00x107? 1.00x107° — 6.40 —
As 3.00x107* 1.23x10™* 3.00x107* 1.50 4.30x1073 1.50
Hg 3.00x107* 3.00x107* 2.40x107° — — —

3 ZR4HHT(Results)

31 KLEALBAENN

HEKIKAEELS RS EGITIER 4. HFE 4 7]
W, JK2 Zn .Cd . Pb .Cu .Cr.As Ni fil Co W35 i
A 7782.53 .5.92 . 285.26 .46.56 .70.21  11.04 .

17.96 Fl 6.80 mg - kg™, Hg ¥ & & Ky 54.93
pe kg™ BRK A Cr Co Al Ni AR S REL(CV) &
IN B AR Zn (Cd Pb Cu ., As il Hg & & 748
SRR N 118.98% ~ 520.67% , ¥4 Jy s A F K
A AR S R AR A R R A S A (A
J16 J18 J19 Fl J20 %) i F Tk X, 4 & & = 4r
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3021

Sl e 1 BB, J20 A K4S Zn (Pb Cu Cd |, As il
Hg &350 218467.98 .2687.40 ,692.64 . 134.55 .
137.12.0.37 mg- kg™, 43514 29 Fr 2 & F¥{E 1
27.12.9.16 ,14.70 ,21.99 . 12.18 H1 6.49 1i%.[% Co FI
Ni -3 5 f o 2 H K 2R 5 (T s K, 2012

MR 545 2014 ) 4, Zn .Cd .Pb Cu . Hg . Cr 11 As HY
SR B A3 i) R Y R A2 T S Y 100.80,19.47
11.61.2.27 .2.15 1.51 F1 1.37 %, Ya B2 £ JK 42 vh
Y R ZHESE LA T ARIBRENFE, L Zn
1) B A B R L

*4 BRELESESERESZTHILE . AEKEMESENLE
Table 4 Comparisons of heavy metal concentrations in dusts of driving schools, kindergartens, parks and background values of the city
_ SCHREL
iRy SEHIE brifE 22 Cv e
UNTY/ DI

Cu 46.56 125.06 268.59% 44.29 38.92 20.54
Zn 7782.53 40521.60 520.67% 240.27 297.32 77.21
Pb 285.26 553.88 194.16% 144.84 242.99 24.58

cd 5.92 24.80 418.78% 1.02 — 0.304
Cr 70.21 27.90 39.74% 52.25 82.13 46.51
Ni 17.96 8.96 49.89% 23.15 52.57 26.43
Co 6.80 278 40.86% 8.79 — 9.72
As 11.04 24.43 221.19% — — 8.04
He 54.93 65.35 118.98% 500 — 25.52

T BR Hg S AL pg-kg™' b, HABTE )i & B A9 AL AR mg- kg™ o, BOERFSE, 2015;b. EIRZAE,2011;c. #B K, 2012; BREE 5

2014,

iz KA (B A,2015) Fgl LR K
P (EBRRSF,2011) A (£ 4) , BEKAE R Cd F
By s S T AR KA T He Fi Co 3475 2 AH
XA Zn A1 Ph SF-25 2 BA T4 LR A A
T Ni P25 AR AR ; Cu A1 Cr P35 35 i 5 A
AL JLPE K 242 22 5N A HA .
32 KRALEASEFEIFH

VERRIZ T K AR A R R EH (EiE K,

B 1
Fig.1

KEL 9 P 4R AT CF K/NIUF K« Zn
(100.80) >Cd (19.48) >Ph(11.61) >Cu(2.27) >Hg
(2.15)>Cr(1.51)>As(1.37) >Co(0.70) >Ni (0.68).
KA Zn (Cd F1 Ph A b 5 B 5 gy, A TS YLt

0
JUJ2 03 34 35 J6 J7 18 J9 JI0J11J12 J13J14 J15J16 J17 J18 J19 120 J21 122 J23 124 125 126 127 128 129
B T

2012 WREE D755 ,2014) VE (1) Y ¢, T AR 2
BRI E AR PLICE 1) AR AW, 1A S
AR KA T 4 JRIAT R AT G, i R S R
17.24% , ARG KA TSR REBE A TS e, Hor,
BRE bR RN E BE T G R A5 400 AR S R
62.07% 13.79% 1 6.90% , 5 & {5 Y4 H BRAERE 15 J20
(27.43) Fi1 J18(3.23).29 A28 15 JK 20 5 42 i 1 P2
PLI 4 2.38, A& [ 2 gsis g,

HEGTR
o G e
RBEGHR

PRELS

BERRELESEFY PLI 55HRRKR

Average PLI values of dust heavy metals in different driving schools

1 He S b 52 B g R e it o5 20l i A
SR 10.34% 1 17.24% 5 Cr (175 PR R 5%
5 YLt R BB AY 68.97% 5 As , Co FIT Ni J

JE ) 5 R SRR 31.03% 34.48% F11 82.76% ; Cu
g
4
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¥
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ARTCTG Y, ToTs Yt i 439 o5 A 5 BB 72.41% |
89.66% 1 93.10%.

3.3 KRAELE@EENGIFN

33.1 EBREEENGIFN WSS KAE
SR REMARCSEE (£ 2 MEK3) #HHA(3) ~
(7) R R SRS KA TE SR HI(E 2) .25
R & HE m KR 4 @ F- ¥ HI K/NIUY 24 . Ph
(0.173)>As (0.080) >Cr(0.079) >Hg (0.067) >Zn
(0.054)>Cd (0.029) >Co (0.008) >Cu (0.003) >
Ni(0.002) .BRFE & J20 F1 J26 B9 HI>1 (420514 5.30

5.30 J:

154 F EAE SO AR

T
0.50 AR AR

T 040
0.30
0.20
0.10

F11.54) A7 7E AE B0 £t B XU A1, A AR 2 i HI
HB/NT 1, ANAEAE AR BURE fE XU A A5 J20 1Y 4
J& HRXF HI STk KA J& Pb(HQ,, = 1.81) , ik &
Zn(HQ,, =1.68) , TTHRF 53N 34.13% F1 31.63% ;
FEA 126 XF HI 57 Bk 5 K 19 3 42 J& J& Pb (HQ,, =
1.07), Hi¥k & As (HQ,, = 0.31), 5T #kF 20 5 N
69.68% 1 20.11%. F-H & N i 12 & i EE W HE 4
J& R HR AR, AR S0 KRS L Rz R 2 A ik 42 = 4
I MR, IR aR A 2~ 5 DR 2, XU BTk
FN71.05%.

0
JUJ2 13 J4 J5 J6 J7 J8 19 JI0J11J12 J13 J14 J15 716 J17 J18 J19 J20J21 J22 J23 J24 J25 J26 127 128 129
BT

B2 BRERLES

BBERE RS

Fig.2  Average HI values of dust heavy metals in different driving schools
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BT
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712
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T4 =
5

20%107°

121 pees

123 beoee
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Fig.3 TCR values of dust heavy metals for different exposure scenes
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J I H7 - 4% 5 3(1.40x107°) >1H 5% 2(9.35%107°) >
Bt 1(4.67x107°) . Fifi 0 4 L0 KU 34 m , 5
BRAE AL J20 ZAMHER] A2 35 2 .3 FiE & T
SRR N R, R R R /N T 107 %ﬁzi
%, o O KUK R, % TCR 1Y F 14 BT ik 2 1 78
98.81% LA I, As J&dw FE A EURE N . LF-H A
As 350 RS 5 e, o7 BN B0 XU 1Y) 81.25% , W
W A A2 B B0 KU B I ZE S 5 1, BT R
HAVH R, HKT 1078 I, AFAE AR i 52 1 3
AR s 7RI 5 2.3 N, FERL 20 19 R RTF 107° (43
S 1.15x107% (1.72x107") | A7 7E B0 KU, FLAd A
SITE 107 ~ 107 B Bz 18], (A AR AR AT TR 527 1
o AU TCR f ({6 3t BLAEFE A 120, HE At A

SR 1~2 DR
4 118 ( Discussion)

41 BREALESBERES

BRRATE S JE R IRAR F E 4t ZHE )
IR G BB H B HEA i 5 ] 1 R B
R B AR A ik %) = AR FHAR 900 2 DA 56 76 AR
fFEIY 29 Fras b, G254 J1 #1174 u?xBE
DU SR B AT AR g b o 1 28 A % AR 24 4

P52 ). /HJ@ SR SE BN TS 2 0 W}?
SRS EYA RFERRE W, S SR
ﬁxiﬁé@ﬁkﬁiﬂﬁﬁfﬁﬁ. M 017 R R HA 2
ANA LA B AAA 2 5, NREA SU B ALK
AESFEWEmW, HL, N MKEESESESTY
FAEAT LB A TR R B (I 4) R K 4 n] WL RE
J5J1 KA Zn P Cd Al Cu SR BE T HE =
B, URBHIX 4 Fp FE 4 )8 09 R U5 5 28 4 % V) AH 5. 35
Legret 55(1999) BT, IRA-HFHY Zn EZOR AR
A4 B B (43004 10250 121800 mg-kg™) ,
Cd 2 F 2 (P A o T ) BR b FFe G s 5 (58
FrRE Cd SN 2.6 mg-kg™') , Pb ok [ ISR
I 2 B A B ( TCAS YR & P 17 mg- 171 R ZE HL
%8 Pb 3900 mg-kg ™), Cu 3 A B AR 4 B 4
PR (N ZE BT Cu S HE44 142000 mg-kg™').

H 2% 4 0] UL TR KA Cr Co FI Ni F 1Y
5t FFGE R T HME SR, B 5 R E2E20 A K.
Y& ] DITERA 2548 K2 Cr Co Al Ni FEH H Fih
R ER, RARBEESR, X528
5% B9 45 18 A1 — 2L ( Hjortenkrans et al., 2006; Al-

Khashman et al., 2007; & 8 55, 2012; Ly et al.,

2013) .14 A L 5% 38 W] ( Abdel-Latif et al., 2012;
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Fig.4 Comparison of heavy metal concentrations between sample J1

and the background
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Fig.5 Influence of driving school surroundings on heavy metal

pollution and health risks
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