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W E ONT S TIER PM, T E 4 JE TR 5 A0 R RME R RS R ORI R R R R AE T
TE A Y PM, SRR S, FH FLERE & S B R B ORI 2 e 61 SN 58 T RES R 11 A S B TR A
AR GE B PM, H Mn . Zn Cr,Cu,Pb .V As Ni, Co.Cd #l Hg B3 & &2 28 1014,208.17
106.47 ,102.40 ,62.12 39.59 .28.93 .24.07 .7.86 .0.58 .0.53 mg-kg ™', [ V Fl Co AN K FRE L TR ETH
B,k LR M 4R e am T ETEESEAS &, o E P9 oAl i AR 2. i SRS R
SRR, Cd Hg Cu Mn Fl Zn A TR R EETS Y, As Fl Ph JB TR ISy, AT RA T IG5 HK V- H B RER&
FW] Mn 76 LAY AEE0R H X RSN s (3R 1 :2.83x107° mg- (kg-d) ™, FRIR % A);2.50x 1077 mg- (kg-d) ™

F R :6.87x107° mg- (kg-d) ™) , A HIRE R ARRFE N FEIRG Cr L SR & 5w (L. 8.63%
107 mg- (kg+d) ™" MAEFE9.12x107° mg- (kg-d) ™, BUAE &1 :8.12x107° mg+ (kg-d) ™). 11 FpE £ )& Xt L
AR LM ARAE 5B P A AR SR KU (B =2 1435104 0.58,0.19. 41 0.17 , /NF il 3252 KUK {5 1.0, As . Cr Mn /&
FETTHRICTE ;5 MEUR TCH (Cr As,Co Ni Fl Cd) £ M WA FR X A 1y 8 B U (8 34 /8 T 7T #2552 K7
107, BAF M (4.29% 107 ) W& 25 T L3 (4.06x 1077 ) R4 oM (3:82%1077) , Cr Fl As & FETTH T E.
XA HET, BEd, PM,,, EERE, HEXGPEMN.

Characteristics and health risk assessment of heavy metals
in PM, ; fraction of road dust in Nanchang City

LIU Xianrong ZHENG Quan HU Gongren YU Ruilian™
(College of Chemical Engineering, Huaqiao University, Xiamen, 361021, China)

Abstract; In order to.understand the characteristics and health risk of heavy metals in PM, ; fraction
of road dustin Nanchang city, PM,. samples were collected by a resuspension sampler, then
concentrations of 11 heavy metals were detected by an inductively coupled plasma mass spectrometer
and an atomic fluorescence spectrometer. The results showed that the average concentrations of Mn,
Zn, Cr, Cu, Pb, V, As, Ni, Co, Cd and Hg in PM,  fraction of road dust were 1014, 208.17,
106.47, 102.40, 62.12, 39.59, 28.93, 24.07, 7.86, 0.58 and 0.53 mg-kg™", respectively, which
were higher than the background values of Nanchang soil except V and Co. The concentrations of
heavy metals in secondary roads and branch roads were higher than those of the main road, and were

lower than those of other cities. The results of geoaccumulation index revealed that Cd, Hg, Cu,
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Mn, and Zn were at moderate pollution level, As and Pb showed mild pollution, while the other
elements presented no pollution. The average daily exposure dosage showed that Mn in children was
the highest (ingestion: 2.83x107° mg- (kg-d) ™", inhalation; 2.50x10”" mg- (kg-d) ™", dermal
contact; 6.87x107° mg- (kg+d)™"). Ingestion was the major exposure pathway for human health
risk. The lifetime exposure dose of Cr was the highest (children; 8.63%10™° mg- (kg-d) ™", adults
males: 9.12x10™ mg- (kg-d) ™", adult females: 8.12x10™ mg- (kg-d)™"). The studied heavy
metals showed the highest non-carcinogenic risk to children with the non-carcinogenic risk value of
0.58, followed by adult females (0.19) and adult males (0.17), which were all less than the
threshold value 1.0, and the major contribution elements were Mn, As and Cr. The five carcinogenic
metals Cr, As, Co, Ni and Cd had no carcinogenic risk to human health via inhalable pathway with
the risk values of less than the threshold value 107°. The total carcinogenic risk of heavy metals to
adult males (4.29x1077) was slight higher than that to children (4.06x107") and<adult females
(3.82x1077) , and the major contribution elements were Cr and As.

Keywords : Nanchang City, road dust, PM, , heavy metal, health risk assessment.

W6 25 ] T AT T P 8 DR i e, ST PRI 5 G ], SR =D ) B Rl Ty 2 T e i) T 2 [
Rz RABORY R R AR BOR A (PM,, ), TR 5 i S5 3 A2 2L 3ok A AR Bt A R 5%
W47 T R R R T RO A () T R A R A AT e IR A A 1 A
J& BT HAFEIE S M 2 A0 | BBERUR T R | 5 B 72 PV, ¥ JF: 308 2o A [l 2 88 3k 4 % A M4t

P B TR VLV A B4 2 T, Jes o e B ) 25 5 5000 MR A B ol i M, ST 4R SRR P,
TS YL el B H 25 7 O F TR TR BT PMy Ay 43T AbSE 440 RAE KOR TR AT i B
FEAMRIESR B E TR PM, 5 1R U 25 2847 2B (A A5 38 I 4 8 SR T AR A I T A2 85 ) oy
27.3% , S ST KAL) V5 e i B R R 22— F AT X R B T B 2R h PM s SR R
JLARIE.

AT LARE BT E B AR PM, AR SR, o e E SR U 1 0 A R Al A EPA AR G g
IRUBS AT AR TPt T J 2 P, FPER < ool A AR 100 RS , LS R 2 i DR T e 2 45 B i AN R S8 4
BRI SRS,

1 # RS 78 Materials and methods)

1.1 FEFCREE

2015 4F 9 H , 43l e B & i B R MR T 32 138 (/\— KB BY . FEHRIKGE FH ., B jKiE
CN) KT ( =)E VG SDW (&R HZ 5K JD) S (2 M % PQ IRl SP 828K FR) , 5%
TH B L 3 N SREE S, &SRR S Z AR B . FHEA/NT 1000 m K FIEA/NT 500 m S EEA/NTF 100 m.
FHE Rt 8 B2 W 2B 2R AR ML B0 4 2 1 938 SRR B SR AR 5 S FRERVR A, B RE SRR D
F 500 g, 3t 27 AFEM CRFERERETERE KIEAT, LR W RSN, S0 18 (2—7 d) Je7e 173 2
KA TAE RSN LA 1.

DL SRAERIRE S A RT3 200 H )2 TR, S8 5 F NK-ZXF UKL P8 77 R AR 45 0 451 % 2
f) PM, A 5 43 IR A2 B R NI B 1, T IEALOT 2R A 43 #T.
1.2 T

VA PV, it 1 SR P MR DB T B 8 i A HETE R o, i 25 18 7 /K3 2, fif A 15 mL HNO, #1 5 mL
HCIO, , 75 L3 A, TR #8 I 7E 100 C LA, W29 1 h Je A ER'E W e HC10, FF iR 43 i, 75
PERTRIE 2 160 °C,YRFIRZY 3 mL B HHEIE BT B35, In A L B 7oK i UE sk, e 25 5
25mL Z 8.V . Cr . Mn ,Co \Ni Cu . Zn ,Cd Fl Pb 2R ] HLEHE A 56 5 IR B A (ICP-MS) U4 #T , As
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1 Hg R ST ORI (AFS) 7M. s FUB IR AT 525, A2 PM, P& R & B 41
B 2s B .
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©® B4 Road dust
® iy Service station
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Fig.1 Sampling sites of road dust in Nanchang City
(Number 1—3: BY;4—6. CN; 7—9. FR; 10=12. HZ; 13—15. JD; 16—18. FH; 19—21. SP; 22—24. SDW; 25—27. PQ)

1.3 V5 YPPN I ik
B FRERA(1,,) e T2 Muller 2 1 (09 FHRS DU b B 4 Jm i Yo R H Tl
HABFRIE A 5t b 5 SR 0 15 Ged T o H R A,

C,
Igeo = log, FBZ

K, CAEFEAR PM, P ESJRITE @ B9 & & (mg-kg™') ;B AICEK @ BUMIRAL A 5ol , A3 BRH]
BT BT B TR = (V. Cr Mn Co Ni,Cu.Zn,Cd . Pb As fil Hg 435} 92.13.60.74 .269.32
12.17,20.96 20.10,64.37 ,0.11 29.64 \11.12,0.10 mg-kg™" ) """ R IFMARiEN . 1, <O, TCi5 H;0<
1, <1550 1<, <2 P BETG Y 2<l, <3, PRETG Y 3<], <4 RET5 YL 4<], <5, FETGY;
1,.,>5, " H IG5
1.4 {gER XU M 7 ik
1.4.1 FEEH=

Z VAR AT R A B 7 ok fi i V5 e it A A= A A e f B 1Y 3 A R BTIRSE Y 11 Fh
4 R IC R A 1S AR BRI, R BRI R AR AR .

CxIR;,, XEFXED
ADD, =——————x10"°
e BWxAT
C xIR,, xEF x ED

BW X AT x PEF
ADD, :CXEFXEDXSLXSAXABSX
o BW x AT

107°
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P, ADD,, ADD,, ADD,,. 73 4 B RIS I AR B R4 Ak Y I 45 22 8% 0] it [ mg - (kg-d) ™' ]5C 5

PRI (mg-kg™) IR, AW EEE A (mg-d ™) IR, WIFIGE AR (m™d ™) EF AREHH (d-a™') ,ED
J R FE R A] (a) ,BW WA (kg) , AT N IR EE W], PEF B0k 2 HE B F (m> kg ™) ;SL R f%
JREEE BE[ mg+ (em™d) ™' ], SA KR EE KR (em?) , ABS A Rz TR 7.
A I A A4 1 500 RS, 285, PR I (S 330 3 e P % 3 748 119 B300 RS 2 8 1. Cd L Co . Cr
Ni As EA 08 R, LR A A AR R
C x EF IR,

LADD ) — % inhch X EDinh(',h + IRinhad X EDinh(‘had
" PEF x AT BWinhch BW

LADD,, o Ao PP A i 72 540 TEOR 0 H BT AL [ (kg d) ™5 TR TRy 5
4y JLHE RT3 (™ d™) 5 B, (ED, 00 5 S K JLREAR A BY B BEHSLER 1] ()  BW
BW,, 553 JL BRI B TE (ke )

TR0 R LR T B9 T 4 o AR R, 7 S 5 B M P T b OO B B T
O 212 AR S B4 B RO L 1

R1 EHEHAETESEMANGRERITESH

Table 1 Exposure parameters of heavy metals in road-dust

inhchad

)

REESH JLIE(0—18 %) WAFBYECIS 2L 1) WALHECI8 2L 1)
Exposure paramelers Children(0—18 years) Adult males( > 18 years) Adult females(>18 years)
IR,/ (mg-d™") 90 50 50

IR,/ (m*>d™") 10.8 17.7 14.5
EF/(d-a™!) 365 365 365

ED/a 6 24 24

BW/kg 32.2 66.1 57.8

AT ( carcinogenic)/d 74.8%365 72.4x365 77.4%365

AT (non-carcinogenic) /d EDx365 EDx365 EDx365
PEF/(m*kg™") 1.36x10° 1.36x10° 1.36x10°
SL/[mg- (em*d) '] 0.2 0.07 0.07
SA/(cm?) 1091 1700 1500

ABS 0.001 0.001 0.001

1.4.2 R XA
4R 0 R A AE SR XS (E HQ, FNEUE T & A& A Bui XS ILCR AR 2051 4 .

HQ, = 2 2 HQ, = i 2 ADD, /RID,
ILCR, = 2 ILCR, = 2 LADD, x SF,
X HQ, WE AR | TCRAE j iR 28 WAEBURE XA, ILCR, W 428 | TR A B0 KIS ; RID, b 4>
J& i TR j IR RENSHE [ mg- (kg-d) ™ ],SF, WEEJE i TR MBRERE RE (kg-d)-mg™ ].24
HOQ, <1 I, JE300 fe 5 UG 5 /Nl 7] LA 200 5 HQ > 1 IF, 77 7E 3R B0 KUK ILCR, 2878 A TEIRIE & 4= 1

SR, 25 ILCR, < 107, S0 KUK 7T 2200 5 25 ILCR, £ 107°—107* Z [8], 0T TA b A — 52 1 308 KU 5 24
ILCR > 107 i, A7 7R i B BOR XU 4% 2 SR LR IS 54 (RID ) BV 32 5 R KL (SF) W3k 2.

2 5 R 51718 (Results and discussion)

2.1 BETHTIERA PM, P4 R E
Kl 2 AEE BB PM, T E &R IR S & 53 46.Mn  Zn ,Cr .Cu ,Pb V As Ni Co,Cd Fl Hg 9
SERYE AT 1014 208.17 106.47 (102.40 62.12 .39.59 28.93 24.07 .7.86 .0.58 .0.53 mg-kg1 R Ailp s
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FEH RIS S 8 3.76 .3.23 .1.75.5.09 2.10 ,0.43 2.60 .1.15 .0.65 ,5.26 F1 5.28 1, i WA Fg 5 11 18
AP ZHELSIRETROCZE AN S — 2 BN 48 EA P, 11 RSB TR &
(mg-kg™) ZFNIHER : AT (1973) > = JH PU i (1750) > HUAR KGE (1741) > I3 B% (1715) >/\— Ki#
(1556) >ZEAEBE(1531) >3 e (1422) > E R RIE (1367 ) > FHIRIE (1335) HER F YT 18 F1 S HERY 4
J& G T Tl XA RE 5 3 T 18 0 PRSI T8 R AT O, AT F T 32 0 I R o 2R R 5 T Tl X
FRFIEE | =)0 PG ) 1oty sl PN 424 2B 8 T e 38 A v Y E S T A

R2 HEE AR E SR IEA MR - S

Table 2 Dose-response parameters of heavy metals in road dust'>?

JLE Element R, /[ mg- (kg-d) "] RiD;,/[mg-(kg-d) '] RiDy,,,/[mg- (kg-d)™'] SF/[ (kg+d)-mg™']
cd 1.0x1073 1.0x1073 1.0x107° 6.30
Co 2.00x1072 5.71x107° 1.60x1072 9.80
Cr 3.00x107* 2.86x107° 6.00x107° 42.0
Ni 2.00x1072 2.06%1072 5.40x1073 0:84
As 3.00x107* 3.01x107* 1.23x107 15.1
Hg 3.00x107* 8.57x1073 2.10x107° —
Mn 4.60x1072 1.43x107° 1.84x107 —
Zn 0.30 0.30 0.06 —
Pb 3.50x107* 3.52x107° 5.25%x107 —
Cu 4.00x1072 4.02x1072 1.20x1072 —
N 7.0x1073 7.0x1073 7.0x107° —

Cr.Cu F Co % 3 PICRAEARLE B4 PM, A& BAEEA Wi sh il 42 28 5 2 800510 0.60
0.62 #10.57, J& T AR 32 iR IC R AR =)k P02 0F B AN 5 45 G 2 PM, P 9 & et i T
M B, PRX 3 FhOCER 53 6 30 RN Tolk e sk > A k.

1200 <C
u
. r [ ] 250 <
g lo00fm ® _ o w " °® . . o P
= -
bl 200 |-
S< 800t = Mn i
5 E & Cr
gE 150 |- <
gTE 600 k- A 7n |
8 g r L .
£ a00f 100F o < <
3 <
L r e o Q
‘ A A [ ] <4
200 - . A O . o
_‘ A A A . . o L e
0 o ¢ L . X
60 , 1.0
| ®As *V & Co VNI ® Hg
2 S0 * * . osh i »Cd
8 .
cho * * » > ® )
&40 » * > »
2 & * v . 0.6 >
S E
=3 30f ¥ e b
£3 * e * . Y > ¢
E’T:) 20 v 041 ° L4
S E yk
é I PY v * v L ’
vy
ok . . 02}
L o & 4 @ * . L
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Fig.2 Concentrations of heavy metals in PM, 5 fraction of road dust in Nanchang City

22 3 NN TR] 3 T T8 A P B 4 8 A0 & R LA N AR RT T B B T A9 GE B4R M SR T
T As S TAL A WM Novi Sad , fR T [ &tk He &t TALEA [, V SR T4 Cr
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S TALEUR Novi Sad Il T V6% 49 v [E F ik Al Thessaloniki ; Co 75 8 T Novi Sad , ik 74 % Al
FAGNi F&=F Novi Sad, T HAE T ( B TREIE) ; Cu &m & TIL A PEZL Al Novi Sad , I T HiAth
BT 3 Zn S TACSURPE2E % T HABIL T (Novi Sad TEE#E) s Pb & TAL 5T K T HAtb bk 7 ; Cd
Frit s LA Novi Sad (KT AbS T (P92 T8 ) ; UL, 7 B T B2 PM, s P &R &
TR HE A T AR X AR

3 ENSMIRIHT I8 A S 5 U (mg kg ™)

Table 3 Comparison of heavy metals concentrations in road dusts between different cities( mg-kg™")

T ER
— =) 2 [28] S [29] Y1307 72[31] ety [32] o [33-34]
Eljfim Narfz;ng j]I;fiz'ing fijin iﬁghai EinC’an iéiji H(:)%ngKong, Novi Sad!*! Thessalonili'*e
China
Mn 1014 520.88 630 — 337.6 804.2 504 — 295.89
As 28.93 4.52 — 9.4 — — 66.8 492 —
Hg 0.53 0.11 — 0.29 — — — N —
v 39.59 — — — 57.1 — — — —
Cr 106.47 88 — — 177.5 126.7 124 36.1 149.7
Co 7.86 — — — 9.8 15.9 — 6.01 —
Ni 24.07 27.14 82 — 29.3 48.8 28.6 21 133.45
Cu 102.40 57.92 626 132.1 46.6 1232 110 50.1 482.92
Zn 208.17 206.08 811 4735 169.2 715.1 3840 — 818.92
Pb 62.12 50.28 131 105.6 97.4 408.4 120 66.5 182.92
cd 0.58 0.47 2.4 0.46 - 5.5 3.77 0.47 1.24

2.2 mETERLE PM, P E S BTG
[l 3 S pE B T IE R R PM, o 48 TR BARREL 1, AR R OTR I 1, R B MK R

Cd(1.76)> Hg(1.70) > Cu(1.54) > MA(1.33)> Zn(1.03) > As(0.75) > Pb(0.44) > Cr(-0.01)> Ni
(=0.47)> Co(-1.39)> V(-1.86).H: CdHg.Cu Mn Fl Zn &b T EEV5 Y% As F1 Pb J& TR RE V5
Cr Ni Co 1 V J& TICT5 Y Hg FE AT F4(2.33) | = PU % (2.53) FISER K (2.27) \Cu TEZHF I (3.03)
FIBLARKIA (2.30) LA Cd 4E =5 P36 (2.20) AR KIE (2.14) FE R RIE (2.11) 19 1, it 2, 4b T
TG YK i ) 0 R 42k PM, T 4 JE U R TS YL RRAE OB ST 45 AT L, AR ST A
i) Cd Cu .Zn Ni Ry ZRPEEL 1, B AR T KT (Cd:4—5,Cu:3—4,Zn Pb:2—3,Ni; 0—1) ,iX [

B X S T Ak AR I AT . UL, F B T IE A PM, 4 B TS YRR R R A e 40T
# (BR Mn %)ﬁﬁ%ﬁﬂ@él‘ﬂ%%

3F

8]

+%E§

| ﬁ

3L ! [ |
Mn As H;, V Cr Co N1 Cu Zn Pb Cd

/ geo

f=}

B3 AR PM, 4R T % R

Fig.3 Geoaccumulation index (1,,,) of heavy metals in PM, 5 fraction of road dust in Nanchang City
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2.3 F BT PM, o 48 (R XU PR
2.3.1 mETTIARA PM, P48 R 5

AT PM, W E S E AR RS EE N H Y RER R 4. TIES0E 28,3 FRF R E
AR L H YRR i i, HorP Mn 19 H 342 82 5 5%, ADD, , (ADD,, Fl1 ADD,,, 737l 2.83 %
107" mg- (kg-d) " 2.50x1077 mg- (kg-d) il 6.87x107 mg- (kg-d) ™' A ARE, #ICH 10 H 555 0t
BRI Ny 2 DB > B IR Al SIF IR A, 28 AR B I R R 3 FhERZ A1 99.7% U 1. i T Bk
TEOCANTR] , AT 55 P p PP e A 33 A8 1Y) H 34 5 6 i LU BSGAT 2o P PR W a7 T 448 11 B8 B R B R A2l 1 I 349 2%
5 1 LU AR 2 PR B AIR.

XTS5 MEUEITCE As Cr Co Ni 1 Cd, MR AR A 24 H Y R EE R B i i iR Cr, 2051 R 8.63x
107 mg- (kg-d) ' (JLEE) .9.12x107° mg- (kg-d) ' ( AR F ) A1 8.12x10™° mg- (kg-d) ' (UAF Lotk 4%
TCFR XS BUAFE T3 R %) H ) 7 6 YW s T LB AL AR Lok
2.3.2 FETTIE A PM, b i 4 R fd R XU PE A

Kl 4 S B TIE A PM, T E 4 s AR B0 fa e XU 1H HQ Ui XU ILCR 1945 11 Fhoc & X)
JUEE A 2o M AR 53 P i A S0 KU B2 A 435102 0.58 ,0.19 F1°0.17, /5T 1.0, BEWA R & 718 %
P2k PM, st LR H 4w T 26 AR IR E B0 g B XU T Z20%. 11 FhoT R, As  CegMn 23 30 KU 1)
FETTERE (=B Z AR TTER 5 80% LA L) s Horb As AU TTHRR 70 51 0 46.9% (L) 44.1% (WA S
PE) F145.0% (AR LoPE) |, Cr (9 BTHk 2843 K 19.4% (18.5% F1 18.6%, Mn (1) 5Tk 28 43 5K 14.3% |
19.0% 1 17.8%.3 PR g2, 11 Fpoc X)L i 3E S50 KBS R MR IR - 28 U > B2 R fi > I
WA TR SN A« 68 TR S W A > B k422 file, ¢ BH 28 11 4 s Al 3R 380 KU 1) R 2L 42
ST 4 DB R, As 19 HQ,, Jie s, L BRAEISE R LAE 2 P 43 5l 2 2.70%x 1071 7.29%
1072711 8.34x107 , HikJ& Cr Mn . Pb Cu .V Hg Ni Zn/Cd . Coy#t M As &2 457 A= A 8o KU iY &
BLILE (5T 50.2% ) IR AR AR T, HQ, = UG 3 & Mn (JLEE . 1.75%107, B4R 1 . 1.40%
1077, AR LM 1.31x107%) | 5 11 Fhoc R HQ, , ZA11993.1%. 5 k3% 4e s, Ce 'V A1 Mn 19 HQ,, 1A
Z A5 11 #oCE HQ,,,, Z FIHY 86.4%.

5 FhEURE TR T XU B 52 e, HoRIRAs. S FhoT R NI A2 %0 AR 95 M | L 38 AU AR <otk
B UL R4 50 4.29% 1077 4.06%1077 1 3.82x 1077, #45/F 1070, BB R & il 2 PM, i |
R TCE A TC U AR

B 4x107
13x107

12x107

Non-careinogenic risk values/HQ
Careinogenic risk values/ILCR

A "rA ]
7\ 11x107

HQiug HQiuh HQdenu HQiug HQiul\ HQdenn HQing HQill.ll HQdem\ Mé 3 73 ﬁiﬂ)

2 RS K&

JLiit A S ALt =g Rz ¥5
Children Adult males Adult females

B4 mETIEKE PM, b S Jm XU
Fig.4 Health risk of heavy metals in PM, ; fraction of road dust in Nanchang City
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3 %5 ( Conclusion)

(1) ETHIERAE PM, P EEEITER V A Co & BT B T L3 58, KooK mF
BE R BT HHOTRIE BEM 1.15—5.28 £%.Cr .Cu 1 Co Y& 1E A [F) TH [ A4 i 3 70 BBl ek 44
AR i L E AP A R AR

(2) M BFE RS SRR B BT 2k PM, " Cd \Hg .Cu Mn F1 Zn &b TR P ET59%, As F1 Pb &
TR Y, Cr Ni Co Ml V & T 4. 4 i 15 P i AR R ZHOC R AAAE W 28 (] 25 5.

(3) B TTIA ES A PM, P 11 A48 e R RS0 KBS A 5 ot R 09 80 KU (E Y A ol nT
2K A Cr L As SRR AU (1) 222 DTlkon 28, T DA AL
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