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Health Risk Assessment of Heavy Metals in Atmospheric Dust of Qingdao City
ZHANG Chun-rong' ,WU Zheng-long” , YAO Chun-hui’,GAO Zong-jun'

(1. Shandong Provincial Key Laboratory of Depositional Mineralization & Sedimentary Minerals, Shandong University of Science and
Technology, Qingdao 266590, China; 2. Department of Student Affairs, Shandong University of Science and Technology, Qingdao
266590, China; 3. The Fifth Prospecting Team of Shandong Provincial Bureau of Coal Geology, Taian 271000, China)

Abstract: Based on the 89 atmospheric dust samples and soil samples that were collected around Qingdao, we tested and analyzed the
contents of Cd, Cr, Cu, Hg, Ni, Pb, Zn. Based on these analysis results, the risk of heavy metals in atmospheric dusts to human
health were assessed by using the US EPA Health Risk Assessment Model. Analysis showed that the average contents of Cd, Cr, Cu,
Hg, Pb, Zn in the atmospheric dust of Shinan, Shibei and Laoshan districts were the highest. Therefore, the air pollution of these
districts was more serious than the districts of Licang, Chengyang and Huangdao. Comparing the average contents of heavy metals in
atmospheric dust with those in soil, we found that only the content of Hg in atmospheric dust collected from the districts of Shinan,
Shibei and Laoshan was lower than that in the corresponding soil. All the contents of other heavy metals in atmospheric dust were higher
than those in corresponding soil. As a whole, the heavy metals in atmospheric dust of Qingdao City showed slight difference and were
less harmful to human health. However, it was harmful in some samples to human health if the contents of Cr and Pb in atmospheric
dusts of Shinan, Laoshan and Chengyang districts were always kept at such high densities. Besides, the accumulation of heavy metals
in atmospheric dust through various approaches and categories may obviously increase the risk of damaging human health.

Key words : atmospheric dust; heavy metal; health; risk; assessment; Qingdao City
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Fig. 1 Scatter diagram of samples in the area of Qingdao City
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2.1 RAFFEAESERHE

AR B T R AR | e A 2 A 45
T AR | W /RIETT B BFST G L1758
M SR ES RSN R (F ).

MRAER 1 FTLUE i, g 7 b s i DCOR U 2R
Cd, Cr, Cu, Hg. Ni, Pb Hl Zn Y EH N 0.361 ~
7.079, 77.7 ~ 1684.6. 52.4 ~ 608.7. 0.04 ~
0.655,23.9 ~96.7. 109. 6 ~2 223, 334.4 ~ 18 900
mg-kg ™' EIME 1,744 243.6, 166.1., 0.214 .
46.8 ., 328.2 F12975.8 mg-kg . BREBCH Zn >
Pb > Cr>Cd > Hg > Cu > Ni, HoH' Ni i85 3 R A
IR 29%; HEBRBSBTRERMNESREH KT
50% I 25 Sr AR AR R AN A). SAHN e 4R
s, KRR E SR P& R He 0T 1%
EAh, e m T 58E, UHZE Cd, Cr, Cu, Pb,
Zn, FEHIRME S 5L WTREZ B A I ZE 1B
M. — Uk Cd FZORIE T1b A BB BE . R
Bro LT BUBE . EDYe . BrERESENY, Cu HEOR
TR ARy R Cr Bl 12 I T 1 R
B IREFA | W R SR S5, Ph SR AW 15 i T
PepyprltEocE® ™, Zn EEOR A T E AT AR
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YRR BB Ml R A Tk T3 4 A G
ZEU IR BH X RS2k Cd ., Cr. Cu, Hg. Ni, Pb
Hl Zn (54 0. 364 ~3.319, 70.2 ~356.9 . 35.6
~212.4.0.04 ~0.786, 18.2 ~101.7, 68.6 ~1 284
Ml 226.3 ~ 17050 mg-kg™', F ¥ {H K 1.284,
149.2, 91.1, 0.169, 43.6, 204.9 FI 1687.6
" AR ZECN Zn >Pb > Hg>Cd >Ni > Cr >
Cu, HH Cu, Cr, Ni (WS REUNT 50% , HEE
GIRITTRMN LR R KT 50% , 2 3 A dEw A
¥y AN RS E SR, KRR SR
PEY S T R A, JUHJE Ph, Zn, 75 T35
B 5 A5V AT RESZ B A R R AW sz, 5 4%
VR PH DX B2 W Ml A8 T Bl s YA G
WX KA Cd, Cr, Cu, Hg, Ni, Pb Hl Zn
IR R 0.396 ~ 1,766, 44.8 ~ 888, 56.8 ~ 1208,
0.031 ~0.97,25.2 ~257.4, 84.3 ~443.5 F1317.8 ~
21710 mg-kg™', P {H M 0.908, 144.4 164.8,
0.181,61.5, 165.2 12 069. Smg-kg~'. ZL5F REH

mg-kg~

Zn >Cu >Hg = Cr >Ni >Pb > Cd, HH Cd 1972857 R %L
TNk 371% , HEHEERITENAER R KT
50% W2 A AR A 4] SHY HIEES R S
L, RABEATE 4@ 1 P2 o ik ¥y T R, U
J&Cd, Cu, Pb, Zn, 75 TIEMER 5 5L L, Al g5z 2]
Nk R 1 B 8 S, 55 I DX 57 Al 2 3 1 )
TSYHLAAL T | AR AE Tl 15 YA 6.

T T X KA T 4 S P i R T ks
I IXER Ni A Ry fvmr; 2R IRBHIX Y Cd, Cr, Pb
3, Cu, Hg, Ni, Zn fefi%; 85X Ni i, Cu,
Hg. Zn %, Cd, Cr, Pb A, BB TR AL
U 111 X5 G

HHTX KRR ES S A ST, A
FIET ARG RETT A LG, Jrf Cr, Zn ¥ 55, He
Bk, e E A E T R W EA — &2 5.
LU i T A AT NG s fd R e i o]
T A 2RV PH X AN B X5 A R A
B HEHTHFSTX SN, AREGR
T SS RAENT () L AF e 25 5, Xt H e R4k
VI B T R AR A TS YL R L.
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Table 1  Statistics of heavy metals
Hh X WH Eistuy cd Cr Cu Hg Ni Pb Zn
e/ ME/mg kg ™! 0.361 77.7 52.4 0.04 23.9 109.6 334.4
R AT/ mg-kg ™! 7.079 1684.6  608.7 0.655  96.7 2223 18 900
" - kg~! 1.744  243.6  166.1 0.214  46.8 328.2  2975.8
WML (34) Ak /meke
Prife 22 1.29 283.43  99.64  0.13 13.73  396.58 4619.65
5 5 R A % 74 116 60 62 29 121 155
+3/mg kg ™! 0.217  49.5 3211 0.493  18.1 66.0 117.9
e/ ME/mg kg ™! 0.364  70.2 35.6 0.04 18.2 68.6 226.3
A AT/ mg kg ™! 3.319  356.9  212.4 0.78 101.7 1284 17 050
, -4 kg! 1.284  149.2 91.1 0.169  43.6  204.9 1687.6
T BRI (28) Pt 2 L
Prife 22 0.74 54.47  33.10  0.14 18.50  223.42  3355.65
AR5 ZE % 58 37 36 84 42 109 199
- 48/mg kg~ 0.267 53.8 25.9 0.069  20.7 40.3 95.9
e/ ME/mg kg ™! 0.396  44.8 56.8 0.031  25.2 84.3 317.8
A A/ mg kg ™! 1.766 888 1208 0.97 257.4  443.5 21710
T (27) Sy TP/ mgekg ™! 0.908  144.4  164.8 0.181  61.5 165.2  2069.5
Pt i 22 0.33 151.58  214.00 0.19 51.05 86.94 4325.81
AR ZE % 37 105 130 105 83 53 209
- 48/mg kg~ 0.124  40.0 17.5 0.054  18.2 28.8 68.5
e SRR /mgkg™! 5.8 95.8 121 0.57 51.7 331 798
AFERDY KA /mg-kg™! 4.36 96 74.9 0.346  30.6 140 1020
MR L) KEWE D /mg-kg™" 1.46 87.13  104.9 0.25 27 117.15  370.77

2.2 RAREA TGN AR G XU
2.2.1 KRB HESEZEEA S S5
KA W TS RARAE 10 wm LA | A] DLEE

H VR A SR v ) i i) R SUBURL Y (H 7
2310 wm BUR B4R RE TR | PRLE AR 2R
MRS HIT i 2 i (PN L TR 7 RN ) A Y e
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F- D BB | BRI A FNE I SE 3 R AR gt A
N AR 56 ) EPA AR 22 8 XU PPAN 5 i, Hofed
RS TR (1) ~ (3) Bim 2.

ZT-H ke HF Y 285 i (ADD,,)

CF x EF
ADD, = &X LI Xl
"8 AT
(IngRohild X ED 0 IngR,, % EDaduh) (1)
BW(:hild Bwadu](
NP RS H ) 25 5 (ADD,, )
¢ x EF
ADDi = pp x AT X
(Inthhild X ED 5, InhR,,, X EDaduh) (2)
chhild BWaduh

22 K A Ak H F- B #E B (ADD,,,,,)

_chFxSLxABSxEFX
- AT

SA, X ED,,, SA,, x ED
( Chl]l;WChild child aduBhwadUh adult\J (3)

LR AR 1 U 2 7% 6 [ EPA - 48 2 XL
B PEAN i . TR E 7 MR BT AN 45w LA K [ N A
KWFFE. 2 e SRR AT 4R VR B B
fiAmg-kg™'; IngR K& F-HHEA M KA FE LM
R AR JLEBUE A 200 mg-d ', BUE N
100 mg-d™"?'; CF Ry 5% #e R 50, UM 1 x
10™° kg-mg ™' %), EF B 5K 5 BCA 365
d-a™'; ED ZEFER e AR AR 71 a2,
Hr LE A 18 a, AR 53 a; BW -3k
/DA LEIUAE FY(E 32 kg, B -1
1B 59 kg™ 5 AT F-349 5% 55 Bt i) oAy {8 2 A 014 A o 30
71 a L) 365 d-a~'"*); InhR AIEIAR  DAE L
HECFHME N 8. 61 m*-d ™" A BCEYIE N 13.77
m®-d "' PEF R AR AR AR R BRI 1. 36

A DD derm

x10° m® kg ™', SA B R k2 AL, BUR [
T TR RE T AR Y (E, Horh AR JLE BN 0. 713
m”, B AHUN 2,344 m?'P); SL o Bz bk Bh 35
2000 mg- (m®-d) "2, ABS Sy Rz Bl A EC K
0.001">7,
2.2.2  KAEATE S JE T AR B fi B XU R AiE
KAWL ESE Cd, Cr, Cu, Hg, Ni, Pb, Zn
AR AR R KBS HQ FIR A& . A IRl Fh
FRI KA TE 4R BB A A5 XS 15307
2,0 (4) ~ (6).

ADD., .

Qi,j = RfD.l‘.] (4)
HI, = > HQ,, (5)
HI, = > HI, (6)

X, HQ,  hyj AR A B ITER i X A fid e XL
W3 ADD, b j AR E AR TR @ 9 H X5 EE
I, mg- (kg+d) 7' RID, K j BN E SR
JUE i W H RS RE, BN
mg- (kg-d) =, FoRBEE KA kg NRBEIH E 48 T
EARSHIRNR B 75 YY) oK =5 HI R
RAREART SR @ pof@RHER:  HI, KRR E S
J& BRI R XS, 24 HQ , HI /NT4ET 1.0 B,
AR A2 T 4 S %o AR 174 fi e XU i 75 5 /N
WA SAAE, 2 HQ, HI KT 1.0 B, A RS
A JRA T RERT AR R fEE

K29 TARBRREBEREHRIELES)R
Cd. Cr. Cu, Hg. Ni. Pb. Zn %F A i 4 B XU 2
5 RID iz AR (4) ~ (6) HHEF BT XA
T TR IBAR I KA A2 H 4 T Xk A AR I g BRE XU HQ
FERRE XS HI, {553 3, % 4.

®2 FEZBEENELESENE pg-(kgd) ™!
Table 2 Average daily doses for each heavy metal and exposure pathway/ug- (kg-d) ~!

WH cd Cr Cu Hg Ni Pb Zn
RID,,, 1.00 3.000 0 40.0 0. 300 20. 00 3.500 300
RID,,, 1.00 0.028 6 40.2 0.015 20. 60 3.520 300
RD,,,, 0.01 0. 060 0 12.0 0. 086 5.40 0.525 60

AR 3 AT LA 3 51 R FR AR I RS
4 )8 Cd, Cr, Cu, Hg, Ni, Pb, Zn XF A &M
SR AU (- Y 25 SRR Y B B /N T 1, Ui B 3
TRKF T B K AR R R RS L T 4w X A
ARG F BN (TR XA 1 DRl Cr & -1,
S IRIEARFATIRG | W70 IRPH XA 1 53 Pb 280K
JoR a8 A% X AR A A o XU HI R 1, BT e X
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Table 3 Characteristics table for the HQ of heavy metals in the atmospheric dustfall to human health under
various exposure approaches in the area of Qingdao City
b7 WiH cd Cr Cu Hg Ni Pb Zn
/M 0. 00 0.04 0. 00 0. 00 0. 00 0. 06 0. 00
F-0 KM 0.02 1. 60 0.09 0.01 0.04 1.81 0.21
-2 0. 00 0.17 0.01 0. 00 0. 00 0.20 0.02
/A 0.00 0.00 0.00 0.00 0.00 0. 00 0.00
1% PN 0.00 0.01 0. 00 0. 00 0. 00 0. 00 0. 00
204 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
H/ME 0.00 0.05 0. 00 0.00 0.00 0. 00 0. 00
Bz okl 0.05 1.99 0.01 0. 00 0. 00 0.30 0.03
204 0.01 0.22 0. 00 0. 00 0. 00 0.03 0. 00

Table 4  Characteristics table for the

F4 FRTRXSREESEMANMERENXE

HI of heavy metals for each heavy metal in the atmospheric dustfall to human health in the area of Qingdao City

i H cd Cr Cu Hg Ni Pb Zn A
/ME 0. 00 0.10 0. 00 0. 00 0. 00 0.07 0. 00 0.20
SN 0.07 3. 60 0.09 0.01 0.04 2.11 0.23 3.96
EHE 0.01 0.39 0.01 0. 00 0.01 0.23 0.02 0.67
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3 g

(1) #4755 i X R AR 2 1 4 )@ 19 R 1E 4y
B, Al AR T p T b gs i X 2Ry P X, 85
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