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Source and Health Risk Assessment of Heavy Metals in Ambient Air PM,, from

One Coking Plant

DONG Ting',LI Tian-xin' ,ZHAO Xiu-ge’, CAO Su-zhen’”, WANG Bei-bei’, MA Jin* ,DUAN Xiao-li’

(1. School of Civil and Environmental Engineering, University of Science and Technology Beijing, Beijing 100083, China; 2. State Key
Laboratory of Environmental Criteria and Risk Assessment, Chinese Research Academy of Environmental Sciences, Beijing 100012,
China; 3. Research Center for Eco-Environmental Sciences ,Chinese Academy of Sciences,Beijing 100085 , China)

Abstract: To investigate the sources and health risk of heavy metals in ambient air PM, from the coking plant, the PM,, in the air
around one coking plant was collected in June 2012. Then the heavy metals concentrations in PM,, were tested by the microwave-ICP-
MS method. Furthermore, the USEPA’s human exposure assessment model was applied to preliminarily evaluate the human health risks
of the heavy metals in air particulate matter. The results show that the concentrations of 10 kinds of heavy metals in PM; from the
coking plant vary significantly, ranging from 3.06 x 10 ~° mg-m > to 1.77 x 10 > mg-m >, of which the concentration of Cr is the
highest, while the concentration of Co is the lowest, and the concentration of the carcinogenic substances is higher than that of the non-
carcinogenic substances. The coking plant is identified to be the major source of the heavy metals in ambient air PM,;, and Ni is the
main polluting heavy metal. Moreover, the heavy risk assessment results reveal that the carcinogenic risks for adults are higher than
children, while the carcinogenic risks in industrial areas and school relatively large. The non-carcinogenic risks for children are the
highest in all the population, and the non-carcinogenic risks in residential area can not be ignored. Among the carcinogenic
substances, the potential carcinogenic risks of Cd, Cr and As are comparatively large, Ni and Co have certain potential risks.
Whereas, among the non-carcinogenic substances, the non-carcinogenic risks of Mn is great. Consequently, relevant departments
should pay close attention to this situation.
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Fig. 1 Distribution of sampling point
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Table 1  Exposure factors of human through inhalation pathway
WH WAER M BFELtE JLE( ~6 %) 3k
IR/m*-d~! 19.02 14.17 5 [17,23]
BW/kg 62.7 54. 4 15 [17,23]
EF/d-a~! 350 350 350 [17]
ED/a 30 30 6 [17]
AT (B ) /d 70 x365 70 x365 70 x 365 [13]
AT(IEEUE) /7d - 30 x365 30 x365 6 x365 [13,17]

AHFFE P EHCR) 10 FEE 43 8 U R AR RS
JerbAr BT T HOGTE BB 9 ) Joi, LS80 56k 5 4%
B(SF) M2 25015 (RID) il LU SR 2545 fa 16 BE 2K
Y PE (IRIS ) S5 A7 SR R AR AR, Wk 2.

R2 10HESEETRERENANGHFE-RESH

Table 2 Dose-response of 10 kinds of heavy metals that enter the body through the inhalation pathway
B cd Cr As Ni Co
SFL3:25-271 /[ g+ (kged) =] 7! 8.40 42.00 15.10 0. 84 9.80
E| 3 ¢E) Pb Zn Cu Mn v
RID[26-2:21 /g (kged) ! 3.50x10 73 3.00 x 10! 4.00 x 10 2 1.43x10°3 7.00 x10 73

2 HR5ITE

2.1 KRARELRERERE

REEIE R ARALTJH RS PM, P 10 R EE 4
JEICR WL 3 s,
M R3 T LU Y, WF 58 X BUORPM, P 42 )R
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Table 3  Concentration of heavy metals in PM, from a coking plant

A TCELK WePE Sl /mg - m 3 B B /mg - m 3 AR H#E (GB 3095-2012) /mg-m ~*
Cd 1.44 x107° ~1.51 x 1074 1.12x107* £3.49 x 10 > 5.00 x10°°
Cr 8.64 x10 % ~2.57 x10 2 1.77 x1072 £9.22 x10 73 2.50 x10 8
B As 2.74x107* ~1.03 x10 72 6.63x1077 £2.63 x10 3 6.00 x 10 ~°
Ni 2.52x107° ~3.62x10°* 2.85x107% £9.43 x10 3 —
Co 1.20 x10 7% ~1.89 x 10 ™* 3.06 x10 7> +£5.06 x 10 ~° —
Pb 4.59x107° ~6.56 x 104 2.67x107* +1.91 x10~* 5.00 x10~*
Zn 5.78 x10 * ~2.16 x 10 3 1.27 x10 73 +5.34 x 104 —
eS¢/ Cu 5.66 x10 75 ~1.68 x 10 73 1.14 x10 % +4.95 x 10 ~* —
Mn 1.54 x10 "% ~6.45 x10~* 3.37x107* £1.35x10* —
v 1.38 x10 7> ~1.46 x 10 ~* 6.35x107° +4.72 x10 > —
&it 2.03 %1073 ~4.20 x 10 72 2.78 x10 72 +1.34 x10 72 —

1) [EZHRME( GB 3095-2012) H BEUEL R PR TP SRR TT 3R A R E 2 Bk BE BRI, LA AP IIMEL, Cr AOELR: 0 TR RIARTE(E

J6 R O ) M B I AE 3.06 x 1070 ~ 1.77 x
1072 mgem > Z[0], PV BE = 2R Cr > As >
Zn>Cu>Mn>Ni >Pb >Cd >V > Co. EAAE,
T BT VR 2 v T AR BUR Y R B R Lk
W52 B Y5 Y AiE e . Horb Cd . Cr T As ™ HE
R, {H PRR U A AP 34 B D R i 2 T
RAPIEAI SN, B LAHEE A5 25 S s e i) & — A4~

IR A AL, B T X LR TR AR EBURY BT, X
NARFNEREE (9 6 3 2 3R, I 5 | AH T TR
AL
2.2 RARHSEEKRIE

KA P, P 4 S VR FE AR AR, SPSS #X
P AT AR SCAE 34 A 3 B3 43 A R AT R DR A AT, 45
RATF £ 4 AL 5 iR,

F4 RENTBBLXS PM,FESEBTEZ EMAXE

Table 4  Correlation of heavy metals in PM, from a coking plant

Cd Cr As Ni Co Pb Zn Cu Mn \'%
Cd 1. 000 0.685" 0.712" " 0.866 " * 0. 157 -0. 100 0.376 0. 553 0. 045 0. 004
Cr 1. 000 0.702 0.858" " 0.074 0. 366 0.695" 0. 664 * 0.264 0. 486
As 1. 000 0.873" " 0. 491 -0.013 0. 407 0.888 " * 0. 382 0.258
Ni 1. 000 0.244 0.128 0.639" 0.859 " * 0.215 0. 408
Co 1. 000 0. 058 0.079 0.424 0.778" * 0.028
Pb 1. 000 0. 538 0.034 0.580 " 0.783" "
7n 1. 000 0. 605 * 0. 326 0.805" "
Cu 1. 000 0. 306 0. 490
Mn 1. 000 0.412
A% 1. 000

1) # % FI/RLE P <0.01 KB M @A, * FIRTE P <0. 05 /KB - 5 E 45

*®5 AEELETEENI MERSPHEFHT
Table 5 Factor loading of different heavy metals

in the top three principal components

o e J& = 1 i

o FaS 1 FL52 F 53
Cd 0. 682 -0.568 -0.131
Cr 0. 867 -0.070 -0.290
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