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Concentrations, Sources, -and Health Risks of PM2 5 Carrler Metals ln the

Beijing Urban Area and Suburbs * e f o ¥

ZHOU An- ql LIU Jian-wei' , ZHOU Xu ;/BI S,qul ZHANG Bo- ha‘n , GAO Yue CAO Hong- bm
(1. Faculty of Geographlcal Science, Beijing Normal Unlver51ty, Beijing 100875, Chlna 2. College Of Resources and Env1r0nment'
Henan Agriculttiral Uan(‘I‘blty, Zhengzhou 450()46 China)# ’ f‘ ‘ ol

Abstract ; To explore the differences in pollptlon chargctenstlcs sources, and health risks of PM, § carrier metals in urbarlll-‘ and
%ubul&ban areas in Bl“l_]lng, daily PM, ; samples wgre ('olle(’ted from Haidian and Daxing from Juné to November 2017 and the
coricentration of PM, ¢ and/13 constituent metdla were dnalyZed “The sources of these 13 metal elements were analyzed by positive
matrix factorization (BMF) , and the health fazards of a@EBEe: of 9 metals were evaluated using health risk assessment. The results
showed that the concentrations of PM, 5 and 10 metal concentrations in the urban area including Cr, Co, Mn, and Ni were significantly
different'from those in suburban areas (P <0.05). The source analysis results show four key sources, although their relative
contributions vary slightly between urban and rural areas. In urban areas, the main sources are motor vehicles (51.2% ), coal burning
(19.1% ), dust (19.3% ), and fuel oil (10.4% ) ; in the suburbs, sources are motor vehicles (47.9% ), coal burning (22.6% ),
dust (20.2% ), and electroplating (9.3% ). The results of the health risk assessment showed that all metal HQ values in the suburbs
were less than 1, and there was no non-carcinogenic risk. Ni and Pb in urban areas, and Cd, Co, Ni, and Pb in suburban areas, do
not present a cancer risk, while the R values of As (2.77 x107°), Cd (2x107%), Co (1.76 x107°) , and Cr( VI) (7.88 x107°%)
in urban areas and As (8.34 x107%) and Cr( VI) (4.94 x107°) in suburban areas present some risk of cancer.

Key words:PM, ; metal elements; source apportionment; health risk assessment; difference between urban and suburban
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Fig. 1 Location of the sampling sites
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Table 1  Instrument detection limits, blank values of QFF, and determination values of the standard material of 13 metals
IR U " iy g g e B b (B
SREE ol = ) P PRI B AT )
/s pgem nets Jugeg!
As 0.03 +0. 020 0. 003 35.89 33.5+5.2
Ba 0.87 +0. 032 0. 000 2 571 590 +50
Ca 264.71 £3.57 0. 000 2 12 100.9 12286 £571
Cd nd 0. 000 2 4.26 4.3+0.6
Co 0.017 £0.004 5 0. 001 12.8 14.2£1.5
Cr 0.47 +0. 081 0. 001 59.1 62 +6
Cu 0.07 £0.011 0. 001 20.7 21 +2
Fe 7.47 £0. 50 0. 001 35709. 8 36330 £910
Mn 0.31 +£0.010 0. 000 2 1 654 1760 +98
Ni 0.32 +0.008 8 0. 001 19.6 20.4 +2.7
Pb 0. 089 +0. 008 3 0. 003 102 98 +8
\Y 0.011 +0. 0035 0. 002 83 86 +6
Zn 0.56 £0.29 0. 001 667 680 +39
1) UBRREES PHEEI & T 7 A2 B nd FRoRARALH
A SCR I 26 [ R R AR 4 % (USEPA ) #EF7H0 IRIS RIS H Uk (RfC)%ﬂﬁumf“(IUR)-ﬁy\jﬂJ

PMFS. 0 4% PM, & J@ EA T IR AR 1 397d 1)
13 Fofr 4 g v 3 5040 R R o S 0 22 MRAE 4 S A PMIF
BAY, o *E}E%%“Ha{ﬁuzﬁjalo%“z R
2B IXA Y Ni 75%%75 20 /\ﬁénu{ﬁﬁ?#tﬂ 38 %g%x
& bad” . & LX##?E’J V,IRIX Co, GF éarﬂ{ﬁf’*ﬂ;ﬁ
o (SYN) 7 :,FO 5 jﬁﬁ”’fﬁﬂ 'ﬁffinn%ﬁﬁ}?ﬂﬁaé%%‘é&
(PN F 0.3 uﬁjy weak”. ¥ 13 ﬁ:/\)%'?ﬁ?%%
J#Zﬁﬂmﬁﬁ i ﬁri(total variable ) % 3 ~7 /\-
?J%%&ﬁfﬁ 200 W ELRLETT XT%I??{SLT =
PSSR AT iV A 290 L R is AT i 7R
2 Ko DISP o6 B2 J | R4 AN R T 4 Pl %
WA B T HE R 48 B0E i bm 359, 45 6 R AR
Sl i SRR HERCER S B T 4 Ao AR
1.5 fEFRERES TN 7k

A SC R RS A 2 RS PM,, il 42 )8 LA
WP aA A i A AR Xof A AR B = A R i), AR SC A
EFSUR) eSS R R RSN M SN i N |
I X SRR X — e NFE. 25 SR REPE S 80 AT SR
51 %F As. Ba, Cd, Co, Cr( VI) . Mn, Ni il V #kf7dE
s fd BRE % LAY il B XU I, As. Cd. Co,
Cr( VI) | Pb Fll Ni 47 8508 R00 1) 5 AU TTAN

Z2% 55 (RID) SEUERIH (SF) EFEYRT AR
FEAEAR R fe T L R SR, A VT AT SE
5%, S I 45, 4 IR — 2 AR 2 &R
BUEAC R A NS850, 0 {8 3 XU DAk
R RN ZRER AT, AAEIF AT 4 D A
RS R REUE AR (H TS
ANEEFRANG] , XF AR 7= A 5 8500 () AL ) A 22 1R
K, BT A5 1 KURS 23 AH 22 JL A B0 9. B iR H

fﬂ?fﬂFﬁﬁ&ﬁﬁ@%ﬂLﬂ:%* ﬁﬂﬁ/l\é%@l
L%ZEEE{nuﬁf]ﬁ%ﬁﬁtqj i lkT}\%E%?ﬂE
S5 1 *Htt?@wkg/\ﬁﬁ%ff %)J{ZU\JLJIEEHUETL
[T R70i 1 p

AR OS [EPA e 95 B0 16 % o
quotient , HQ)fﬂﬁF;nﬁA(cancer risk CR)ﬂ:ﬁT‘{@)ﬁ
AU« r

HE SO IR

ADC = C x EF x ED/AT (1)
HQ, = ADC/RIC (2)

HI = > HQ, (3)

AH,ADC W H BB, ng-m ™, C NEJE %

RS ngem 7 AR SCHCOE MR 1Y 95% A5 X 1]
FBRIE (95% UCL) , 1E A e KA B2 55 it AH 0 DR ST
MG T AREMEE XU ; ED b %2 52 43 22 i i), B
30; EZSEUHEA TR EARERBESETM AT
Jy R ], ED x 365; EF N %% %bﬁ‘@ HUE H
350; RIC W& RITEE S HWE ng-m; HQ Jy i
— & @ (AR B0 (AU, 24 HQ <1 B, R TGk
FORE AR XU 3 HQ > 1 B SRR AA7E AR B0 XK. HI
8 P4 (i =8) MRS KU LA

B0 (A FREXURS -
LADC = C x EF x ED/LT (4)
R, = LADC x IUR (5)
CR = >R, (6)
A LADC W4 A H R F W E, ng-m ™ ; ED It

fl70; LT WA RFEMTE, ED x365; IUR A48
JCE IR BAA XU, (ng-m ™) ™'y R Fn—Fh 4
JEAT REABLAEREBUEMER, & R/NT
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10 7°, DUV S0 RS P 2200 7 R RF 10, WA R 3
R, R AT W35 22 18], 27 T0 B I 1 250 X
W CRCEMA SO filt B KRS ) A T B &8 (5 =
4) ) R .

Cr A =N RS PR BAEAE HZCr( V) JT
KatErber() &, 7 H USEPA K 3% E 3 55 K <
FRUES AR Cr (VD) 1 R br E BRAE A | BOXU RS 3T
Hreb L PM, e (VD) #EARAGHR AR Cr S
SCLAC( VD) e B2 7 Cr SR BE LB ] 1/6 AR Cr( VI

F B AL SR B TS 2
2 HREWE

2.1 PM, S H A0 4 8 1k BERRE

FE 2 AL, PM, U BERBIX Ry (25.5 +
7.21) ugem ™, BRIX H(63.5 £26.3)pg-m*; 9 Ff
4J®(Cd, Co, Cr, Pb, Mn, Ni, Fe, Cu FlZn) E¥k
JE SRR X R (30.4 £10.0) ngem 5 X K
(59.5 +66.4) ng-m .

®2 PM, REZHFEBRESIT/ng-m ™

Table 2 Descriptive statistics of PM, 5 and metals/ng-m ™~

3

P, _ RBIX (n=39) _ _ X (n=39) _ o
P + bR 95% UCL T PIH + bRife 95% UCL U
As 1.62£1.25 2.02 0.10 ~5.62 5.57 £3.52 6.71 0.39 ~12.9 6
Ba 8.98 +3.50 10. 1 4.67 ~20.8 8.38 +3.31 9.45 3.99 ~16.3 —
Ca 708 +268 795 247 ~ 1247 350 202 415 83.1~1026 —
cd 0.37 +0. 31 0.47 0.11 ~1.70 0.96 +0. 62 1. 16 0.21 ~3.27 5
Co 0.09 +0. 06 0.11 nd ~0.24 0.18 £0.08 0.20 nd~0.46 & * 4% I
Cr 2.70 £0.94 3.01 1.20 ~5. 14 3.27 £4.70 4.80 nd ~29. 6 70025,
Cu 5.30 £2.26 6.03 1.83~12.1 10.9 £4.29 1273 3.97 ~21.3 4
Fe 286 +85. 4 314 140 471 315 +110 1350 (182 ~641 YW an
Mn 10.5 +2.92 1.4 6.23 ~18.2 21.7+6.77 | 123.9 A ho6-385  #—
Ni 0.53 0. 60 0.73/ nd ~ 1. 95 1.12 £0.75 L36 0,27 ~3.67 | =
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Fig. 3 Mass contributions of sources of metals in suburban and urban sites
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Fig. 4 Non-cancer risk and-eancer risk of metals in suburban and urban sites
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