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Source Apportionment and [Health; Risk Assessment .“‘(“)f " Metal IElements 1n z&mbiént
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(1. School of Energy and [Enyironment, Zhongyuan Uf{iversif;' of chhnolog'gf, Zhengzhou 450007, China; 2. Key Iabofatorya'?f Beijing on Regional Air Pollution (llontrq-l-;
College of Environmental and-Energy Engineering, Beijing University o Tec.hnology, Beijing 100124, Chifia; '3. Xinzheng Branch of Zhengzhou Ecological Enviroiment
Bufeéﬁ, Zhengzhou 4511005=China; 4. Henan Tianlang Eoﬁlogiéal Téchnology Co., Ltd., Zhengzhou 450100, China)

Abstr’:ﬂ:t; PNizl _samples were takéiat the environmental moniioring station _(_J.f_Zhe'ﬁggbeu city in December, 2019, after which the metal elements Ca, Fe, K, Mg, Sh, Na,
As, Cu, Pb, Zn, Vi;’Co, CGr, and Ni were analyzed. The'pollution degree ragd-sn'ﬁ-;ces of metal elements were analyzed using the geo-accumulation index and PMF model.
Additionaﬂy,,ihe health risk®of heavy metal elements was evaluated with the health risk assessment models of the US EPA. The composition test showed that the daily average
p(PM, ;)iwas 108 pg+m >, and p(Ca) was the highest among all metal elements (5.9 wg-m ). The geo-accumulation index showed that the pollution degree of Sh was
the highest, and Sh, As, and Cu caused heavily pollution. The PMF result showed that metallurgy, vehicles, solid waste incineration, and the mixed source of coal burning
and dust were the main contributing sources of metal elements. At different pollution levels, children were under higher non-carcinogenic risk, whereas adults were under
higher carcinogenic risk. The carcinogenic and non-carcinogenic risks of all metal elements were generally at an acceptable level, except the carcinogenic risk of As. The non-
carcinogenic risks of all sources were negligible with HQ values under 1, and their ranking was as follows: the mixed source of coal burning and dust > solid waste incineration
> metallurgy > vehicles. The ranking of ILCR values was; the mixed source of coal burning and dust > metallurgy > solid waste incineration > vehicles, among which the ILCR
of the mixed source of coal burning and dust exceeded the acceptable range.

Key words: Zhengzhou City; PM,  ; heavy metals; health risk; positive matrix factorization( PMF)
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mg- (kg-d) ~'; AR #E S B A Ml AL HU(E DL 3%
1 2 B R I IR HR— i A T 5 A (365
d-a™' x70 a).
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Table 1

Exposure factors

E 2 SHE X L Kiva JLERUE B ABUA
IR - 3 2% m’-d”! 8.6 15.0
EF T ERIIR d-a”! 350 350
ED R a 6 30
BW T ARE kg 15 61.9
AT(BUE) 2B RREEnTH d 365x70 365 x70
AT(AEBUR) ~FHREERT ] d 365ED 365ED

2 RS

2.1 PM, 5&JEICER KRR

KEEIAE (2019 4F 12 H 5 ~25 H) HEY
p(PM, ;)R 108 pg-m ik 3K E H ¥ "4 PM, kB
BRAEL(75 peg-m ™) 9 1. 44 £, SRAEE AR AR KAk
12 d, bR HR 57%. R 75075 & PM, s X A4 (g R
SERRE AR SCHR [ 19 ], AR SCIEASRLRAE H 42

G H Mg HRE RS E LR 2.
£2 REBBERKELS L
Table 2 Pollution level by date of sampling
kT ﬁ%’” L Rrem
e h -
{%rsra J<75 12 15,9~ 11*{114 18 Ew
sEn Asiisel 12 As. 12 A B -2t 1
At El - '>,150' 12 A E@"% ~§ %"u 255 W &
*#ﬂ;ﬁllﬂ%éﬁ%’m% R B‘i’J{EEH%@ Bt )

50 o B R 3% 0 Tt 4R LR L
p(Cé)ﬁfiu%, H5.9 pgem >, Ca FEEKA #H
AR GT 2 Ca (1075 IV FE I -5 SRR A0 1 R
S4B 5 1 T B4 6. 57K M 2016 4R &

Z=UR L, Ca A1 Mg A J5E 455 906 3 X (840 S0 388 T
4.0 f5H15. 7 4%, Pb Fl Zn B4 5 4 B 28 0] 23 51 R
M7 64.7% F184. 1% . Mgt =53k H &5 %0k
PO Ph AT Zn W FEER A ML A HERC L AN AE
2 +267 1 IE KT AL SN ZE BRAT A TG Y
KA N 245 P SR P FN Zn SR EERIE T
R A A 5T A2 V5 e (9 BRAA AP ZE B . 3 ad
ARG T SRR T R kA& 8
JCRM TR E AR A RN ISR H > —
Meis g B > W H ARHE, B T H e
YeH P Mg, Pb, Zn, V Hl Cr 1 5T &k B
TV EZOR B BAMHERL, Cr %k A Tl HE
J‘J‘JI“” ORI TR A0 R S0 T, AILBh ZEHERCR Tolk
N G =) E’JE%J? .
uﬂlJ 14 4 JBCH P Ni, As, Cr, Pb7{ Zn Al
Cu X A S S Eﬁé 4 T%& I g
BT (dbst AT L) A %ISJHFH Ph
Zn E’Jﬁi@ﬁ*ﬁ?ﬁ?jﬁ, M Ni, Cr, As’ %ﬂf@fu E‘Jﬁ%
AR TE L jl:ﬁiﬁn“k%ﬂi%%ﬂk%ﬂimid’ﬁ%ﬁ
L g %AELERF'&#:EEJ& J:@Fﬁﬂﬁ)”fﬁfiﬂ:
K= ﬁ]i’@l:,,ﬁ\i)ﬁliaﬁﬁﬁﬂﬁ%ﬁ%[: 'JW%/)%/
BN, HBfe I hi*é%%{ﬁﬂhi&ﬁ! majﬁ%%
et 55 5 53X 3 A i A LK,%BJHFEJ;ZM%
U5 Tl VEFRS 3l 8 9 4579 KO 0 A A K 22 B
PM, 1o E Ni il As SEAREHEB AR 515 444, Cr
FFR A TALHER ), Pb, Zn il Cu K AHLSN
T RAFRZEEER ) WA T R . Tl
HEBCFAILS) ZEHE B B 75 YA B .

R3 MBMTH PM, HEBTERERE"

Table 3 Mass concentration of metal elements in PM, 5 of Zhengzhou

Ti H SRAEI] i) i — s H FRE Y H
Ca* 5.88 +£3.34 3.93£1.96 6.32 £1.58 8.37 £4.32
Fe* 2.62+1.32 1.79 +£0.89 2.67 +0.66 3.80£1.42
K* 2.05+0.96 1.36 £0.55 2.06 £0.42 3.08 £0.91
Mg* 1.66 £2.75 0.79 £0.46 0.95+0.74 3.69 £4.45
Sh * 1.38 +0.64 1.14 £0.63 1.52 £0.75 1.60 +0.37
Na* 1.02 +0.62 0.69 +0.35 1.10 £0.33 1.42 £0.83
As” 0.17 £0.20 0.11 £0.09 0.13 £0.07 0.29 £0.31
Cu” 0.11 0. 14 0.11 £0.20 0.12 £0.06 0.09 £0.05
Pb 57.84 £32.94 28.22 +16.73 61.66 +9.84 98.46 +17.34
Zn 59.40 +£100. 82 19.79 +£23.98 31.38 £70. 16 146.84 +137.86
A% 52.73 £33.89 37.14 £27.83 50.97 £29.18 77.88 +31.71
Co 37.02 £21.87 26.05 £15.04 39.41 £24.06 51.08 £19.29
Ni 13.13 +7.64 8.62 £6.91 12.70 £1.34 20.32 +6.95
Cr 14.61 +16.70 5.69 +5.48 8.73 £8.27 33.87 +18.39
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2.2 ORUGEfEHT
2.2.1 b ERUHEE
H REEROE T 4R e K5 YRR

LI 0k YAC v @ e e I NI N Y5
H7:Sb(12.6) >As(6.5) >Cu(5.1) >Co(4.5) >Pb
(4.2) >Zn(2.6) >V(1.8) >Ni(1.6) >Ca(0.6) >
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Table 4 Mass concentration of metal elements in PM, 5 of different cities in China/pg-m =3
SJRICE T R M (AR ST, 2019 4F) JL37 (2018 ~2019 4F) [24] 13 (2017 45 ) [25] B (2018 45 ) [26]
Ni 1.31 x10 2 7.90 x 10 ~* 6.00 x 103 2.58 x10 73
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As 1.70 x10 ! 4,02 %1073 3.30x10 73 5.26 x10 73
Pb 5.78 x10 2 1.04 x10 72 3.70 x 10 =2 2.79 x10 72
Zn 5.94 x1072 7.90 x 10 72 7.80 x10 2 9.64 x 102
Cu 1.12x107! 7.37x1073 1.20 x 10 =2 9.69 x10 3
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Fig. 1 Factor contribution of metal elements calculated by the PMF model
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Fig. 2 Sources and contribution rates of metal elements

in atmospheric PM, s of Zhengzhou City
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