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Pollution Characteristics and Health Risk Assessment of/ Heavy Metals in PM2 s of
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Abstraet: In/ otdler to explore the pollution characteristics and heallh risks of heavy metals in PM, 5 in Tianjin, hea\y metal samplesi( Pb, Cd, Cr, As, Zn, Mn, Co, Ni,

Cu, and V) in PM2 gvere analyzed from November 2020 to!March 2021 usitig thg_,.XéLt 625 heavy metal online analyzer. The spatial and temporal distribution characteristics
were analvzed ‘using the HYSPLIT model, and the health risks of heavy niefals were analyzed using the US EPA risk assessment model. The results indicated that the average
total conc entratlon of the 10 heavy metal elements was (261. 56 +241.74) ng-m ", among which the concentrations of Cr [ converted Cr( VI) ] and As were higher than the
annual ave;age limit of the National Ambient Air Quality Standard ( GB 3095-2012). According to the back trajectory results, the medium-distance transmissions from
northwest areas (NO. 1), the long-distance transmissions from northwest areas (NO.2) , the transmissions from southwest areas (NO. 3) , and the transmissions from northeast
areas (NO.4) were the major sources in Tianjin City. The heavy metals of different air masses presented different pollution characteristics and health risks; the concentration
of PM, s, the total concentration of the 10 heavy metal elements, and the total carcinogenic risk of the five heavy metal elements of the NO.3 air mass were the highest,
whereas the total non-carcinogenic risk of the 10 heavy metal elements of the NO. 2 air mass was higher than that of the other two air mass. The health risk assessment showed
that Mn posed non-carcinogenic risks to children, and Cr and As presented carcinogenic risk. Meanwhile, Cd of the NO. 3 air masses also presented carcinogenic risk.

Key words: PM, . ; heating season; heavy metals; health risk; back trajectory
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Table 3 Comparison of heavy metals concentration in PM, 5 during heating season (or in winter) between Tianjin and typical domestic cities/ng+m ~>
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K 27.06 0.55 3.31 6.96 169.08 34.32 0.05 1.47 18.22 0.59 2020-11-01 ~2021-03-31 Xact-625 AHFFE
#g  75.37 5.87 9.09 8.92 205.11 57.93 2.59 10 24.15 1.63 2019-12-17 ~2020-01-15 ICP-AES  [9]
B 58.4 1 6.6 11.2 206.4 36.1 — 2.1 9.4 — 2019-01-01 ~2019-01-31 Xact-625 [11]
KE  60.57 1.2 17.1 10.72 164.94 68.01 0.85 18.4 26.19 9.29 2018-01 ICP-MS  [12]
B 20 0.77 6.2 7.1 34 18 0.17 2.9 8.8 0.43 2017-10 ~2018-02( 4 Z%) ICP-MS  [32]
M 62.55 2.64 — 10.67 97.63 41.48 0.37 — 30.89 — 2016-12 ~2017-01 ICP-MS  [16]
dbmt 71 1.39 1.17 8.29 407 — 1.31 4.19 40.6 4.92 2016-01-14 ~2016-12-31 (CRIEZ) ICP-AES [19]
fRE  158.91 2.95 3.86 10.78 231.48 38.64 1.08 7.48 99.62 1.64 2015-12-16 ~2016-01-14 lCP—MS"'H[lO]
# 60.8 2.2 68 49 1569 69.4 — 421 763.6  — 2015-12-26 ~2016-01-03 ' rC}ffi\g_[} 7 21

ARIE S 7.96 142 147 — 662 — 221  —  — 2015-01-01 ~2015:12-31(% %) « JEPME L[17]
i 101.9  — 6.8 — 263 42.4 16 ;7.4 36.2 10.2 2014-12-24 ~2015-01-24 ED- ,XR[‘ [18]
B 240.2  5.58  8.97 43.14 365.77126 2" 595 30.55 — 2012- 08 ~2013- 07‘1( &7%) I.CP Mﬁf" (23]
K 101 1 23 3 1144 430 Fe — 68 — 2011- 11 15 ~2011-12:13 ICP _AFES 38}/
Pi% 595 9 ,161 207 1958 | 121 — 18 55 — 2008 12- 02 2009-02-24 ICP- AR [2'2]
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Table 4 Weather conditions of different air masses during heating season in Tianjin
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Table 5 Non-carcinogenic risk values of heavy metals in PM, 5 of different air masses during heating season in Tianjin

G JL# _ B _
15 25 3% 4% Rz 15 2% 3% 4% R 2
Ph 4.2E-03 3.0E-03 4.7E-03 4.0E-03 4.2E-03 2. 1E-03 1.5E-03 2.3E-03 2.0E-03 2.1E-03
cd 9.0E-04 9.3E-04 1.1E-03 9.4E-04 1.0E-03 4.5E-04 4.7E-04 5.6E-04 4.7E-04 5. 0E-04
Cr 5.9E-02 6.0E-02 6.7E-02 6.2E-02 6.3E-02 3.0E-02 3.0E-02 3.3E-02 3.1E-02 3.1E-02
As 2.85-02 2.5E-02 3.5E-02 3.0E-02 3.1E-02 1.4E-02 1.2E-02 1.8£E-02 1.5E-02 1.5E-02
Zn 3.0E-04 2.2E-04 3.6E-04 2.2E-04 3.0E-04 1.58-04 1.1E-04 1.8E-04 1.1E-04 1.5E-04
Mn 1.2E+00 1.5E+00 1.3E+00 1.3E+00 1.3E+00 5.9E-01 7.6E-01 6.6E-01 6.3E-01 6.5E-01
Co 5.3E-06 3.7E-05 1.8E-06 1.9E-06 8.6E-06 2.7E-06 1.9E-05 9.1E-07 9.7E-07 4.3E-06
Ni 3.0E-05 3.3E-05 4.8E-05 5.1E-05 4.0E-05 1.5E-05 1.6E-05 2.4E-05 2.5E-05 2.0E-05
Cu 2.1E-04 1.8E-04 3.0E-04 2.5E-04 2.5£-04 1.1E-04 9.0E-05 1.5E-04 1.3E-04 1.2E-04
v 2.8E-05 1.1E-04 3.2E-05 4.4E-05 4.5E-05 1.4E-05 5.7E-05 1.6E-05 2.2E-05 2.3E-05
it 1.3E+400 1.6E+00 1.4E+00 1.4E+00 1.4E+00 6.4E-01 8.0E-01 7.1E-01 6.8£-01 7.0E-01
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Fig. 4 Carcinogenic risk value of heavy metals in PM, 5

of different air masses during heating season in Tianjin
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