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Charactenstms and Health RlSk Assess“ment of Trace Elemenfs in Atmospherlc PM

Durmg Autumn and Winter in ngdao . -

LIU f yan ZHANC Y1 sheiig!”* ZHANC Hou-yong JMA Zi- zhen #TAO Wen-xin' WANC Jiao*, XUE Lian®, PENG Qian-gian', DU Jin-
hua' / ZHAQ Jiao-jiao® , PENG Liang® , SUN Ying-ji Jle —

(1. Schoolghf Envitonmental and Muricipal Engineering, Qingdao University of Technology, Qingdao 26525, China; 2. Guangdong-Hongkong-Macau Joint Laboratory of

Collaborative Innovation for Environmental Quality, Guangzhou 511443, China; 3. Jinan Eco-environment Monitoring Center of Shandong Province, Jiman 250102, China;
4. Key Laboratory of Marine Environment and Ecology, Ministry of Education, Ocean University of China, Qingdao 266100, China; 5. Qingdao Municipal Bureau of Ecology
and Environment, Qingdao 266022, China)

Abstract; From November 1,2018 to January 31,2019 ( OP,q 50,9 ) and from November 1,2019 to January 20, 2020 ( OP,y,9 500 ) , PM; measurement was conducted

daily for two consecutive years. The concentration of trace elements in the atmospheric PM; in Qingdao in autumn and winter was analyzed. The observation period was divided
into four air quality levels (Level I, Level I, Level I, and Level IV), and the characteristics and sources of the concentration of trace elements in PM, were analyzed.
The non-carcinogenic risks (Zn, Ph, Mn, Cu, and V) and carcinogenic risks (As, Cr, Ni, Cd, and Co) of different people with different air quality levels were evaluated.
The results showed that the changes in total metal element concentrations were associated with changes in Ca, K, and Al concentrations at different air quality classes during
OP019.5020 compared to those during OP,g ¢ 50,0 and were more influenced by dust and biomass combustion sources. Compared with that during OP,g;¢ 50,0, the V
concentration in different air quality levels (Level 1, Level I, Level M, and Level V) during OPyyq 55 decreased by 19.0%, 60.5%, 82.7%, and 77.5%,
respectively. This was presumed to he related to the implementation of the Domestic Emission Control Area (DECA) policy for ships, which led to the significant reduction in
V concentration due to the change in fuel quality of ships in the waters around Qingdao. The results of the enrichment factor, the ratio method, and the backward trajectory of
airflow further indicated that the changes in V concentrations were mainly influenced by the DECA policy. However, after the implementation of the DECA, the V/Ni value as
a limit for judging the influence of ship sources in the area required further exploration. The health risk assessment results showed that the risk factor of Mn ranged from 0. 07
to 1.22 during 0P, ¢ 5019 and OPyg;6 505 It was recommended to strengthen the management and control of Mn-containing pollution sources. The lifetime carcinogenic risk
(ILCR) value of As and Cd under different air qualities during OP,o;q 5010 and OP,g;e 5050 Was lower than 10™* but higher than 10 = indicating that there was a
carcinogenic probability, although it was still at an acceptable level. During O,y 2010 , When the air quality was IV, the ILCR value of Cr was higher than 10 ~*, and there
was a risk of cancer.

Key words: trace elements; ship emissions; PM, ; health risk assessment; Qingdao
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[14(n=25) 17.4+4.94 23.7 +4.39 57.5+11.9 3.17 +6.88 4.34 £2.09 60.7 £13.1 21.3.+6.74
OPyig o0 &% (n=36) 34.5x9.02  53.1x6.46 106 +15.8 5.14%5.67  2.95%1.13  59.2211:6- 13, 5+ 4786
(n=92) M%(n=17) 58.2+7.81 89.2 +7.80 141 £15.2 6.54 +4.78 2.49+0.89 60.3 +11.7 x8~'03+3 33
V% (n=14) 83.3x14.1 170 £7.367 254 +15.3 3.70 £3.76] =2497 £0.96 72.9+13.0 0 2/92+1.42
14(n=27) 16.3+4.39 23.9 +5.42047 56.9 £23.0 7.42 £6.24 ) 4.41 £1.82 61.8+15.4 "21 8‘+6’36
OPsonme U Z(n=27) 38.1+13.7 49.8+11.8  87.1%22.6 5.50+4.93 | 3.5041.43 62.8+14.6/ 13 0 £5/04,
(n=85) 1% (n=13) 68.8+10.1 9619 = 12(3% 134 £20.7 5.68 +4.72 2494 +0.91 68.1+7.121 612471, 99
N?&(n..,;—".ll) 100 £24.4 | 170 +44.4 = 218 £54.1 4.42+4.01  3.24%1.03/ 70.1=10.3 2493x}.06
Dn JRBERA BRI = Rl ts |/ ) /, ‘ig-’ SO UE _ Ry
i o A ol - o
2.9 é@fn?*/f&ﬁ%ﬂ St ) (740 £883)( L;&); OP19.2020 117 F)F1E TP

Poos. 2019Eﬁlml—l/l\1 'R PMfl ':F'i}%ﬂ]?ﬁ
/&fﬁkﬁ(ng m ] )th:@J/\ﬁ%'Jﬁ (1 885 £734)
(Ngﬁ) (16QD+760)(]]14&) (1246+13-15)-(H

(ng-m ) BRF/NH (2421 +1356) (V 4%) .
(1070 +348) (M) | (1036 £789) () F(671
+499) (1 %), W.3k4. 0P2018.2019 %nopzow-mwﬁﬁrﬁj

T4 OPyyp5019 1 OPyyyy. zozoxni_\ﬁig-&—r PM, #&EBILERE" /ng-m ™’

Table 4  Concentration of trace elements in PM, in different air quality levels during OP, 14 01 and OPsg g sg00/ng+m ~2

e OPy15.2019 OP019.2020
I % I % I 2% IV % I % I % I % IV %

Ca 250 =880 269 +879 131 +148 112 £ 149 222 +484 257 £608 197 +404 617 £1303

K 186 +83.4 438 £331 606 =234 790 304 171 £99.3 327 £181 402 +168 929 +266

Al 99.4 +142 132 +£206 250 £468 156 £178  49.5+£35.8 77.1+70.8 67.0+53.5 114 £77.0

Na 88.1+53.4 141 +78.2 213 £105 256 £101  94.9 +81.4 155+91.4 143 +66.8 284 +124

Fe 71.8£39.7 133 +63.0 211 +76.4 293 £137  79.7+36.2 131+£86.9 169 +62.6 242 +101

In* 20.8+14.2 61.3+35.3 77.4+33.9 137+62.9 25.2+13.9 51.9+46.9 59.4+23.3 106 +48.9

Mg 14.7+10.8 27.8+34.6 33.6+28.2 27.8+22.4 13.5+20.8 22.6+14.4 15.0=x11.7 31.4x16.5

Pb* 9.36 £5.64 19.0+7.40 27.3+9.43 40.7+12.9 6.87+4.43 13.9+6.33 21.5+6.8 36.6+14.3

Mn * 7.83+4.41 15.8+9.01 23.0+8.15 36.0+16.3 6.60+3.85 13.6+9.63 21.0+12.6 27.7x11.4

Ti 3.88£2.23 6.57+3.60 12.4+22.3 12.0+16.6 4.96+1.94 6.16+2.76 6.37+2.82 8.49 +4.80

cr* 316 £2.77 5.30x11.2 4.51+1.61 7.99+8.73 3.84+1.84 3.37+1.52 3.69=x1.16 5.04x1.74

Cu” 2.82+1.70 6.03+3.90 7.05+2.26 10.9£3.62 3.06+2.02 4.29+2.04 6.51+1.51 9.56+4.12

As* 2.67+2.56 3.26+1.71 4.85+1.75 8.70+8.14 1.30+0.74 2.09+1.02 2.57+0.72 4.03 +1.01

Ni* 2.07+£2.60 2.74+1.64 3.10+1.34 4.22+1.91 1.37+0.98 1.73+£1.13 2.01+0.49 2.96+1.28

' 1.45+2.56 2.74+£2.55 3.28+3.20 2.73+2.76 1.17+1.33 1.08+1.03 0.57+0.48 0.61 +0.39

Ba 1.00+£0.62 3.26+8.49 2.51+1.49 2.57+1.22 0.99+0.80 1.60+1.23 2.40+1.28 4.02 +2.30

Mo 0.25+0.14 0.53+0.28 0.74+0.38 0.84+0.29 0.34+0.26 0.45+0.41 0.78+£0.55 1.03 +0.44

cd* 0.23£0.11 0.51+0.22 0.75+0.32 1.19+0.51 0.15+0.11 0.33+0.19 0.47 £0.18 1.20+0.74

Ag 0.13+£0.12 0.17+0.23 0.21 +0.16 0.20+0.06 0.10+0.20 0.10+0.05 0.13+£0.04 0.18 +0.06

Co* 0.08£0.06 0.14+0.07 0.16+0.06 0.27+0.11 0.07 +£0.04 0.09+0.05 0.11+0.04 0.18 +0.06
SRR ITR W 740 £883 1246 +1315 1600+760 1885734 671 £499 1036 £789 1070 £348 2421 +1356
%%}TW/% 4.62+£6.85 3.85+£5.11 2.73+1.35 2.23+0.70 4.15+2.44 2.74+1.57 1.57+0.47 2.40+1.28
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il Mn e
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SRR I Hut p (V) B, A (3.28 £3.20)
OP 55102000 AR ZS ST T T p (V) $5ci
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As HERL I 5 0Py 150010 FH EE , OPyg 19 5000 IR
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ng'm;

{66, T5 1) SPSS23 HRPFAT T 20, Ph (G FIfigfl  36.9%; A% i 21.6%. Cr LA T
S SRR 4 BT R BEHC MM A AR T SRR 2100 ngom =), 7 K E (28.2
mﬁlﬁﬁﬁl%ﬂi%ﬂﬁﬁé%ﬁﬂé sl Ol g )\ ) "I T ST A,
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o Table 5 Trace element concentration in PM; in other cities/ng+-m -3
TEY AR K5 dest W 7RI Uk K e Bl PR B v AR

Ca 140 6280 70 421 488.6

K 1220 510 772 236.7

Al 2420 160 480 90 250 124 238.8 65. 4

Na 890 9870 290 176 343.4

Fe 655 140 1370 260 170 101 202.9 166

Zn 148 67.7 150 450 180 44 39.6 130.3 161

Mg 130 540 60 261.8

Pb 47.3 12 90 140 40 11.6 10.5 43.4 70.7 4.8

Mn 42.0 3.9 30 40 20 6.5 8.8 5.8 22.5 3.0

Ti 41.5 390 10 5.5 2.2 15.1 5.0

Cr 22.2 1.6 40 100 5.7 2.93 4.0

Cu 30.5 4.4 10 50 10 21.8 12.7 21. 1 20. 6 11

As 20.9 3.8 300 10 1.5 3.92 0.6

Ni 10 40 10 9.2 1.9 14.7 5.08 2.2

\ 38.3 3.5 20 1.9 1.2

Ba 50 20 53 15.0

Cd 1.12 0.3 1.2 2.6 0.25

Co 3.45

1) AFERERRET 2016 41 ~12 A

T FRAEREFCRAET 2011 4E8 A3 H ~2012 457 A31 HIB
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s BFILIRESL R T 2008 4 4 ~5 H )

s BB HTRE S SRAE T 2008 4E 7 A ~2010 4E 5 F 38
H (400 o e 22 B3 AR R AE T 2009 4F 6 A ~2010 4F 11 H 41

s REFEFRET 2018 4E5 He A ~7 H 4
s R HRAET 0012 4E5 H ~2013 4E5
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