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Pollution Characteristics and Source Analy51s of Atmospherlc PM, .-bound Polycycllc

Aromatic Hydrocarbons in a Port Area (¢ | R ‘..,.f

WANG Peng-cheng , YANG Ling-xiao' ", BIE Shu-]un ] HUANG.Qi1 , QI An-an' , TUO X'iongl 3 WANd Yi-ming1 , XU Peng' ZHI_A.'NG-Tign-‘cfill ,
WANG Wen-xing' | g & [ & ]
(1. En\lronment Research Insmute Shandong University, ngdao %,66237_.-;".(:hma 2. Jiangsu Collaborative Innovatmn Centegt for CI’ mate Change, Nan]mg 210023, Chma)

Abstract; In order to,mexplore the pollution charactexisfics and polentlal souirces of-polycyclic aromatic hy drocarhp s (PAHs) imthe polluted air of a port area, PM, g samples
(n=59) were colléeted from 1 (Jingdao Port for four sedsons from August 2018 0 May,2019. The seasonal varlat n and compo@ll{()n characteristics of PM, -botind PAHswere
analyzed, the influence of meteorological factors on PAH can( entratlonh 'v‘glas ‘explored using correlation analysis, and Lhe potential sources were analyzed using positive definite
natrix ’ﬂictonzatlon and poféntial source contribution function models! “Tholfesults showed that the total mean concentration of PAHs was (8. 11 £12.31) ng-m =3 which was
higher ih autumn and winter: than fthat” in spring and summer. The.$easonal-iio ecuk}r compositions of PAHs were similar, dominated by 4-5 ring PAHs (75 43%).
Fluorarithgne ;hénzo{'e | pyrene, benzo[ a]anthracene, phenanthrene pyrene; nd chrysene were the dominant species of PAHs in the study area, which are similar to the
major compounds in ship exhaust. Correlation analysis showed that PAH concentrations were significantly negatively correlated with temperature and relative humidity and
significantly positively correlated with atmospheric pressure and wind direction and had a poor correlation with wind speed. PMF analysis extracted six contribution factors, and
the results indicated that Qingdao Port was mainly influenced by shipping emissions (28.83% ), followed by vehicle emissions (20.49% ), as well as crude oil volatilization
(13.47% ). Summer had the greatest impact on shipping emissions. The PSCF results suggested that Beijing-Tianjin-Hebei, Bohai Rim, and northern Shandong were the
main source regions for long-range transport.

Key words: Qingdao Port; shipping emissions; PM, s ; polycyclic aromatic hydrocarbons (PAHs) ; positive matrix factorization (PMF) ; potential source contribution function
(PSCF)
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Fig. 1 Distribution map of the sampling site
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Table 1~ Seasonal mass concentrations of 18 PAHs in Qingdao Port/ng-m 7
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ki H% HE E kF AR A%
B 0.013£0.007  0.004 +0.003  0.023x0.006  0.045£0.018 | 0.021+0.018 . 67 |
W — ~y — 0. 008 +0. 003 0.057 £0.037+ 10.015 0. 029 < 467 &
A £70.001 £0.002 0001 £0.003 ~0:00420.006 0007 0,004 0.003 £0.004 4.,
/- 0.010£0.005 | 0.004=0/001"y #67015+0.006 0. 171+0.429 0. 048 +0.092 100/
E J I 0.227£0.131 0097500804 0.269£0.122  2.614£1,649 [} 0:775 +1.300 100
B e =1 J0.01020.010 -~ 0.009 ;(fg; /7 0.021£0.005  0.150+0095 _ 0.0450.075 81
Yo | : ©0.383+0.295 7 01100065 4 0.605+0.351  6.483£3.765 «| 1.820 +3. 184 T
B 0.185 £0. 144 0.057/0.033 | 0.289 £0.150 2. 566 +1./430 0.745 £1.235 100
#3[a] & 4 0.222+0.198 | 0.040 00270 0. 490 £0.327 2,529 +1.374 0.787 =1. 199 100
e | 4 0.F11£0.093  0.042 £0. 022 | _0250°£0.242  2.209x1.324  0.623x1.099 100
K (b) el 0.366£0.487 04058 £0.014 0.213£0.239  2.118 £1.237  0.688 1. 047 100
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> PAHs 2,487 £2.021 0.8130.415  4.273£2.833  26.0914.18 8. 11112.31 100
1) R AR

HUEA AL, AU B PAHs ¥k HBE AR

JE P-4 (B3 5 A0 4 s 1 sV SR T, 43 ) H
AR RE PG 22 B g 22T Y PM,, TP PAHs ¥k
JESF SRR 15 126 %, 2 mUe Wik i sk P,
o PAHs e FESF-IME I 73 £, i g X 0T 1y 7
5. WA, T By s PAHSs ¥R B2 -3 (E A L F N Al v
Wb X b T HAR K. Hoh, B R e
PM, ;' PAHs R B AH Y, {H H [ ¥ Hb X 20 PM,,
PAHs W EESF I EAR 3 £F, LK =M XS PM, s
PAHs B (EAK 1 A5, R [RIRF 58 B & 1 SRR 7
VE L ORAEJE A H AR AL S W 00 B0 R BT S AR
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T 18 Tl PAHs 119 2= 5 PR 4l il 43 A an &1 2
s AT 18 Fh PAHs B ZE 1543 A AH AL, 24
LL4 B0 5 2R PAHs M E. #E T IX PM, PSR PR
PAHs /5 & PAHs 1 EL 9] 4 3£(49.23% ) >5 3
(26.20% ) >3 ¥(10.92% ) >6 ¥ (10.17% ) >7
R(3.22%) >2 ¥£(0.25% ). PAHs 19 EE LG
9 Fla(22.44% ) > BeP(9.72% ) > BaA(9.70% ) >
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Phe F1 Pyr 58K G A ¢, gk B HA ARk 3
BLZEHR B A A0 (PR TRT BB M R ) R AP Y
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R 1. 000
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PABL 0. 161 0. 168 -0.308 " 1. 000
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