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Source Apportionment and Pollution Characteristics of PM, ; During the Two

Heavy Pollution Episodes in the Winter of 2016 in a Typical Logistics City
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Abstract: To characterize the chemical composition of PM, 5 and the formation of pollution during a heavy pollution episode in the

hua

winter in a typical logistics city PM, 5 samples were collected from December 2016 to January 2017 at six sampling sites and the
water-soluble ions elements and carbon components were determined. The results showed that the average concentration of PM, 5 was
(145.2 £87.8) pgem > during the whole sampling period of which 82% of daily average concentrations were above class I of the
national standards. The average concentrations of PM, s during the two heavy pollution episodes were ( 187.3 £79.8) and (205.3 +
92.0) pgem™ which were 5.4 and 5.9 times respectively as high as class II of the national standard. The results of the chemical
composition of the PM, ; showed that secondary water-soluble inorganic ions ( SO;~ NO; and NH, ) were the main components of
PM, ; in winter (51.2% of PM, 5 mass concentration) followed by organic matter ( OM 23.8%) and mineral dust ( 12.7%) .
Combined with the change trend and accumulation rate of chemical components during the pollution episode we discovered that the
increasing of SNA and OM led to PM, 5 pollution in the first episode while the growth of SNA caused the second pollution episode.
This was further verified by the synchronous change of SOR NOR and the OC/EC ratio. PMF analysis indicated that mixed sources of
secondary particulate matter and biomass combustion ( 50.0%) coal combustion ( 16.8%) vehicles (12.9%) fugitive dust
(10.0%) industry (5.3%) and soil dust (5.0%) were the main sources of PM, s of Linyi city in the winter. Compared with the
average concentration over the whole sampling period the contribution of secondary particles during the two pollution episodes was
significantly increased. This indicates that the formation and accumulation of secondary particulate matter under static and humid
meteorological conditions were the main influencing factors during the heavy pollution episodes.

Key words: heavy pollution episode; PM, 5; secondary particulate matter; positive matrix factorization ( PMF) ; logistics city

: SO,+ NO,
. PM,, 2 56
1 2018-06-22; 1 2018-09-06
N : ( 201309010
201409014) ; (2013BAK12B08)
: (1988 ~)
N N ( E-mail: zhaoxy@ craes. org. cn
* E-mail: ypxu2000 @ 163. com; wangxh @ craes.

2013 ) 3 org. cn



3 : 2016 PM, 1053
Wang
2013 1.2
. 1/4 s
2014 Na*. NH, . Mg’" . K*. Ca’*. F~. Cl~. NO;
SO;” 9 DIONEX
ICS-1100 ( Thermo ) 1/4
. ’ 2014 ~2016 " 0C. EC
PM, DRI Model 2001 A( ); Teflon
SO; . NO,  NH; Li. Be. Na. Mg, Al. Si. P. K. Ca. Sc.
PM, . Tiv V. Cry Mn. Fe. Co. Ni. Cu. Zn. As. Rb. Sr.
10 Y. Zr. Mo. Cd. Sn. Sb. Cs. Ba. La. Ce. Sm. W.
Tl. Pb. Bi. Th. U 39
ICP-MS  ICP-OES " 7500a
2016 247 ( Agilent )
51 . 2016 ( Agilent ) -
PM, 67 pgem > ( > > >
M GB 3095-2012) 0.9
1.3 PMF
213 14 1018 (" positive matrix
factorization PMF) EPA
. PMF
PM, | .
, EPA PMF 5.0
2016 PM, | PM, |
2 2
PM, | PMF
PM, . 2.1 PM,
PMZ,S
98 1( a)
1 2016 12 11 ~2017 1 9
1.1 6 PM, , 6
> PMZ.S
. PM, ; 30.8 ~
. . . . 401.7 pgem’’ (145.2 + 87.8)
6 pgem > 28 d 23d PM, |
2016 ( Y( GB 3095-2012)
12 11 ~2017 1 9 28 d PM, | (75 pgem ™)
23 h( 10: 00 ~ PM, s
09:00) . ACAD-1111 (
) 16.7 Lemin~"'.
Teflon ( S0, NO,. CO PM,
Whatman @ =47 mm) PM, ; 1(b) S0, NO,. CO
AWS-1 (35.2 £13.1) pgem >, (61.5 £20.9)
( pgem ™ (1.9+0.8) mgem™’ NO,
) ( (20£1)cC 50% +5% ) ( Y GB 3095-2012)  NO,
24 h (40 pgem™) 0.5



1054

40
S0, 2016
NO, NO, 44.9%
2016
1 PM, s
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Fig. 2 Time series of meteorological conditions during sampling periods
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Fig. 4 Time series of the mass percentage of chemical components of PM, 5 during the sampling periods
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Table 2 Accumulation rate of chemical components of PM, 5 during the two episodes

( -) PM, 5 MIN TE oM EC S0%- NO; NH,
12-14 ~ 12415 2.6 1.2 1.7 3.2 4.0 1.6 3.6 2.4
12-15 ~12-16 1.4 1.0 2.2 1.4 1.3 1.9 1.7 1.8
12416 ~12-17 1.0 1.1 1.1 0.9 0.8 0.9 1.2 1.0
12-17 ~12-18 1.3 1.2 1.1 1.3 1.3 1.2 1.5 1.3
12-18 ~12-19 1.7 2.0 1.8 2.4 1.9 .5 1.1 1.2
12-19 ~12-20 1.0 1.0 0.7 0.8 0.7 1.4 1.5 1.5
1220 ~ 1221 0.8 1.1 0.6 0.5 0.7 1.1 0.8 0.9
12221 ~12-22 0.4 0.4 0.5 0.4 0.5 0.4 0.4 0.5
1229 ~12-30 0.6 1.1 1.6 0.9 0.7 0.5 0.5 0.6
1230 ~12-31 2.0 1.2 1.6 1.9 2.2 2.5 2.5 2.1
12-31 ~01-01 1.6 1.4 1.1 1.4 1.5 1.5 1.7 1.5
01-01 ~01-02 1.0 1.0 1.0 1.0 0.8 1.0 1.1 0.9
01-02 ~01-03 1.3 1.3 0.8 1.3 1.1 1.4 1.2 1.4
01403 ~01-04 1.1 1.2 1.2 0.8 1.1 1.0 1.0 1.0
0104 ~01-07 0.3 0.2 0.3 0.4 0.4 0.2 0.2 0.3
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Fig. 5 Time series of SOR NOR and OC/EC ratio during the sampling periods
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Fig. 6 Source profiles of PM, 5 in winter in Linyi City resolved by PMF
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