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Abstract

This study focused on the source apportionment of PM-2.5 to reduce concentration in ambient air. For source
apportionment, we used PM-2.5 data sets analyzed in 2010, 2012, and 2013 and daily 24-hour averaged fiter-based data
were collected. PMF (positive matrix factorization) receptor model was used to estimate source apportionment and

contribution. Mean (+ SD) concentration of PM-2.5 was 25.0 (+ 12.6) ug/mS, and daily mean concentration ranged from

6.7 to 86.5 yg/m’ relatively. By conducting PMF receptor modelling to find out the source profile (contribution), we

obtained 6 factors contributing PM-2.5 concentration ; Factor 1 are secondary sulfate and nitrate (56.4 %), Factor 2 is

motor vehicle emission (13.8 %), Factor 3 is marine source (12.2 %), Factor 4 is heavy oil combustion (7.3 %), Factor

5 is metal industry (5.4 %), and Factor 6 are chloride and soil-related (dust) sources (4.9 %). Carcinogenic health risk

in carcinogenic heavy metals, Cr (as Cr6+), Pb, and Cd showed lower value comparing with EPA carcinogenicity level.
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Fig. 1. Research site.

Table 1. Methods of calculating uncertainties for PMF analyses of PM—2.5 data for this study

Value Concentration Error estimates
Determined values xfj = vfj a = u A+ dr /3
Below detection limit value xfj = dfj/2 oij = 5/6 X dij
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Table 2. Statistical results of PM—2.5 and its constituents

Components Unit Mean = SD Min o5th Median 95th Max
PM-2.5 pugm ® 25.0 + 12.6 6.7 10.4 22.7 50.4 86.5
cl uem ® 0.427 + 0.392 0.0000 0.0000 0.2172 1.4863 3.0123
NO3~ pgm® 3.124 + 3.648 0.0000 0.0058 1.9596 9.1548  15.5583
ss—S04* pugm ® 0.051 + 0.050 0.0000 0.0000 0.0355 0.2216 0.6291
nss—S04%~ ugm ® 5.724 + 5.417 0.1574 0.9512 4.0447 11.3680  31.7030
Na* pugm ® 0.202 + 0.199 0.0000 0.0000 0.1413 0.8829 2.5063
NH," pgm 2.290 + 2.387 0.0138 0.3629 1.6582 6.8026 11.2758
K* pgm” 0.148 + 0.118 0.0000 0.0000 0.0858 0.2788 0.5973
Mg ugm ° 0.142 + 0.310 0.0000 0.0000 0.0802 0.5007 1.5960
Ca”" ugm ® 0.105 + 0.076 0.0000 0.0000 0.1295 0.6971 1.3309
0oC pugm ® 3.667 + 1.720 0.5333 0.8255 3.3740 7.2785 10,0228
EC ugm ® 1.143 + 0.981 0.0000 0.2829 1.0035 2.6133  21.0880
Fe ngm * 195.56 + 146.19  0.000 33.041 162.300  817.950  3082.30
Al ngm *® 386.24 + 455,82  0.000 0.000 92.566 848,440  2061.78
7n ngm* 96.12 + 90.01 0.000 12.520 69.005  356.550  913.200
Pb ngm ® 24.98 + 17.26 0.117 3.657 21.600 59.150 82.979
Mn ngm * 28.34 + 19.92 0.000 3.709 18.085 110.397  587.100
Cu ngm * 14.77 + 6.77 0.000 1,438 8.800 33.340 94.000
\% ngm ® 5.49 + 11.53 0.000 0.000 2.047 15.560 77.447
Ni ngm * 7.56 + 10.94 0.000 0.000 2.930 25.499 180,500
As ngm ® 16.42 + 8.99 0.000 0.000 2.567 24.803 39.454
Cr ngm * 3.63 + 10.52 0.000 0.000 0.630 35.710  153.600
Se ngm ° 3.50 + 6.29 0.000 0.000 0.140 11.770 27.303
cd ngm *® 0.46 + 1.29 0.000 0.000 0.500 1.664 10.665
Sr ngm ° 8.72 + 5.49 0.000 0.000 0.300 12.825 27.077
Mo ngm *® 26.45 + 14.80 0.000 0.000 3.450 42.954 50.910

Ti ngm 16.06 £ 8.69 0.000 0.000 6.296 24,597 36.001
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Table 3. Estimated Sources and Factor Contribution
Factor Estimated sources Contribution(%)
Factor 1 secondary sulfate and nitrate 56.4
Factor 2 motor vehicle emission 13.8
Factor 3 marine source 12.2
Factor 4 heavy oil combustion 7.3
Factor 5 metal industry 5.4
Factor 6 chloride and soil related 4.9
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Table 4. Fixed assumptions and probability densities used as inputs

Metals Season (#221313) (,421}/[111?3) Distribution type Distribution parameters
Total 0.1673 22.0530 Log—normal Mean : 1,24, S.D. : 14.76

o Spring 0.0903 1.1712 Log—normal Mean : 0,40, S.D. : 2.25
(:Cri 1/7) Summer 0.1330 4.3855 Log—normal Mean : 2,32, S.D. : 47.32
Fall 0.4410 6.8731 Log—normal Mean : 8,59, S.D. : 235.41

winter 0.0168 3.4930 Log—normal Mean : 0.33, S.D. : 2.35

Total 19.5997 57.0994 Log—normal Mean : 22,93, S.D. : 16.63

Spring 24.1805 59.9396 Log—normal Mean : 22.40, S.D. : 16.11

Pb Summer 18.5154 38.2793 Log—normal Mean : 20.27, S.D. : 10.92
Fall 31,0480 | 61,7632 Beta Min. :_?:g? 1/}/13;(,1 100

winter 25.6506 64.2266 Log—normal Mean : 29,19, S.D. : 19,12
Total 0.5000 1.6600 Maximum Likeliest : 0.35, Scale : 0,45

extreme

Spring 0.4000 1.3470 Néj‘(ﬁgﬁn Likeliest : 0.29, Scale : 0.40

cd Summer 0.7900 1.6350 Logistic Mean : 0,70, scale : 0.34
Fall 0.8850 1.7585 Beta Mln-a::_ﬁéoﬁ’ BM?X?;. 5e 0

winter 0.0200 1.3365 Logistic Mean : 0.18, scale : 0.27
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1.0x1077, AL 1.0x10 28  FAx]2l CTE X}
£ fARBIAL a9 dERdoH, 10RO E W
Uepdth 95 % WgeldE A 7IzE 2.0x10°7, =
2.0x1077, o2 20x107", 7F& 3.0x107, AL
3.0x1077 02 W% 107K} WA Uehg},

Cdel =E R QI 2IULI| = Table Tojlxle} 2

L

o] A =4 Z(single estimates)®] A% CTE =% A
A 717F 3.4x1077, B 2.7x1077, o]& 54x107", 7}
2 6.0x1077, AL 1.4x10°°, RME %=&A & 7|7t
1.7x10° 2 14x10° o8 1.7x10°% 71&
1.8x10°% AL 1.4x10 %02 u]=2 EPAC|A @18t
Q1= 107 (100,000 % 190] ol 2 &0 Hg|
CTE®} RME 2% A eyt E£3F 524 £32¢

o

EEHZIEEZ B4 Ay 50 % HYelAHd A 77H
4.0x1077, E 3.0x107, o9& 50x10", 7+

6.0x1077, AL 9.0x10°0& & A2l CTEHET}=
5T} 7Fe GABIALE WL, 107 HobE WA Uhehy
o}, 95 % Wlell A A 717E 1,010, 2 1,0x 107,
o= 1.0x10°% 7h& 1.0x10° AL 7.0x10 oz

Table 5. Cancer risk by single estimates and Monte—carlo simulation of or®*

Single estimates

Monte—carlo simulation

Fixed Cancer risk Percentiles Cancer risk
Total | Spring |Summer| Fall | Winter Total Spring |Summer| Fall | Winter
CTE |5.0E—07|1,2E—-06/3.9E—07|1,3E-06/5,0E—08] 20" 6E—-08 | 6E-08 | 7TE-08 | 1E-07 | 3E—-08
RME [9.8E-05|5,2E—06|1,9E-05|3, 1E-05|1,6E-05] 50" 3E-07 | 2E—07 | 4E—-07 | 9E-07 | 2E—07
Mean |3.7E—06/2. 7E—07/6.9E—06|2.5E—05/9. 9E—-07 70" 9E-07 | 5E-07 | 1E-06 | 3E—06 | 5E—07
90" 5E-06 | 2E-06 | 7TE-06 | 2E—05 | 2E—06
95" | 8E-06 | 3E-06 | 1E-05 | 5E—05 | 4E—06
100" | 2E-04 | 9E-05 | 7TE-04 | 4E-03 | 9E—05
Table 6. Cancer risk by single estimates and Monte—carlo simulation of Pb
Single estimates Monte—carlo simulation
Fixed Cancer risk Percentiles Cancer risk
Total | Spring |Summer| Fall | Winter Total Spring |Summer| Fall | Winter
CTE [8.4E—08[1.0E-07|7.6E—08[1.3E-07|1.1E-07| 20™ 4E-08 | 4E-08 | 5E-08 | 5E-08 | 6E—08
RME |3.7E—-07|3.9E-07|2.4E—07|4. 0E-07|4. 1E-07| 50" 8E—-08 | 8E-08 | 8E-08 | 1IE-07 | 1E-07
Mean |9.8E—08|9.6E—08|8. 7E—08|1.3E—07|1.3E—-07| 70" 1E-07 | 1E-07 | 1E-07 | 2E-07 | 2E-07
90" 2E-07 | 2E-07 | 2E-07 | 3E-07 | 2E—-07
95" 2E-07 | 2E-07 | 2BE-07 | 3E-07 | 3E-07
100" | 5E-07 | 6E—07 | 4E-07 | 3E—07 | 8E-07
Table 7. Cancer risk by single estimates and Monte—carlo simulation of Cd
Single estimates Monte—carlo simulation
) Cancer risk } Cancer risk
Fixed Total | Spring |Summer| Fall Winter Percentiles Total Spring |Summer| Fall Winter
CTE [3.4E—07]2.7E-07|5.4E-07|6.0E—07|1.4E-08| 20™ 1E-07 | TE-08 | 1E-07 | 3E-07 |-2E-08
RME |1.7E—-06|1.4E—06|1.7E—06|1.8E—06|1.4E—06| 50" 4E-07 | 3E-07 | 5E-07 | 6E-07 | 9E-08
Mean |4,1E—07|3.5E-07/4, 7TE-07|6,4E-07/1,.2E-07| 70" 5E—07 | 5E-07 | 7TE—-07 | 8E—-07 | 3E—07
90" 9E-07 | 8E-07 | 1E-06 | 1E-06 | 5E—-07
95" 1E-06 | 1E-06 | 1E-06 | 1IE-06 | TE-07
100" | 2E—06 | 2E—06 | 3E-06 | 2E—06 | 2E—06
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