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Air Pollutant Emission Inventory and Impact of Typical Industries on PM, . in

Chengde
CHEN Guo-lei, ZHOU Ying, CHENG Shui-yuan*, YANG Xiao-wen, WANG Xiao-qi

(Key Laboratory of Beijing on Regional Air Pollution Control, College of Environmental and Energy Engineering, Beijing University of
Technology, Beijing 100124, China)

Abstract: In this study, detailed activity level of typical sector in Chengde in 2013 was obtained through a full-coverage investigation.
A comprehensive emission inventory with country-level resolution in 2013 was developed based on guide of atmospheric pollutant
emission inventory and updated emission factors. Then, the emission inventory within 1 km x 1 km grid was generated using source-
based spastial surrogates including population, road network and landuse date. Furthemore, meteorology-air quality modeling system
( WRF-CMAx) including Particulate Source Apportionment Technology ( PSAT) module was established in order to evaluate the impact
of topical sector (e. g., electric power, the production of construction materials, the metallurgical industry, etc. ) on PM,
concentration in January, April, July and October which were considered as the representative months of winter, spring, summer and
autumn. The results showed the total emission of SO,, NO , TSP, PM,,, PM,,, CO, VOCs and NH; in Chengde in 2013 was
respectively 81 134 t, 72556 t, 368 750 t, 119974 t, 51 152 t, 1281 371 t, 170 642 t and 81 742 t. Industrial source was the main
emission contributor of SO, , NO_ , CO, VOCs, accounting for 89.5% , 51.9% , 82.5% and 45. 6% of total emissions, respectively.
The major emission source of NO, also included on-road and non-road mobile source, respectively accounting for 26. 7% and 10. 8% .
The major emission source of TSP, PM,, and PM, ; was fugitive dust, accounting for 76. 7% , 65.6% and 46.54% , respectively.
Ammonia emissions from animals and farm accounted for 67. 1% and 15. 8% of total emissions, respectively. The numerical simulation
result showed that the fugitive dust, the others, the metallurgical industry and boilers industry had relatively higher contributions to
PM,  concentration, accounting for 23. 1% , 20. 6% , 13.3% and 11. 2% , respectively. These emission sources should be paid more
attention during the decision-making with respect to control strategies.

Key words: emission inventory; Chengde; spatial allocation; CAMx-PSAT; PM, ;
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Table 3 Emission factors of various residential fuels

EEERET k&kﬁ,l %‘é‘iﬂiﬁl ‘i"i‘?EHﬁl A Lf’?) A ﬁf/’iﬁf.i’ﬁ—‘)
/kg-t /kg-t /kg-t /kg-t /g m

S0, 11.06 2.75 1. 60 0.18 0.18
NO, 1.88 3.21 16.70 2.10 1.76
TSP 10. 58 0.50 0.50 0.17 0.03
PM,, 9.52 0.50 0.25 0.17 0.03
PM, 7.35 0.50 0.13 0.17 0.03

co 52.30 0. 60 0.47 0.36 0.35
VOCs 6.48 3.34 0.09 5.36 0.13
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Table 4 Emission factors of vehicle with different emission standards/g+km '
LR SRS FrifE S0, NO, PM,, PM, 5 Cco HC
=o 0. 008 1.971 0. 031 0.028 25.72 2.685
ES I 0. 009 0. 409 0. 029 0. 026 6.71 0. 663
NI A il [ 1 0. 009 0.324 0.012 0.011 2.52 0.314
[ I 0. 009 0. 100 0. 008 0. 007 1.18 0. 191
IV 0. 009 0.032 0.003 0. 003 . 68 0. 075
=AY 0. 009 0.017 0.003 0. 003 0.46 0. 056
0 0. 030 12. 421 1.429 1. 286 10.53 2. 668
1 0.029 11. 156 1.092 0.983 9. 86 0.576
R % A e I 0.028 9.892 0. 980 0. 882 8.68 0.351
= 1 0.029 9.892 0. 439 0.395 6.74 0.283
E IV 0.027 9.892 0. 280 0.252 3.25 0. 107
[V 0.027 8. 640 0. 140 0. 126 1. 62 0. 054
=0 0.011 3.310 0.110 0.099 47.83 4.987
1 0.013 2. 006 0. 067 0. 060 26. 16 3.324
i SN 0.013 1. 656 0.020 0.018 21.54 2.210
= 1T 0.013 0.534 0.012 0.011 5.61 0.610
Y 0.013 0.229 0. 007 0. 006 .37 0. 169
UL R HV 0.013 0.172 0. 007 0. 006 2.37 0. 169
=0 0.097 6.758 0. 483 0. 435 3.28 2.097
1 0. 009 5.578 0.299 0.269 4.19 2. 040
s SR 0. 009 5.578 0.290 0. 261 3.22 1.305
= 1T 0. 009 3.765 0. 144 0.130 1.88 0. 368
E IV 0. 009 2.636 0. 064 0. 058 1.48 0. 186
ERY 0. 009 2.240 0.013 0.012 1.48 0. 186
Eo 0.229 13. 823 1. 450 1.322 13. 60 4.083
[ 1 0. 194 9.589 0. 692 0.623 5.79 0. 897
T e QI 0.012 7.934 0.558 0.502 3.08 0.520
[ T 0.012 7.934 0.270 0.243 2.79 0.255
Y 0.012 5.554 0. 153 0.138 2.20 0. 129
=AY 0.012 4.721 0. 030 0.027 2.20 0. 129
0 0.003 0.130 0.033 0.030 14.20 2.010
LA il ES 0. 003 0. 140 0. 020 0.018 8.96 0. 990
SN 0. 003 0. 150 0. 009 0. 008 .58 0.530
[ 1 0.003 0. 100 0. 003 0. 003 11 0.210
®5 FEBEBHEHRETS > kg
Table 5 Emission factors of non-road mobile source/kg-t "
BT NO, PM,, PM, 5 Cco HC
B PR HL A 55.73 2.07 1.97 8.29 3.11
AL ALK 35.04 1.74 1.74 10.94 3.37
A iz ki 4 42.85 5.80 3.10 23.33 5.71
ALK 66. 10 6.30 63. 10 41.56 7.76
6 EAGHLEHET O
Table 6 Emission factors of fugitive dust
B T ﬁﬁlz%/j?,l *METZJQ(ZEI ?iiﬁk’fﬂl) *ﬂrﬂi%Q(}l’E\lk) %%11112?513'271 itﬁ%%
/g+(m”-a) /g+(m”-a) /kg-t /g+(m”-a) /g-km
TSP 2195.04 1 806. 41 0.026 32 331.00 10. 53
PM,, 1 154. 66 425. 67 0. 004 62 77.70 2.91
PM, 235. 64 170. 27 0. 001 45 12.10 0.88
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®7 IEXALBHLHHETFSL2 kgt

Table 7 Emission factors of unorganized industrial dust/kg-t ="

25 TSP PM,, PM, 5
R (f8) 5.67 4.30 3.73
PRER(BR) 1.86 1.22 0.73
PR () 10. 55 5.27 3.77
BaLk (BRLET) 0.41 0.24 0.10
IR 7 (KT 0. 40 0.10 0. 06
JKVBSLZE (KIR) 11.93 2.75 1.94

AP X PM, (B2, CAMx BB« Bl 2p 47 23
AT BT T T ) A B AR A O 1 R
g5, T LA S 2S AR 3 285 10 KA 05 Y 0 7E
TR 3k ) 2 R URE A T28 A 1A . CAMx A
R B JIURL ) A IR 7R R AR PSAT , BEASET X AN [
TR B | AT AR TRI M IX 35 e PR s kIR S
SEHERIOBT bR DX 38k 75 Y e B A sk s
PSAT 38 55 19 FURL ) b 2 32 B0 40 55 Bt R 56 20 1 il

R8 EWMFREHEEF kgt

Table 8 Emission factors of biomass burning/kg-t ~

1

7 1k kgt 4 4 - HEuk
S0, 0.53 0.44 0.85 0.53 1.38 0. 40 1. 00
NO, 1.42 4.30 3.31 2.92 0. 62 0.97 3.00
PM,, 5.78 11.95 7.73 6.93 7.05 3.48 13.27
PM, 5.67 11.71 7.58 6.79 6.56 3.24 13.00
CO 27.70 53.00 59. 60 49.90 95.30 29.00 107. 00
VOCs 8.45 10. 40 7.48 8.45 8.27 3.13 5.70
NH; 0.53 0. 68 0.37 0.53 0.53 1.30 2.90

£9 BFRE, ERIREMEE VOCs HEBEF 2] kgt !

Table 9  VOCs emission factors from solvent, painting and printing and gas station/kg-t ~
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Fig. 1 Chengde two-level nested-grid modeling domain and the location monitoring point
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Fig. 4 Spatial allocation of air pollutant emissions in Chengde in 2013
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