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Emission Inventory of Heavy Metals in Fine Particles Emitted from Residential

Coal Burning in China

LIU Hai-biao'*, KONG Shao-fei'*** ,WANG Wei'*, YAN Qin'"

(1. Collaborative Innovation Center on Forecast and Evaluation of Meteorological Disasters, University of Information Science and
Technology, Nanjing 210044, China; 2. Key Laboratory for Aerosol-Cloud-Precipitation of China Meteorological Administration,
Nanjing University of Information Science & Technology, Nanjing 210044, China; 3. School of Environmental Studies, China
University of Geosciences, Wuhan 430074 ,China)

Abstract; Based on a dilution sampling system and domestic burning tests, emission factors (EFs) for eleven heavy metals of V, Cr,
Mn, Co, Ni, Cu, Zn, As, Cd, Sb and Pb in PM, , from raw coal and honeycoal burning were calculated, using their contents in raw
coals of different provinces. Then the total emission amounts of heavy metals from residential coals burning in 2012 were calculated and
30 km x30 km grid cell-based emission inventories were established. The results showed that the EFs of Pb, Zn, As and Cu were
higher from honeycomb coal burning. They were 27.1, 16. 8, 0.99 and 0. 97 mg-kg ™", which were 56, 6, 10 and 2 times of those for
raw coal, respectively. The total emissions of V, Cr, Mn, Co, Ni, Cu, Zn, As, Cd, Sb and Pb in PM, , from residential coal burning
in 2012 were 0.5, 30.1, 59.5, 1.1, 29.3, 20.0, 188.9, 64.9, 1.6, 3.4 and 176. 7 t. Hunan, Hebei, Inner Mongolia, Henan,
and Shandong held higher emission amounts, which were 12.4% , 12.3% , 10.4% , 9.9% and 9.3% of the total emissions of the
whole country. Beijing, Henan, Shandong, Hunan, Jiangxi, Guizhou and Inner Mongolia were the regions with higher emission
intensities and emission amounts per capita. The spatial distribution showed that the regions with higher annual emissions of Zn and Pb
distributed widely, mainly in Inner Mongolia, Hebei, Beijing, Tianjin, Shandong, Henan, Gansu, Hunan and Jiangxi. The emission
inventories for heavy metals in fine particles established here are important for regional air quality modeling and human health risk
assessment.

Key words : residential coal burning; fine particle; heavy metal; emission inventory; spatial distribution
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Fig. 1

Coal consumption for different provinces of China in 2012
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Table 3 Contents of heavy metals in coals from different provinces of China/mg-kg ™!
A IX \% Cr Mn Co Ni Cu Zn As Cd Sh Pb
dbmt 70.5 18.5 47.0* 9.7 13.7 49.2 112.5 3.7 0.9 1.2 39.0
KHE 70.5 18.5 47.0* 9.7 13.7 49.2 112.5 1.8 0.9 1.2 39.0
ba 70.5 18.5 47.0* 9.7 13.7 49.2 112.5 1.8 0.9 1.2 39.0
g 18.0 9.5 20. 1 3.5 16.4 15.3 37.9 2.6 0.6 0.6 21.1
M5 16.0 11.3 137.6 7.6 10.5 9.1 45.9 2.0 0.1 1.2 10.3
uTr 32.5 55.2 105. 6 18.0 37.1 29.6 71.8 3.7 0.3" 6.2 17.0
Ak 28.6 15.9 116.0 7.2 15.4 15.5 51.1 15.5 0.1 1.3* 20.1
ELEyIRIN 28.6 15.9 116.0 7.2 15.4 15.5 51.1 3.3 0.1 1.3* 20.1
i 25.0" 16.0*  47.0" 7.0" 15.0* 13.0* 38.0" 5.0" 0.3" 1.3* 14.0*
b 25.3 21.8 96.0 13.5 17.6 49.0 17.2 2.2 0.0 0.2 13.0
FiRAN 34.5 13.6 28.9 2.7 15.0* 13.0" 38.0* 1.0 0.3" 0.5 14.0"
g 31.4 20.3 16.5 9.9 32.4 20.3 6.2 5.0" 0.1 0.6 15.8
By 25.0" 16.0*  47.0" 7.0* 15.0" 13.0* 38.0" 7.5 0.3" 1.3* 14.0"
AN 71.2 42.2 54.4 6.5 26.5 14.8 102.7 4.0 0.8 1.8 22.3
IN7R 41.9 7.4 68.2 5.7 29.5 18.7 22.3 3.1 0.3" 0.2 16. 8
R 25.0" 29.6 47.0* 3.2 15.0* 13.0" 38.0* 2.6 0.3" 0.2 15.0
il 25.0*% 16.0* 47.0* 7.0* 15.0* 13.0* 38.0" 5.1 0.3" 1.3* 14.0*
Wi 31.2 9.7 48.9 3.7 6.3 13.0* 38.0% 19.8 3.4 4.0 14.0"
R 25.0* 16.0* 47.0* 7.0% 15.0" 13.0* 38.0" 9.6 0.3" 1.3° 14.0*
I 408.0 181.0 43.2 4.6 15.0* 13.0" 38.0*  10.7 0.3" 0.5 14.0"
jige) 25.0" 16.0*  47.0" 7.0" 15.0" 13.0* 38.0* 5.0" 0.3" 1.3* 14.0"
HIR 25.0" 31.7 203.6 47.6 65.2 65.9 38.0* 3.9 3.1 1.3* 36.3
pa | 25.0% 31.7 203.6 47.6 65.2 65.9 38.0° 3.9 3.1 1.3* 36.3
bl 43.2 10. 4 119.0 7.4 12.2 23.7 21.1 2.9 0.9 13.1 17.0
= 25.0" 7.4 34.4 1.9 15.0* 8.7 38.0* 3.6 0.7 1.7 12.2
[iif7 25.0" 16.0*  47.0" 7.0 15.0* 13.0* 38.0* 5.0% 0.3" 1.3° 14.0"
Sl 25.0" 16.0*  47.0" 7.0" 15.0* 13.0* 38.0" 3.0 0.3" 1.3* 30. 1
A 25.0" 16.0*  47.0" 7.0% 15.0" 13.0" 38.0% 4.9 0.3" 1.3" 14.0"
Hiff 25.0* 6.0  47.0* 7.0% 15.0" 13.0" 38.0% 2.0 0.3" 1.3* 14.0*
TH 25.0" 16.0*  47.0" 7.0* 15.0* 13.0* 38.0" 2.2 0.3" 1.3* 14.0"
B 25.0" 6.8 47.0* 3.6 15.0* 13.0* 17.0 4.2 0.3" 0.7 14.0"
1) = 2 EPERE, & )] SIS REORFE B, T IH
F4 BEARBEZHEMEHRPM, FESERHEREF /mg-kg!
Table 4 Emission factors of heavy metals in PM, 5 from honeycomb coal burning for different provinces/mg-kg -1
B v Cr Mn Co Ni Cu 7Zn As Cd Sh Pb
dbmt 0. 005 0.295 0.214 0. 007 0.133 0. 967 16.755 2.031 0.110 0.113 27.117
K 0. 005 0.295 0.214 0. 007 0.133 0. 967 16.755 0.988 0.110 0.113 27.117
AL 0. 005 0.295 0.214 0. 007 0.133 0.967 16.755 0.988 0.110 0.113 27.117
g 0.001 0.151 0. 091 0. 002 0.159 0. 301 5.648 1.427 0.075 0. 057 14. 685
AE 0.001 0.180 0. 626 0. 005 0.102 0.178 6.837 1. 098 0. 006 0.111 7.151
fiy 0. 002 0. 881 0. 481 0.013 0. 361 0.582 10. 694 2.031 0.033 0. 591 11.812
AR 0. 002 0. 254 0.528 0. 005 0. 149 0.304 7.607 8. 508 0.013 0.124 14. 004
BRI 0. 002 0.254 0.528 0. 005 0. 149 0. 304 7.607 1.811 0.013 0.124 14. 004
i 0. 002 0. 256 0.214 0. 005 0. 146 0. 256 5.658 2.744 0.035 0.124 9.739
T 0. 002 0.349 0. 437 0.010 0.171 0. 962 2.561 1.208 0. 004 0.021 9.071
Wi 0. 002 0.217 0.132 0. 002 0. 146 0.256 5.658 6. 038 0.035 0. 049 9.739
3 0. 002 0.324 0.075 0. 007 0.316 0. 400 0.922 2.744 0. 006 0. 061 10. 957
By 0. 002 0. 256 0.214 0. 005 0. 146 0. 256 5.658 4.117 0.035 0.124 9.739
b 0. 005 0.675 0.247 0. 005 0.258 0.291 15.291 2.196 0. 097 0.174 15. 485
TR 0.003 0.119 0.310 0. 004 0. 287 0. 368 3.319 1.702 0.038 0.023 11. 673
RG] 0. 002 0.474 0.214 0. 002 0. 146 0. 256 5.658 1.427 0.035 0.022 10. 456
W 0. 002 0.256 0.214 0. 005 0. 146 0.256 5.658 2.799 0.035 0. 124 9.739
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gk 4

HIX v Cr Mn Co Ni Cu Zn As Cd Sh Pb
W 0. 002 0. 155 0.223 0. 003 0. 062 0. 256 5. 658 10. 868 0.397 0.381 9.739
IS 0. 002 0. 256 0.214 0. 005 0. 146 0. 256 5. 658 5.269 0.035 0. 124 9.739
il 0. 029 2.892 0. 197 0. 003 0. 146 0. 256 5.658 5.873 0.035 0. 047 9.739
fiigea) 0. 002 0. 256 0.214 0. 005 0. 146 0. 256 5. 658 2.744 0.035 0. 124 9.739
GiN 0. 002 0. 507 0.927 0.034 0. 635 1.295 5. 658 2. 141 0. 367 0. 124 25.253
Pl 0. 002 0. 507 0.927 0. 034 0. 635 1. 295 5.658 2. 141 0.367 0. 124 25.253
bl 0. 003 0. 167 0.542 0. 005 0.118 0. 466 3. 140 1.592 0.103 1.254 11. 840
P 0. 002 0.118 0. 157 0.001 0. 146 0.171 5. 658 1.976 0. 083 0. 159 8. 494
i 0. 002 0. 256 0.214 0. 005 0. 146 0. 256 5. 658 2.744 0.035 0. 124 9.739
[SQil 0. 002 0. 256 0.214 0. 005 0. 146 0. 256 5.658 1. 647 0. 035 0. 124 20.919
Hil 0. 002 0.256 0.214 0. 005 0. 146 0. 256 5. 658 2. 690 0. 035 0.124 9.739
il 0. 002 0. 256 0.214 0. 005 0. 146 0. 256 5. 658 1. 098 0.035 0. 124 9.739
TH 0. 002 0. 256 0.214 0. 005 0. 146 0. 256 5. 658 1. 208 0.035 0. 124 9.739
B 0. 002 0. 109 0.214 0. 003 0. 146 0. 256 2.533 2.305 0.035 0. 068 9.739

x5 SEHXBIFERESEHN PM, ;P ESENHEREF/mg-kg ™!
Table 5 Emission factors of heavy metals in PM, 5 from raw coal burning for different provinces/mg-kg~

BIX v Cr Mn Co Ni Cu 7n As Cd Sh Pb

1

Jeat 0.011 0.317 0.375 0.013 0.237 0.397 2.707 0.204 0.003 0. 006 0. 480
Kt 0.011 0.317 0.375 0.013 0.237 0.397 2.707 0. 099 0.003 0. 006 0. 480
mdL 0.011 0.317 0.375 0.013 0.237 0.397 2.707 0. 099 0.003 0. 006 0. 480
1y 0. 003 0.163 0. 160 0. 005 0.284 0.123 0.912 0.143 0. 002 0.003 0. 260
AL 0. 002 0.193 1. 097 0.010 0.182 0.073 1. 105 0.110 0. 000 0. 006 0.127
i 0. 005 0. 947 0. 842 0. 024 0. 644 0.239 1.728 0.204 0. 001 0.031 0.209
GRS 0. 004 0.273 0.925 0.010 0. 266 0.125 1.229 0. 853 0. 000 0. 007 0.248
AT 0. 004 0.273 0.925 0.010 0. 266 0.125 1.229 0.182 0. 000 0. 007 0.248
i 0. 004 0.275 0.375 0. 009 0. 260 0.105 0.914 0.275 0. 001 0. 007 0.172
TR 0. 004 0.375 0. 766 0.018 0.305 0.395 0.414 0.121 0. 000 0. 001 0. 161
AN 0. 005 0.234 0.231 0. 004 0. 260 0.105 0.914 0. 605 0. 001 0. 003 0.172
TR 0. 005 0. 348 0.132 0.013 0. 562 0. 164 0. 149 0.275 0. 000 0.003 0. 194
e 0. 004 0.275 0.375 0. 009 0. 260 0.105 0.914 0.413 0. 001 0. 007 0.172
bANIET] 0.011 0.725 0.434 0. 009 0. 459 0.120 2.471 0.220 0. 003 0. 009 0.274
KR 0. 007 0.128 0. 544 0. 008 0.511 0.151 0.536 0.171 0. 001 0. 001 0.207
NN 0. 004 0.509 0.375 0. 004 0. 260 0.105 0.914 0.143 0. 001 0. 001 0.185
e 0. 004 0.275 0.375 0. 009 0. 260 0.105 0.914 0. 281 0. 001 0. 007 0.172
e 0. 005 0. 166 0. 390 0. 005 0.110 0.105 0.914 1. 089 0.011 0. 020 0.172
IR 0. 004 0.275 0.375 0. 009 0. 260 0.105 0.914 0.528 0. 001 0. 007 0.172
i} 0. 064 3.108 0. 345 0. 006 0.260 0.105 0.914 0.589 0. 001 0. 002 0.172
s3] 0. 004 0.275 0.375 0. 009 0. 260 0.105 0.914 0.275 0. 001 0. 007 0.172
HIK 0. 004 0. 544 1.624 0. 064 1. 131 0.532 0.914 0.215 0.010 0. 007 0. 447
Pl 0. 004 0. 544 1. 624 0. 064 1.131 0.532 0.914 0.215 0.010 0. 007 0. 447
B 0. 007 0.179 0. 949 0.010 0.211 0.191 0. 507 0. 160 0.003 0. 067 0.210
oM 0. 004 0. 127 0.274 0.003 0. 260 0.070 0.914 0.198 0. 002 0. 008 0.150
g 0. 004 0.275 0.375 0. 009 0. 260 0.105 0.914 0.275 0. 001 0. 007 0.172
Sl 0. 004 0.275 0.375 0. 009 0.260 0.105 0.914 0.165 0. 001 0. 007 0.370
H 0. 004 0.275 0.375 0. 009 0. 260 0.105 0.914 0.270 0. 001 0. 007 0.172
Hi 0. 004 0.275 0.375 0. 009 0. 260 0.105 0.914 0.110 0. 001 0. 007 0.172
TH 0. 004 0.275 0.375 0. 009 0. 260 0.105 0.914 0.121 0. 001 0. 007 0.172
e 0. 004 0.117 0.375 0. 005 0.260 0.105 0. 409 0.231 0. 001 0. 004 0.172

X B BEBR B HE PM,, T 11 A 4 Jm a2 1.1.29.3.20.0, 188.9.64.9 1.6, 3.4 F1176.7
(W%6). V.Cr,Mn, Co,Ni, Cu,Zn,As, Cd, Sb  t. Zn FlPb By EitE T HMFESE, L5 11 f
1 Ph 4 HE L B s 43k 0.5, 30.1, 59.5, E4 B S B 63.5%. WIFE . db. ST,
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Table 6 Emission amounts of heavy metals in PM, 5 from residential coal burning in 2012 for different provinces/kg
HX A Cr Mn Co Ni Cu Zn As Cd Sh Pb
k(38 30. 1 874.9  1029.5 35.7 650. 5 1119.7 8044.5  635.8 12.6 20.9 2399. 5
Kot 7.4 214.3 253.5 8.8 160. 2 268.4  1829.9 66.9 2.0 4.1 324.5
E4 4.6  2831.7 32562 112.6  2056.3  3960.9 34058.1 1505.9 101.2 128. 1 22791.6
i) 16.7  1015.1 961.6 27.8  1705.4 889.6 8781.4 1724.8 59.4 53.3 10911.3
AE4 34.4  2783.0 15289.9  140.5  2538.2  1199.3 23561.0 2895.1 9.9 224.0 11 083. 4
Ly .2 15815 1369.2 38.9  1045.2 443.5  4003.1  566.5 5.5 121.5 1779.3
RN 1 4432  1482.6 15.3 426.7 213.7  2366.7 1827.5 1.3 17.5 1194.3
R 14.2 867.6  2939.5 30.4 846.2 397.1  3905.1  576.7 1.1 21.0 787.6
i 1.6 113.2 154.5 3.9 107.2 43.2 376.5 113.3 0.4 .7 71.0
v 0.6 52.6 107.6 2.5 42.9 55.5 58.1 17.0 0.0 2 22.6
Wi 1.3 115.2 69.7 1.0 77.4 135.4  2998.7  3200.0 18. 8 25.9 5161.8
TR 7.2 510. 8 193.6 19.4 826.0 241.0 218.7  404.0 0.2 4.8 284.9
Finye s 3.1 217.1 296.3 7.4 205. 6 82.9 722.2  325.9 0.8 5.2 136.2
il 7.4 916.3 352.7 6.7 368.2 376.3 19361.3  2766.4 121.5 218. 8 19384.3
% 20. 6 570. 1 1887.4 25.8  1759.5 1301.3  10171.7 5017.1 106. 4 65.7 32593.5
Jl 40.7  5730.4  3985.8 45.1  2761.8 1457.3  18704.4 3874.5 71.4 49. 8 20 080. 0
W 18.8 13262  1807.0 45.1 1254.0 509.8  4518.9 1410.2 5.4 34.5 1044.7
Wir 19.5 843.6 1663. 9 20.5 465.9 888.1 15471.3 27731.9 927.8 919. 1 22459.0
IR 2.0 170. 8 205.6 5.1 142.2 97.3  1545.0 1299.0 .6 28.2 2053.6
i} 23.4  1143.2 126.8 2.3 95.7 38.6 336.2  216.5 4 0.9 63.4
fi3Ee] — — — — — — — — — — —
GiliN 7.6 10565  3152.9  123.4  2195.6  1032.1 1774.2  416.3 19.4 12.8 867. 6
i 13.3  1851.9  5526.4 2164 3848.4  1809.0 3109.8  729.7 34.0 22.5 1520.7
N 57.2  1564.7  8117.0 84.1 18026  1819.6 5819.5 2144.0 76.7  1201.1 7 886. 4
ZH 13.6 447. 4 958.9 9.0 909. 1 255.2  3584.1  833.4 14. 1 41.2 1164.3
i — — — — — — — — — — —
i} 9.3 652. 1 890.0 22.2 617.7 249.0  2169.6  391.6 2.3 15.7 878. 8
ik 18.3  1400.7 1797.0 44.6  1245.0 669.0  8746.4 3446.9 34.3 134.3 9020.9
i 4.2 295.7 403.5 10. 1 280. 1 112.9 983.7 118. 4 1.0 7.1 185.5
TH 2.6 182.0 248. 4 6.2 172. 4 69. 5 605. 4 80. 1 0.6 4.4 114.2
S 10.0 299.5 956.3 12.3 663. 6 267.5 1043.4  589.1 2.5 9.2 439.6
| 494.9 30071.4 59483.2 1122.8 29269.6 20002.6 188869.0 64924.4 1638.7 3394.4 176 704. 6
1) — FR TR
AT A R L AR A4 X R FH R BR e HE IO iR 5 Fh i 42 )i 5 - Ca% s COsR s
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Fig. 2 Contributions of honeycomb coal and raw coal burning

to the total emissions of each heavy metal
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Fig. 3 Emission intensitiesof heavy metals in PM, 5 from residential coal burning in different provinces of China in 2012
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