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Abstract: Size distribution of particles and their associated polycyclic aromatic hydrocarbons( PAHs)

from indoor burning source is one of the most important factors for the risk assessment of human
breathing exposed to indoor burning smoke. In this study smokes of incense mosquito coil in—
cense moxa and cigarette burning were simulated in a chamber respectively. The smoke particles
were collected with a MOUDI sampler and used for further PAHs analysis. In addition an airborne
particle counter was used to monitor the indoor particle number concentrations of moxa and cigarette
smokes. The emission factors for particles varied in the range of 3. 68 —22.46 mg/g and the size
distribution peaked at 0. 25 —0.44 pm. As for the US EPA 16 priority PAHs the emission factors
ranged from 10. 52 pg/g to 91. 30 pg/g. The size distribution of PAHs from moxa smoke peaked at
0.44 —1.0 wm  which was slight higher than those from other burning sources. The toxic equivalen—
cy( BaPyy,) for benzo a pyrene( BaP) in particles less than 1 wm accounted for 85% -98%. The
source characteristics ratios showed that moxibustion cigarette smoke and incense burning could be
categorized into biomass burning. The indoor particle number concentrations increased rapidly after
the cigarette and moxa were lighted then reached the maximum when they were burned out and fi-
nally decreased exponentially in 4 h. Furthermore the number concentrations of particles less than
0.3 pm decayed the fastest.

Key words: indoor pollution; burning simulation; particulate matter; polycyclic aromatic hydrocar—

bons( PAHs) ; size distribution
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( PAHs) R ( ) ( GB/T18883 —
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" PM, | PM, | 223 pg/m’
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PAHs o
20 wL 50 pg/mL  C,Dy, o
o Nap  Phe
0. 67 ng/filter  0.42 ng/filter; 17 PAHs 71% ( Flu) ~ 110% ( Chr) ;
2.1%( DBA) ~12. 1% Ant) . .
2
2.1
1 ( TSP) (mg/g) o
(18.28 ~22.46 mg/g) (3.68~4.11 mg/g)
(9.50~13.38 mg/g) - ’
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Table 1  Burning mass time and emission factors for particles and PAHs
. Burning Residue Burning TSP > PAHs > BHPTEQ
Type Detail . . . s
mass( g) mass( g) time( min) ( mg/g) (peg/g) (pgle)
Incense 1 Purplish 28 e¢m length 1.08024 0.348 17 40 9.50 13.36/10. 52 1.99
Incense 2 Yellow 28 cm length 2.209 81 0.278 13 60 12.87  32.93/13.79 2.17
Mosquito coil Smokeless and unscented mosquito coil incense  2.298 86 0. 377 00 70 3.68 21.16/17.55 3.17
incense 1 charcoal powder cyhalothrin content 0. 08%
Mosquito coil Smokeless and sandalwood charcoal powder — 2.280 91 0.399 32 70 4.11 19.58/15. 10 2.64
incense 2 dimefluthrin content 0. 03%
Moxa 1 Column diameter 1. 8 cm  length 3.5 cm 1.143 69 0.108 69 15 18.28  44.99/36.11 4.82
Moxa 2 Column diameter 1. 8 ¢cm  length 20 cm 2.21996 0.119 94 15 22.46  92.11/91.30  11.65
Cigarette 1 Flue-eured tobacco tar content 11 mg nico— 0.593 40 0.076 77 10 11.56  22.88/19.81 2.80
tine 1.0 mg CO 12 mg
Cigarette 2 Flue-cured tobacco tar content 6 mg nicotine 0.596 46 0. 067 99 10 13.38  22.05/19.84 2.50
0.6 mg CO8 mg
* ¢ sum of 17 PAHs/sum of 16 priority PAHs( 17  PAHs /16 PAHs ) Kk ok 2 BaPqy, = XTEF, x C; X TEF, represents
TEF value of i PAH compound and C; represents for EF of i PAH -2 ( TEF, i PAH C; i PAH )
1 4
0.25 ~0. 44 pm (0.26~0.38 pm)

(0.1~0.2 pm) 22 (0.44 ~ 1.0
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Fig. 1 Size distributions of particle emissions from different biomass burnings
2.2 PAHs
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(10.52~13.79 pg/g) 6 16 PAHSs (0.79 ~
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1 (32%) 2(13%) . 16
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2 ., ’ Y PAH ( +
) 6.27 pg/g Yang % 5 Y PAH,, 5.74 ~13.43
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o 2 PAHs
PAHs o PAHs =4
PAHs 3 Phe ’ PAHs
Nap o Mo ? Acpy
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Lu % BgP o
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Table 2 Profile of PAHs and selected characteristic ratios from different indoor burning sources
Mosquito ~ Mosquito ~ Mosquito Moxa .. Cigarette
Incense . . Moxibustion
PAH . Incense © Tncense  coil incense coil coil ( This , (This  Cigarette ®* Cigarette !
( This study) . . 5. " room
( This study) incense * incense study) study)
Nap 0.37 1.99 0. 66 0.1 49. 56 3.15 0.11 6.76 0. 46 4.55 22.19
Acpy 0.23 1.72 1. 69 0.01 3.2 4.13 0.82 72.6 0.17 4. 06 6.13
Acp 0.17 1.44 0.67 0.08 7.89 2.81 0.57 1. 18 0.77 1.93 4.74
Flu 0.18 3.68 3.01 0.05 1. 64 11.41 0.70 0.72 0.57 12.58 22.11
Phe 5.96 29. 84 18. 18 1. 88 19. 61 26. 15 12. 01 5.43 7.11 13.5 17.97
Ant 2.28 8. 96 5.01 1.14 4.05 9. 89 8.75 0.96 4.19 4.36 6.92
Flua 8.62 15.07 18. 41 3.97 4.96 10. 28 12. 09 1.37 12.30 8.43 6.27
Pyr 9.61 11.55 16. 64 6.24 3.94 10. 82 13.42 1. 36 15. 40 8.74 5.67
BaA 16. 86 4.81 8.78 16. 39 0.77 4.99 13.23 2.86 17.55 3.88 1.9
Chr 10. 87 5.96 10. 48 8.07 1.63 6.51 7. 68 4.95 14.32 2.98 3.27
BbF 6.70 2.18 6.39 8.74 0.77 2.87 3.42 0.8 3.78 4.86 0.78
BkF 9.17 2.27 1.72 14. 11 0.11 0.45 4.91 0.14 4.98 2.79 0.39
BaP 11.15 2.72 5.18 10.28 0.84 3.57 8.72 0.11 8.79 4.33 0.94
P 9.41 2.91 3.22 11. 64 0.43 1.62 7.41 0.41 5.03 3.37 0.39
BgP 6. 69 2. 68 0.98 15. 15 0.35 0.95 4.99 0.26 3.39 18.57 0.25
DBA 1.75 2.24 1.97 2.15 0.08 0.49 1. 18 0. 06 1. 19 1.07 0.08
Flua/ 0.46 + 0.55 + 0.52 + 0.39 = 0.56 0.49 + 0.47 + 0.50 + 0.44 + 0. 49 0.53 +
(Flua+Py)  0.04 0.05 0.05 0.01 ' 0.01 0.03 0.01 0.01 ’ 0.02
p/ 0.55 + 0.52 + 0.77 + 0.40 = 0.55 0.62 + 0.57 + 0.61 + 0.55 + 0.15 0.62 +
(IP+BgP)  0.06 0.01 0.09 0.05 0.04 0.05 0.05 0. 06 0.02
PAHs
PAHs o PAHs
PAHs Flua/( Flua + Pyr)  IP/( IP + BgP)
PAHs * . Flua/( Flua + Pyr) <0.4 ; 0.4~0.5
( ): >0.5 . . . TP/( TP + BgP) <0.5
( ): >0.5 . . 2 4
3 o Lu
» BgP IP/( IP + BgP) (0.15) o
Flua/( Flua + Pyr) 0.67 0.51 IP/(IP + BgP)
0.69 0.15° . N N

PAHs
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Fig. 2 Size distributions of PAHs with different rings from different burning sources
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Fig. 3 Evolution of particle number concentrations in different ranges from indoor cigarette and moxa burning in an office

— 10 min represents the time of measurement for indoor background -5 min represents the 5" burning time 0 min represents the end

moment of burning and so on( —10 min v =5 min 5 min 0 min )

3 (em™)
Table 3 Fitting parameters for particle number concentration( cm ~*) attenuation function in different ranges from

indoor cigarette and moxa burning

R Moxa 1 Cigarette 1
Size range( um) " " b ™ B b
<0.3 237 237 756 221 124 167 678 325 314 121
0.3~0.5 86 418 276 083 100 54 378 105 270 117
0.5~1.0 12 205 37 244 86 6118 14 168 143
1.0~2.5 1205 3479 83 245 1 641 211
2.5~5.0 146 352 79 41 176 202
5.0~10 55 108 79 14 54 211
3
N N PAHs
. PAHs BaP., 63%~91%  85%~98%
Flua/( Flua + Pyr)  IP/( IP + BgP) . PAHs
4 h o
o PAHs
PAHs

PAHs o
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