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Abstract

This study was performed to devel op the source profiles for fine particles(PM, 5) emitted from the biomass burning.
The multi-method research strategy included a usage of combustion devices such as field burning, fireplace, and
residential wood burning to burn rice straw, fallen leaves, pine tree, and oak tree. The data were collected from
multiple sources and measured water-soluble ions, elements, elemental carbon (EC), and organic carbon (OC).

From this study, it turned out that OC (34~ 67%) and EC (1.2~ 39%) are the major components emitted from
biomass burning. In the case of burning rice straw at field burning, OC (66.6%) was the most abundant species,
followed by EC (4.3%), Cl™ (3.6%), Cl (2.1%), and SO, (1.9%). Burning rice straw, fallen leaves, pine tree, and
oak tree at fireplace, the amount of OC was 58.5%, 52.7%, 52.5%, and 61.2%, and that of EC was 1.2%, 18.4%,
36.5%, and 2.7%, respectively. The ratio of OC for the burning of pine tree and oak tree from the residential wood
burning device was 56.9% and 34.3%, and that of EC was 25% and 38.6%, respectively. Applying the measured
data with respect to the proportion of components emitted from biomass burning to reference model, it turned out
that self-diagnosed result was appropriate level, and the result based on the model is in highly corresponding to
actual timing of biomass burning.
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Table 1. Summary of combustion facility and biomass
fuels.

Combustioan facility Biomass fuels

8 samples of agricultural

Field burning burning of rice straw
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9 samples of wood burning of
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- Pinetree 12 samples of wood burning of
Residential pinetree
wood burning ;
Oak tree 10 samples of wood burning of

oak tree
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Fig. 1. Sampling system for field burning.
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Fig. 2. View of fireplace.
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Fig. 4. Sampling system
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of residential wood burning.

Table 2. Summary of analytical method for chemical com-
position of fine particle.

Species Analytical Method®
Mass Gravimetric
Na Mg, Al, Si, P, S, Cl
K, Ca, Ti, V, Cr, Mn, Fe XRF
Ni, Cu, Zn, Br, Cd, Pb
NO,", SO,2", NH,*, Na* Ic
Cl™, K*, Mg, Ca*
oc®, EC® TOT

#Analytical methods are energy dispersive X-ray fluorescence (XRF), ion
chromatography (1C), and thermal/optical transmittance(TOT)

5Organic carbon

°Elemental carbon

Al BN 9% 2R 2APEE aoks)
of 2 20) versich

3. Z3 o 1FE
3.1 wHelx Al ojMgix} sjatx sy
Azds A S BAYR) N TAE
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Table 3. Field burning source profiles (weight percent of

mass).
U.S. EPA (2006)
Rice straw (profile 423202.5)
Species (n=8) (field burni ng)
(composite)
PM, s+ Uncertainty PM, 5+ Uncertainty
Na 0.299+0.192 0.134+0.215
Mg 0.067+0.108 -
Al 0.110+0.015 0.313+0.247
Si 0.012+0.021 0.411+0.384
P 0.000+0.017 -
S 0.565+0.019 0.638+0.425
Cl 2.094+0.016 1.125+1.157
K 0.942+0.008 2.321+1.454
Ca 0.004+0.017 0.660+ 0.605
Ti 0.001+0.003 0.005+0.010
Cr 0.000+0.001 0.002+0.004
Mn 0.001+0.015 0.121+0.088
Fe 0.001+0.002 0.202+0.377
Ni 0.000+0.007 -
Cu 0.000+0.017 0.037+0.231
Zn 0.008+0.017 0.011+0.012
Br 0.024+0.003 0.020+0.024
Cd 0.002+0.010 -
Pb 0.005+0.004 0.012+0.024
Cl~ 3.556+0.355 -
NO; 0.621+0.062 0.649+0.888
SO 1.909+0.190 1.988+2.492
Na* 0.079+0.007 -
NH,* 1.619+0.161 0.309+0.265
K* 1.341+0.134 -
Mg? 0.013+0.001 -
ca* 0.223+0.022 -
ocC 66.573+4.307 31.62+8.7
EC 4.296+0.416 5.183+2.303
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Table 4. Fireplace source profiles (weight percent of mass).
) Rice straw (n=13) Fallen leaves(n=6) Pine tree(n=11) Oak tree (n=9)
Species -
PM, s+ Uncertainty

Na 0.280+0.475 0.239+0.467 0.254+0.863 0.125+0.440
Mg 0.055+0.275 0.085+0.270 0.071+0.505 0.038+0.256
Al 0.054+0.036 0.076+0.036 0.088+0.067 0.019+0.034
S 0.006+0.052 0.006+0.051 0.020+0.096 0.008+0.049
P 0.000+0.044 0.000+0.043 0.002+0.080 0.000+0.041
S 0.227+0.044 0.498+0.044 0.200+0.080 0.201+0.041
Cl 0.979+0.028 1.248+0.028 1.446+0.051 0.359+0.025
K 0.884+0.019 1.734+0.019 1.621+0.034 0.518+0.017
Ca 0.005+0.043 0.011+0.042 0.019+0.080 0.006+0.040
Ti 0.001+0.008 0.001+0.008 0.000+0.015 0.000+0.008
Cr 0.000+0.003 0.002+0.003 0.001+0.005 0.001+0.002
Mn 0.001+0.039 0.002+0.038 0.004+0.072 0.002+0.036
Fe 0.003+0.004 0.007+0.004 0.003+0.008 0.003+0.004
Ni 0.000+0.018 0.000+0.018 0.001+0.033 0.001+0.017
Cu 0.001+0.044 0.004+0.043 0.002+0.080 0.001+0.041
Zn 0.005+0.044 0.017+0.043 0.059+0.080 0.004+0.041
Br 0.005+0.007 0.009+0.007 0.010+0.012 0.002+0.006
Cd 0.003+0.026 0.003+0.025 0.008+0.047 0.004+0.024
Pb 0.004+0.010 0.006+0.010 0.011+0.019 0.006+0.010
Cl- 1.814+0.181 1.548+0.154 1.167+0.116 0.508+0.050
NO; 0.034+0.003 0.194+0.019 1.913+0.191 0.121+0.012
SO, 0.699+0.069 1.300+0.130 0.461+0.046 0.476+0.047
Na* 0.178+0.017 0.147+0.014 0.171+0.017 0.107+0.010
NH,* 0.602+0.060 0.680+0.068 0.577+0.057 0.391+0.039
K* 1.301+0.130 1.809+0.180 1.134+0.113 0.524+0.052
Mg?* 0.019+0.001 0.020+0.002 0.005+0.000 0.009+0.000
cat 0.348+0.034 0.234+0.023 0.294+0.029 0.403+0.040
oC 58.483+4.040 52.711+3.664 52.471+3.680 61.180+4.030
EC 1.194+0.508 18.409+1.307 36.468+2.501 2.729+0.582

Zagxrx]Bo

F Q%2 OC (52.471%) > EC (36.468%) > NO;~
(1.913%) > K (1.621%) > Cl (1.446%) > K* (1.134%)
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28-S OC(61.180%) > EC (2.729%) > K * (0.524%)
>K (0.518%) > SO, (0.476%) > Ca®* (0.403%) >
NH,* (0.391%) o]l.om, ghaxo] n]&-2 AA| 2] 64%
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Table 5. Emission sources and their marker elements
(Chow, 1995; Huang et al., 1994).

Elements
Si, Al, Ca, Fe, Mn, Ti, Sc

OC, EC, S, Sh, Br, Zn
S, OC, EC, As, Se

Source

Sail
Motor vehicles
Coal-fired power plants

Oil-fired power plants V, Ni, Mo

Refuse incineration OC, Cl, Zn, Cu, V, Mn, Sn, Ag, In
Steel-making Fe, Mn

Refineries La, Ce, Na

Marine Na, Cl
Limestone/concrete Ca, Mg

Wood burning K, OC, EC

Sulfide smelters In

of2] 712 wjEde] AL vel s A &4 (marker
element)®] Z ol & 4~ 9l%e] wood burning]
712 OC, EC, K7} A 214214 (Chow, 1995; Huang
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Table 6. Source profiles for residential wood burning
(weight percent of mass).

U.S. EPA (2006)

Pinetree Oak tree (profile 3921)
Species (n=12) (n=10) (Res dent_i a
wood burning)
PM, s+ Uncertainty
Na 0.467+0.840 0.612+1.279 0.032+0.060
Mg 0.243+0.491 0.229+0.739 0.019+0.019
Al 0.041+0.065 0.158+0.098 0.016+0.012
Si 0.052+0.093 0.034+0.141 0.001+0.026
P 0.033+0.078 0.000+0.117 0.004+0.008
S 0.284+0.079 1.230+0.120 0.080+0.010
Cl 0.273+0.047 0.900+0.072 0.150+0.027
K 0.652+0.033 3.034+0.051 0.373+0.040
Ca 0.038+0.077 0.060+0.116 0.002+0.018
Ti 0.007+0.015 0.001+0.022 0.000+0.034
Cr 0.002+0.005 0.002+0.007 0.000+0.006
Mn 0.029+0.070 0.001+0.105 0.000+0.003
Fe 0.009+0.007 0.006+0.011 0.000+0.005
Ni 0.014+0.032 0.002+0.049 0.000+0.002
Cu 0.033+0.078 0.009+0.117 0.000+0.003
Zn 0.052+0.078 0.021+0.117 0.051+0.006
Br 0.008+0.012 0.014+0.018 0.003+0.001
Cd 0.020+0.046 0.011+0.069 0.004+0.014
Pb 0.008+0.018 0.009+0.028 0.001+0.004
Cl~ 0.582+0.058 1.794+0.179 0.166+0.064
NO;~ 0.924+0.092 1.749+0.174 0.152+0.039
SO 0.960+0.096 3.488+0.348 0.227+0.055
Na"  0.196+0.019 0.578+0.057 -
NH,* 0.721+0.072 1.837+0.183 -
K* 0.928+0.092 3.746+0.374 -
Mg?*  0.065+0.006 0.075+0.007 -
Ca*  0.560+0.056 1.054+0.105 -
OC 56.883+4.212 34.319+4.264 67.60+5.850
EC 24993+2179 38.612+3.000 17.46+1.589

etal., 1994), & ATFANE ofgolol ] 2aprsl 3
a4l o)F age] ¥ ulee e,

3.3 Wtz Ada Al ojMdx} BEtE S
itz d2Ad (EFERde)el dste] s}
T 5o A8 FREE F 20 A8l A3t

of mlARA A, ol &, Qs Yawks W 7R
e B A Qe A3 iz 74
4 43w Ak & 6ol hehhgleh

e QAaA AN Abrls A mlA Ak

FQAHS OC (56.883%) > EC (24.993%) > SO,2°
(0.960%) > K* (0.928%) >NO5 (0.924%) > NH,*
(0.721%) > K (0.6529%) > Cl (0.582%) > Ca?* (0.560%)

st 7)13 7 813 2] A 28 A 45

>Na(0.467%) o]l om, ghad o] ghafo] A9
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= vlws] By B Ao A$- ECo| AHu|7) |
= HdE A4 A (17.46%) Boh 2 WES et
Wolort, OCol ZA$els Aoz ¥ v&s
Jehligle) =3k K, Cl, S, SO, NO; 9] AjHn]7}
AAHFoz nZe] Wz A4 A Bo 2 H)E
& ehi e 53], AlmA4l Ko Z$- 2~ 10w
< v E&E JeRsTEh
7N Fo AR dsld ® A7 Ao
US. EPA zt=. o]9]9] dA7Zte}l v mslelsd],
H7-2] OCs= Fineetal. (2004)9] 2 3ke} f-AL
&S vepigli o, e OCy o2 A+
o Bdte] wj$ e w]&E eRlgleh Fie
EC: e} 7ol vlgte] w4 =2 v&S vehigl
o} w3k, Fhge] Clah Kol vj&2 =] dA+2
ol msked fzk w2 423Fo]¢lx, NO;, SO,
NH, 9] rj&2 HAAoz 2 AF3AHA7} B2 ¥

il

(o

fr ol

Bt

& el on 53], ubre] At B uE
& Bgieh QA oR Fo YR METAE B
QA7) e Ae] AATs) e Aol g 1}
Shi gles & 4 ek ol @ A7AT e %
ol bt Ak oAl Ao, dopy 5
of2 711 28le] 4T & AW Folurte

d

&A% (firetype) ] o]z} =7 el viepd 2}
2 Bt



Biomass-burningell A vl &= w]A 4 A} (PMy5)2] wl

9 FAEA A st #3 A3 393

rJ

Table 7. Comparison of major chemical composition for residential wood burning (weight percent of mass).

) This study Fineet al. (2004) Schmidl et al. (2008) Fineet al.(2001)
ecies - B -
s Fine Oak Oak Oak Oak
oC 56.9 343 55.1~55.4 48.1 875
EC 250 38.6 3.3~104 15.0 38
Cl 0.273 0.900 0.278~0.488 - 0.357
K 0.652 3.034 1.514~2.740 - 1.001
Cl- 0.582 1.794 0.39~0.48 0.196 0.40
NO;™ 0.924 1.749 0.38~0.52 0.134 0.40
SO, 0.960 3.488 0.97~1.37 0.178 0.42
NH,* 0.721 1.837 0.05~0.06 0.101 0.06
3.4 &9 FMEE MEH|9| CMBE‘.% HR Table 8. Source contributions obtained from CMB model.
e 3
Qe AT AEn WE9e] WE (Uit kgm?)
Result Result
B3R Arpl= Samd 2 /\-]_
d&d 4¥vE CMB wele] 287 ]'ﬁ Source type (include biomass  (except biomass
H71s}7] $15ke] CMB=H (version 8.2)2 ©]-£-3}o] burning) burning)
W& 7= FAstg nd A LS 93 AT Soil 1.40+0.38 0.65+0.77
= 20104 2 19 A& FzA A =35 Gasoline vehicles 6.86+1.57 13.79+5.03
e 4 N &+ - il e Diesdl vehicles 2021+4.94 3165+5.23
A QAF Al gell g8kt vl H7FE 18k & Municipal incinerator 0.63+0.31 1.36+3.61
Qg =gl tste] WU FA=x AEu]  Industria Boiler 0.00£0.00 2.27+6.48
= Marine aerosol 0.00+0.00 0.07+1.47
b Al B o]~ w=e]e 38 A 51| ok - -
Feell HEda i Eds 29 s 29A) o Biomass burning 24.8+5.93 -
2 As Ysle] 4L A4S vn FHrlsl] = Coal-fired power plant 0.000.00 0.000.00
o] Aa)ste] UER gk =9 Sl = A0 /(]._Q_ Ammonium sulfate 13.99+1.33 12.99+3.04
- - Ammonium nitrate 7.90+1.15 8.20+1.23
1?1' EH%‘%’_]% —7_/‘5]%2"-1 /KS]‘U:H] X]'E——C ’E‘ o‘:_]_'_a(l o] M easured mass 71.2 71.2
A A o2 sNdEt s A}ﬁfs}fﬁv} Calculated mass 84.8 71.0
X 8ol LJeERA nle} 7o) A=A gt w|E R-square 0.97 1.00
Chi-square 1.86 0.17
d 7ld=g FA% 2 O™ B %—"j—“““] A percent mass 119 9.8

¢l Aeke 4 ¢l R-square?] 7, 7247+ 0.97, 1.000. =
u)-¢ oFsd ke Mok F A Akesql Chi-
square®] 73-$-, 747 1.86, 017 vjeplo] A3t ¥

219 & vepisich Al 1Al 2k 49l Percent
masst 747F 119, 99.89] W9] Fro=z A 3o
Hegty & 4 ok Rl p A A EdAs 23

al
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248ugimPo 2 welFxx) 84.8ug/m’sl 29% 7)o
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