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Abstract

Globally, use of affordable fuels such as briquettes, woods and wood pellets has increased. Organic pollutants

emitted from non-point sources using solid fuels may have contributed to air pollution in urban environment. In

this study, we utilized simulated incinerator proposed by U.S. EPA and investigated concentrations of PM, PM,,,

PM, 5, OC/EC, CO, SO,

NO,, VOCs and PAHs emitted while cooking meat and fish using briquettes, woods and

wood pellets, and developed emission factors. As a result, wood combustion produced more air pollutants than the

others. Particulate matter emission factors for woods and wood pellets were 13.54 g/kg and 9.15 g/kg, respectively.

Total VOCs emission factors for briquettes, woods and wood pellets were 36.12 mg/kg, 46.13 mg/kg and 18.26 mg/

kg, respectively. Additionally, total PAHs emission factors for briquette, woods and wood pellets were 0.44 mg/kg,

18.84 mg/kg and 101.62 mg/kg, respectively.
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Table 1. Quality standard of fuel type.

Unit Diameter ~ Height ~ Weight Caloric
value
Type (mm) (mm) (kg) (kcal/kg)
Briquette 150 142 3.6 4,000 over
Wood 80 300 5 4,500 over
Wood pellet 6 30 20 4,500 over
E
N point
(—roso [
OO0

Fan

EEEE
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Fig. 1. Diagram of combustion simulation chamber.
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m’, D: 0.56m, H: 0.5m)& o]83slo] FJEALE 39
T, 2L AL M (300 X 600 X 300 mm)
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Table 2. Measurement and analysis method.

Polutants Sampling method Analysis method
PM KSMEA* Method ES 01301.1 ~ Weighting
PM,, " ESO01317.1  Weighting
PM, " ES 01317.1  Weighting

KSMEA Method
VOCs " ESO1113.1 ™Eq5 016061
PAHs " ES 01505.1 GC/MS
portable Analyzer
€O, 80,, NO, (electrochemical sensor)
OC/EC Organic Carbon/Elemental Carbon Analyzer

(Used in PM,, and PM, ; Filter)

*Korea Standard Methods for Examination

Filter
holder
AN Heated probe
I
—\Jl/ -
P L}
/
-
Nozzle o —_—
ir )
’ &
’
"'t-\-“'

Type s pitot tube

PM-10 sizer
Filter holder

I dire j Heated probe
= ”.JT f‘“ﬂ—' (D =

I AR Aol WE e HED WiSEA AT 79

OC/ECE &A3}91L, o]% PAHsS &A319ch A&
o AF & B 747} 334 o]Fojzlon 1 A}
2 B & AT 2E AT} gholl= blankE
i Eulelo] 244 el e A HHL
AR 37 W dolEE AHgstel B gho] blank &
4 s,
2.3.1 XA 2E=EH
YAFER F PM
01301.019] &7t & AASAYHS v 2 A
2E JFHst6 e PM,, @ PM,
7]Z ES 01317.19] HjZ7}A 2 PM,, @ PM, .= v}
o= AR s
= &AL Stack Sampler (Clean Air Experiment,
Method-5)& ©|-838to] 19 29} Zo] FA| & 45}
WE7hae) f £E, U B . FEE 5
2750 SEFUCE ARARL. PAsS] 2HS
95t o] 7}%] (Whatman, glass microfibre filters/47 mm)
AA e 3S2E o]83to] 850°Col|A] 4ATL o]
Fgsto] ga A& W f71E3S S5 AAT F,

rlo nio

ol el

Temperature
sensor

¥
\ PM-2.5 sizer
Nozzle /

Type S pitot tube

Orifice

| I 1
Dry
gas
meter

Manometer

Air-tight
pump

Fig. 2. Sampling device of the Particulate Mater.
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Fig. 3. Sampling device of the PAHs.

gAIA Ol E oA Ae7tA] WEd AR FAE %
D3| AFste] ARSI |A] A2 ol ARgE o
T AZE(110+5°C A 2~34)7F AZA 3,
gl AA OB ol A 24|17 o) sl x| &) FAE
39 olA BFE Hakstel 1 ghe hE gho= sent.
=Ao] gaH oA E sSHAEA Y] (Desert Reseach
Institute, Model 2001A)E o]-&3}o] OC/ECE AHA,
A Bt

N
w
N
N
[>
0z
o
oe
MO
A

SO,,NO, 9| s&=&5 d&H4 o= S5

LA F7ISREY A d71LdsHA—7IE
ESO01113.1 Hj&7k2 & A7 =4 A=A 5
U F ==t W (Tedlar bag) W ol 2J3ke] 1 L/min
o £=2 ARE AHHAD AHT ARE AR
HAS 97] 8 AFE Az Z8siga GC/MS
(Agilent Technologies, GC7890A/MS5975C)E ©]-8-5}
SEPLEES

a7 A 33 A A2 &

PAHs 9] 790l th7] 2 4B AB71% ES 01505.1
o HE7ts F RPRERRS LTI 22ED
5 W2 olgste] B PAHSE HETA
of YA L k2o EAshe YA PAHSE B
A N2AH PE A 5EFAL stgom, vt

249 AL BT BAAS olg3te] NEE A

Hoj= o E}o]E (Amberlite) XAD-2 (Supelco,
1-0357) #A| €} PUF (Poly Urethane Foam)2 AME-51%
oh ARG ASEE UEF olAE 850°ColA 2
A7 2 5 oHE, WA 9 EAL AL 30
287 AT T AT Axsj0 A E
3t GHEHo]E XAD-2= OMAE+ SRS (1+1), obAl
£(23)), SRS o] g3ko] 22t 3087 223} 4]
4 5 30°C ofste] WBARI NN AxT F AL
At PUF= A A 27t 425 A& (Supelco, 27577)&
Wz nasel A=A A LSt Aze)



IR AR Ao WE S HE

A ejEEY 2AAT 81

Table 3. PM and OC/EC concentration by fuel type. (unit: mg/m’)
PM PM,, PM,
Fuel
PM oC EC PM ocC EC PM oC EC
Wood 133.6 61.1 7.9 118.5 477 154 108.6 455 6.9
Wood pellet 103.09 349 9.7 65.97 279 3.6 56.79 2.7 2
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Fig 4. Emission Characteristics of CO, SO, and NO,.
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Table 4. VOCs concentrations by fuel type. (unit: ppb)
Briquette Wood Wood pellet
Pollutants
ConC SD RSD ConC SD RSD ConC SD RSD
1,3-Butadiene - - - 86.88 62.35 71.77 - - -
Acrylonitrile 146.47 41.66 28.44 - - - - - -
Benzene - - - 112.79 101.11 89.65 58.83 72.75 123.67
trans-1,3-Dichloropropene - - - 0.51 0.44 87.01 - - -
Toluene 45.14 10.58 23.44 11.09 12.13 109.34 - - -
Ethylbenzene 5.39 346 64.21 - - - - - -
m,p-Xylene 22.11 5.77 26.08 - - - - - -
Styrene 18.08 10.94 60.50 0.05 0.04 86.60 - - -
1,2,4-Trichlorobenzene 21.87 8.77 40.10 - - - - - -
1,2,4-Trimethylbenzene - - - 0.28 0.01 4.13 - - -
500 [ Briquette [l Wood Wood pellet

400

Concentration (ug/m’)

Fig. 5. PAHs concentrations by fuel type.
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Ao A v S5 E7F A e
A=te & PAHs % 14.58 ug/m’ & benzo(a)
pyrene©| 839 ug/m’(57.5%)2 7} W HiZEEALS
e I, naphthalene 1.92 pg/m’, acenaphthene 1.08
pg/m’ £08 Uehdth 322 £ PAHs & 261.50
pg/m’® 2 acenaphthylene©] 186.7 ug/m’(71.4%), phen-
anthrene 20.8 pg/m’, fluorene 11.9 pg/m’ &=22 e}
won, ZA A5 7 f-olli= F PAHs &= 937.03 pg/
m’ % acenaphthylene©] 481.46 ug/m’(51.4%), phenan-
threne 176.55 pug/m’, fluoranthene 60.3 pg/m’ 4= © 2 Hlj
25292 e

ke 8% U &

2 A2, f#22 PAHs 33HE F shUEA o
B BEFESIAE AR ECER EAE 8=
naphthalene©] A&k 1.92 pug/m’, -2 7.20 ug/m’, B3|
H3 3832 pg/m’ 22 Uebgth Aol QlojAl byt
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Table 5. PAHs concentration by fuel type. (unit: ug/m’)
Briquette Wood ‘Wood pellet
Pollutants
ConC SD RSD ConC SD RSD ConC SD RSD

Naphthalene 1.92 2.72 141.34 7.23 481 66.54 38.32 34.06 88.88
Acenaphthylene - - - 186.72 232.78 124.67 481.46 601.15 124.86
Acenaphthene 1.08 0.03 2.99 0.13 0.16 122.64 430 6.86 159.34
Fluorene 0.30 0.05 15.28 11.94 7.95 66.57 31.89 20.23 63.44
Phenanthrene 1.30 045 34.83 20.81 14.31 68.78 176.55 126.35 71.57
Anthracene 0.19 0.02 8.18 4.40 2.90 65.92 21.37 16.46 77.05
Fluoranthene 0.13 0.04 27.74 7.94 4.96 62.50 60.30 38.24 63.42
Pyrene 0.18 0.04 22.04 8.03 4.88 60.74 49.52 31.30 63.20
Benz(a) anthracene 0.16 0.01 3.69 3.03 1.60 52.80 1141 6.88 60.32
Chrysene 0.04 0.01 15.75 2.13 1.16 54.70 7.00 440 62.92
Benzo(b) fluoranthene 0.20 0.02 7.77 3.32 2.08 62.64 12.88 5.56 43.15
Benzo(k) fluoranthene 0.07 0.00 0.00 1.00 049 48.54 6.85 6.01 87.75
Benzo(a) pyrene 8.39 751 89.49 2.39 0.96 40.20 8.26 344 41.69
Indeno(1,2,3-cd) pyrene 0.18 0.01 327 1.64 0.55 33.34 7.71 2.03 26.38
Dibenz(a,h) anthracene 0.33 0.02 6.37 0.16 0.05 33.07 5.24 0.99 18.86
Benzo(g.h,i) perylene 0.11 0.01 541 0.89 0.24 27.31 13.97 13.02 93.20
o, W EHe FFS gelsta A e AdHe A=A L}E}‘;h:}
e ste b 8% 98-S v H % A Al AR g FAR A7 AH|F

dAvte] EA449 HA w27t B2 BAZ HA v 1,8820 E(MIRECO 2012)S FEEZ 283}
71+ 9 OC/ECY Hj&AT= AAshA] ZFoH, HH%FB]:E AR e A= stEdE A
7EAAF B9 CO, NO,, SO,9F PAHS, VOCsOﬂ gt 4556270 (BAA 2012)¢ IEGR 14G A7FARA}
iEA+E APgstgiTh CO9 &A= 14.09 g/kg, & 2,54848kg (GRI, 2011)& &Fe2 A-gsto] 2+

NO,= 0.08 g’kg, SO = 029 g/lkgS &2 AR =]
PAHs+= 048 mg/kg, & VOCs= 36.12 mg/kg_O_E /,\_P
= At

3 9 55 viEA 5 v, ARkE e
2 FEoA tFEY wEAsTE A A E AT
I olfe & AN AHEE dEe B B &
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A Azt @ol Ha witE= A7F A gholl 9%
F07] fzolth WA 9] B9 wiEAld Y] HredE
A WEAF LA(FHEEH LY A2015-95)0] 4
BAIEE B3 WA viEA 4= 0.93 g/kgoll v 3}
E2 oF 154¢l 13.54 g/kg, BA]H 3L oF 108121 9.15
gkgl 2 =7 UrEP*ﬁ}

FESH 0CY A$ 328 61. lOg/kg, ZA9Es1L 273
g/kgO 2 A= gl on, ECol Z¢- 352 7.86g/kg,
EAQEL 0.75 glkgo 2 AP E o] 3Hgo] ZAER
of] v =4 Uebtth. PAHs 9| 739 3}-2 18.84 mg/
kg, EAHEL 101.62 mg/kgl 2 ER|HZ o] 5H] 9]
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Aol A WA 2HEFDE HiEFE CO+=
28.,934.26 ton/yr, SO,+= 601.84 ton/yr, NO,= 165.29
ton/yr2 AFJEQloH, & VOCs ¥ & PAHs= 5.36
ton/yr, 2.19 ton/yr2 AHY E At}
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H ZE5=7F SAES T 3Hgo] oF 18008 A=
A vebga wiEAsE gRE =4 Jehy 359
HiEgo]l A AEEUY. 429 dgd #E wiE
A 9 &g & 63 Aot

K
oz =
= ==Y



Table 6. Emission factor and emissions by pollutants.

IA AR Aol e e HEE WEEA 2AETF 85

Emission factor (g/kg) Emissions (ton/yr)
Pollutants
Briquette ‘Wood Wood pellet Briquette Wood Wood pellet

PM - 13.54 9.15 - 1,572.19 585.53
PM PM,, - 11.51 6.20 - 1,336.48 397.07
PM, - 10.50 4.39 - 1,219.20 281.02
PM oC - 61.10 2.73 - 7,094.59 174.76
EC - 7.86 0.75 - 912.66 48.01
PM EC - 5.28 2.55 - 613.08 163.23
10 oC - 1.50 042 - 174.17 26.89
PM EC - 4.26 048 - 494.65 30.73
25 oC - 0.62 0.35 - 71.99 22.40
CO 14.09 47.60 52.79 28.934.26 5,527.04 3,379.33
Gaseous SO, 0.29 0.90 0.15 601.84 150.95 9.89
NO, 0.08 1.30 1.55 165.29 104.50 99.03
Y VOCs (mg/kg) 36.12 46.13 18.26 67.98 5.36 1.17
> PAHs (mg/kg) 048 18.84 101.62 0.90 2.19 6.51

4.8 B

2 A7 A2 B8] ARt 71 9
2 ARl soiUl e IR &

€ S8 A - Fof AAFARTE LAY oW 2 54
ol HA o] wiEAs+E 78 = e, S5y =
AEZ 9] 7 PM F PM, 7} AFA|8k= H]&o] 81%,
55%% nA AR A Al Zu|HHEA7F EA e
o 3hEe] MAEErE SA PR WA FEET &
< olfr= FHBete] 2 43T ZAES0] SR
o A8 A&7t ofFo R WEelgint. ofof w2t
HjEAs % EFE SEolA o A A E

gage Mg ZAEslo)A OC $=71 EC 5
o mjs) oF L5uj~8u) A UEht dart dojd
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