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Combustion Emission Gas Analysis and Health Hazard Assessment
about P. densiflora and Q. variabilis Surface Fuel Beds
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B AFoME Eluet o JAASFE AU (Pinus densiflora)?t BR5EA ZU5-(Quercus
variabilis)2] =3l thal FTIR(Fourier Transform Infrared) #3715 o|&3le] wjE Asvfs 5 2
FEE 28t AdA el A YUsdollA Carbon monoxide, Carbon dioxide, Acetic
acid, Butyl acetate, Ethylene, Methane, Methanol, Nitrogen dioxide, Ammonia, Hydrogen Fluoride,
Sulfur dioxide, Hydrogen bromide & 137 d&7t&7F AEFHJZ F33UF IGgolA+= Nitrogen
monoxide’} 712 AZH U WEH Aavkie] A Fae AU 9ol =T gl viE) 4.5
] o] HEFHUT 53], Al w72 = (Time-Weighted Average, TWA, ppm) 7152 Z3}she
A4712~E Carbon monoxide, Carbon dioxide, Butyl acetate’} ZHZEIUL TA|7H=Z7]5(Short Term
Exposure Limit, STEL, ppm) 7152 %33 147k~= Carbon monoxide, Carbon dioxideZ A}
5 g h R BRollA YElsTE ofd] AhgellAe] Yol A3Est ALAl HA] 7k EEe] 99% o]
A8 2}A]3}3L 91 Carbon monoxide, Carbon dioxide®] 7A7¢ @ Ao] =& Ao & ElstT).

ABSTRACT

Based on fallen leaves of major Korean conifer species ‘Pinus densiflora’ and major Korean broad-
leaved species ‘Quercus variabilis’, this study sought to identify combustion emission gas types and
measure their concentration by means of FTIR (Fourier Transform Infrared) spectrometer. As a result,
it was found that there were total 13 types of combustion gas detected from fallen leaves of Pinus
densiflora and Quercus variabilis, such as carbon monoxide, carbon dioxide, acetic acid, butyl acetate,
ethylene, methane, methanol, nitrogen dioxide, ammonia, hydrogen fluoride, sulfur dioxide and hydro-
gen bromide. Notably, nitrogen monoxide was additionally detected from fallen leaves of Quercus
variabilis. 1t was found that the overall concentration of combustion gas emitted from the fallen leaves
of Pinus densiflora was 4.5 times higher than that from fallen leaves of Quercus variabilis. Particu-
larly, it was found that emission concentration of some combustion emission gas types like carbon
monoxide, carbon dioxide and butyl acetate exceeded the upper limit of their time-weighted average
(TWA, ppm), while the emission concentration of carbon monoxide and carbon dioxide exceeded their
short-term exposure limit (STEL, ppm) for both species. Thus, it was found that carbon monoxide
and carbon dioxide have higher hazard to health than other gas types, because these two gas types
account for higher than 99% of overall gas emission due to combustion of surface fire starting from
litter layer in forest.
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Table 1. Status of an Annual Forest Fire and Human Damage (Source: 2008 Forest Service Statistics)

Status Year 1999 | 2000 | 2001 | 2002 | 2003 | 2004 | 2005 | 2006 | 2007 | 2008 Azgzal
* Fores Fire Status

Fires 315 729 785 599 271 544 516 405 418 389 497
Damaged Area (ha) 473 | 25,607 | 963 | 4,467 | 133 | 1,588 | 2,067 | 254 | 230 | 227 3600
* Human Demage

Mortality 5 13 13 12 9 10 10 4 9 6 10
Injury - 17 7 7 - 1 - 1 - - 4
Total 5 30 20 19 9 11 10 5 9 6 14

Figure 1. (a) MODIS Aqua satellite image (2008. 3. 11) of Far East Russia Forest Fire Smoke and (b) an air pollution
by forest fire in Khabarovsk, Russia (Source: Global Fire Monitoring Center and Pacific Forest Forum).
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to P. densiflora, Q. variabilis
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Table 3. Accumulation Concentration & Emission Amount of Combustion Gases to P. densiflora, Q. variabilis

Carbon Carbon | Acetic Butyl Nitrogen
Fuel Gases Monoxide | Dioxide Acid Acetate Ethylene | Methane Dioxide
Concentration (ppm) | 3493.85 |33225.122| 57.591 | 25.603 21.822 21.057 20.403
P, densiflora —
Emission Amount (g) 174.71 1690.8 2.93 1.3 1.11 1.08 1.04
Concentration (ppm) | 850.106 | 7339.321| 18.69 6.292 5.434 5.239 6.42
Q. variabilis —
Emission Amount (g) 18.08 156.09 0.39 0.13 0.12 0.11 0.14
. | Hydrogen | Sulfur | Hydrogen Hydrogen | Nitrogen
Fuel Gases Ammonia Fluoride | Dioxide | Bromide Methanol Chloride | Monoxide
Concentration (ppm) 14.373 8.539 6.845 6.567 5.562 2.467 None
P. densiflora —
Emission Amount (g) 0.73 0.43 0.35 0.33 0.29 0.12 None
Concentration (ppm) 4.894 0.626 2.303 3.489 2.571 0.689 1.484
Q. variabilis —
Emission Amount (g) 0.1 0.02 0.05 0.08 0.05 0.02 0.03
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Figure 5. P densiflora CO, CO, emission concentration
variation during combustion.
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Table 4. Condition of Combustion Emission Gas Analysis
to P. densiflora, Q. variabilis

o Emission Rate (%)
Oxidation gases - -
Flaming Smoldering

(6[0) 83.55 16.45

P, densiflora
CO, 79.84 20.16
(6[0) 45.05 54.95
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CO, 53.13 46.87
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Table 5. Permissible Exposure Limits (PELs) and Health Hazardous of Combustion Emission Gases’™”

Gases Permissible Exposure Limits (PELs) and Health Hazardous
Carbon | PELs TWA: 50ppm, STEL: 400ppm
Monoxide | Helth Hazardous | Blood Dycrasias, Dyspnoea, Asphyxia
Carbon | PELs TWA: 5,000ppm, STEL: 0,000ppm
Dioxide | Helth Hazardous | Blood Dycrasias, Dyspnoea, Asphyxia
Hydrogen | PELs TWA: 200ppm, STEL: 250ppm
Chloride | Helth Hazardous | Skin Stimulus, Eye Stimulus, Central Nervous System Inhibition, Nerve Dycrasias
PELs TWA: Img , STEL: - ppm
Sulfur Swallow Noxious, the Respiratory Tract Stimulus, Eye Stimulus, Allergicreacti
Dioxide | Helth Hazardous wa.ow 0>.<10us, the Respiratory Tract Stimulus, Eye Stimulus, ergicreaction,
Carcinogenesis
. | PELs Not Formulated PELs
Ammonia
Helth Hazardous | Not Reported to Target Organs
PELs Not Formulated PELs
Methane - - -
Helth Hazardous | Blood Dycrasias, Dyspnoea, Primary Asphyxia
Acetic PELs TWA: 150ppm, STEL: 187ppm
Acid Helth Hazardous | Skin Stimulus and Allergicreaction, Eye Stimulus, the Kidne and the Liver Dycrasias
PELs TWA: 10ppm, STEL: 35ppm
Methanol — . " ,
Helth Hazardous | Skin Stimulus, Eye Stimulus, Central Nervous System Inhibition, Nerve Dycrasias
. PELs TWA: 100ppm, STEL: 150ppm
Nitrogen The Respi Tract Stimulus, Skin Stimulus, Eye Stimulus, Suction D C 1
Dioxide | Helth Hazardous e Respiratory rac.t .Flmu us, . n t@u us,. ye Stimulus, Suction Danger, Centra!
Nervous System Inhibition, Carcinogen in Animal Test
PELs Not Formulated PELs
Ethylene
Helth Hazardous | Not Reported to Target Organs
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