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Abstract
The study measured the types and amount of hazard substances in three burning conditions:

burning leaves of Pinus densifiora, leaves of Quercus variabilis Blume, and a combination of
live leaves and live branches of Pinus densiflora. The result demonstrates the importance of
securing the respiratory health system when a high level of fine particles was emitted. The level
of emitted benzene was relatively high compared to that in atmosphere. The level of total resin
acids exceeded the U.K. regulation level, with formaldehyde surpassing the recommended
short—term level. Sulfuric acid was measured about 30 percent of the short—term exposure level.
Carbon dioxide concentration was similar to indoor CO2 concentration, while carbon monoxide
concentration was lower than the exposure level suggested by the Korean government. As for
burning conditions, buming live leaves and branches of Pinus densiflora produced the highest
concentration of various hazard substances including fine particles and chemicals.
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<Table 1> Type of forest fire harmful substance

Categorization Harmful substance measuring sensors Individual measuring sensors
Fine particle materia Fine dust Respiraple sugpended particles
(PM2.5, PM10) (Paticle diameter 4um)
Aldehyde -

Volatile Organic Compounds, VOCs -
Chemical material Polynuclear Aromatic Hydrocarbons, PAHs -

Total resin acids, Acids -
CO, CO2 =

AT WAL, AHFH FRFo] FAo] Axs AL Abste] AU G4 Ikg, ALk
AR A Aege EFe] Az A 24 Figure 153 o] AL A Aoz
el ZAsAT, SHEA AL Al 599 o] AN E Fastel Sgsteleh Aol
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Control group Experiment group
Test personnel 4
Test personnel 1

£ Individual
measuring sensors

Test personnel 2

(Paint2)

Harmful substance
measuring sensors

i Test personnel 3 Test personnel 5 i

<Figure 1> Arrangement of sensor for forest fire harmful substance

(Pointl)

N
40
g|=l
o
y
a
[
J-I-
1o
3

Il
il
0.
0!
I

1) oIMEX]|

HAEAE 71 BT AAE7IEe] U] T WA SAYES 01364.D)0l F3ke] 8Tt =
A U= Grimm Dust Spectrometer®#4] bbb 9 FHZ=AWMS Eg) n AW (PM-10,

PM-25% 54% 4 3tk
q

Occupational Safety and Health; NIOSH)®] 0600 & #xsidleh. 719 S48 554 248 %
Aalglel, BFY BAlole 9 & AholhA kg £ i Al 4 27 2a ge B
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24 FFEEN0 7 Benzene(Sigma Aldrich 99.9%, USA)¥} Toluene(Sigma Aldrich 99.9%, USA)
55 AHEItE MR CS2(Kanto 99%, Japan)& ARSIt

A7t gad A2E AutoSampler(HP 7683 series Injector, USA)7} A& 7k~ 2nlE 1)y
/B-20) 3145 7)(Gas Chromatography/Flame ionization detector; GC/FID)E ©]-&8fe] H41819) a1,
AHEE AR AAEANS Hs JleazEetEag)/d#3EA7(Gas  Chromatography/mass
spectrometry detectors; GC/MSD) Scan mode® #2131tk Ay A=zntEasle] A4S Wiley
275 Library S o]-&3}ith
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2] Stock solution(SUPELCO)< ’*}%5}%‘3}.

DNPH Cartridge®ll Acetonitrile 2ml2 #7}sle] 53 & HPLC #2418 Vialol Hol HFAHY
o2 AxYsla, uEAATZrE 7T (High performance liquid chromatography; HPLC)E ARE-
ske] AT

4) E5XMF (TRAs)

7] F FAAFY 23 9@ BAe o= Ryebdd(Health and Safety Executive; HSE)9)
MDHS 83 Resin acids in rosin(colophony) solder flux fume 'S Fzstich wlEg)Ql o3hx]
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<Table 2> Distribution of fine particle material thickness by fuel component

(unit: sg/m’)
Burning Classification Point 1 Point 2 Control
substance PM10 PM2.5 PM10 PM2.5 PM10 PM2.5
Mean 5,263.7 4,312.0 5201.8 4,604.1 43.3 37.4
Leaves of Median 5,626.5 4,652.1 5572.4 5,052.1 26.6 25.7
Pinus densifiora Minimum 180.7 143.3 280.3 253.1 18.7 18.7
Maximum 10,770.1 8,738.3 10,879.6 9,428.3 293.4 293.7
Combination of Mean 23,256.2 17,450.9 18,314.9 15,437.6 56.0 45.7
leaves, live Median 180023 157708 11,3613  10.975.1 30.1 287
leaves and o
e Minimum 914.0 838.9 2104.5 1,804.5 20.9 21.0
Pinus densiflora Maximum 64,594.6 41,3772 645059 46,3229 917.7 523.0
Leaves of Megn 8,296.9 7,395.9 7,627.1 7,256.1 - -
Quercus Median 6,281.1 5,942.6 75121 7,254.2 - -
. Minimum 1,613.3 1,385.5 2,250.9 2,023.1 - -
variabilis

Maximum 26,311.9 21,284.3 22,156.6 19,712.7 - -
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<Table 3> Distribution of VOCs, Formaldehyde and TRAs by fuel component

Burming substance Measuring Me:snt‘ienng VOCs(ppb) Formaldehyde Resin acids
0 Poirt (Vi) Berzene Toluene (ppm) (mg/m)
Leaves of Point 1 41 27.2 32.9 0.24 0.49
Pinus densiflora Point 2 38 31.8 45.0 0.21 0.97
Combination of leaves, Point1 22 24.8 27.4 0.69 4.19
live leaves and branches
of Pinus densiflora Point 2 22 22.1 21.6 0.46 2.09
Leaves of Point 1 30 25.9 36.4 0.29 0.66
Quercus variabilis Point 2 33 13.7 14.4 0.24 0.50
Qutside area Control 81 ND 14.5 0.01 ND
) ZEH =

o T skt 02~07ppm FFEollem, tizwdl vsl AAsHA
=2 FEOIATH<Table 3>). i§:wF 52| W7IF mE71F0] lppm o| B FRel] m2hs 7]E
A9l Fastglth. F& v AR el gleh S Aokl r AdTelel A AAEaL Qs 7
E 5 @ eolgkE oAl < FiE 71Ee] 01 2 03ppme Z75EHch uhe ks B9
o 7 23 As ARl diid e | = 2Asln ol A, 7t

4 |
Aol 5ol gl F 5o ARl A4HUA BAHIS Hor ddd
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A= 1999 H=E3E 5 E2H 8AIF 7 Hit 71E S0pgy/m 283 @13 7o 2 150ug/m’ <Table 4> Distribution of CO and CO2 thickness by species
s
O

o AAsIe] A gsta ok (unit: PPM)
A A% <Table 3>9F o] ALEH Fid wet v WH9lE th2AR 05~42my/m 71N Burning substance Classification o Burning cop o Burned oo
th @5e] @Iz 7lEd vlashd BE ASolA] 5] Al &S5 EE 28k e 7 Mean 1.1 412.1 27.3 941.9
oltt txwolME He AFEA Fodvhe AS W Ay Aot shsAde] glot A Leaves of Median 1.1 3945 25.6 904.5
e e ~ e ma s Pinus aensiflora Minimum 0.6 349.0 0.9 377.0
ek FEo] FAEIE sk gtk s WE 5 ATk Maximum 15 626.0 69.4 1,444.0
Combination of Mean 3.5 420.4 34.2 734.6
SR S A leaves, live leaves Median 4.0 421.0 39.1 794.0
5) Cia R EtelA(PAHS) and branches of Minimum 05 350.0 05 370.0
Pinus densiflora Maximum 12.2 571.0 72.3 1,057.0
- o o ) o o Mean 0.1 400.2 22.6 875.2
tRESEslrL) oid =E71E R BElE A Zlel=ekle Fopny] dEt) viRt fH A HA89 Leaves of Median 0.1 385.0 248 1,011.0
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