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Characteristics of Hazardous Substances Generated from Combustible
Compressed Wood Used during Live Fire Training for Firefighters

Yongho Lee, Jinhee Kim, Uijin Kim, Won-Jun Choi, Wanhyung Lee,
Seong-Kyu Kang, So Yun Lee*, and Seunghon Ham'
Department of Occupational and Environmental Medicine, Gil Medical Center,

Gachon University College of Medicine
*Fire Policy Research Division, National Fire Research Institute of Korea

ABSTRACT

Objectives: To identify and investigate through qualitative and quantitative analysis the hazardous substances
generated when compressed wood was burned at a live fire-training center.

Methods: Four types of compressed wood that are actually used in live fire training were burned in a chamber
according to KS F2271. The gaseous material was sampled with a gas detector tube and conventional personal

samplers.

Results: 1,3-butadiene, benzene, toluene, xylene, formaldehyde, hydrogen chloride, hydrogen cyanide,
ammonia, carbon monoxide, and nitric acid were detected. In particular, 1,3-butadiene (497.04-680.44 ppm),
benzene (97.79-125.02 ppm), formaldehyde (1.72-13.03 ppm), hydrogen chloride (4.71-15.66 ppm), hydrogen
cyanide (3.64-8.57 ppm), and sulfuric acid (3.85-5.01 ppm) exceeded the Korean Occupational Exposure Limit
as measured by sampling pump according to the type of compressed wood.

Conclusions: We found through the chamber testing that firefighters could be exposed to toxic substances during
live fire training. Therefore, firefighter protection is needed and more research is required in the field.

Key words: Firefighter, live fire training, wood burning, hazard, substance
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SuA Al@elA AAlstat. Akl F7gel
A FEE S8 Aadhke AEEA A TR o
ZEAQ Y] H(Veneer), I}HE] S K = (Particle
Board, PB), 9% WAl @¥H(Medium Density
Fiberboard, MDF), ¥jgd ~E#&#= X Z(Oriented
Strand Board, OSB))S 2] Z¢o] uje} x3s}
of ARESlAL St} 4% EEAE gHsto] KS
F 2271 (A5 W A5 2 7329 dAd A
Fubyol wak A AR sla A|HES 7HE ko]
715 WA 712 22 mm, AlE 22 mm i7]
2 ddsii, AEe A4y A 23°C2°C,

50%+5%= st FRoA SHo Jgr% }
= 25mme] 79 ) Eo] AlHe FAVE ¥F3)

3}°ﬂE}(Fig 1(a)). AFAH = ALFANA GFEA

Assty EFHE AA AFo] 0.125m*A 2F
A=, A=, 2ol ZF 0.5melA 3715 Al
EE AFH3ATH %?H’— Ao} NFHF Aol 7}
23832100 pm)7tF 2lo] 7FAEE7F HES o]
FE2 S METE Fa71 g7t AR E e
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HZE At (Fig. 1 (b) and (¢). FF0 AsiA
A fAsHA 271e 245 flske] g% WA
ato] &3tk 7HE AlES AlgAle] 88 W
He] A7)1E 7tE, A2 ZH2F 180 mm=E 1L, A+
o= R4 (LPG 300 mL/min)S.2 387+ 71938 &
ThA] G902 3487 7Hd st o 31 tH(Table 1).
71 7HE Sl steted FFstM, 2 ¥FEE vt
d2o] 12k ¥ A o8 wE 3.0L, 23 &

Aol s wj® 25.0LE &tk 7HE A7k (rf
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Fig. 1. Experimental (a) specimens for combustion, (b) test equipment, and (c) schematic diagram of experimental chamber
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Table 1. Experimental condition for combustion

Table 2. Description of sampling method by substances

Heat source Heating condition Substances Detector tube Sampling pump
Main heat Halogen-3 min 1,3-butadiene (6] (6]
source Heater Watt: 937 W Benzene o (¢}
LP Gas-3 min. Toluene o o
Secondary heat .
source LP Gas flow rate: 300 mL/min Xylene (6] O
Air flow rate: 3.5 I/min Formaldehyde 0 0
Hydrogen Chloride o (¢}
e AFF AWe] k2Tt wiEEHA] REE w7 Hydrogen Cyanide o) o)
Agrstech 48 A5 gEEA FAE S35 Hydrogen Fluoride 0
of 4 FFe) WEE YU e AHE Hydrogen Sulfide o
Aol =5 wle} 18] AAEA Hydrogen Bromide (0]
Ammonia o
2 B71E NEAH X BuY Methanol ©
AEE 373 7o) 3 aEw tse 27 Nitn'c. aci(? Y 0
I F1F ARAAE st wEe BEsse 9 sulfuric acid ©
A ek, e T WS olgstel A sk, Con Monowide 0
Chlorine (¢}

3715 AEAFE AFF S8HHE Yol A
FHskAdth, 3715 AEAHAE 27 S o]&3)

ot} AR, 7H°V\LJH—.47]§ %’\]"ﬂ 1—&3}

= =4 nzt ZHH —r-L]C’ﬂ ”Lz‘ﬂ

4E ’é"\]OP‘ﬁ‘ZP. AHE & ol 3718 2EE 9HF
71 98ke] Wz (Hot probe, No. 340, Gastec,
Japan)E ©]&3l ARER SHIEE ST
AFAe wETol FEE dZstd A tk(Fig.
1(c)). AR 57 AAEH7E $A9 5402 A
AL, ddM w52 ¢ 2o a9 7
Folle AZRALZ ARIE st 3he A5
FNQIA & A 7] (LFS-113, Gilian, USA)E ©]-8-3}
715 U= 7HEGEAS 2hEIT 54 &
APHe QPR AF S KOSHA METHODE AHS-
3Tt 1,3-FEt]dlle TBC (Tert-Butylcatechol)7}
FEE 2AE4H(100/50 mg, 226-73, SKC Inc., USA)
o83t 0.03 L/min®] FFo=, WA, 54,

oL

£

J

l

FUIO 1‘
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Ao FAerA(100/50 mg, 226-01, SKC Inc.,
USA)S ©o]-€3l] 0.03 L/min®] Ssko=2 ZF3s &
Gas chromatograph-Flame Ionization Detector (Agi-
lent 6890N, Agilent, USA)Z o]&-3lo] #2319
XY 8] == 24-dinitrophenylhydrazine’} & ¥
e A7 #300/150 mg, 226-119, SKC Inc.,
USA)Z o]&3lo] 0.5L/ming] §ZoZ HI
High-performance liquid chromatography (Alliance
2695, Waters, USAYE ©]-&3t] 4315t} Alts)
FaE 20k #H(600/200 mg, 226-28, SKC Inc.,
USA)SZ 0.05 L/min®] 322 X33k & UV-Vis
Spectrophotometer, (UV mini-1240, Shimazu, Japan)
2 248, AR 298k He7PH400200 mg,
ORBO 53, SUPELCO, USAYS ©]-&3}%] 0.2 L/min2]

FFo=2 3EF3IAL lon Chromatography (DX-1000,
Dionex, USA)Z 413} THTable 3).
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S & Fo]E slof it} dnkHow It

R Aol A, St 3 dzkew WA
sto] oA AHE AT s o] Afelle
ARG AAEE GHE R AY gl
olstAl uArE & gt gl

FReISo e el ey 2 $49

_l[ﬂ E

L A )

http://www.kseh.org/



2 Hol 2E0IM AISSHE 2A5SA 7IA=0M ZHskE RilEE 54 559

Table 3. Description of sampling method by substances

Substances Sampling Media Analytical Instrument
1,3-butadiene TBC* Coated Charcoal tube
Benzene Gas chromatograph-Flame lIonization Detector
Toluene Solvent tube (Agilent 6890N, Agilent, USA)
Xylene
2,4-Dinitrophenylhydrazine  High-performance liquid chromatography
Formaldehyde coated Silica gel tube (Alliance2695, Waters, USA)
Hydrogen Cyanide Soda Lime tube UV-Vis Spectrophotometer,

Hydrogen Chloride
Hydrogen Bromide
Nitric acid
Sulfuric acid

Activated Silica Gel Tube

(UV mini-1240, Shimazu, Japan)

Ion Chromatography (DX-1000, Dionex, USA)

*t-butylcatechol

NEARE VRS 93]

Al <oIAe] Agol] HEe] st wEA

wel kg wEg A W A BN
2 9]

SCBAE 2-&-3817] wiol] dhzl
jul

ororr B>

Lo
)

N]:J

S

27|59 AZVIEHEAEE(TWA), BAIE=E
F(STEL), F3=27]15(C) 5 A= JE 7

AN

m.a o

1. EEQ| HARA

Aol AHgE 7td=e] A, B B EEs
Table 49} Zth. A3 A9 AW Fig. 29 2th
dAa AY & FA 9 Hske-S wvo] 3 (Veneer)
o] 74.28%= A3l al, TE]EH = (Particle Board,
PB)= 79.16%, 2= W4-H ¥¥H(Medium Den-
sity Fiberboard, MDF)E= 77.16%, ¥i&d Z~EH=

1= (Oriented Strand Board, OSB):= 77.39% = 7+
Eaie =

o

L

2. AR 58 E0
AR S22 BE dSFFANM 1,35l

HAZE7Fs3 F%5° % $(Measuring available

range)’} 0 ppmellA] 800 ppm7IA|0|aL H A HAE &
%= (Minimum Detecting Limit)7} 0.05 ppm<I®l], 800
ppm o] AEHA, WAL 10 ppm o, EF
A2 250 ppm ool AEEHUG. A=A A4
100 ppm /o] AZHAUL, FELH S| == HiL o]
gHke] 749 3,200 ppm, PB= 1,000 ppm, MDF=
1,500 ppm, OSBE 1,300 ppm©] HE&H A}t G4k
A5 BE 45EANA 2 ppmo] HEHS] =&
29 2375190 (Table 5)

FATEEAR] AIjIslAe] Ae HixE|
(C) 4.7 ppme A F=E o] Sl=dl <
EAlOA 110 ppm o HAZH AT wehEo] A5

Table 4. Characteristics of compressed wood specimens for experiment

Category Veneer PB (Particle Board)

MDF (Medium Density OSB (Oriented Strand

Fiberboard) Board)

Pre-weight (g) 405.52 500.24 369.97 472.58
Post-weight (g) 301.23 395.98 285.46 365.71
Weight reduction rate (%) 74.28 79.16 77.16 77.39
Thickness (mm) 16.05 16.45 15.00 15.29
Density (kg/m®) 522.02 628.30 509.60 638.59
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1,000 ppmell Al 3,000 ppme] AZHAY. FHTE
B oolyg AAEA EF dibsiebie] G-
11,000 ppm ©)’3o] HEFUH. E3ei, skl
Aol 73e AEHA 3t

3. NN EAHY| &8 Et
MANBANA7] 24 A3 135E0dE W]

(b)

Fig. 2. Specimen of compressed woods for live fire training (a) before and (b) after burning

Aol X 479.04 ppm, SHEIZHE =X 1,034.99 ppm,
MDFeA] 771.23 ppm, 28] OSBel|A] 680.44 ppm
o] HAZH AT WA vy o] FellA 97.79 ppm,
}E]Z R =0l A 163.47 ppm. MDFellA 100.86 ppm,
2283 OSBellA 125.02 ppmo] HAEHATE T2
3 == Wiy gte] 4% 3.10 ppm, PBE= 6.01
ppm, MDF= 1.72 ppm, OSB= 13.03 ppm®] A&

Table S. Concentration profile measured by gas detector tube (unit: ppm)

OEL Measuring Minimum
Substances ([%)\P;Z]/ Notation Veneer PB MDF OSB a\;zlrl;léle Di;:fil?g
STEL/C) (ppm) (ppm)
1,3-butadiene 2/10/- C* 1A >800 >800 >800 >800 50-800 10
Benzene 0.5/2.5/- C 1A >10 >10 >10 >10 0.1-10 0.05
Toluene 50/150/- c2 250 >300 >300 >300 (10)-300 1
Xylene 100/150/- - >100 >100 >100 >100 2-100 1
Formaldehyde 0.3/-/- Cl1A 3,200 1,000 1,500 1,300 20-2,000 4
Hydrogen Chloride 1/2/- - 2 2 2 2 1-20 0.05
Hydrogen Cyanide -/-14.7 Skin 350 250 200 110 50-800 1
Hydrogen Fluoride  0.5/-/3 Skin N.D/ N.D. N.D. N.D. 0.5-20 0.1
Hydrogen Sulfide 10/15/- - N.D. N.D. N.D. N.D. 2.5-60 0.1
Ammonia 25/35/- - 80 50 50 75 50-500 2
Methanol 200/250/- Skin 2,000 2,000 1,000 3,000  200-15,000 4
Carbon Monoxide  30/200/- R 1A 17,000 11,000 15,000 12,000 1,000-20,000 100
Nitric acid 2/4/- - N.D. N.D. N.D. N.D. 1-20 0.05
*Carcinogen
"Reproductive

N.D.=Non-Detected

J Environ Health Sci 2020; 46(5): 555-564
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Table 6. Concentration profile measured by conventional sampling pump (unit: ppm)
Substances (T(\z\%s[};]g?/]@ Notation Veneer PB MDF OSB
1,3-butadiene 2/10/- C* 1A 497.04 1,034.99 771.23 680.44
Benzene 0.5/2.5/- C 1A 97.79 163.47 100.86 125.02
Toluene 50/150/- Cc2 17.71 34.07 22.07 25.72
Xylene 100/150/- - N.D. N.D. N.D. N.D.
Formaldehyde 0.3/-/- C 1A 3.10 6.01 1.72 13.03
Hydrogen Chloride 1/2/- - 4.71 13.18 15.66 12.49
Hydrogen Cyanide -/-14.7 Skin 3.64 7.01 5.45 8.57
Hydrogen Fluoride 0.5/-/3 Skin 0.90 2.08 3.07 3.34
Hydrogen bromide -/-/2 - 0.28 0.19 0.57 0.47
Sulfuric acid 0.2/0.6/- C 1A (mist) 3.85 4.33 5.01 4.55
Nitric acid 2/4/- - 0.80 1.28 1.22 0.67

*Carcinogen
"N.D.=Non-Detected
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