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Firefighters’ Exposure to Volatile Organic Compounds in Tyre Fire
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ABSTRACT

Objectives: Firefighters could be exposed to a range of toxic chemicals during firefighting. When tyre burns,
various toxic chemicals including volatile organic compounds(VOCs) could be emitted. In this study, the
researchers assessed the VOC exposure of firefighters during tyre fire suppression through biomonitoring.

Methods: There was a big tyre fire on 12 March 2023. Of the responding firefighters, we recruited 14 participants
to collect their urine after firefighting. One week later, researchers collected firefighters’ urine again right after
their off-duty period. We analyzed each metabolite of benzene, toluene, xylene, and styrene in urine and compared
their exposure level based on sampling time.

Results: The detection rate for metabolite of benzene, toluene, styrene, and xylene in urine sampled at each
time was 43%—-64%, 100%, 86%-100%, and 100%, respectively. Except for the benzene, metabolite levels
measured in urine after firefighting were similar to that from off-duty period. However, the median
concentration of benzene metabolite in urine sampled after firefighting was three times higher compared to
that from off-duty period(34.2 ug/g crea. and 10.9 ug/g crea., respectively.) The estimated airborne
concentration of benzene calculated from metabolite level in urine was 0.16 ppm, which exceeded the
recommended exposure level set by the National Institute for Occupational Safety and Health.

Conclusions: This study shows that firefighters could be exposed to the high level of VOCs including benzene
during their firefighting especially at tyre fire. These results could be used as a valuable data to prove
firefighters’” exposure to hazardous chemicals during their duty.

Key words: firefighter, tyre fire, benzene, biomonitoring
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Table 1. Demographic characteristics of firefighters in this

study
Variable N %
Fire OO Rescue Company 5 35.7
departmentOOOO 119 Safety Center 9 64.3
Agel(year) MeantSD™ 41.4+103 -
Sex Male 14 100.0
Fire suppression 9 64.3
Duty (Water sup.ply)Support, 5 35.7
standing by
4 2 14.3
Time 10.5 1 7.1
spent at 11 1 7.1
fireground 12 2 14.3
() 13 4 286
Unknown 4 28.6

"N @ Number of samples
MeanzS.D. : Arithmetic meantstandard deviation
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Table 2. Target metabolite of VOC
VOC Metabolite Abbreviation Half life(hr)
Benzene t,t-Muconic acid t,t-MA 5
Toluene Hippuric acid HA 7.5
Phenylglyoxiric acid PGA
Styrene gy _X . 3-4
Mandelic acid MA
—-Methylhi i id -MHA
Xylene o—Methy |p.pur|c. aC|. o 120
m,p—Methylhippuric acid m,p—-MHA
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Table 3. Analytical condition for VOC metabolite

Parameters Conditions
Interface Electrospray negative ionization (ESI)
Column Shim-pack GIST-HP C18 (150%2.1 mm, 3 um)
Eluent Pump A: H3PO4 0.85mL in 10 mM NaH2PO4 1L
Pump B: MeOH
Flow Pump A+B: 0.2 mL/min
Injection volume 10 wl
Compounds MRMT
Precursor ion m/z Product ion m/z
t,t-Muconic acid 141 97
. Hippuric acid 178 77
m/z ——
Mandelic acid 151 151
Phenylglyoxiric acid 149 77
o—Methylhippuric acid 192 91
m,p—Methylhippuric acid 192 148

'm/z : Mass/charge ratio TMRM : Multiple reaction monitoring

(Tokunaga et al., 1974)°]x A9 ¢ i
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Table 4. Recovery rate and LOD for VOC metabolite

FA19FS Sigma-Aldrich(St. Louis, MO, USA)AL]
AES o]8s 45ttt VOC Al 782 LC/
MS/MS(LC/MS/MS(liquid chromatography-tandem
mass spectrometer, LCMS-8050, SHIMADZU, Japan)
£ olgsto] BARA sttt 717] B4 AL Table
3T 23Ut

a9 A 2o DF BRARS ool B8 S
golstg o, AESHA(imit of detection, LOD)=
Vg e 0] HRAKS 78] W BAste] 73t
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=9 =& 9 HAEAe Table 49 290t

IS

methodZ

lotEd

H2j0

LLSay [

Jaffe’ kinetic rate
x5l Chemistry Analyzer AUGS0

Compounds Concentration l\/kian D' Recovery rate cvt LODT
(ug/L) (n=6) (%) (%) (ug/L)
t,t-MA 78.4 76.6 5.9 97.7 7.8 3.6
HA 196.0 161.3 9.6 82.3 6.0 38.6
MA 196.0 211.2 13.0 107.8 6.2 5.8
PGA 196.0 200.3 13.6 102.2 6.8 2.8
o-MHA 196.0 206.4 17.4 105.3 8.4 4.9
m,p—MHA 392.0 355.2 37.1 90.6 10.4 13.8

"SD : Standard deviation TCV : Coefficient of variation
TLOD : Limit of detection
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Table 5. Firefighters’ information about firefighting and personal behavior

Variable N’ Min Max Mean SDf

Height 14 163 188 174.3 7.5

Weight 14 59 98 74.9 10.5

Career(yr) 14 2 31 14.6 10.5

Firefighting response frequency 10 1 10 5.3 4.0

Firefighting response time(hr) 10 4 13 10.6 3.6
Smoking Never smoking(%) 4(28.6)
Ex-smoking(%) 5(35.7)
Current smoking(%) 5(35.7)
Chemical use Yes(%) 0(0)
Playing with fire Yes(%) 1(7.1)

N : Number of samples "SD : Standard deviation
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Table 6. VOC metabolite concentration in urine from firefighters during firefighting and off-duty(ug/g crea.)

VOC Metabolite  N°  Sampling time ?OZ)T Min  Max  Median (GC;I\D/Iﬁ p-value BEIS
Benzene t,t-MA After firefighting 64.3 ND!'  123.1 34.2 16.9 (5.4)  0.1017 500
After off-duty  42.9 ND 92.0 10.9 8.0 (56.5)
Toluene HA " After firefighting 100.0 12.8 103.7 488 454 (1.90 0.002" -
After off-duty 100.0 28.3 262.8 87.7 90.6 (2.1)
Styrene PGA After firefighting 100.0 85.7 285.1 1564 161.7 (1.4) 0.002" 400,000
14 (PGA+MA)
After off-duty  85.7 ND  416.5 153.9 100.2 (4.1)
MA , Mer fiefighting 929 ND 1827 909 766 (23) 0202
After off-duty  85.7 ND 1834 1171 93.7 (2.1)
Xylene  o,m,p~MHA After firefighting 100.0 45.8 313.1 73.5 78.4 (1.6)  0.000" 1,500,000
After off-duty 100.0 51.9 4085 103.9 110.8 (1.89)

"N : Number of samples DR : Detection rate TGM(GSD) : Geometric mean(geometric standard deviation)

SBEI : Biological Exposure Index 'ND : Not detected " : paired t-test
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Figure 1. Distribution of VOC metabolite concentration based on sampling time

Table 7. Estimated benzene exposure concentration of firefighters during firefighting and off-duty(ppb)

VOC N’ Sampling time Min Max Median Mean+SD1 GM(GSD)*
5 14 After firefighting ND 502.06 160.13 176.16£157.37 76.54(5.43)

enzene
After off-duty ND 487 .51 51.03 103.39+134.49 36.10(5.61)

N : Number of samples "Mean#S.D. : Arithmetic mean#standard deviation
TGM(GSD) : Geometric mean(geometric standard deviation) SND : Not detected
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T, dAEkta, ARdEdT BARE 5%
5], WA AL, i 22 ppm7HA &
SCBAS] QMAE S RO|AE 21 ppm HlFlo
A=t Laitinen et al.(2010)2 Sk &0 Zho]
3 THEAYES o E VOC eEFH7HE AAch &
o] sk Ag 270 we} 0.1-0.8 ppm] HIAH =
SEI S By Aol S44 VOC =&
$2L2 olHt}t X =3t} Fent et al.(2018)2 F
Al Aol t-gok= 3 dHEET FRAEES
fgeg RleEdS FrIet 23 WA F¢ 59
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11 9lo] NIOHSS] @77t e&7]&S Z3skal ot
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of &4 4 ot vk, B Ao xF VOCs HA
AMEO] FE BASH Ay WAy} o2 3R]t
9 5% £xo] zol7t Ut &, WA hAKEES]
e Y-S SU1eE vhd E2q, 4, =1
2Efo]dO] hAMRME = BAAO] BlF) S oS
T &7} B F9dth Fent et al.(2020)9] -0l A]
L 2 g3t A VOCE T2 o4 245}
S A8 AF9 s=AE Hwsgt &, S oS

AFE APRAS] 571014 ST WA, B2,

=
AR, 2913 Zetole] S vaPck WAL A
a1 B7Ket vk, LA VOCES Ao Aal
T B2 2UAL 4o Zo] BAHOE §oI3
. AR 57] % VOC S%7t 37 T8 ol%o] 4

I

gt o]l disiA s @AM AEE= VOCY 5k
o] WAl HsiA mie- WA FAEE] U (A=
S W5 57| % toluene, ethylbenzene, xylenes,
J2]3 benzene &E+ 72 0.064 ppm, 0.001
ppm, 0.00064 ppm, 183 14 ppm; Fent et al.,
2018) t& 4ol k& AAOA B w2 559 &
E5US 7Fs7do] 7] "ol VOCER F& Zjo]<]
ijglo] th2A Yehtha QS XT3t

Fent et al.(2022)9] & tHE Aollxls E54, 2
A, 123 Aol tiAES] =7 3 diS
Foll 7Kt A7 AEP|E gl &, AFpole]
AREEQl MAGHIRIY A3 & Z2F 122 ug/g
crea., 177 ug/g crea.), 50 4 WA 4FL29] ¢
APARECQl  N-Acetyl-S-(benzyl)-L-cysteine(SFH XY
A3 & 247 5.68 ug/g crea., 7.23 ug/g crea.), 1
2l A JARRER] 2-MHAGHIAY A3t &
ZY7¥ 19.2 ug/g crea., 40.4 ug/g crea)?] & F£F
o] XY o]l FstA F7tslelth A= QUsh
HHgSE VOCS T 589 A4} vlo| e YER] 2
o] HtFE|Q7] whiEo] =& mEe] Xo|7t WAYsH=
Z 0= o|sfHr],

olxd I d-s HFZ ¥y oE VOCY 5%
Ztol9] mfglo] T olf= kF tAMEE E4 A
Z 52 Fent et al.(2018)9] dA+ZATAAA"H AA
FA F7] Foll WAl Fre woH tE FUAFR7I
RIEY] srs ROk Sk Sty 13y A¥S A
Hol7l Aol tgAEe] Eed 2 A% 2 I
oA &7 F VOCHEZo| ot JH7} glomzg
SEREE Zolo] thigh FAIFQ] dAS HdHHew F
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