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Formation and Safety Supervision of
Hazardous Air Pollutants (HAPs) by Combustion of Firecracker

Jeong Yong Ahn'?, Chul Su Kim'?, Bo-Ra Jung', and Gon Ok"*'
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This study was investigated on formation and ambient concentration characteristic of hazardous air pol-
lutants (HAPs) by combustion of firecracker, and about effect of air pollution of HAPs and safety supervision
at summer time in beach by firecracker play. In the results, the HAPs concentration is ranged from 2.45 ppb
to 41.1 ppb in general urban ambient (Pukyong national Univ., Busan). Seasonal trend was sequence spring
> winter > summer > autumn. Some compounds, such as BTEX (benzene, Toluene, ethyl benzene, m,p-xylene,
styrene), were detected a benzene (1.70 ppb), ethlybenzene (0.39 ppb), m,p-xylene (0.73 ppb) and styrene(0.11
ppb), others were few detected by GC/MS. BTEX compounds were investigated about 99.9% in total con-
centration of aromatic compounds. The ambient concentration of Haeundae beach was influenced by fire-
cracker play and higher than urban ambient from 10 times(in the case of m,p-xylene) to 400 times(in the case
of benzene). Additionally, emission gas of firecracker is detected a very higher concentration. Therefore, the
firecracker is major source of ambient pollution at beach of summer season. The law of limitation about fire-
cracker was required to necessarily the health and the safety of the people.
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Carbotrap 300 Multi-Bed Thermal Desorption Tube

. (G001058)
Glass wool Stainless steel screen
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— —
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(13 mm/approx 125 mg) (25 mm/approx 175 mg) (13 mm/approx 123 mg)

Fig. 3. Composition of Thermal desorption tube.
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A2)9] SJoleoli= BEAS 5= QA FFAoH, JE) In'1t1a1 Temperature 30°C
Final Temperature 220°C
Condition 60°C/min
CIS (Cooled Injection System)
Initial Temperature -50°C
Final Temperature 220°C
Condition 8°C/sec
GC/MSD
focm GC Agilent 6890 GC
MSD Agilent 5973 MSD
GS1 gas Sampler Column Supelco VOCOL
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%—r Flow Helium 1.2 ml/min
30°C (5 min) — 3°C/min — 60°C —
Temperature 5°C/min — 150°C — 2°C/min —

Fig. 4. Schematic diagram of a reactor system used for .
firecracker. 190°C (2 min)
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Table 1o GC/MSD2|
A o] A=EwlETW(total ion chromatogram)S
Fig. 59l YeRHQIt}, T3k #4 i 31

isoparaffinic compounds 35%,

54%

A5 HEE A 7H(Retention time
Zrolx] mass spectrometer® Zt
74—4 spectrum— slolsle] Ax)ER= 3] =vk

24 242 Uehige

olefinic compounds 25%, naphthenic compounds 30

%S Table 20 JERAATH

. Isoparaffinic Olefinic compounds Naphthtenic compounds
Aromatic compounds (60) com[f)oun ds(35) 20) P P 30) P
1,1-Dichloroethylene Bromobenzen Isopentane 3-Methyl-1-Butene cyclopentene
Methylene chloride 1,3,5-Trimethylbenzen 2,3-Dimethylbutane 1-Pentene Methylcyclopentane
trans-1,2-Dichloroethane  2-Chlorotoluene 2-Methylpentane 2-Methyl-1-Butene Cyclohexane
1,1-Dichloroethane 4-Chlorotoluene 3-Methylpentane 2-Methyl-1,3-Butadiene 1,1-Dimethylcyclopentane
2,2-Dichloropropane tert-Butylbenzen 2,2-Dimethylpentane  trans-2-Pentene cis-1,3-Dimethylcyclopentane
cis-1,2-Dichloroethylene  1,2,4-Trimethylbenzen 2,4-Dimethylpentane  cis-2-Pentene trans-1,3-Dimethylcyclopentane
Chloroform sec-Buthylbenzen 2,2,3-Trimethylbutane ~ 4-methylpentene-1 trans-1,2-Dimethylcyclopentane
Bromochloromethane 4-Isopropyltoluene 3,3-Dimethylpentane 1-Hexene Methylcyclohexane
1,1,1-Trichloroethane 1,3-Dichlorobenzen  2-Methylhexane trans-2-Hexene Ethylcyclopentane
1,1-Dichloropropene 1,4-Dichlorobenzen  2,3-Dimethylpentane  2-Methylpentene-2 cte-1,2,4-Trimethylcyclopentane
Carbon tetrachloride n-Butylbenzen 3-Methylhexane cis-2-Hexene cte-1,2,3-Trimethylcyclopentane
1,2-Dichloroethane 1,2-Dichlorobenzen  3-Ethylpentane 1-Heptene cct-1,2,4-Trimethylcyclopentane
Benzen 1,2-Dibromo-3- 2,2-Dimethylhexane  trans-3-Heptene trans-1,4-Dimethylcyclohexane
chloropropane
Trichloroethane 1,2,4-Trichlorobenzen 2,5-Dimethylhexane cis-3-Heptene 1-Ethyl-1-Methylcyclopentane
1,2-Dichloropropane Hexachlorobutadiene  2,2,3-Trimethylpentane trans-2-Heptene trans-1,2-Dimethylcyclphexane
Bromodichloromethane ~ Naphthalene 2,4-Dimethylhexane cis-2-Heptene ccc-1,2,3-Trimethylcyclopentane
Dibromomethane 1,2,3-Trichlorobenen  2,3-Dimethylhexane 1-Octene Isopropylcyclopentane
cis-1,3-Dichloropropene 2-Methylheptane trans-2-Octene cis-1,2-Dimethylcyclopentane
Toluene 4-Methylheptane cis-2-Octene n-propylcyclopentane
trans-1,3-Dichloropropene 3-Methylheptane 1-Nonene ccc-1,3,5-Trimethylcyclohexane
1,1,2-Trichloroethane 3-Ethylhexane trans-3-Nonene 1,1,4-Trimethylcyclohexane
1,3-Dichloropropane 2,5-Dimethylheptane  cis-3-Nonene ctt-1,2,4-Trimethylcyclohexane
Tetrachloroethane 3,5-Dimethylheptane(D) trans-2-Nonene cte-1,2,4-Trimethylcyclohexane
Dibromochloromethane 3,3-Dimethylheptane  cis-2-Nonene 1,1,2-Trimethylcyclohexane
1,2-Dibromoethane 3,5-Dimethylheptane(L) 1-Decene Isobutylcyclopentane
Chlorobenzen 2,3-Dimethylheptane Isopropylcyclohexane
1,1,1,2-Tetrachloroethane 3,4-Dimethylheptane(D) n-Butylcyclopentane
Ethylbenzen 3,4-Dimethylheptane(L) Isobutylcyclohexane
m-Xylene 2-Methyloctane t-1Methyl-2-Propylcyclohexane
t-1Methyl-

p-Xylene 3-Methyloctane 2(4MP)1§ropylcyclopentane
0-Xylene 3,3-Diethylpentane
Styrene 2,2-Dimethyloctane
Isopropylbenzen 3,3-Dimethyloctane
Bromoform 2,3-Dimethyloctane

1,1,2,2-Tetrachloroethane

1,2,3-Trichloropropane]
n-Propylbenzen

2-Methylnonane
3-Ethyloctane
3-Methylnonane

1S A2}

aromatic
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Fig. 5. Total ion chromatogram of HAPs by GC/MS.
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Table 3. Seasonal concentration of aromatic compounds in
the HAPs

Aromatic compounds Spring Summer Autumn Winter

(ppb)  (ppb)  (ppb)  (ppb)
Benzene 250 170 ND." 084
Toluene 5.99 243 1.57 7.25
Ethylbenzene 9.80 0.39 0.25 1.19
m,p-Xylene 8.38 0.45 0.34 1.82
Styrene 194 011 ND. 118
0-Xylene 6.27 0.28 0.20 1.45
Bromobenzene N.D." ND." ND." ND.
n-Propylbenzene 0.90 0.03 N.D. 0.62
1,2,4-Trimetylbenzene  4.80 0.16 0.09 2.82
tert-Butylbenzene N.D. N.D. N.D. N.D.
sec-Butylbenzene N.D. N.D. N.D. N.D.
n-Butylbenzene N.D. N.D. N.D. 0.28
Sum 41.1 5.55 2.45 175
BTEX 334 5.25 2.36 12.6
*not detected.
HAPs 5= % W SI3HE, olavletdA] S3hE, &
A sieheE, UZdlA siekE § skl 7R
weh o] 742 2180l Table 4o UERISIT.

ool ZFmolof oste] WAE 7] F HAPs 5
7P =4 Jebd 3928 dichloromethane® & 476
pphE B1E%loH | BenzeneS 690 ppb, Toluene
557 ppb £o® ERlEglon, the SIFHEE His]
A T TR AEHUTE 2 & vHA| s}

Table 4. Concentrations of HAPs in haeunde beach air of during the firework

Aromatic compounds ppb Isoparaffinic compounds ppb
Dichloromethane 476 2-Methylheptane N.D.
Benzene 690 3-Methylheptane N.D.
Toluene 557 2-Methyloctan N.D.
Ethylbenzene 6.05 3-Methyloctan N.D.

m,p-xylene 4.66 Sum -
O-xylene 3.58 Olefinic compounds ppb
Styrene 9.84 1-Pentene 41.1
Isopropylbenzene 0.33 1-Heptene 12.2
n-Propylbenzene 0.93 1-Decene 8.56
1,3,5-Trimethylbenzene 1.04 Sum 61.9
1,2,4-Trimethylbenzene 3.27 Naphthenic compounds ppb
1,4-Dichlorobenzene 151 Methylcyclopentane 9.90
Naphthalene 1.49 Methylcyclohexane 0.68
1,2,3-Trichlorobenzene N.D. t-1-Methyl-2-(4MP)cyclopentane 0.05
Sum 1760 Sum 10.6
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Fig. 6. Percent of each compounds in the beach.
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Table 5. Concentrations of HAPs in the squib reactor.

Aromatic compounds ppb Isoparaffinic compounds ppb
Dichloromethane 2877 3-Methylpentane 26.59
trans-1,2-Dichloroethylene 2005 2,4-Dimethylhexane 0.065
1,1-Dichloroethane 1106 Sum 26.66

Chloroform 6.085
Benzene 91360 Olefinic compounds ppb
Trichloroethylene 26.21 3-Methyl-1-butene 14.71
Toluene 6954 1-Pentene 43.29
Chlorobenzene 284.0 2-Methyl-1-butene 19.08
Ethylbenzene 8184 cis-2-Pentene 19.44
m,p-Xylene 484.8 2-Methyl-1,3-butadiene 11.34
0-Xylene 699.2 1-Hexene 18.42
Styrene 2133 trans-2-Hexene 2.762
Isopropylbenzene 22.13 2-Methylpentene-2 0.326
n-Propylbenzene 57.26 cis-2-Hexene 0.108
1,3,5-Trimethylbenzene 28.45 1-Heptene 2.304
2-chlorotoluene 1.135 trans-3-Heptene 0.205
tert-Butylbenzene 0.000 trans-2-Heptene 0.128
1,2,4-Trimethylbenzene 99.76 1-Octene 2.449
sec-Butylbenzene 1.403 1-Nonene 2.604
p-Isopropyltoluene 41.34 cis-2-Nonene 0.283
1,3-Dichlorobenzene 10.82 1-Decene 4.804
1,4-Dichlorobenzene 1.047 Sum 142.3

n-Butylbenzene 24.31
1,2-Dichlotobenzene 0.696 Naphthenic compounds ppb
1,2,4-Trichlorobenzene 2.100 Methylcyclopentane 0.792
Naphthalene 422.8 trans-1,3-Dimethylcyclopentane 2.245
1,2,3-Trichlorobenzene 2.260 cct-1,2,4-Trimethylcyclopentane 3.392
Sum 109500 Sum 6.429

O Isoparaffinic

compounds [ Olefinic
2% / compounds
t / 0%
O Aromatic /'/
compounds / EBTEX

exept BTEX 98%

0%

Fig. 7. Percent of each categories at the firework.
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