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Abstract

This study was designed to evaluate qualitatively and quantitatively the pollutant compositions, which were
emitted from three types of mosquito repellents(MRs)(mat-, liquid-vaporized, and coil-type) by utilizing a 50-L
environmental chamber. A qualitative analysis revealed that 42 compounds were detected on the gas chromatog-
raphy/mass spectrometer system, and that the detection frequency depended upon chemical types. Nine of the
42 compounds exhibited a detection frequency of 100%. Four aromatic compounds(benzene, ethyl benzene,
toluene, and xylene) were detected in all test MRs. The concentration equilibriums in the environmental cham-
ber were achieved within 180 min after sample introduction. The coil-type MR represented higher chamber
concentrations as compared with the mat- or liquid-vaporized-type MR, with respect to the target compounds
except for naphthalene. In particular, the chamber concentrations of ethyl benzene, associated with the use
of coil-type MR, were between 0.9 and 65 mg m”, whereas those of mat- and liquid-vaporized-type MRs
were between 0.5 and 2.0 mg m’and 0.3 and 1.4 mg m>, respéctively. However, naphthalene concentrations
in the chamber, where a liquid-vaporized-type MR was placed, were measured as between 17.8 and 56.3 mg
m?, but not detected in the chamber, where a mat- or coil-type MR was placed. The empirical model fitted
well with the time-series concentrations in the environmental chamber(in most cases, determination coefficient,
R’ = 0.9), thereby suggesting that the model was suitable_for testing_emissions. In regards to the target com-
pounds except for benzene, although they were emitted from the MRs, health risk from individual exposure
to them were estimated not to be significant when comparing exposure levels with no observed adverse ex-
posure levels or lowest observed adverse exposure levels of corresponding compounds. However, it was con-
cluded that the use of MRs could be an important indoor source as regards benzene.
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Fig. 1. Schematic diagram of environmental-chamber
tests: 1) air cylinder; 2) valve; 3) fine-particle fil-
ter; 4) activated charcoal; 5) mass-flow controller;
6) flow controller(dry air); 7) inlet port; 8) stain-
less steel chamber; 9) mechanical fan; 10) temper-
ature and relative humidity monitoring device; 11)
test specimen ; 12) air sampling port.
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o e AR YA FEE T IRz WE
99tk AR AAFFE AW 4T F39 0%
ol E FAAAL AF FFA 8 2HHAL
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2160 gg m® W Aoz deA PP, g
Aol »Ze mrel o A= A4S FEATI
FE9 Afde tnFEdE dojdd. EF4dL
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Table 1. Chemicals semi-qualitatively measured from six
mosquito repellents and detection frequency(%),
via head-space method

Chemical No. of Detection
products frequency (%)
Acetone 1 17
Acetonitrile 1 17
Azulene 2 34
Benzaldehyde 1 17
Benzene 6 100
Bis(timethylsilyl)acetylene 6 100
2-Butanone peroxide 2 34
2,2-Butanone oxine 2 34
2-(2-Butoxyethoxy)ethanol acetate 1 17
Cyclohexane 1 17
Carbon tetrachloride 3 50
Chlorobenzene 1 17
Chloroform 5 83
Decane 3 50
Decanal 6 100
Dodecane 6 100
4-Ethyl toluene 5 83
Furan 2 34
Ethylbenzene 6 100
Hexadecane 3 50
Hexamethylcyclotrisiloxane 4 67
Hexanol 1 17
Isoamy! acetate 1 17
Isoprene 1 17
Isobonyl thiocyanoaetate 1 17
Limonene ' 1 17
2-Methyltetrahydrofuran 1 17
Methyl acetate 2 34
Naphthalene 3 50
Nonadecane 2 34
Nonanat 3 50
Nerol i 17
_Pentadecane 6 100
Pentan-1,3-dioldiisobutyrat 6 100
Styrene 5 83
y-Terpinene 1 17
Tetramethylsilane 3 50
Toluene.... 6 100
1,3 5-Tr1methylbenzene 4 67
1,2,4-Trimethylbenzene 5 83
Undecan 1 17
m.p-Xylene 6 100
£ BiAMe w3 2 AS, 5%, 7F e
47183, YARY) ETA =3¢ FANE Ho}
9 713301 208 uxE A9 AgAe 789,
+HE AH HREE, 9 58 TS s Q)
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o e Aol A A AEE Uz ede] &4
A9k &, 8tg, 253 2 7|e} HsidoAel 4
S A nE 9P B2 E BESL AR &
A AE felstn 387 A, AR A2, E
A2, gohol i}, gH 27 vh-g, SEAY A By
A AERZ dAAND Utk yTZEA L EHE
A 226 2ol Y, FFAT 98 2 ¢
AFRE FHNE EXo] B3, FHEA

2713 dgFS AL F Ao HAS

32 HETH dHiE It

Ho-2molayoa BAlE 2LHdEE T HE
HlE7t 100%0] WA =48R 227 23d oY
B2 F70A, A, EFA, A4} A
2 WEE @AY, S40] Fe dzaas’? g
o2 my] XA A T/ A2l st AF JF
717l £33 59tk Table 28 A4 A N 24
EQd tdtd Aty FeEA Ay Fxe W
£ vehith ] $59 LI 3gEe] ZAE B
71 XA 2R AEHAD, AFEE AW
H odEAe FEE 180 & o] B HFo|
o]Fo] Htk Y ¥ =7] HXAI} thE FH
527 XA vidted Yz g At e
ZA A LGB it ¥ W FEE U
el &3], dduiAe F9, AA F1} fEF
o YW T W7} 0520 mg m” L 0.3-1.4 mg
m’Ql ¥Wido] Y ¥ Fr s N =&
0.9-65 mg m” 9] A FE & Bt 2}, Uz
g9 A, Y ¥ vE FelMe AEHA &
ok, A o)At 17.8-563 mg m”9] HE HY
2 YE

Table 2. Variation of chamber concentrations(mg m™) as
a function of time

Time Concentration(mg m>)
Product Compounds ) “Coil Liquid  Mat
5 19 0.2 0.1

25 55 0.3 0.1
45 7.9 04 0.1
65 10.5 04 0.2
Benzene 85 11.0 0.5 0.2
105 10.7 0.5 0.2
180 10.9 0.5 0.2
240 11.0 0.5 0.2
300 10.8 0.5 0.2

beEnti‘Z:le 8 606 17 08

105 642 18 09

180 636 19 13

240 645 20 14

300 650 20 14

5 NA 178 NA

25 NA 285 NA

45 NA 316 NA

Catchi 65 NA 393 NA
age:‘g Naphthalene 85  NA 410 NA
105 NA 461 NA

180 NA 535 NA

240 NA 558 NA

300 NA 563 NA

25 2.6 39 0.1
45 43 4.1 0.1
65 5.6 4.3 0.1
Toluene 85 6.6 48 0.2
105 7.5 52 03
180 7.6 5.9 0.3
240 7.8 6.1 03
300 7.6 6.3 0.4

25 74 5.7 0.8
45 15.5 6.6 1.4

m.p-Xylene 85 . .
105 35.5 9.2 4.1
180 35.7 9.8 4.4
240 354 9.6 44
300 35.8 9.7 45

Note. NA, not available.

=27 XA e ol & AREFNE
271 AR R LdE Aol WEHE Aor B
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Ci = Ai(1-exp(-Aat)) ©)

7], G B4 Azt tmin)ol X 2FEA ¥
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27] FAA¢ g A = 29 g 2d 3)
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2 QEdd wel vy AR, YR A9 A4
ASRY7E 099 7HgAY 09 B} & zioz e
U, 48 @3 29 42 go] 3 AN ¢ 5
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g. 2. Concentration-time profile of benzene under three
ACH conditions(0.5, 1, and 2 h™"). The dots and
curves reveal experimental and predicted values,
respectively.
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T 92 %27 358 Yedh o] &8 VE 0.05 m'o]
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Fig. 3. Concentration-time profile of ethyl benzene under
three ACH conditions(0.5, 1, and 2 k™). The dots
and curves reveal experimental and predicted val-
ues, respectively.
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Fig. 4. Concentration-time profile of naphthalene under

three ACH conditions(0.5, 1, and 2 h"). The dots

and curves reveal experimental and predicted val-

ues, respectively.
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Fig. 5. Concentration-time-profile of toluene under three

ACH conditions(0.5, 1, and 2 h™). The dots and
curves reveal experimental and predicted values,
respectively.
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Fig. 6. Concentration-time profile of xylene under three

ACH conditions(0.5, 1, and 2 h''). The dots and
curves reveal experimental and predicted values,
respectively.
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Table 3. Empirical-model parameters, emission rates, and emission factors for target compounds under the conditions

of ACH=1h"
Compound Type R? Ay, linear Aa, rate Emission Emission
l P parameter (mg m'3) parameter (min'l) rate (mg h") factor (mg h"g'l)

Liguid 0.96 0.5 0.040 0.025 0.008

Benzene Mat 0.964 0.2 0.029 0.010 0.006

Coil 0.98 11.3 0.0299 0.565 0.076

Ethy] Liquid 0.96 2.1 0.018 0.105 0.035

benzy Mat 093 14 0.012 0.070 0.043

ene Coil 092 69.4 0.0148 3.47 0.469

Liquid 0.92 54.1 0.022 21 0.903

Naphthalene Mat NA NA NA NA NA

' Coil NA NA NA NA NA

Liquid 0.88 5.7 0.034 0.285 0.095

Toluene Mat 0.93 04 0.011 0.020 0.013

Coil 0.99 79 0.0187 0.395 0.053

Liquid 0.97 9.5 0.030 0.475 0.158

m.p-Xylene Mat 0.95 49 0.010 0.245 0.153

Coil 0.94 37.6 0.0175 1.88 0.254

Note. NA, not available.
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Table 4. Background and estimated indoor concentrations and exposure levels according to mosquito repellent type

Background Estimated . Exposure

Compound Type conc.(mg ) conc. (mg m”) Ratio (mg d! kg'l)
Liquid 5.8 6.3 1.1 0.59
Benzene Mat 5.8 6.0 1.0 - 0.56
Coil 5.8 17.1 29 1.61
Liquid 49 7.0 14 0.66
Ethyl benzene Mat 4.9 6.3 1.3 0.59
Coil 4.9 74.3 15.2 6.98
Liquid 1.6 558 349 525
Naphthalene Mat 1.6 NA NA NA
Coil 1.6 NA NA NA
Liquid 35 40.7 1.2 3.83
Toluene Mat 35 354 1.0 3.33
Coil 35 42.9 12 4.03
Liquid 14 235 1.7 221
m.p-Xylene Mat 14 18.9 14 1.78
Coil 14 51.6 3.7 485

Note. NA, not available.
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