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Abstract: Many kinds of liquid spray products are used in livelihood activities these days. Spray products can
be distinguished by the target to be sprayed (like into the air or on human skin (body)). Because human can
be exposed to volatile organic compounds (VOC) emitted from spray products, some considerations on safety
or hazard of spray products should be needed. In this study, emission characteristics of VOCs were investigated
against 10 types of liquid spray products (6 skin spray and 4 air spray products). The concentrations of benzene
and toluene were determined by gas chromatography/mass spectrometry (GC/MS) equipped with a thermal
desorber (TD). Their average concentrations from 6 skin spray products exhibited 5.64+1.95 (mean+S.D) and
8.52+2.89 ppb(w), respectively. In contrast, those of 4 air spray samples had 7.30+1.31 and 7.19+1.78 ppb(w),
respectively. If liquid contents in spray samples are completely vaporized in one cubic meter (1 m?) after spraying
for 10 seconds, their mean concentrations of skin spray products are 31.7+8.80 (benzene) and 50.5+17.1 pg/
Sm? (toluene). In contrast, those of air spray products are 24.0+4.30 (benzene) and 23.6+5.83 pg/Sm? (toluene).
The estimated concentration levels of benzene from two types of products (31.7 and 24.0 pg/Sm®) exceeded
the Korean atmospheric environmental guideline (5 pg/Sm®). The results of this study thus suggest that some

measures should be made to reduce or suppress the contents of VOC in spray products.
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o}, o EASlE 6 2 AlEolA] WAL Ha 5.64+1.95 ppb(w), EFA-S
= 7

4 8.52+2.89 ppb(w) &

[e]
EFEoR AESIGT F71F R BARRE 459 AlFolAs WAl EFqlo] ZHz; 7.30+:1.31 ppb(w),
7.19+1.78 ppb(w) FEZ HAZ3IALE o]ES 1027 1 YHvEol EAlst ¢ 7|gkeita 7 e 4
%, 6 T AFA A HF 31.7£8.80 pg/Sm’, EFA-L Ht 50.5£17.1 pg/Sm® TE=FECE A
E31th §7] To2 BARRE 4 9] AFA = WA EFd0] Zhz} 24.0+4.30 pg/Sm’, 23.6+5.83
pg/Sm’ FEZ AEIAT 10 714 2z oA Fol A A wlRle] 3, st 7|13 7112
5 pg/Sm*e 23S X9 slFetch, S U 2z oA EL] ARl o7t 8t

Key words: Volatile organic compounds (VOC), benzene, toluene, spray product, GC/MS
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32 0] QA6 of® GBS H ALt U@
Q1 Jur} $E3eh o5 EAlo] et she}
RE QAE AX9AY 5 Ak

A 27 a7 b olde ABEEES

ole]
Ho= voce] eSS AAHoE e 9

S

=o]7]o] A

B ApgME 7t2I2ZvE28) Z(Gas chromato-
graph, GC)9} & ZE-24] 7](Mass spectrometer, MS)&
A A 2"S o] 83k, VOCHE & WAy &F
Ag FHAoZ FAATES 2EaL, o) & 93

)
A
2

= =4 bl
S 7] Foll BAlshe 2xy o] AFo® A
stk B4 g AE2E IR A R 5
2 oojuii HeEHE, 454 2 F, dojaZg o],

] 2 FH|sIE L 7] Fo e fEgs A
% glo], WA E FH|eAnt ol &
2 U

e g gE i A, A TS
Febol $307)E WA os AR, 2 5,
A& A 28 (Thermal desorber; TD)S <A
3k GC/MS (Gas chromatography/mass spectrometry) =
15 BRde] 3 % AYRAL Aw

ol g-3te] A
ek olef @ $A ARE whgoz hEH VOCs]

pls

2.1. BM Ala” 3N

2 AFdM e AsE #F9 I8 frIsk=ES
IREE BAA] A5l AL 5F LRI 2Y
(Thermal desorption; TD, Unity, Markes International,
Ltd, UK)S 17138+ GC (Gas chromatography, Shimadzu
GC-2010, Japan)/MS (Mass spectrometry, model Shimadzu
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Table 1. A list of target compounds and their basic information

Compounds Acronym Formula MW (g/mol) CAS number Structural
Benzene B C¢Hg 78.1 71-43-2 @
Aromatic VOCs CHa
Toluene T C;Hg 92.1 108-88-3
GCMS-QP2010, Japan)E &3t} & A|2=Elo] & 23. HHE EEAME =H|
g2 07 F SHHE W2 ppb e 2 ©]5H B AT E t7] ol EARsHE AlFol Ees
SEE EAske ANEe] E4d Agsitt wEbd o benzene toluene®] g FEA& 98] FF=HE 0]
Ao g ALY S A, vk Alg9 &t AFANES SR (Table 3). RE=ES =
A4 F9lo] Brbssith wabA Eee] Alset A A st7] 918ked, 99.5% 2] benzene E toluene ]
Fro] ARO| B BA] FLS 3] Yaid e o Y¥EFAE (Primary Standard; PS, Sigma-aldrich,
2 7}R] Al 2o WE 2-8o] Faait) USA)E 3Hste WA SR 4 7] 528 RFAE
TD system WH-2] A5 % ZH(cold trap) Carbopack g ZAEAT 1A, 13} 2FYE EFA| 5 (1st working
B9} Tenax TAZ 1:19] H3] v]|E2 &3}Fsle] ARE-31% standard: Ist WS)E ZA|38}7] $13l<d, 20 mL vialell
th. 37Fx £79 & ZA(Tenax TA, Carbopack B, methanol (100%, Burdick & Jackson, USA) 19.4 mL
Carboxene 1000)E 27} 100 mg® F X8 1A &2+ 9} benzene ¥ toluene®] PSE 7}7z} 0.3 mLA &33})
g ol&sto] AES FFSLAL, TD systeme ©]§ o, HF TEE 13,104 ngulL2 A8t 24 2
o] 1 LoA GYFS FE3IAUTH X o] AR Y8 ®EFAE(2nd working standard: 2nd WS)= 13}
Ul =AM benzenedt toluene (Table 1)& CP-Wax  #Y4 ZFAEE vlehE-S o183k 100 v} 343}
column (diameter: 0.25 mm, length: 60 m, film thickness: = W22 131 ngul o2 XA HE
0.25 um)= T3, w3 20 2o F7E HAsl] & 28 EFA| S (Final working standard: F-WS)= 1.5
g - B35 TH(Table 2).
22, My G00000 | B
TAUA AR BEARE AR s 500000 | s - g0mm
on, ZAEFHAL 71uE TD-GC-MS system 2. & & 400000
A 8IHTh # X, back-up gas (ultra-pure nitrogen > E 300000
99.999%)F 2|2 10 L polyester aluminum (PEA) bag S 200000
< IAFFH] Aot At o] W, A 100000
2o T = thA] mass flow controller (MFC) 0
= %}3}5& vacuum pumpg]_ 7‘:‘30]_ "4’ _L.XﬂFZ]‘J}O] 0.00 10.(:\(/)Iass 00 20.00 30.00
AAHF= EF teflon tubeEs AHE-3SIATE AAFFETA
28 TATAN PAoE wAA/] A g5 T w0 T
J3t7] 9% A8 FYFE PEA bagd 1A ST R? = 0.9998
o] AAFE AAT teflon tubed] YA Z TEAUTH s
Vacuum pumpE ©]-83}% back-up gase LA F = ; 500000
Ho2 ZHFE A AF NEE dA AR &
FUTE B3l FASFATE Back-up gas= 100 mL .
min"'2 2 5 7 FHFOEMN, IAFHT AR 0.00 10.00 20.00 30.00
FYste AGolA 2Fo B S WA stz 5t Mass (ng)

Fig. 1. Calibration results of target VOC derived by standard.
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mL vial®l] methanolS ©] &3} 2 2} 2P & EFA
B2 At WAoo F 4 714 BE(1.31, 2.62, 6.55,
13.1 ng/uL)2 ZA5t] AFAS =&3Ath(Fig. 1).
gl QA/QCAH A A A (RSE(%)H HESH
(ppb)#kS =Z31tH(Table 3).

AU AlE2E o3k, deETE, A%A 4
%, 8o 2z o], nAE, g X o], WIAE
1) 319 tH(Table 4). 2O
benzene, toluene JEE9 FFEAS 98, & A+
M= FHE o BAUE ANEES 47 20 mL
vialdl| #AFete], AGHE = A FH AT A FE) 9]
AU Al EE-2 methanol (>100.00%, Burdick &
Jackson, USA)S gravimetric 2] &2 100 B} 3]4] 3}
of EAAT o9 7 v oZ TS AlZEES
7HA FF<2] 52 (Tenax TA, Carbopack B, Carboxen
100002 22 100 mg¥® S313 LA F &S o] &3}
of FASATh A FFE ddFed e IeE dA
(99.999%) 725 A} ¢ 10 L polyester aluminum (PEA)
bags A3 FArh ol¢k FAlol, FEF-ol= mass
flow controller (MFC)E 7323t v 1] 3 (SIBATA MP-
BOE At AFHRAY AT BEF

Teflon tubeE A-8-3ted, F2NEE-S | Aslslarz} st

¢

k)
o], PEA bag¥ A F&#e] AWF-5 443 Teflon
tubedl] FA1E AF3te] FAKS)

gas Ny UA BFAIZEE

9} z+o] 2 100 mL/minl & 5
IAFEAHOZ FHEFUT 2z o] Al
=2 FHI IAZnETYL Fig 200 AAFA

T T — —
5.0 75 10.0 15.0 175

(x100,000)

1C
1.75 4
1.503 12
1.257 6
1.00 . 1 15
0.759 10

14
0.507
1 2
A b
A sl A -
' Y o "es o

Fig. 2. Chromatogram of VOC in actual samples (code: S-
L-4 (refer to Table 3)) by TD-GC-MS method: (1)
propane, (2) methyl formate, (3) MEK, (4) ethyl
alcohol, (5) benzene, (6) methyl butanoate, (7)
methyl methacrylate, (8) toluene, (9) n-octanal,
(10) ethyl acetoacetate ethylene acetal, (11) dl-
Limonene, (12) eucalyptol, (13) Stsrene, (14) benzyl-
tert-butanol, and (15) linalool tetrahydride.

Table 2. Operational condition of TD?-GC-MS system for the analysis of target VOC

GC (SHIMADZU GC-2010, JAPAN), MS (SHIMADZU GCMS-QP2010, JAPAN)

Column: CP Wax (diameter: 0.25 mm, length: 60 m, and film thickness: 0.25 pm)

Oven setting

Detector setting

Oven temp: 40 °C (4 min) lonization mode: EI (70 eV)

Oven rate: 10 °C min™! Ion source temp.: 200 °C

Max oven temp: 200 °C (0 min) Interface temp.: 200 °C

Total time: 20 min TIC scan range: 35~260 m 7!

Carrier gas: He (99.999%) Threshold: 100
Thermal desorber®

Cold trap: Carbopack C + Carbopack B

Split ratio: 1:20 Trap low: -10 °C

Split flow: 5 mL min™! Trap high: 320 °C

Trap hold time: 10 min Flow path temp. 150 °C

Sampling Tube

Sorbent material: Tenax TA + Carbopack B + Carboxen

Desorption flow: 50 mL min!

Desorption time: 5 min Temp.: 300 °C

9TD (UNITY, Markes International, Ltd., UK)
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Sof vEER 100 v} S]4ek 2o} golg A
S 1 ol AR E FEOE FYste] A5
Atk oo} o] wA|FAe] dEaYA o B}
£ 7Ed 3PN EE EsteY M 71EFow
S8 & e 712HA EA7EC| T 22 o] o
AFl e 24 o ARE A3x) ke
A BAo] B/ AR ek gt u
A ol 5 B3] fBlME Hee ) 2 &)
£ o] &3ly, Y FFEE AFlAE 100 1) 34
Blo] B ajsloiol stk 2Hd o] W 100 B 3]4 3
22Zgo] NRE A4 GCY GC-MSd F4T 45,
At vg2 g3 o8] 24 AEEY AT
FEo] oW = AL gHom E
o] o] FoA & FHA EFY <] So® YR
Ao| Erlsirt. 29d] A FXH-EE 24 S A8
& A, AAFEH FA S oF BA TS
SolA SuidRER Aexoz dE37]9 pre-
purge 7155 A&3sted Ee Wd ok wEkA &
ujeo] ojgt AZnEIA L S Hg FEE AR
o] HHEA o] 7hEsitt.

3. =L |

3.1.

=l (Toluene)

2zzo] MEBo ME LUyM
£ AFNAME ATl F9H BEHoRE A e
2 o] AELS MS (Mass spectrometer)S Kl
GC (Gas chromatography) A] 228l o] &
= FFA A= A
sto] zAbstaLal sFqATh Z2ALCH
VOC (Volatile organic compounds)=
(Benzene)Z &

1 HH%%@ of i
71

< s

(o
lmﬁ

ZA

3
sho] A

Table 3. Basic quality assurance in the determination of target
VOC (aromatics)

) Compounds
Order Parameter Unit
B T
1  Calibration r 0.9969  0.9998
2 Reproducibility RSE (%) 1.29 327

3 Detection limit ppb(w)  0.001 0.001

7 AlFollA LB S A flste], AF 7
of we} o] APH R FAstE AF 6 F(S
group) 71l EAskE Al E(A group) 4 FOE
F 10 9 ==y Mﬂ%—% A o]-g3ltt. 4
2 RE Y] 2z olE AUAE o] &3t AP
A5t AaE == th(Tuble 5). A3 sl ¢
A AR HAHe] TR Algrt oFE s e &
913}7] 218t FAIZ(Blank)E A S LA 754
< wiAlEIA T AE AR, 10 7HA] A A Fol
A WA EF2Ae B A& S groupe] A
= 27, olojga (S-L-1), | LETE (S-L-2), A3
-1(S-L-3), 2FEA)-2 (S-L-4), dloj2=Z g o] (S-L-5), ]
2E (S-L-6)9] A2 MAle] =& H el 3.46,
423, 8.64, 7.12, 5.78, 4.58 ppb(w) (part per billion
(weigh)Z HHZH O Z 564 ppb(w)e] FTo2 A&

AT 28 L A groupS AEA|-3 (A-L-1), AEA)-
4 (A-L-2), o228 o](A-L-3), A (A-L-4)9] <=
ME WAL FEE 675, 8.02, 8.69, 5.752 HZ o
2 730 ppb(w)e] FELE S groupE’_E} C EeRea

i ¥e BEE RAoM AF §E e 4
P42 BolA BT 3 OE BTG FEE B

A, 9o M9 mIAARZ S groupe 791, 7.56,
9.56, 12.8, 4.00, 9.30 ppb(W)Z HH2 22 8.19 ppb(w)

Table 4. Preparation of 10 spray samples for analysis of target VOC

Order Spray type  Sample code Purpose Total volume of product  Sampling date  Analysis date
1 Skin (LPG) S-L-1 Air Pas 180 mL 12-08-15 12-08-16
2 " S-L-2 Deodorant 150 mL 12-08-15 12-08-16
3 " S-L-3 Pesticide 150 mL 12-08-15 12-08-16
4 " S-L-4 Pesticide 500 mL 12-08-15 12-08-16
5 " S-L-5 Hair Spray 300 mL 12-08-15 12-08-16
6 Skin (N,) S-L-6 Mist 150 mL 12-08-15 12-08-16
7 Air (LPG) A-L-1 Pesticide 500 mL 12-08-15 12-08-16
8 " A-L-2 Pesticide 500 mL 12-08-15 12-08-16
9 " A-L-3 Antibacteria Spray 450 mL 12-08-15 12-08-16
10 " A-L-4 Air Freshener 320 mL 12-08-15 12-08-16

Analytical Science & Technology
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Table 5. Results between benzene and toluene analysis from spray samples

(A) Information for analysis

Conditions of sample collection

Actual spray rate

Injection volume in sampling tube : 1 uL Skin or body : 0.47 mL/s
Sample dilution ratio : 0.01 Air : 0.26 mL/s
(B) Concentration of VOC in spray product samples
Compounds
Order Sample code T
(ppb) (ng/m’) (ppb) (ng/m?’)
1 S-L-1 3.46 20.5 7.91 46.9
2 S-L-2 423 25.1 7.56 448
3 S-L-3 8.64 40.5 9.56 56.7
4 S-L-4 7.12 422 12.8 75.9
5 S-L-5 5.78 27.1 4.00 23.7
6 S-L-6 4.58 347 9.30 55.1
Mean 5.64 31.7 8.52 50.5
SD 1.95 8.80 2.89 17.1
7 A-L-1 6.75 6.75 7.40 243
8 A-L-2 8.02 8.02 9.50 31.1
9 A-L-3 8.69 8.69 6.59 21.6
10 A-L-4 5.75 5.75 5.25 17.2
Mean 7.30 7.30 7.19 23.6
SD 1.31 1.31 1.78 5.82
S Yegdth 228322 A group 7.40, 9.50, 6.59, 80 7 m Benzene
5252 HAH O Z 7.19 ppb(w)S YERH wlAlz} v 70 4 CIToluene
A 2 A Fe] AR S mE IS =%
wolx itk EF, A FEjA ol AFFL &%
HARAES T FAS AR wo] g AE S0
Aol 27 % WA AL sy £
QuHow smdel AFL vow AUz §o
AR FAd EFE LPGY & Ze EAAE 9] ©
ot EAletE FERE olFoA St o3 AF S-L-15-L-2 S-L-3 S-L-4 S-L-5 S-L-6 A-L-1A-L-2 A-L-3A-L-4
=2 _%_%'_oﬂ U]—E]— ‘EF‘“_T"E]Z]' u};(]— 'é:% EH7] %‘Oﬂ i sample code
FE T EE 3] T2 J|sEn. mepA, 2 Fig. 3. Comparison of concentration levels of benzene and
AL E 2z AEFE] BEHIL LA 100% toluene measured in spray products.
FEoR 7] Fol & 713k dva P Ele o
o] RPN 7 W7kstaat &t ol & Skl A (ng/Sm)E =3k th(Fig 3). A3E B, WAl
A FASEEE S48 43 g5 EAlete AEE S group?] 7% 20.5, 25.1, 40.5, 422 27.1, 34.7 pg/
& HFHO R 047 mLis, F7] Foll BAlSlE AIEE SM’E HFHOE 317 pgm’e] £3F& YeERT A
S HFFHOZ 026 mLisY FES UYERHIT =3 group< 6.75, 8.02, 8.69, 5.75 ng/Sm’E HEH o2
H fFE5E o] &3k, Al 2xeo] AFe] 10 27F 1 240 pg/Sm’ FF2 FEE 7|FAh AR ow
PLrE ] 37 Foll & 7ISEHAES e T OF BT RO A o713 71EA9L 5
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pg/m’S 4 v o) 23 FXE JER T 28y
AA dubEd Adje] Whe] A7) 40 mP FEo|EE
olg 13 U713 71EA ] AR E v
Toll g F Atk 2L EFA] A, S group
46.9, 44.8, 56.7, 75.9 23.7, 55.1 ug/Sm’E HFHoZ
50.5 pg/Sm’E JERN AT A group B 23.60.2
FHALR S groupE Tt e FEZS YERA AT
EFqe] g, AAl FEFS U]il HAAE=2 100
ug/m® (8 A7k % Al Bop 22 2hS JepfA R 3
717 | A e oA AT AR " S YA
HY %, 75, %E%E’J oY s oA F

[}
pos

{0

= o

32, M8 eimelel ulm

& Ao 498 LAY AF A o
A7) v g wu) g Agolh weby U
AEe] Medr) Mad e ANAEAA A
Hol vmE Fol FUA F/18 TR =2
Sersian siich $4 A% A F Ade
e RO R R E N I
A A, FA 2L QA Bk 92
A AYVEGH

m&%;{#

‘H‘Itﬂﬂé

> ot X o

i
i
re
m
N
o,
5o
rO
fm
o[n
w7
N
N
10
_\11_4

g 2y =
HEHA, FAENAM 0.0009-0.0225 mg/m*h7t HEEE
Ao & Yepgrt?
AZAAE £33 2,{
Ho|A] WA= AU S AL
Z o2 QA7tlA %E]h AL 2 golsl=Ae] 715
stk A HEAle] 36 Athe] AZFEFH <
27 2GR EE At 2 A7 MA
Aol M A712E29 30 gSm*e 2348
e o, A S A9 ﬂ& ol A
g2 AI/|FL NEF EFAL] A3 32 4)
ela Aar)Es 2ashesloR L]—E]—}d—ﬂ- o= =
AA e 88% 7tko] E2d P17 FS BEsA|
Fale Ao® AA 2AAN Hi FEE 2,729,89
gm’E AL7NES oF 270% 2FHsHs Ao R YEbst
o0 9] AHEF B AolA g AFAA &
Aete WG EFde] s 2 AHE HlaLste]
10 7Me) BALE AFe =7 A

O B Zow eyt B 49 A4
W) EEuche wAFe] A Jepto A&7
srde) Augsd nrke WA BAeE Aow

oo
N R
e
S
e

2 &M e 2

P
Fol| BF3h= 1% (S group)J/]' %‘7]?01] TH3=
F (A group)e.2 EF3] T AIE Frlsksith
I A, WA FXE S groupe 5.64+1.95 ppb(w)
FEOZ HAZHAI, A groupS 7.30£1.31 ppb(w)
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