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Abstract: Twenty-one allergy-induced aromatic material in children’s products were analyzed using gas
chromatography mass spectrometer(GC-MSD). The analytes were extracted using an automatic Soxhlet extractor,
centrifuged for 10 minutes in a fast freezing centrifuge, and the supernatant was filtered with a syringe filter
and then transferred into a 2 mL vial and injected in a split mode. In the established condition, the calibration
curve showed linearity with a determination coefficient of 0.9981 or more. Sensitivity was 0.3145 ~ 1.6757,
which showed a fairly wide range of sensitivity for each substance. The detection limit of the device was
0.0016 ~ 0.0423 pg/mL and the maximum detection limit was less than 0.05 pg/mL. The method detection
limit ranged from 0.0030 ~ 0.0589 pg/mL. In addition, the limit of quantification ranged from 0.0096 to 0.1876
ug/mL, with precision ranging from 0.41 to 10.49 % and accuracy ranging from 83 to 116 %. The analytical
method developed in this study was applied to commercial products.
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F20 %S $AH0R Aol AF 2L BAPY
2 etn B9 3 AP Beldel A 98
7 Z300] 7]

=3

ol-,z;]x] Gul w1k EF 21 = 2 2 Zol YR uEF
& Z(internal standard, IS)= AccustandardAH(U.S.A)<}
Dr. EhrenstorferAH(Germany)ol| A 27} #+9) sl A&

S, AP ESFEEN A Zo] D3 48 MeOHH
—%iﬁ-ﬂﬂi 2183 Hexane2 J.T.BakerAHU.S.A)°l A

Tt AR

A AHle A &2 FZ7X](DE/SOX 416,
Gerhardt, Germany)$} ¥4 W& 94 E2]7]1(Supra
22k, Anyteck, Korea)E AM&-3I Tt F& AFEE
Thimble Filter== Soxtherm Extraction Thimbles (33
mm x 80 mm, Gerhardt, Germany)& AF&-3}5132, €
A &2l &2 Oak Ridge Centrifuge tube (50 mL, Thermo
Fisher Scientific, U.S.A)S AF&-3}5 T}

22 NE MY % HxE
2 A7dA Hsu she B0 B

AEE T
1 Aol Be @) U AE AFE

do] g 7
AAstg o, thd ntEY A% £ gw O nlE
TAN BT R IF, ST F 12T 5 F 135 A
25 skl

A WP o] AF T INEI B2 A
S 2t £Ed WS Adsiglen, F&8v)
ZE Hexane AA 3Gt Algo AATE 23}

Table 1. Analytical condition of GC-MSD

3 AJF °F 2 g2 Z3}] Thimble Filterol] B3 £&
2 FE2X] el % 7-—‘}5}051‘:} FE8u+= 50 mLE
AR o YEESZEZ LS AHEE DB-WaxE &

4] Al 1,4-dibromobenzene-d4 (1 ug/mL)S 371383l
ZB-5msZ 4] A] 4,4-dibromobiphenyl (I pug/mL)E
7_‘47}3}05‘?}

gi -10 °C°ﬂ/\1 10—“%
o

e F 4

2.3. GC-MSD £4

7k~ AR E I ZE 7890B(Agilent, U.S.A)S At

S3tH L, FFEA7|(GC-MSD)E 5977A MSD
(Agilent, U.S.A)E AF&3FS T o] &3} WS El
(70 eV) modeE AH&-3to] EA8FHA L, EW}@’J
He9l 442 1.0 mL/min$3t}.

A Y-S DB-Wax (30 m x 0.25 mm x 0.25 um, Agilent,
US.A)9} ZB-5ms (30 m x 025 mm x 025 pm, Pheno-
menex, US.A)E AM4319 Y, E4Ed H=Z 49 &
Aol mE 7= 2 ZET 59 EHEES v g

N EF U2 Split mode® 1 pL FY 8k 3L, DB-
T2 35 °C2 A3t 587

2 &5 °C/min® %234 190 °Coll A 287+ &%
8}2% 35 °C/min¥ %23} sz ©F 250 °Col| A
1087+ fA89 T ZB-smsoll & 2710 B2
50 °C& A ste] 387 {2 F, 8 °C/min¥ S5}
o] HFZH o7 250 °ColA SE7F FA A TE 2pA T
ZINBX 2 AL Table 19] YERRATE

Condition
Parameters
DB-Wax ZB-5ms
Injector 220 °C, split [10:1], 1.0 uL. 220 °C, split [10:1], 1.0 puL.
Column DB-Wax (30 m x 0.25 mm x 0.25 pm) 7ZB-5ms (30 m x 0.25 mm % 0.25 pum)
Carrier Gas He, 1.0 mL/min He, 1.0 mL/min
Oven Temp. 3_5) 3((:) 52/:1;1):;50%@1:0;1;)90 € (2 min) 50 °C (3 min) — 8 °C/min — 250 °C (10 min)
Aux Temp. 320 °C 320 °C
MS Source 230 °C 230 °C
Ionization EI mode, 70 eV EI mode, 70 eV
Detection Scan and SIM Scan and SIM
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Fig. 1. Chromatogram of 21 target compounds using the standard solution by GC-MSD in ZB-5ms
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Fig. 2. Chromatogram of 21 target compounds using the standard solution by GC-MSD in DB-Wax
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Fig. 3. Chromatogram of 11 target compounds using the standard solution by GC-MSD in ZB-5ms

3. &3 ¥ nF A Zre] W= AHL Qo) AR EFE o

g 227t At E o] Fo] AA] Fkom(Fig. 1), 29

3.1. BEM=749| X3S} 1l DB-Wax® A AI7k0] kA o2 oA & o

FEE&ME PN E B2 wEd 548 AR AL Ao FeE%5 oA ZB-5SmsEt) Hojd A
BE P AR 28y FE 7ML LEEH, £ e ATH(Fig. 2).

HexaneS XA 3t TFEHLE 21 Fo EAUA mrEba] Al B8 S 58 AEste] B4

EES T3 2 8AES ARSI, ZE 54 234 21% % amyl cinnamal2 E3§3F 1152 ZB-

WE A EE 5 Bl AREsHth 28 5 ZB- SmsAH S AHE-Ste] FAIEA S WA (Fig.

SmsZ ¥4 A] DB-Waxol| H|3] &&& 7| wal & 3), acetyl isovalerylS ¥33l 10 & DB-WaxZ H&
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Fig. 4. Chromatogram of 10 target compounds using the standard solution by GC-MSD in DB-Wax

Table 2. Formula and molecular weight of 21 target compounds

No. Compounds CAS No. Formula Molecular weight ~ Column
1 Acetyl isovaleryl 13706-86-0 C;H;,0, 128.17
2 Methyl heptine carbonate 111-12-6 CoH 1,0, 154.21
3 6,7-Dihydrogeraniol 40607-48-5 CoH00 156.27
4 Citronellol 106-22-9 CioH,00 156.27
5 Cetone Alpha 127-51-5 C4H,,0 206.32
6 Benzyl alcohol 100-51-6 C,Hz0 108.14 DB-Wax
7 Lilial 80-54-6 Cy4H,00 204.31
8 Benzalacetone 122-57-6 CoH,0O 146.19
9 Cyclamen alcohol 4756-19-8 C3H,,0 192.30
10 Anisyl alcohol 105-13-5 CsH 100, 138.16
11 2-Pentylidenecyclohexanone 25677-40-1 C;H30 166.26
12 Hexahydrocoumarin 700-82-3 CoH;,0, 152.19
13 Decatol 34131-99-2 C3H,,0 196.33
14 Amyl cinnamal 122-40-7 Cy4H;50 202.29
15 Amylcinnamyl alcohol 101-85-9 C4H,,0 204.31
16 Benzyl benzoate 120-51-4 C4H20, 212.24 7ZB-5ms
17 musk ambrette 83-66-9 C2H6N,O5 268.27
18 Benzyl salicylate 118-58-1 C4H 205 228.24
19 4,6-dimethyl-8-tert-butylcoumarin 17874-34-9 C5H;30, 230.30
20 7-Ethoxy-4-methylcoumarin 87-05-8 Ci2H120; 204.08
21 Benzyl cinnamate 103-41-3 Ci6H140, 238.28

AHEsEe] SAREA S Y3 thH(Fig. 4).

A FYE BHEAL NFoR BANY B
HEE Table 20 A3t YER1 L, KOLAS-G-

015 p;]_tﬂ—;ﬂ /\]té]tlo
A 38ke] EA
AA|

o &4 g 9% Aol
W By A5 Adsta,

A Bo= A4t
32. 4
7174

7]
2ol

B 2 MEEsEA|
7] (instrument detection limit, IDL)E= &

pgmL7k HES BNELS A7He A

TaEEE

roll |'0||

° N{N' ]

] A
0.0016~0.0423 pg/mLEA ) °F 0
ol 717 SHAE JERA AT
3+ Al (method detection limit, MDL) % 7 &F
S (limit of quantification, LOQ)YE AAI57F od wi &
BHE v BHEH] HAEHA &2 AR A4S
o] &3l 02 ugmL7t F s FAEHS Hrksh ,\] =
TNE TRk, 7+ AlEE AP Eake) sdskA F
stod XFAAE A2 &, ZTHF| 9% ﬁi]Eoﬂ}‘i
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Table 3. IDL, MDL and LOQ results for the analysis of target compounds by GC-MSD

139

No. Compounds IDL MDL LOQ
1 Acetyl isovaleryl 0.0088 0.0094 0.0300
2 Methyl heptine carbonate 0.0017 0.0040 0.0127
3 6,7-Dihydrogeraniol 0.0031 0.0057 0.0181
4 Citronellol 0.0029 0.0030 0.0096
5 Cetone Alpha 0.0016 0.0083 0.0266
6 Benzyl alcohol 0.0028 0.0162 0.0517
7 Lilial 0.0060 0.0101 0.0320
8 Benzalacetone 0.0029 0.0032 0.0102
9 Cyclamen alcohol 0.0047 0.0060 0.0191
10 Anisyl alcohol 0.0076 0.0083 0.0263
11 2-Pentylidenecyclohexanone 0.0078 0.0180 0.0574
12 Hexahydrocoumarin 0.0066 0.0219 0.0697
13 Decatol 0.0048 0.0137 0.0437
14 Amyl cinnamal 0.0182 0.0200 0.0637
15 Amylcinnamyl alcohol 0.0122 0.0327 0.1041
16 Benzyl benzoate 0.0053 0.0104 0.0332
17 musk ambrette 0.0054 0.0145 0.0461
18 Benzyl salicylate 0.0423 0.0589 0.1876
19 4,6-dimethyl-8-tert-butylcoumarin 0.0103 0.0138 0.0441
20 7-Ethoxy-4-methylcoumarin 0.0267 0.0322 0.1025
21 Benzyl cinnamate 0.0108 0.0186 0.0591

*Unit : pg/mL
Table 4. Calibration ranges and regression equation of target compounds analyzed by GC-MSD
Cal. range
No. Compounds Regression eqn. R?
pg/mL

1 Acetyl isovaleryl 0.1-2.0 y =0.8835x + 0.0287 0.9995

2 Methyl heptine carbonate 0.1 —2.0 y =0.4906x — 0.0129 0.9997

3 6,7-Dihydrogeraniol 0.1 -2.0 y=1.079x — 0.0238 0.9996

4 Citronellol 0.1-2.0 y =0.6845x — 0.0192 0.9998

5 Cetone Alpha 0.1 -2.0 y =1.5974x — 0.0306 0.9998

6 Benzyl alcohol 0.1-2.0 y = 1.4276x — 0.0049 0.9997

7 Lilial 0.1-2.0 y =1.6757x — 0.0493 0.9999

8 Benzalacetone 0.1-2.0 y=0.917x — 0.0224 0.9998

9 Cyclamen alcohol 0.1 —2.0 y=0.6038x — 0.0196 0.9998

10 Anisyl alcohol 0.1-2.0 y =1.409x — 0.0181 0.9997

11 2-Pentylidenecyclohexanone 0.1 —2.0 y=0.3588x — 0.0012 0.9999

12 Hexahydrocoumarin 0.1 -2.0 y=0.3998x — 0.0187 0.9997

13 Decatol 0.1-2.0 y=1.0197x + 0.0095 0.9998

14 Amyl cinnamal 0.1-2.0 y=0.3145x — 0.0016 0.9999

15 Amylcinnamy] alcohol 0.1-2.0 y =0.3894x — 0.0005 0.9999

16 Benzyl benzoate 0.1-2.0 y=0.3784x — 0.0112 0.9999

17 musk ambrette 0.1 -2.0 y =0.3283x + 0.0017 0.9999

18 Benzyl salicylate 0.1-2.0 y=1.2589x — 0.1909 0.9981

19 4,6-dimethyl-8-tert-butylcoumarin 0.1-2.0 y=12071x — 0.0181 0.9998

20 7-Ethoxy-4-methylcoumarin 0.1-2.0 y =0.8068x — 0.0526 0.9997

21 Benzyl cinnamate 0.1-2.0 y =0.4796x — 0.0068 0.9999

Vol. 33, No. 3, 2020
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Table 5. Precision and Accuracy results for the analysis of target compounds by GC-MSD

No. Compounds Spiked conc. Mean + SD Precision (%) Accuracy (%)
1 Acetyl isovaleryl 1.00 0.9582 + 0.0108 1.13 95.82
2 Methyl heptine carbonate 1.00 08304.+ 0.0034 0.41 83.04
3 6,7-Dihydrogeraniol 1.00 0.8320 + 0.0116 1.40 83.20
4 Citronellol 1.00 0.8510 + 0.0093 1.09 85.10
5 Cetone Alpha 1.00 0.8604 + 0.0114 1.33 86.04
6 Benzyl alcohol 1.00 0.8720 + 0.0053 0.61 87.20
7 Lilial 1.00 0.9979 + 0.0147 1.47 99.79
8 Benzalacetone 1.00 1.1415 + 0.0070 0.61 114.15
9 Cyclamen alcohol 1.00 1.1420 + 0.0103 0.91 114.20
10 Anisyl alcohol 1.00 1.0148 + 0.0358 3.53 101.48
11 2-Pentylidenecyclohexanone 1.00 1.1596 + 0.0164 1.41 115.96
12 Hexahydrocoumarin 1.00 1.1262 + 0.0084 0.74 112.62
13 Decatol 1.00 1.1011 £ 0.0270 245 110.11
14 Amyl cinnamal 1.00 0.9691 + 0.0174 1.80 96.91
15 Amylcinnamyl alcohol 1.00 1.0837 + 0.0152 1.40 108.37
16 Benzyl benzoate 1.00 1.0306 + 0.0059 0.57 103.06
17 musk ambrette 1.00 1.0989 + 0.0134 1.22 109.89
18 Benzyl salicylate 1.00 0.9500 + 0.0996 10.49 95.00
19 4,6-dimethyl-8-tert-butylcoumarin 1.00 1.0091 + 0.0341 3.38 100.91
20 7-Ethoxy-4-methylcoumarin 1.00 0.9272 + 0.0305 3.29 92.72
21 Benzyl cinnamate 1.00 1.1583 + 0.0159 1.37 115.83

*Unit : pg/mL
T EHS w2 YHAEA, 102 3 we A o] A EES ol8ste] etk A 041 ~
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Table 6. Results for the analysis of commercial products by GC-MSD
No Compounds Samples (mg/ke)
1 2 3 4 5 6 7 8 9 10 11 12 13
1 Acetyl isovaleryl - - - - - - - - - - - - -
2 Methyl heptine carbonate - - - - - - - - - - - - -
3 6,7-Dihydrogeraniol - - - - - - - - - - - - -
4 Citronellol 7.96 - 19.84 - 33.07 8826 17.06 52.81 - 50281 - 42,69 -
5 Cetone Alpha - - - - - - - - - - - - -
6 Benzyl alcohol 992 526 2245 - - 7718 - - - 77427 - - -
7 Lilial - y - - - y - .o y .
8 Benzalacetone - - - - - - - - - - - - -
9 Cyclamen alcohol - - - - - - - - - 1996 - - -
10 Anisyl alcohol - - - - - - - - - - - - -
11 2-Pentylidenecyclohexanone - - - - - - - - - - - - -
12 Hexahydrocoumarin - - - - - - - - - 2206 - - -
13 Decatol - - - - - - - - - - - - -
14 Amyl cinnamal - - - - - - - - - 1174 - - -
15 Amylcinnamyl alcohol - - - - - - - - - - - - -
16 Benzyl benzoate - - - - - - - - - - - - -
17 musk ambrette - - - - - - - - - - - - -
18 Benzyl salicylate - - - - - - - - - - - - -
19 4,6-dimethyl-8-tert-butylcoumarin - - - - - - - - - 469 - - -
20 7-Ethoxy-4-methylcoumarin - - - - - - - - - 315 - - -
21 Benzyl cinnamate - - - - - - - - - - - - -
—3A]: Not detected
Table 7. Information of commercial products
No. Item description Country of Origin Applicable Age
1 Clay China 37 months or Older
2 Sign pen China 60 months or Older
3 Stamp China 37 months or Older
4 Doll China 37 months or Older
5 Toy Czech Republic 37 months or Older
6 Clay China 37 months or Older
7 Sign pen Republic of Korea children
8 Soap bubbles Republic of Korea 37 months or Older
9 Balloon Republic of Korea 61 months or Older
B.B pellets (fluorescent
10 - -
color)
11 Toy China 73 months or Older
12 Clay - 37 months or Older
13 Clay Republic of Korea children
BRI
flete] ofde] AlF AR 7E AsE L 9lo, o Ao, opH7EA] QEATIE B AIRAA MR E Qe
9Jr HEol] ojdoe] AlF T GHAE Fse= WA Agolt. whebA B AFolME 66 T A
A (alanroot oil 5 5554)°] FHE FA e Ag W] EAE 5 2158 4L dHste Ge-
S g, 9 MSDE ©] 83 th i BARAES st 44
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