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Compositional analysis of volatile substances in silicone rubber nipple
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ABSTRACT: Objective To traceably analyze the volatile substances in infant silicone rubber nipple, and assess
health risks. Methods Headspace gas chromatography-mass spectrometry non-targeted screening technology for
volatile substances was used to analyze silicone rubber nipple for infants and young children with a total volatile
substance content greater than 0.5%, and the maximum possible migration amount was calculated through 100%
migration. Results A total of 16 kinds of volatile organic compounds were detected in the 5 unqualified silicone
rubber nipples tested, including cyclic/linear siloxanes, alcohols, aldehydes, and aromatic substances. The types of
volatile substances remaining in pacifiers of different brands vary greatly. (+)-Limonene and n-tridecane were
selected as internal standards for semi-quantification, and the food safety risks of the detected substances were
assessed based on the standard limits and toxicological concern threshold methods; the exposure amounts of various
siloxanes exceeded the safe exposure thresholds and required raising health risk concerns, particularly for
octamethylcyclotetrasiloxane and decamethylcyclopentasiloxane, which were bioaccumulative. Conclusion The
screening and evaluation method of volatile substances developed in this study is suitable for food safety evaluation

of infant pacifiers. The results of sample testing show that the safety of volatile substances in infant silicone rubber
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pacifiers needs attention.

KEY WORDS: non-targeted screening technology; silicone rubber nipple; volatile substances; food safety;

headspace-gas chromatography-mass spectrometry; threshold of toxicological concern method
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Fig.1 Total ion flow chromatograms of volatile substances in silicone rubber nipples
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Fig.2 Mass spectrogram of high frequency detected substances
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Table 2 Volatile detection substances in non-targeted screening

FE K 4 5 CAS £ /(mg/kg) BN
VANA LR 7NN i = 541-05-9 12
J\HH LA U fef S o 556-67-2 32
+ A R AR 541-02-6 45
TSR N S 540-97-6 66 .
St DY R A AU 107-50-6 58 7 RIRAREE e
TS H A RE S 556-68-3 32
RWAGIE S7YINEE= Y 556-71-8 16
VANA LR 7NN i 541-05-9 29
aLiiE- 7 N i = 541-05-9 35
J\ LR DU R S 556-67-2 45
S2 - IR R S 541-02-6 62 5 R R AE ST
T R AU 141-63-9 78
T B IR S R B 540-97-6 29
VANA LR 7 NN i W o 541-05-9 8.5
VAGE SNl EE= e 556-67-2 11
2,5- WL (= H LR A UbE)-K 56114-69-3 54
+ H LR R e 541-02-6 53 . .
53 + T RN A b 540-97-6 78 7RIPRARER RS 1 RS
PO A R A 107-50-6 75
T H A RE S 556-68-3 82
RWAGIE S7YIRER= Y 556-71-8 71
V%3 100-41-4 0.56
75 L3R = e e 541-05-9 12
VAGEE SNl 556-67-2 19
BV SINEN 1940-18-7 0.25
2,50 (— A AUt ) - H i 56114-69-3 0.785
- F LR R S e 541-02-6 22
I\ HEBR P R 556-67-2 25 10 ﬂ%%ﬁf‘f‘ R
S4 + RN REE S 540-97-6 68 B e
-+ P PR L i A 107-50-6 53 LRSS lng}; LR
R A R S VAR E =R CT 556-68-3 41
2,2>-[(1,1,3,3-PU F 31, 3- Rk b —3%) 17909-18.1 0.52
WE)RL[2,4,4,6,6-T0 H 3138 = RS
RWAGIE S7 IR £-¥5 556-71-8 45
T HIEAR R A 18772-36-6 0.41
RPALAE AN 19095-24-0 32
7S H L = RE AUk 541-05-9 11
J\H LR DU 6 S e 556-67-2 13
2,580 (— A AU o0 ) - H i 56114-69-3 0.051
- SRR A 995-83-5 53
- F LR R S e 541-02-6 57
S5 S R U 141-63-9 75 9 FhEIRARTE S LT . 1 RIS
T B IR S R A 540-97-6 82
NI Sy 107-50-6 65
R A R S VAR E = o 556-68-3 42
WA ST IR0 556-71-9 32
T B A RE A 18772-36-6 0.15
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MR HEER -l AR B SR 817.023.21, D3, D5, D6 fU7E
RSB R E M PRI T A R, T8 BRI
7 0.01 mg/kg, AT H T REA BRI B
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FEERES ARG AW BN D4 f1 DS LAY
o MEPER B A 160 ppm B D5 3k 12 8% 24 M H S5
BFE NG, DS BSWNRERE . ARG FEM
fit B R i B
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SR TTC /2w R 1504 Cramer 1, 11, 111
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TR LHEXT RS 1) BB g 1, 5 P27 G BI(E L
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P8 4 AT, ReEAGE % W 1 A L o O A3 9 o 14 7
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A EA S T R . X SRR U A H R R
EHRT 1.5 pg/(kg bw) L2518 BEH, 7T RExT 240 )L
R . Hep, B A BEMER D4 -8,
D4 XK BRI/ B M R AR, B4 LR IR A
A DAY, PRESIER MR TR, A
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Bk, Wbt B a5
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Table 3 Volatile detection substances refer to regulation limits

Kt 4y B CAS Al BE B KAE S /(mg/kg) B /(mg/kg) PR 1 ke I
V% S 100-41-4 0.019 0.6 Resolution AP (2004)5
75 L PR — R e 541-05-9 1.2 0.01 SR 817.023.21
RELIE SRR 541-02-6 2.1 0.01 SR 817.023.21
T H RS RS 540-97-6 2.6 0.01 SR 817.023.21

F4 FEEFEDREIRNREITE

Table 4 Safety assessment of detected substances in non-targeted screening

i T CAs wRER it H 2 TTC 432k e S L]
/(mg/kg) /Tug/(kgbw)] /Tug/(kg-bw)]
1- LR L 1940-18-7 0.0083 1.25 Jlies 1.5
s iP5 7 =P 18772-36-6 0.014 2.05 JIES 1.5
2,2°-[(1,1,3,3-PU I JE-1,3-—kE
SUbE IR XL () I [2,4,4,6,6- 17909-18-1 0.017 2.6 JIES 1.5
FH L1 =Rk A e
75 F LA = h b 541-05-9 12 1751 m& 1.5
PANG B SZ NI} K0 556-67-2 1.5 225 JlES 1.5
2,5- R (= F JERE S B )-8 Y 56114-69-3 1.8 270 m2k 1.5
+ H PR T A 541-02-6 2.1 310 JES 1.5
BWANIE-S7VIREE=RE 556-71-8 2.4 355 NIES 1.5
RRLLIE ST e =R 107-50-6 2.5 375 NIES 1.5
REUIE - S7VAvE =¥ 540-97-6 2.6 390 ES 1.5
U R R A 141-63-9 2.6 390 eSS 1.5
RALIE S7IVANEE= R 556-68-3 2.7 410 m& 1.5
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