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Determination and Migration of Three Kinds of
Cyclosiloxanes in Food Contact Silicone Rubber
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4.National Key Laboratory for Food Contact Materials Testing , Guangzhou
Customs Technology Center, Guangzhou 510070, China)

Abstract; The contents of octamethylcyclotetrasiloxane (D4 ) ,decamethyleyclopentasiloxane (D3 ) and dodecamethyleyclohexasiloxane
(D6)in food contact silicone rubber were respectively determined by solvent extraction—gas chromatography/mass spectrometry
(solvent extraction— GC/MS) , and the migration of D4~ D6 from silicone rubber baking tray to oily food simulants were
studied. Attenuated total reflectance—Fourier transform infrared spectroscopy (ATR-FTIR ) was used to identify these three kinds
of silicone rubber products. GC/MS was performed to detect the contents of D4~D6 in silicone rubber,which were extracted by
optimized procedure using n—hexane and ultrasonicating for 30 min.Single~sided migration test was carried out with one kind of
silicone rubber baking tray. The results showed that D4~D6 had good linearity within the mass concentration range of 0.5~
20.0 pg/mL while the determination coefficients ( R*) were greater than 0.9961.The detection limits were all less than

11.2 ng/mL and the quantitative limits were all less than 37.2 ng/mL.The average recoveries of D4~D6 were 85.20% ~98.12%
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and the relative standard deviation( RSD ) were 2.17% ~4.27% (n =6).The results also showed that the contents of D4~D6 in
both the silicone rubber nipple and the pressure cooker sealing ring were lower, while the contents of D4~D6 in the silicone

rubber baking tray was the highest with the average values of D4~D6 being 175.08,824.12 and 901.17 mg/kg, respectively.

Through migration test, it was found that the migration rate of D4~D6 in the silicone rubber baking tray were 71.36% ,57.03%

and 49.31% ,when the migration of D4~D6 reached equilibrium in oily food simulants of 95% ethanol at 60 “C.It indicates that

D4~D6 will migrate into oily food,and D4 with small molecular weight is easier to release,and the relative safety issue cannot

be ignored.

Key words: food contact silicone rubber; solvent extraction—gas chromatography/mass spectrometry ( solvent extraction— GC/

MS) ; cyclosiloxane ; migration
HE 5 %S TS206.4 SCRRERIRAGD: A
doi:10. 13386/j. issn1002 — 0306.2020. 11. 038

X E 4 5:1002-0306(2020)11-0245-06

SIsCAg = XV E AR, W, BT 5, 45 B el TR EAR B b 3 R ER Ak b I S MO RS LA LT ] Bl ol BH 2020,

41(11) :245-250.

TR B A 0 T B Ak S T 3R B 5 B ok v JBE 2K
Fhe 0 B BT, SRR R A TR R
B HLAEE SRR, L 34 S A2 5 0 Si— O &, A XS 43
TR (— AT 1.5 < 10°) T Si— O g i
et C—C RS RE v , kA5 BE 11 PR o 1 L — i
B R BIAR I T o REARR DR AT B B4 T PR o 22 I
PV M N T A kA R, G0 T R 9 )
BBl g ROREAE HL 2R R SR LY ME S, D4~ D6
S5\ T 3Rk AR e T ik B SO TR RN AR B R AR T
PEP . DA B RSy T R R A e, B R IR
PEST RTHE /N BT R R B | e R 20 M, vk G
D4 23[R E2 B9k, 4k, DS e
Wi 2 AA B B ), RF AR i 28 2R G AR S RS2
DS A 3 32k 22 U e 32 A 3 30 39 99 B A Sk e A e A X
R EB B R ao s Y . Warner 451 2 B L R Hi
X BHESINE AL S A D6, iX 2 W] D6 H AT A=) & 46
P, X TR AR SRS 0 2E A v, B ORT R OG0 R
A RN B RE S S 24 A L BT RS At S
AP S T AR E R e R Y (G
FEAG IR TP R AR SR O 22 M E T LIS AN S

IR 2 B — A B BB vk i A - U
W6 FH T R e R - AR v B T X
ARG P S MR ) B P v S 075 38 0 BT IR 43 T
Tk SUBE B 2 BT, (B0 VT 6 3 PR 9 D4~ D6
I RE T AT IF SEAS 22, LA 2 HG A il M £ S A 48 4 vh
BT R LA Fr it — 2B T e . e P aE ™ kB i
T B4 30 4t ML kAR e i) i T AT 83.3% AR S b
B35 R B S B R T 0.5% , H. 80% #f i v 44
KNVEY) A AR BB 3~5 %, X R
B T S e R 2 N R Y B, Ko B A
PE— b . SRFRARAEY S BRG] PG
T A AE T SR R TE O e T AT RS R )
R TR I R L A IR U 0 T B, T AR R I
S5 BT S i 11, SR T U e Ak AR e
FREREE e DA-D6 [a] £ T A B9 i B, 7 EE AT A
AR i B B TR G A AR G . PRI, AN SO A e N v
T B — A 3T 3% e 0 S ik AR JBE ) b D4~ D6 &
i, IFUFFEREAZ R i b DA-D6 [ il £ A LI Y
95% £, T ) B THT 3 A FILAEE , S AH SC v v LB 3T
LS

246 2020 114

1 MRl5xH%E
1.1 #RENEE
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FERR S 54 388 3o 32 0l 4 I 5 — 18 HL AR 6 21 41
S BT J TR R TS O AR BB B, ATR -
FTIR fYAHIE S 53 PE3 R 8.000, RAE I 75 2 8.0,
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TR B SE 4 IR M AE R BUR 7, LA BEXT D4~ D6 $EHL
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i D4 ~ D6 #£ ) , 38 38 BRI vk 48 (e 368 75 1 2 458 )
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Fig1 ATR-FTIR of silicone rubber products
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BOgH . B2 AT, S SR (IE 2 ke ) Xk s
D4~D6 fHE BUAE 1 Fe -, kg 3 S Hl (2R &
i) FT 2 S (TIER ) i 4 5850 ( & %) X fit
B DA~D6 By HEHLAE J1fe 550 BIEHE S 5
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Fig.2 Extraction effect of solvents on D4~D6

2.3 BEREHMMRL

FE 3 Al 8 SR IO [A] 2 15 ~30 min B,
D4~D6 (Wi )37 W4 T AR 229 [t 25 $i AR ] f¢g ZE i 1
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D4~D6 11 THT FR 48] B 25 I [8) 11 SiE 1< 17T 52 T R da 3
A 18] Y S B AT 58 53 26 B AR ARBE Th Y D4~ D6, {H
FE P PRI 8] A9 3 R, B H A RS 00 2 Bl AR RS
W BRF , 3 g e 2 [T I it 5 A6 7 B T A S, B

ERE s
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Fig.3 Extraction effect of ultrasonic time on D4~D6
2.4 FAEMWIE
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FH, VA ST B Rt BR AN E T FR W3R 1, FE s [
a5 HP , D4~ D6 i Inl i 2R -k 85.20% ~98.12% , #H
XARAHEAR 25 (RSD) 2 2.17% ~4.27% , X R W iZ Jr ik
AR K Hh DA~D6 (1) 5E it BAT B g nl 5 3 o
25 THILHAEGKREMNTEE

AW T 3 P [RIZERIAY O A~ i B 4%
il A B AR IS 77 i, 26 ATR—FTIR iff 52 Ho A4 5 o ik 4%
BT P e N ) W RO S L B | v [ IR P S RS
D4~D6 & AT E . IR 2 FH i, D4~D6 nyks
H1#3h 100% , AN ) 26 7Y i ik AR e v ) D4~ D6 5 i
AHZERER o W W R ey 0 4 B BB 1 D4~ D6 55 4
A, H D4 (& E YR 4y 9 R 53.27~113.07 Fi112.32
~101.81 mg/kg, IMH 43531 2 82.71 Fil 68.38 mg/kg; H
D5 (1) & & YU [l 43 5] A 82.20 ~ 146.87 Fi 23.11 ~
266.65 mg/ke , HB{EH 435~ 114.82 F1 131.57 mg/kg;
H D6 1y & &Y Bl 43 Bk 53.57 ~93.40 F0 37.11 ~
259.46 mg/kg, YJ1E 43 K 71.74 F1 134.65 mg/kg,
T IR I DA~D6 Y& ik, D4 H & 507l
B35 2 91.51 ~341.45 mg/kg, ¥J{H & 175.08 mg/kg;
D5 B9 & & 7 Bl & 514.22 ~ 1376.68 mg/ kg, ¥ {i /&
824.12 mg/ kg ; D6 [ F 71 Bl /& 696.24~1183.69 mg/ kg,
PIEJE 901.17 mg/kg, AHCHEFE™ F W, 8 FH ik 4%
JEe Bt AR LA I TRORE ), MRk SR be 2 1B RS B ARG P
FEOEG RTAE I, 4 B 2SR ARRE T s S B 1Y D4~ D6 T E
TR I RGNS, BU2F By i F8 2= ARG v, X A A (B A7
TE—E B XUS: , B ik 575 D4~ D6 &3y kE 43 C3 1
SHITREAE G o

1 DA~D6 fEIEC b BILNES R A R S R

Table 1  Linear parameters,detection limit and quantitative limit of D4~D6 in n—hexane
TS LT PIERB R LB (pg/mL) KR (ng/mL) SE R (ng/mL)
D4 y =24986x + 12754 0.9986 0.5~20.0 33 11.0
D5 y =9192.3x +5039.6 0.9984 0.5~20.0 8.0 26.9
D6 y =9183.7x + 11417 0.9961 0.5~20.0 11.2 37.2
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K2 AFZBIFAE SRR T DA~D6 )5 (n=3)

Table 2 Contents of D4~D6 in different types and brands of silicone rubber products(n =3)

RERRBE T 75 D4 (mg/kg) D5 (mg/kg) D6 (mg/kg)
Al 53.27 +2.37 82.20 £3.11 68.24 £2.09
s A2 81.80 +3.87 115.40 +4.76 93.40 +5.70
A3 113.07 +7.52 146.87 +7.54 53.57 +1.21
Bl 101.81 +8.07 266.65 +3.33 107.38 +3.44
155 R s B2 91.00 +1.69 104.94 +2.25 259.46 +5.57
B3 12.32 £0.79 23.11 £1.06 37.11 £1.23
C1 91.51 £3.16 514.22 £29.71 696.24 +27.37
5 2 92.28 +2.59 581.46 +19.07 823.58 +29.81
c3 341.45 +23.66 1376.68 +88.83 1183.69 £51.32

2.6 MR RERYIT D4~D6 TR

REAE AT RS B TR B & P iE e i
fb Pt T LB O 22 Ml A el B A e P e AR 11 5 B L AR
ot 1A 431 DA R AR 0L 4 AR 3 b e e A i =2 1]
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FER B AR b R AR IR, AR S AT R Rk
KRG 48 C3 i D4~D6 [m] Jf1 P4 B B84 95 % £, 1
FOIERS IR DL o

1E 95% LEER Z i, D4~D6 75 0.5~15.0 pg/mlL
JREBWEE B R R, BT RSB Ny =
111532x—34284 .y = 51318x— 15446 Fil y = 45341x—
14477 AHE R B KR T 0.9963 , FBkas (135 = m , H
Kor A BR (5 L6 A 3) 4353120 5.5 (11.8 F1115.8 ng/mL, Z
R (f5Me HE A 10) 43514 18.5.39.4 F1 52.6 ng/mL,
HAHXI R AR 22 (RSD) 28 1.54% ~8.74% , 3 BHZ J7
VR AF RLAE 95 % . FEH DA~D6 [ &,

Bl 4 o T AR IS #L C3 rh D4~D6 7£ 60 C 1)
95% £ B B ALY Th T AT N RS —
ERMAE, DA~D6 ZEiER AT E] A 150 min SCIL T if
TS, TR RSN 71.36% .57.03% Fi1 49.31% .,
XULEH T HEAR IS 250 D4 1E 60 C 1Y 95% 2 e B
Zy ik ,D5 IR, D6 f/)h, X 5 e 4T3 K/
AR, biRgh R R T REB IR KE#E T D4~D6 5
PR S R AT o
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Fig4 The migration rate of D4~D6
from silicone rubber baking tray to 95% ethanol at 60 °C
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