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Determination of 9,9-bis(methoxymethyl)fluorene migration in food contact
materials by gas chromatography-mass spectrometry
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(Guangzhou Customs Technology Center, Guangzhou 510070, China)

ABSTRACT: Objective To establish a method for the determination of the migration of 9,9-bis(methoxymethyl)fluorene
in plastic food contact materials and articles by gas chromatography-mass spectrometry. Methods The water-based food
simulants were extracted by n-hexane, and the chemical alternative solvents (95% ethanol and isooctane) were
directly injected, and the olive oil simulants were extracted with acetonitrile and then injected, and the samples were
analyzed by gas chromatography-tandem mass spectrometry and quantified by external standard method. Results A
method for the determination of 9,9-bis(methoxymethyl)fluorene in plastic food contact materials was established. The
limit of detection was 0.01 mg/kg or mg/L, the limit of quantification was 0.03 mg/kg or mg/L, the recovery rates were

80.0%-110.0%, and the relative standard deviations were 1.2%—6.0% (n=6). The actual samples of 10 kinds of
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polypropylene (PP) food contact materials were determined by this method, and the detection rate was 10%, and the

detection concentration was 0.12 mg/kg. Conclusion The method is sensitive, has high recovery and accuracy, and the

limit of detection can meet the requirements of regulations, and can be used for the practical testing of the migration of

9,9-bis(methoxymethyl)fluorene in polypropylene (PP) food contact materials.

KEY WORDS: 9,9-bis(methoxymethyl)fluorene; gas chromatography-mass spectrometry; food contact materials;

migration
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Chromatograms of 9,9-bis(methoxymethyl)fluorene on 3 kinds of columns
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Fig.2 Response values of quantitative ions of
9,9-bis(methoxymethyl)fluorene at different inlet temperatures (n=3)
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Fig.3 Comparison of extraction efficiency of different extractants
for 4% acetic acid food simulant soaking solution (0.30 mg/L) (n=3)

XTI S BT b AU (ROE ), BN 5 Mg
WIEE, CEERZING 3 P RIA PSR T gL, A8
LB AR AL T H B LB (LA 4), BBEA T
YL, PR EPE 6 P ARG I £ it RS0 95 Y ) A H

%%IJO
6000 -
5000
4000

=
= 3000
E

2000
1000
0
L HE LI
AT £ A AR AL 2K I

Pl 4 R [RIZEIBGRADGHIOHE T £ B R 1 (0.30 mg/kg) AR IR
BORXT L (n=3)
Fig4 Comparison of extraction efficiency of different extractants
for olive oil food simulant infusions (0.30 mg/kg) (n=3)

222 BB 6k

S 4% TR . S0% IR, WA 3 FhE ALY
FRRIR AT ZE, X 1, 5. 10, 15, 20 min 5 NRJE
PGB T I 2E s % . 25 R F (B 5), Bl IRIENR D
(3G, ZEHCRM AN, iR iEnt i 10 min J5,
PR AL 2R IA ., T LB 25 A U a] (4 38 i,
50% T B PR T v 2 tH B S FLA B S, K
BRI TR e B e i), BEbei G %85, W ikbed
Gl ()% 10 mins

2800 - W-4%LTR
* 50%Z P
2600 A M#ﬁ(ﬁh
2400 -
=
;é 2200 C
1400 -
1200 -
1000 1 1 1 1 1
1 5 10 15 20
A ENR 5 i ] /min

B 5 4%ZMR . 50%2, I FHRE i S IBL 76 AN [7) 398 e 3IR 195 )
[ (0.10 mg/L &% mg/kg) T fIZEBUSER X b (n=3)

Fig.5 Comparison of extraction efficiency of 4% acetic acid, 50%

ethanol, and olive oil food simulants at different vortex shaking times

(0.10 mg/L or mg/kg) (n=3)
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Fig.6 Comparison of the extraction efficiency of 4% acetic acid,

50% ethanol, and olive oil food simulant infusions (0.10 mg/L or
mg/kg) using different extraction methods (n=3)

224  FHLWIZF R -TRAMAE R

F RO T A R, X R Tl AL 1
R, T 5 NG A BT 5 EE e O O
T B AR AR BE A b B2k . S5 SRR, KBRS el £ S 40
W LR TS A AR R AE O e A 195 B 5 P RS 2RI
DA B4 MO T Y TR IR AR B, 3 A {25 5
AKLE 7), P ORHORS T V=2 v B O T — IR 5§
PRFZE R AT

6000 -

5000

4000 -

Wi o7 (F

3000 +

2000 +

1000 +

gl

AL 10 mL ZJESFE A —CE R E 10 mL; B. 5 mL ZJiF4F
R —WERE S mL; C. 10 mL ZIFHIA 10 mL iF & b4k
B —UEAZE 10 mL; D. 5 mL ZFEMA 5 mL iE O kAR
W —WERE S mL.
7 MosEm S B LI (0.10 me/ke) FUETHR BR-FFAC LAY
RN H(n=3)
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Table 1 Linear equations, LODs and LOQs of the targets

(ERY] LODs LOQs LAV Ry i P ()
7K 0.01 mg/L 0.03 mg/L 0.03~0.30 mg/L Y=307300X+879.1 0.9982
3% 0.01 mg/L 0.03 mg/L 0.03~0.30 mg/L Y=269500X+430.8 0.9975
4% 14 0.01 mg/L 0.03 mg/L 0.03~0.30 mg/L Y=311400X-3501.0 0.9988
10%Z. % 0.01 mg/L 0.03 mg/L 0.03~0.30 mg/L Y=333200X-679.8 0.9990
20%Z. 1 0.01 mg/L 0.03 mg/L 0.03~0.30 mg/L Y=263000X+906.9 0.9955
50% . 0.01 mg/L 0.03 mg/L 0.03~0.30 mg/L Y=326000%-373.5 0.9999
95%Z. i 0.01 mg/L 0.03 mg/L 0.03~0.30 mg/L Y=164800X+764.8 0.9969
FEbE 0.01 mg/L 0.03 mg/L 0.03~0.30 mg/L Y=224100X-1586.0 0.9978
LGl 0.01 mg/kg 0.03 mg/kg 0.03~0.30 mg/kg Y=117200%-334.5 0.9970
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ELY] Jbr it (B &7 RSDs/%
0.03 mg/L 93.3~100.0 22
7K 0.05 mg/L 97.0~110.0 6.0
0.10 mg/L 93.3~103.0 3.9
0.03 mg/L 93.3~96.7 1.8
3%LIR 0.05 mg/L 97.0~100.0 12
0.10 mg/L 90.0~100.0 4.1
0.03 mg/L 93.3~96.7 1.8
A% R 0.05 mg/L 94.0~98.0 1.7
0.10 mg/L 96.7~90.0 2.7
0.03 mg/L 96.7~103.0 2.5
10%Z, 0.05 mg/L 98.0~110.0 4.5
0.10 mg/L 96.7~103.0 2.5
0.03 mg/L 90.0~96.7 2.7
20% 2. 0.05 mg/L 93.0~97.0 1.5
0.10 mg/L 90.0~93.0 1.9
0.03 mg/L 93.3~100.0 2.8
50%. B 0.05 mg/L 98.0~110.0 4.5
0.10 mg/L 96.7~103.0 2.5
0.03 mg/L 86.7~90.0 1.5
95% 0.05 mg/L 90.0~96.0 2.5
0.10 mg/L 90.0~93.3 1.9
0.03 mg/L 90.0~93.3 1.9
ST 0.05 mg/L 92.0~97.0 22
0.10 mg/L 90.0~93.3 1.5
0.03 mg/kg 80.0~83.3 2.1
LRl 0.05 mg/kg 82.0~90.0 3.1
0.10 mg/kg 82.0~90.0 3.6
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Fig.8 Chromatogram of a positive PP sample (in 50% ethanol)

3 4 1

AWTERESE PP IRME AR, DLACIOA ] |
AEHUtE] | AR X% 5 N R B AR, X 9,9- 0 (H 4
) 2 O R AR BRAS AR EA T A4, BlRE 9,9-WL(H A
H) 277 30tk (9 i A AR U A2 P 5 O T /R SR )
B O TSI B SRR AEI 10 min, DAFET=S
R RIS 2 TR MEE . R R AE IR #
WL DSCRAESR R, R T YRR AL ORI, 2R
B, 207 AR . BORBRARG I, ATHRAEMER . R
B R, Gl TR AR AR R 0,9- 0 (FF AU T I )
DRI IRE, REMS T AL SE PRI TAERYRESK .

SE B

[1] #F, SBEE, S8, Wi AR b B R ). &4
57, 2019(12): 59.
CHANG N, GUO DC, ZHAN J. A brief discussion on the material and
application of plastic packaging for food [J]. China Food Safety Magazine,
2019(12): 59.

[2] BiML, FRW. SIS
39(4): 36-38.
MIAO H, LI CX. Analysis on pollution control of takeaway plastic
products [J]. China Packaging, 2019, 39(4): 36-38.

[3] RUKHID, ARipE, 502, 45 RAISE IRAGE BRILA Y i BT B
WIFE]. BURIEHIN LA, 2019, 31(6): 37-40.
WU ERM, LIN SY, MO L, et al. Study on the total migration of chemical
substances during the service process of polypropylene lunch boxes [J].
Modern Plastics Processing and Applications, 2019, 31(6): 37-40.

[4] R, R, IhEE. SR ERE- TR PO I WURH] & e 28 Fhis
SKUEPITI]. AR50 HTiti, 2024, 33(8): 44-50.
WU YP, HAN C, SUN DZ. Rapid determination of 28 substances of high
concern in plastic products by gas chromatography-mass spectrometry [J].
Chemical Analysis and Meterage, 2024, 33(8): 44-50.

[5] ki, TS KEL & RGBS 501 5 EE BT vt
JED). B HAER, 2024, 19(5): 151-172.
ZHANG TT, WANG SY, ZHANG Y, et al. Environmental distribution
and toxicology of polypropylene plastics [J]. Asian Journal of
Ecotoxicology, 2024, 19(5): 151-172.

[6] XUBLHL, skEK, B MM, 55 BUURARET R iE T

HHIA M) R R, 2019,



14

B dn 2 4 R R I A 4R

%16 &

[10]

(1]

[12]

[13]

[14]

[16]

[17]

[19]

FIRZIAI]. B S HL, 2019, 35(2): 62-65, 76.

LIU YY, ZHANG QF, JIAN TT, et al. Effect of polarity of simulated
liquid on antioxidant migration in polypropylene [J]. Food & Machinery,
2019, 35(2): 62-65, 76.

W, sk, PR, A5 SEIRRPIE BRI 1076 [0
ERMHEFERNID]. fERHE, 2018, 43(2): 312-317.

YANG T, ZHANG QF, LI JY, et al. Factors influencing the migration of
antioxidant 1076 in polypropylene plastics to food [J]. Food Science and
Technology, 2018, 43(2): 312-317.

W, SRR, AR, S RS BERHUEG BHT [0 &6
IR LA R RS (0], B A R I 22 4, 2017, 8(12):
4716-4722.

YANG T, ZHANG QF, LIJY, et al. Factors influencing the migration of
antioxidant BHT to food in polypropylene plastics [J]. Journal of Food
Safety & Quality, 2017, 8(12): 4716-4722.

S, BRPTRE IR b AL RIT A AL BT RS R X 43 TiC 2R BTt
WEEFFED]. M R RAL A, 2017.

ZHANG Y. Study on the migration law of five antioxidants in polypropylene
plastics and the prediction of partition coefficient by migration model [D].
Guangzhou: South China Agricultural University, 2017.

e, HERA TR DMMF f95 U TIWFSE[D]. /5 VLRI
K2, 2008.

CHENG L. Synthesis and application of diether electron donor
DMMF [D]. Nanchang: Jiangxi Normal University, 2008.

PR, R, BIAL AERE ] TiCw/MgClL AR MR-
L5 FIRIPERIT]. marF24H, 2003(2): 266-271.

ZHONG CF, GAO MZ, MAO BQ. Study on TiC/MgCl, catalyst for
propylene polymerization--the role of internal donors [J]. Acta Polymer
Sinica, 2003(2): 266-271.

FEA NI Ziegler-Natta i fb 0] 45 1 7R X i 4 585 PERE Y 20 [D].
Kt e Tl R, 2012.

REN HG. Effect of electron donors on olefin polymerization performance in
Ziegler-Natta catalyst [D]. Tianjin: Hebei University of Technology, 2012.
HER, KRR, BEE, S A TEREIRIR G MeCly 8RR
TRRPIIERID]. W3 T244H, 2005(6): 104-108.

CUI NN, ZHANG ZC, LI HY, et al. Role of electron donors in propylene
polymerization of MgCl, support catalyst system [J]. Acta Polymer Sinica,
2005(6): 104-108.

VPG, A0, XL Z-N AR P45 1 --9,9- XU 4 Y AL 2 11
BRI, A2, 2011, 33(12): 1121-1124.

XU L, LI XJ, LIU M. Synthesis of 9,9-dimethoxymethylfluorene in Z-N
catalyst as an electron donor [J]. Chemical Reagents, 2011, 33(12):
1121-1124.

VRR 2. 9,9-BU(FR UL ) 2 1 45 RS KL M R AE (0], A AL T,
2007, 36(7): 686—689.

XU ZH. Synthesis and structural characterization of 9,9-bis(methoxymethyl)
fluorene [J]. Petrochemical Technology, 2007, 36(7): 686—689.

ML, VFiRZs, bR, B RS Tk DMMF 194 BT &
ZEMIFAL[T]. REFHAET, 2005, 34(10): 20-21, 23.

LIN CH, XU ZH, LIAO WL. Synthesis and structural characterization of
novel diether donor DMMEF [J]. Applied Chemical Industry, 2005, 34(10):
20-21, 23.

RESH, WRIEMS, BIYERR, S5 9,9-XL(FHAEUELH JE) 2 i K H
WFFE[). PEAR T, 2008(4): 117-120.

XIONG B, TU YH, LIAO WL, et al. Synthesis and application of
9,9-bis(methoxym-ethyl)fluoren [J]. Jiangxi Chemical Industry, 2008(4):
117-120.

B, BR, B R 9,9- W (P AR E) A A v P E,
CN201911380370[P]. 2024-11-12.

LUO Z, LI HY, LI Q. A synthesis method of 9,9-bis(methoxymethyl)fluorene:
China, CN201911380370 [P]. 2024-11-12.

W, wbde, BAR. SRS R R[], DT AR,

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

2004, 33(2): 88-91.

YANG W, GAO ZX, LI LD. Synthesis and research progress of fluorene
derivatives [J]. Liaoning Chemical Industry, 2004, 33(2): 88-91.

XSO, et Wby, % Bl AR G Z-N A i &
HAEAL 1-THRA T A BURIR SR, 2017, 34(5): 12-15, 23.

LIU WX, ZHU W, ZHAO N, et al. Preparation of a novel supported
silicon/magnesium composite Z-N catalyst and its catalytic 1-butene
polymerization [J]. Synthetic Resins & Plastics, 2017, 34(5): 12-15, 23.
LW, BRtk, T, %. Ziegler-Natta fEALFIMEIL 1- TR A &
B K B8R, 2011, 28(1): 6-9, 19.

JIANG T, CHEN HX, WANG WZ, et al. Ziegler-Natta catalyst catalyzes
1-butene polymerization [J]. China Synthetic Resin and Plastics, 2011,
28(1): 6-9, 19.

4. Ziegler-Natta fifb AL 1- TR AR [D]. KPG: KBA
2#B, 2010.

NIU L. Study on l-butene polymerization catalyzed by Ziegler-Natta
catalyst [D]. Daging: Daqing Petroleum Institute, 2010.

R4 b B A L 9,9- WU AUEE I ) 2 e HoOX TN 4% R &
Ziegler-Natta LA R AT EFI[D]. m&: TLIGIHIERAE, 2009.
ZHANG 8SJ. Synthesis of 9,9-bis(methoxymethyl)fluorene by alkylation
and its modulation on Ziegler-Natta catalytic system for propylene
polymerization [D]. Nanchang: Jiangxi Normal University, 2009.

VI, R4, A4, 5. —F Ziegler-Natta AL EHA AL
TR 1 AR SRR OB SRS (1], A Ak L, 2014, 43(6): 618-624.
SHI JJ, QIN YW, NIU H, et al. A new strategy for direct synthesis of
branched high melt strength polypropylene using Ziegler-Natta catalyst [J].
Petrochemical Technology, 2014, 43(6): 618-624.

R, AR, EEC%, AF. SO @SR E i e
T[] BRI, 2024, 15(15): 243-248.

WU LR, YANG LS, HUANG MX, et al. Determination of octacosanol
content in sugar by gas chromatography [J]. Journal of Food Safety &
Quality, 2024, 15(15): 243-248.

TR, GolE, WG, A5 UM e A LR IR Y 1,3+
IR -2 AR R H O R[], &R A A I 2R ], 2024, 15(12):
251-258.

WANG SJ, HOU C, HUANG YQ, & al. Determination of 1,3-dioleic
acid-2-palmitic acid triglyceride in infant formula milk powder by gas
chromatography [J]. Journal of Food Safety & Quality, 2024, 15(12): 251-258.
%, PRAIA:, BIER, 45 SN E R R b 9 R DL e
SRESANFI]. B Ah LA ARG A4, 2021, 12(14): 5684-5692.

HE YF, XU MS, HUANG DM, et al. Simultaneous detection of nine
common food additives in food by gas chromatography [J]. Journal of
Food Safety & Quality, 2021, 12(14): 5684-5692.

PRI, VPR, ZORTE, S RS- PO ENE AR 6 Fh
PRI ER]. T E D RERZAER, 2024, 6(3): 77-83.

TAO L, XU J, CAI XY, et al. Determination of six kinds of slip agents in
food packaging materials by gas chromatography-mass spectrometry [J].
China Port Science and Technology, 2024, 6(3): 77-83.

BNG. ORI 5 BTl Hu ok T AR ER B Al 2,4,6-—
BERM[T]. ALK, 2024(3): 34-37, 48.

LUO XY. Determination of o-fluorophenol and 2,4,6-tribromophenol in
surface water by liquid-liquid extraction-gas chromatography-mass
spectrometry [J]. City and Town Water Supply, 2024(3): 34-37, 48.
BB, MBS, T, SF UM ERERNE (i ib R A 12 Fh
PR R TR 28 AT /P £ B Th R e (0], BRALAS S (fh 2 43
W), 2021, 57(6): 493-499.

ZHAO JY, LIU AF, WAN F, et al. Determination of the migration of 12
acrylate monomers in food contact materials in aqueous food simulants by
gas chromatography [J]. Physical Testing and Chemical Analysis (Part B:
Chemical Analysis), 2021, 57(6): 493-499.

(e 4 Z&FE Hhoeir)





