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Dissipation-Precipitation-GC/MS Method for Rapid Assessment of
2,2,4,4-Tetramethyl-1,3-Cyclobutanediol Migration Level in Tritan Plastics

A Wenwei', ZENG Ming', LIANG Xia', WEI Yu>", WU Zechun',
FAN Yingying', CHEN Xiangying', ZENG Ying', LI Dan'

(1. Guangzhou Customs Technical Center, Guangzhou 510275, China;
2. China National Center for Food Safety Risk Assessment, Beijing 100022, China)

ABSTRACT: The work aims to develop an analytical method for determining the residual amount of 2,2,4,4-
tetramethyl-1,3-cyclobutanediol Tritan plastic based on the assumption of 100% migration of the residue using a
dissolution-precipitation-GC/MS method, so as to rapidly assess the maximum migration amount of the target substance.
After dissolving the sample in hexafluoroisopropanol, ethanol was used as a precipitant to fully precipitate the polymer. The
supernatant, after concentration and filtration, was analyzed by gas chromatography-mass spectrometry with external
standard quantification. 2,2,4,4-tetramethyl-1,3-cyclobutanediol exhibited good linearity within the range of 0.080 to 40 mg/kg,
with correlation coefficients all greater than 0.995. The limits of detection and limits of quantification of the method were
0.04 mg/kg and 0.080 mg/kg. The recoveries ranged from 92.5% to 105%, with the relative standard deviation (n=6) of
3.0%~5.0%. Testing and evaluation of actual samples demonstrated that the residue detection method had high accuracy and

good reproducibility. In conclusion, this residue screening method can be used for rapid assessment of the migration level of
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2,2,4,4-tetramethyl-1,3-cyclobutanediol in Tritan plastic products.

KEY WORDS: Tritan plastic; 2,2,4,4-tetramethyl-1,3-cyclobutanediol (TMCD); dissolution-precipitation; gas chromatography-mass

spectrometry; residue

2,2,44-D0H 31, 3-8 ¥ (2,2,4,4-Tetramethyl-
1,3-Cyclobutanediol, TMCD ) J&:% Ji{, Tritan ¥} &%
RIS A (Tritan, WK PCT) &—Fhii v
ST BT Pt keR R A K
PECTERAR A S B SRR, ROk b 1
B LYG 18 S Kar S s il i, BT RES
FEAERY A 24 S R RIRBR R RH L, {H S, TMCD
AR PRSI T, GB 4806.7— 2023 { 44
EI R B b Al SRR B 5 ) B E T
Z ARG 5 P AR BR AN = 5 mg/kg!”,

B SCHRkARGE , TMCD i & R 5 vk R 2A
SMEREEN | SRS TEEDY | A - FR R
TS e AL RN 7 ik AR BEXT TMCD fY3E
Bt s, (AR (ERZeERIE 2
FEfA R B i SRS IR ) ) (GB 31604.1—2023 )
2R, AT IR AR A KR 10 d, X T
PR PR E AR AL, BT T 3 YGRS,
(R LA A% A T FE I A 24 4K . GB 31604.1—2023 72
VEXT T i A AT T A% KGR o
AR TR . FLE s, TMCD 5% B & 1k
M7, RHGE R EIEAT IR, &P b e B e nl
HAE AR 44 I ] A AT AT iR AR

AR S AE 2 2 HH 5 SCHR 0 S U7 ) -
DUVE AT Tritan BRI THE S AT R, IF 1 H GC-MS
SIATEEAR ST Tritan ¥R TMCD 5% 84 2 19 I & J7
o XF Tritan ¥BHE B W . KAE . KRS ik
TR KA , & BIZ AR SE BRI B T
IR o

1 R

1.1 UEFE5IRH

7890B GC-5977B MSD A {31 - T i B T AN ( 5
[ Agilent 23] ); DB-624 B4 (1% 30 mx0.25 mmx
1.4 ym, 3EE Agilent A H] ),

PRAEYI BT : TMCD (W [ L% A v ); 755
SEAEE . 1,4-2FON . AT, N N-Z R
P AN NON- B S e (o frsli, 904 3 Macklin
o)y W, OB IECkE. MR, LR .
FLRCT JEmE . NG Tl . PIER . 5 B i 2K
(HPLC %%, ¥Jllj [ Fisher Chemical 23] ); ME204
TRV (B R - E R 2R A F ), PR
28 (HFEN 10~200 uL F1 10 mL, f#[E Brand A #) );

PR 4 (14 F#5E Heidolph 23 F] )o
1.2 tREAZRBBEH
1.21 WHAEBEEER
VERHFREL 10 mg CHE#G%] 0.1 mg ) TMCD Fr#fiEH)
W, WEEIG EAZE 10 mL, MobR £ 1A TR 1Y 5
HHRE N 1000 mg/L.
1.2.2 tREHEEK
FANERHNES O (BB 1:1) WRG
WA, KPR A 2 I T BB R B 100 mg/L 1Y
T o H B V5 o
1.2.3 FREIIERR
FHRERNEES OB (EBUME 10 1) RG]
FEARIE b A ORI RE, FCH TR B 0.040 .
0.10, 0.50, 1.0, 2.0, 5.0, 10, 20 mg/L AYbRHE TAEER -
1.3 UFB|SEEHG

o3k 55 : DB-624 B4 (%4 ( 30 mx0.25 mmx
1.4 pm), SEEERCEATERE; JERETREE N 250 °C; i
HA 1.5 mL/min; #AE SO0t RE, s
111 dEFEER 1 pl; FHERF, 90 °C f%F 0 min,
Ph 15 °C/min #EE FFHE] 250 °C, f#%F 1 min,

B s BB EL; BRI 230 °C;
PURRATFIREE N 150 °C; ERIIEIR K 5.0 min; SRAER
AEFE WM (SIM); EHEF(m/z)h 72; EHE
BTN 57, 97,

2 SRS

2.1 HmARATAERE

FRECZ) 10 g Tritan BB, BT AR/ 5 mmx
5 mm BRI, FRELZ) 0.5 ¢ iFE R ZE 0.01 g) 8
By, 7 BIET 8 32 25 mL i L (s, FHKUmA
10 mL AFEHAEE (1), 1,4-2%853% (2), NNN-—
FHJL I mERE (3). N,N-HIIEZBERE (4), DU W
(5), ZHEEWM (6), —FH ke (7) FIHZE (8),
e 30 min, Z5RAE 1 iR, LK AR 1,4-
TSI NN-THUIEH R . NN-TH L 2 kR
USRI . B P AKURT R 2R X Tritan Y8R L-F JEAT:
T R s S e L RERKE R B I ik T G 7 58 VR
fi#t s 7SS BN Tritain HEHA VA RE ST, 10 min
PR RE S 8 T A, X T RE S B AR IR G,
PN S N AR Tritain S8R I A7
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P11 R RIX Tritan 2R
TR RS LR
Fig.1 Dissolution effects of different
solvents for samples of Tritan

2.2 TEAITLET AYIERE

FREL 0.5 g (ERIZE 0.1 mg) BYRERY Tritain HEHE
i, JH 10 mL ANHCF BRI FEFEM TS, R
YGZTHIMA 10 mL ZFE (a), HEE (b), PHEIER (¢ ).
CMRCTR (), WESRUT ek (e ). B (£). TR (g).
O (h), Z&WEE (1) ANECKE (j), X
FRPMATUIE, SR E 2 P, TR A
FBE AN IE OB AR DIVERCR 3 LR g . WA T
JEME . PR TR A G DT R R v AR B R A
PG, DUTERSCRE2E 5 TSR DU &0k e 45 31 (14 371
TE BG4 e, RS B R B R s G BEAE
RUTTE R B 1S B DITE 5] L A, RIS
ST, Hidigfs aefs 258 2 o TR,
PR 3% 4% & BEAE R DT TE I

B2 ASTRIGTHE T B0 HE RCR FE X ]
Fig.2 Comparison of precipitation effects
between different precipitates

23 #HBEOREMRL

HERE TR 322 iy HARYI Aok s b , Rl
BB IR AT AL A AT A o PERE 1 B R — e AT

B TR AT A5, BT AT 2t ERE D
Ja P e 254k, RETE@iEiE hydsE, LAk
LRTEAT AU E B . TMCD ROk 5 R 220.3 °C, DIARifET
YEVRBCR RIS 4, B 0 RE LU E M 200 °CHF 4R 1545
FHE I L, S55AanE 3 Fias . B UERE IR
AITFRE,  HARY A i A2 G K, 250 °C R IR F
BRI o L85 7% REm (H AL SR RERE SR IR £, ik
£ 250 °CAEMIERE TR E

6300

5900 |

5500 -

N

A

VEETH]
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4700

4300 1 1 1 1 1
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BERELHRLBE/°C
Bl 3 U T AR 7 A A IR AR A OC R [
Fig.3 Graph of peak area response with
inlet temperature

2.4 #HHEEKXBRL

[ HAE L 1 L, 73 00 % ¢ [n] — Wk B T e B
IERE AR 1 D1 201,501,100 1
120 0 1) BHAGERIERIETE R oL, UL 4, 4
AL BB, BEBEAN S AR, TMCD R (8335 05
e ] g i, (R TR BRIk i, (i I AR A — i 142
MG, TE AT, BEE WL, Hirdig
T AR A o o AR /0 o M3t 1L B, HAR
P | 23X 2 Fh S PR IE RE IS ) K 4 Y 3 2R B sk
B, WHEIE TMCD 7854 B B i 1

8000
—— AR
— kL 2 1
—— MRik2 1 1
6000 - ——SrHiEs 0 1
—— k10 s 1
%f —— AFiE20 1
& 4000 F
2,2,4,4-V0 Fi 3= o~
1,3-3R T 8 (k) 2,2,4,4- 0 Ff -
2000 L3-8 (J5k)
6.0 6.5 7.0 75
t/min

P4 [ BEARRASE R 70 L X (5 1 e 1) 52 )
Fig.4 Effect of different injection modes and
split ratios on chromatographic peaks
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2.5 BIEERERE

T TMCD 43 FHA77E 1 A PUICIR I 2 Rk,
P HRFRIE b2 1) 7 B R[] AEAEI 2 Fh S g Rl
AT B s v 3 R =R S X AR IR A
ARJ7 AR TMCD —Fh BhR%), 10 -3 [ B A
ZF AR, P B . AR A SR Y
SRR AT . Xt TMCD 78 % R s i o (384
HP-INNOWax (30 mx0.25 mmx0.25 um ), ZEH
3% HE DB-624 (30 mx0.25 mmx1.4 um ) FIF5HPE (@
HE4E DB-5 (30 mx0.25 mmx0.25 pm ) b A 53 B2
RGN Tritan BRI S2 BRAE S H#EFT I & B, SR AR M
i HP-INNOWax Fl55 45 M (3 # DB-5 ¥ 77 7E
BN AT TS, i AE Y DB-624 £
MITCH LS, st DB-624 HAE A TAE . Arif
WO ERAnE S iR .

7000
2,2,4,4-JUFR L. 2,2,4.4-J0 H J&-
133K T B (/=) L3-BT B (JiX)
5000 - /
129 H,C OH H,C OH
g H3C H3 C .:‘M
3000
HO CH, CH,
CH, HO CH,
1000 AJ k—¥
1 1 1
6.0 6.5 7.0 7.5

t/min

K5 2,2,4,4-0HJE-1,3-70 T “EEpRifE
W (1.0 mg/L) Ay
Fig.5 Chromatogram of TMCD standard
solution (1.0 mg/L)

2.6 BIEERENLL

A RIS AT, S TN B S R
B, AR RH SIS AR A L, PRI R — 4
FERUE AR BB/ N, FERLRER R o [ i A S B0 2%
1 AR M A 34 0.5.1.0.,1.5.2.0..3.0 .4.0 mL/min ),
KIS R R, AR s S s
A, HERHRIDORR, S3 TMCD ) 2 i ikik

AFPELTE, WA 6. Tt e d AR R
HEAL,  PRIGIEE 1.5 mL/min Ay S5 e 6 3 A K

10000
—— 0.5 mL/min
—— 1.0 mL/min
8000 - ——— 1.5 mL/min
—— 2.0 mL/min
—— 3.0 mL/min
= 6000 4.0 mL/min
=
o
4000
.
2000 .
0 1 1 1 1 1 1

K6 ARMRET TMCD &%
Fig.6 Chromatograms of TMCD at different
column flow rates

2.7 Z£%EeE. wHREESR

¥ TMCD FRFbRiE TAER W B L AR 5%
N E, B2 ERSEI(E ., L TMCD fid
T ARy FIXE I 7 i x e il b o T AR ZR , Sk i i

B AP e ORI, LA EE SIN=3 5
¥ i BR ( Limit of Detection, LOD ), LA{ZEMEL SIN=
10 {55 2 &R ( Limits of Quantitation, LOQ ), FfHd
A 2 ARES I (SRR TMCD B4
Tritan BURLKFR ) AOAH R IR BE R A T SEPRIGUE, 45
R 1. 7] L, TMCD 7£ B i B2 4 0.040~ 20 mg/L
IR RIS R, MIERE () >0.995, 1%
JFEERR RN 0.04 mg/kg, &R 0.080 mg/kg,
R A g 1. V5 2 52 Bt i A I 5K o

2.8 faREIYER K AR X R R =

TERFDUARR 5 5% B8 o ARG I 3 R v, R FH S s 9 )
TRARE S AT AR S5, 43 7 25 FIRE S JE ot ( &2
AR H TMCD KR Tritan ¥RKAR ) RN
TMCD % 0.080. 4.0, 20 mg/kg %5 3 FhA 6] & 1K,
BEAIARACE BRI 2 6 I, W3 2. i 2 aTAl,
TMCD IR N K 92.5%~105% , FH AR 1 i 22

(RSD, n=6) N 3.0%~5.0%, 2&HAZ75 1 10 i
R 5 W R A B O T IR IR A DGR

&1 TMCD WMZ&MES# . KHREESIR
Tab.1 Linear parameters, LOD and LOQ of TMCD

ety ARMEREER/ (mg L) L MXRE BR/(mgkeg ") SE it B /(mgkg ™)
TMCD 0.040~20 y=121 512x+17.29 0.998 0.04 0.080
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*2 TMCDHEWZE, BEERBIIRERE
Tab.2 Recovery, precision and RSD of TMCD
At wnid W5 1/ (mg ke ) FHE Bk AR
L&Y (mgkg?) 1 2 3 4 5 6 (mg-kg™) % T 2/%
0.080 0.068 0.073 0.078 0.077 0.071 0.072 0.074 92.5 5.0
TMCD 4.0 4.2 4.4 4.1 4.1 4.2 4.1 4.2 105 3.0
20 21 22 20 19 21 20 20 100 4.9
L 150000
2.9 IEESRENESITHEETM
125000 -
M _E 57 AN EE 12 3ORERY Tritan S8R5
FIZKARAE A, B S A 3RE i 1) O R iy PN R 100000 |-
T, RJEFRAITENL TMCD sk 8 &, e §7mm
5 GB 31604.1—2023 € , BUE 5 H TMCD £ 100% & I
WATIERS, I (1) MR HE TR, 50000 -
_ N TMCD
- . I FR5% B7 e x FE i
Hbs R e & = — = — (1 i
P OB e e () 25000 '
BE P03 B £ R BT 9% TR GB ol .1
31604.1—2023 HUAE KA 5 9 35 BEH 1 kg/L 3 N i 10
A it PN 5 LI A R A o PR S D 2 ok £ o 1) S ‘ - .
o gj‘ 3 A ‘ﬁZQ%”H %3 H ;;%; /7 K Tritan SURKAR  EBRYD 9 €3
acfs o 12 90 m INIAZE AR JuaR 3, 7 S Fig.7 Chromatogram of target substance in
Tritan KR S B T 035 A . Tritan plastic water glass
*3 ELREMENER5IBETMH 3 zﬁl‘ﬁ

Tab.3 Actual sample test results and
migration quantity assessment

Fe 53?:%7%7@‘@ e RS %kﬁ%}ii/
8 /(mgkg") FE/leg BHRL (mg-kg™)
1 1.1 92.74 0.95 0.11
2 0.98 63.84 0.70 0.089
3 0.94 35.50 0.35 0.095
4 2.4 164.72 2.50 0.16
5 1.5 92.71 0.85 0.16
6 0.97 30.15 0.50 0.058
7 0.99 74.60 0.80 0.092
8 5.0 135.28 3.00 0.23
9 4.3 134.4 1.85 0.31
10 3.1 85.56 0.85 0.31
11 2.2 102.36 1.00 0.23
12 1.8 92.8 0.85 0.20

M 3 FTHL, 12 ANBER R ) TMCD 19 5% B
i, HAEFIFE 0.94~5.0 mg/kg, 7% B2 A Rk 100%.
WA BT , A TR S/ N TR (A 5 mg/ke,
RIWAARTT 1518 X SCBRRE il A A PP Al

A SCHES T IR -TTVE-GC-MS 51 52 Tritan 3k}
W 2,2,4,4-P0 1 3-8 T EE S RIS, H
FRPITE 0.080~40 mg/kg A RAFHL LR, K BR
4 0.04 mg/kg, EHFR N 0.080 mg/kg, Mk EIHCE N
92.5%~105%, RSD N 3.0%~5.0%. WFI54sRFE,
ARG HA B RS . REE R &
JEHTT AR G SO0 A5, TN T Tritan 3808} 5
2,2,4,4- VY B BE-1,3-30 T B B A9 H RS XL G
W
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