5174 5 110 B 2 4 T iR o Vol. 17 No. 11
2026 4F 6 H Journal of Food Safety & Quality Jun., 2026

DOI: 10.19812/j.cnki.jfsq11-5956/ts.20251210003

SIAME: 2, PR, WIENE, S5 SUMEIE-BEBUEESI A 16 MEAGRRASYI & D] BB
244, 2026, 17(11): 321-328.

LI Q, NIU JQ, HU MX, et al. Determination of the content of 16 kinds of fluorinated liquid-crystal compounds in meats by gas

chromatography-tandem mass spectrometry [J]. Journal of Food Safety & Quality, 2026, 17(11): 321-328. (in Chinese with
English abstract).

I - RIS RIS b 16 B A
fetrmds

B2 o st wgrL % AL Kk B

(1. bl A4 IR Tt 4 il Hp O (U T R % X DA R MR BT, dbmt 102600,
2. dbm AT EmB s H L, JEET 100013; 3. J6ETTH 4E BE KB B 2 i v
(AEEATRE PR X DA (R B BT, JERT 102100]

8 F: B8y @ SUMERE-RIETUER RIS NRGER . L SERARG )T 16 Rl A AL S Y
BT, AR FERLIECH/ A PR, ViV REUS, 20h % BLAE - WA AE B Ak, A
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86.3%~113.7%, AHXIARAEIZE R 1.4%~11.2%. S&I® % Ipab#mi s . Pl . i . R, ST RIERM
IR A S P PRI BRI, AT LAy PR 2 B ) O o 2 A A BRI 0 v 52 SRR S

KB WO R AbR; SO - RIS ARG

Determination of the content of 16 kinds of fluorinated liquid-crystal
compounds in meats by gas chromatography-tandem mass spectrometry

LI Qian', NIU Jing-Qi', HU Meng-Xi', CHEN Dong?, LIN Qiang’"

[1. Daxing District Center for Disease Control and Prevention (Daxing District Health Supervision Institute), Beijing 102600,
China; 2. Beijing Center for Disease Control and Prevention, Beijing 100013, China; 3. Yanging District Center for Disease
Control and Prevention (Yanging District Health Supervision Institute), Beijing 102100, China]

ABSTRACT: Objective To establish a method for the determination of 16 kinds of fluorinated liquid-crystal
compounds in meats including pork, beef, lamb and chicken by gas chromatography-tandem mass spectrometry.
Methods After ultrasonic extraction with N-hexane/dichloromethane (1:1, V:V), the samples were purified via Florisil
solid-phase extraction column, and then separated by DB-5MS gas chromatographic column. Atmospheric pressure

chemical ionization source in positive ion mode was adopted, and multiple reaction monitoring was performed by gas

YRS BER: 2025-12-10
F—1EH: 24501978—), &, BIFALHIE, FEHS T NI . E-mail: 38679960@qq.com
BIEIEE: MRR(1986—), B, Wit WlE(ELEIE, FEHFIT R DAKK . E-mail: 120884767@qq.com



322

B 24 iR AR I 2 4l

FH1TE

chromatography-tandem mass spectrometry with internal standard method for quantitative analysis. Results

The linear

relationship of the 16 kinds of fluorinated liquid-crystal compounds was good within the range of 0.1-50.0 pg/L, and the

correlation coefficient was greater than 0.995. The limits of detection were 0.02—0.18 pg/kg, and the limits of quantitation

were 0.07-0.59 pg/kg. At the spiked levels of 1.0, 10.0 and 50.0 pg/kg, the recoveries ranged from 86.3% to 113.7%, the

relative standard deviations were 1.4%—-11.2%. Conclusion The method is simple, quick, accurate and sensitive. It is

suitable for the confirmation and quantification of fluorinated liquid-crystal compounds in meat samples. This method can

provide a reference and technical support for the quality and safety screening of meat samples.

KEY WORDS: isotope labeling; gas chromatography-tandem mass spectrometry; fluorinated liquid-crystal

compounds; meat
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Wb A (liquid-crystal monomers, LCMs)J&—2RIT4E
RABNE IFOTTA AP . 1889 4F, B FfH
Py A% %% FRIEDRICH KB T LCMs!'™, Hiii
LCMs #)3Z FH T34 00 R b sp B, R
SRAR Y F A RN 2 [, RdE, 2021 AR A
(VR A /R B 2 R R 60%),

I 25 L7 PR 3R 44 o A A D A0 1 4 e 1)
SRR A TR TR BETE A RO T
FAhEA A FFEER R LeMs!'> S, o HUR R e
¥YJ(fluorinated liquid-crystal monomers, FLCMs)E H:fs &
PEGF | HL T PR 45 23 1 7 e L A 8 S50 R AR e T iy 2
FHRHIOL BRI, Hi T FLCMs B804 4 B A1 AR, FLCMs
TN 2/ NI U e R N A T G P T
i B e R AR A By k) AR A L A B A A Y
FLCMs TRZ5 5 Bl RO i A SR B2, f R 3 ™ 5 1) 2R
B ELT i 5~10 4EJR, SEREAE KRS T
77 BV B 7R (liquid crystal display, LCD) M B 2B
FFRBEHY LCMs 252 800 (2],

14k, A 20 FLLER FLCMs 7ZER. R, &
e SR AR ORI 705 S WA R A R E R A A2
TEHEMESNY . L2 NS M5 A RSP R Y %2k
& W HATELE R R R AR A s AR P A B e A e
A BRI BRI R R B X A S HoA 5 G2
Y. A PUBERRER . BRACKELIAR AR 2 (LA 3 1 9 2 T
P, FLUB AR A IS PR BT R (i B B A A Y,
%t % FLCMs BYREPEBEA TS, D FLCMs Ry KU LR
PERL LA

FLCMs AN 77 vk 3 20 SR 6315 - B R BT 15 1k (gas
chromatography-tandem mass spectrometry, GC-MS/MS),
FLCMs 43 FHEU/N, BERARE, W B &b
Ji(electron ionization, BN #RZEMZA/INER T, B
AR T, FEGEUE TR, 0 H™ A A —SE R AT Y 5
W IR SR TR, PRI SCHR[25-30 18 2R TR

b}

J Ak 27 H 85 Y (atmospheric pressure chemical ionization,
APCI). APCI MYRZCEIAAE T I BB R, AR HOn
T I A A AL S B B, AT AT SRR 43 1 B 10,
[FIBTREAR S 5t T4, RA R, EISCHIRE TENK
A FIRERLEY Bl LR WA PO R R A
F5 IR FLCMs (I ik, (R /DA 2 11X A 28
F i FLCMs A6 7 12 i

FLCMs #EAZWIAG 5 RETNALL P, KT,
ABFTE. GC-MS/MS Al A& Y FLCMs, FXf
entiids ERRE L R R RIS R A TR R A A T
TR B, ARSI T TR RS FLCMs 975
YooK, TFIRZIS) 0T i XU 5 JELRD RS 28 it T ik
Wt HABEEME L

1 RS

1.1 MR5RF

WAL B ERRNS AL A ST .

16 filt FLCMs(4E =99.0%, J&K b2EAHRA ), B
WAEEME 1 FALENE: PCpr 2 &K -52
('3C12-polychlorinated biphenyl-52, 13C|2-PCB—52)\ ]3C12-§
S W 2 -180  (“Cjp-polychlorinated  biphenyl-180,
BC1,-PCB-180) (4l J¥ = 99.0%, 35 [l &1 #f [l i & 523 %);
38 % Bk + (Florisil) [ AHZE BUAE (500 mg, 6 cc). 4 HkE
(et . IF S be(EiE el RS R R |, S
P (kal, 36 EZE W RBHE A ),

12 UFE5E%

Waters Xevo TQ-XS = 8 PUFF TSI (& ERRFRIE 2
A]); Agilent 7890A GC SAHHEIE(YL . A EHE(30 mx250 mm)
(e H ZHEAR /A F)); DB-SMS 4 1% 41 (30 mx0.25 mm,
0.10 um, 3E[E J&W Scientific /A Al); Allegra X-22R &
DHL(EEE Beckman 23 wl); KH-300GDV 7 & (B LR B
2Hl); FA2004 B PR 0.0001 g, _HigREALES ),
FJ200-S S FHL(_ 18 1 RBHE 2 w); mill-Q #B 4K R 58 (1l
FEER A FD
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Table 1 Information of16 kinds of FLCMs
ay PR e W RFR
4-Z BRI R -4 B3 - U R 4-cyano-3-fluorophenyl 4-ethylbenzoate CFPEB
4- -2 3- T F-A-(4- N B R T 4-ethoxy-2,3-difluoro-4-(4-propylphenyl)-benzene EDPBB
1-Z BE-4-[(4-FR L) LI FE TR 1-ethyl-4-[(4-fluorophenyl)ethynyl] benzene EFPEB
1- A HE-2,3- 90 -4-(R 3 -4- N R R L ) 2R 1-ethoxy-2,3-difluoro-4-(trans-4-propylcyclohexyl)benzene EDPrB
2,3-Z9-1-HE4A- [, R30O)-47- 10861, - 2 2,3-difluoro-1-methyl-4-[(trans,trans)-4’-pentyl(1,1’-bicyclohexyl)-4
e DMPBB
H-4-FHE -yl]benzene
1-Z 5 2E-2,3- 3 -4- (X, R)-47-TN2E(1L1-IK3FE | _ethoxy-2,3-difluoro-4-[(trans, trans)-4’-propyl(1,1’-bicyclohexyl)-4 EDFPREB
y-4-FL R -yl]benzene
1-[4-(4- T HIA D) ] -4-LFH -2, 3- 7 %7 1-[4-(4-butylcyclohexyl)cyclohexyl]-4-ethoxy-2,3-difluorobenzene BCEDB
D PF-A-[4 T -1, 17 XU (FR O )4 14 3 = 9 P Sk 2-fluoro-4-[4 -propyl-l,l -bi (cyclohexyl)-4-yl] phenyl FPrBP
trifluoromethyl ether
PR LR O 32,6~ A AL S A3 4.5~ — G propylcyclohexyl—Z,6—d1ﬂuoro;i)l;r;};lr;g1flu0r0meth0xy—3,4,5—tr1ﬂu0ro PDDMTB
4-[THR(3,4,5- AR JE)-2°,3,5- L -47- N2 4 [difluoro(3.4,5-trifluorophenoxy)methyl]-2°,3,5-trifluoro-4”-propyl
I, sid 1% PDTFMTFT
-1,1:4, - =00 -1,17:4,1”-terphenyl
1- T HE-2,3- 0 -4-(N-4-IN R A O ) K 1-butoxy-2,3-difluoro-4-(trans-4-propylcyclohexyl)benzene BDPrB
R -1-C A HE-2,3- T -4-(4- A O R R trans-1-ethoxy-2,3-difluoro-4-(4-pentylcyclohexyl)benzene EDPeB
2,3-ZR-4-H B4 - (R -4-NEE R O 3E)- 1L D-BKPK 2,3-difluoro-4-methyl-4’-(trans-4-propylcyclohexyl)-1,1-biphenyl DMPrB
4-2 58 52 3- T4 -(R-4- LR O BE)- 1,0 4-ethoxy-2,3-difluoro-4’-(trans-4-ethylcyclohexyl)-1,1°-biphenyl EDEB
2°,3,4,5- M0 5R-4- (52 X -4- TR BB O JE )RR 2°,3,4,5-tetrafluoro-4’~(trans-4-propylcyclohexyl)-1,1’-biphenyl TePrB
457 2047 24P LR O ) PR 0 - 1= 4 LB 4—[trans—4—(tranvs—4—pr0pylcyc10hexyl) PCTB
cyclohexyl]-1-trifluoromethoxybenzene
4-THe-4- -2 -3-1,1:4 - =R 4-butyl-4”-ethyl-2’-fluoro-1,1°:4°,1”-terphenyl BEFT
4-[Z-(3,4,5- = 9 -2-H BE IR I )- FH i ]-3,5- 2004 - 4qdi - -tri 2- - - -3.5-di -
[ ( ) ] 4-[difluoro-(3,4,5-trifluoro-2-methyl-phenoxy)-methyl]-3,5-difluoro DTMPMDB

-1, -T2

4’-propyl-1,1-biphenyl

1.3 oA RAIEL

PIUBR I R TC 4 22 U 2 () 67 3% P9 b s o £ 1
T FH S ot 1 RS S 1 LU IR B, B AR 100 g/L W R
BRI

SRR T BRI G 45 TR(1 mg/mL): 43 BB FRERL
10 mg(Ks %] 0.01 mg) 16 RIS AR AE S, FIEC
By MR EARZE 10 mL, —18 °CIRAFE 1241 H .

TR A AR B BR HE P AR (10.0 mg/L): 43 A
W HL A 1 mg/mL FRUER AR 0.1 mL 2 10 mL F &I
t, FIE e 25 205, il s vk B 10.0 me/L TR
B bR R

TRA SRR A AR FHTR(100 ng/L): HERGIER -
R 10.0 mg/L ARAEHEYE 0.1 mL & 10 mL 2560, FSrh:
FERZIE, BRI R 100 pg/L ATRAFRER FI

16 T 5 0B AL A Wb v B R S I BC - 40 1
I 10.0 pg/LIRA 1 I8 S BR T B FH R 100.500,1000
5000 uL; 100.0 pg/L 1A R i BB HERT F W 1000,
2000, 5000 puL, £ HNA 500.0 pg/L 4 [F 47 AR

100 pL, FSFLEERZE 10.0 mL, HI5&W EHLGR SR
0.1, 0.5, 1.0, 5.0, 10.0, 20.0. 50.0 pg/L HJ5 IR AH
PRATE A b o i 2R VA
14 SWHE
141 &#E5H

DB-5MS &84 (30 mx0.25 mm, 0.10 pm)& 3% — B2y
0.4 m JCIEUR} A PA BlA TERE (30 mx250 mm). Bk A 23 B A
AHERE, FESBERERCA 1 L, JERE DR B E N 280 °C,
ASKWMHEN 1.2 mL/min, B)FFHRBEEN: PIHETER R
80 °C, {#4F 1 min, FLL 40 °C/min THEZE 160 °C, 2R LA
10 °C/min FHEZ 240 °C, £#4F 5 min; /5L 5 °C/min T
IR Z 300 °C, F£4F 6 min,
1.42 JRig&t

BFIE: APCL EE FHE, WK ERE RN
380 °C; &SMEMWS (350 mL/min); HiEI< (250 L/h); 4t
FLA(250 L/h); HAEHBTRCY 3.0 pA; & FIREE N
150 °C; A ZHFEF I A SES S E 4
3% 2,
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Table 2 Main mass spectrometry parameters of all analytes
ey {5 B4 5[] /min HEEF(m/2) FETF(m2) HEFLH R/V filf {8 g /e V AR
133.5% 15
CFPEB 13.75 270.3 _ 20 3C,-PCB-52
105.5 45
219.4% 20
EDPBB 12.01 276.9 _ 10 13C,-PCB-52
249.0 10
" 234.2% 22
C,-PCB-52 11.52 304.1 _ 35 /
269.1 18
169.4* 20
EDP:B 11.31 282.4 _ 35 13C,-PCB-52
197.3 15
154.1%* 40
DMPBB 22.66 362.5 _ 20 13C,,-PCB-180
141.5 50
156.4* 35
EDFPBB 22.46 364.4 _ 35 13C,-PCB-180
169.4 25
184.4%* 25
BCEDB 24.34 378.3 e 35 13C,-PCB-180
156.4 30
206.4%* 30
FPrBP 15.75 386.4 _ 25 13C,-PCB-52
83.1 25
265.3% 25
PDDMTB 15.57 4152 _ 50 13C,-PCB-52
291.2 25
254.4% 10
BDP:rB 13.40 310.3 _ 15 3C,-PCB-52
156.4 10
197.4* 15
EDPeB 13.50 310.4 _— 30 13C,-PCB-52
169.4 20
230.4* 30
DMP:B 19.68 3283 _ 10 13C,-PCB-180
243.4 25
197.4* 50 "
EDEB 21.73 3443 _ 45 3C1,-PCB-180
232.4 50
250.3%* 40
TePrB 15.86 350.3 _ 5 3C,-PCB-52
219.3 40
188.3* 20
PCTB 15.75 368.4 _ 40 3C,-PCB-52
69.6 20
289.9% 35 R
BEFT 24.73 3332 e — 35 13C,,-PCB-180
228.9 35
202.2% 45 "
DTMPMDB 19.27 4233 _ 5 C1,-PCB-180
259.3 30
" 338.0% 40
3C1,-PCB-180 19.40 407.9 _ 40 /
373.0 45

H* RN ERE T AR T,
1.43 Hsaaj 4
HERRFRIEL 5.0 g SIZK A 2EAE M T 50 mL kL 2.0

FESEER G 6 mL SRV BEBEIBE, o7 WOMACUR H i 3 it
FE T3 VAHEZS 5 AT, A dE AL A B R AT DU, Wtk vE

o, W0 10 ng AL R NARIE G RV, WHEIRYS 2 min,
F1 20 mL 1E e/ & BE(1:1, V:V)TE 40 °C N8 A 42 HL
30 min, BIRASYAE 4 °C, 10000 r/min F B0 10 min, ¥
TIEWEE AR ZEIRET, KRG 2mL & R REE Y. T
e 6 mL & EEIE Lo B BRE A+ WAHAEBOR:, SR )5k
BB ERMAERAE L, FFEEAERTRE, b

JBRTR o VR M AR TR AN 1 U VR SR 23T, #RJE A 1 mL
SEkER, | GC-MS/MS 23 #r.
1.5 HUIELE

JT A R ARG U R PSP A5 RURE I 2, LA ARG T 2 S 1
Y. FIFH WPS Office 2013 F1 SPSS 19.0 %514k
WA T T AR B
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2.1 REUATIRIER

ATFFH 164~ HARfbA#) log Kow 7 3.831~12.049
ZIa), PIARBGA I E e 8 TR EC b, DLEC
PERERIUR, KEBA ARG Y0 B i5 8] T 80% 1A
I, 1BJ& log Kow 3.831 #J CFPEB il log Kow 6.259
EDPBB [FICRATFIN 63%Y5 78%, R 4T IEC K/
ZEMLEL:L, VIVERIRBOR I ISCRIE L, kI B
Bk A W B DR BT 86%, PRI 2R A AE e/ — 4
a1, VPR IR BUA 7
2.2 fRBEUATEIAYIEHEE

HEGFRIEL 5.0 g ST MR AR T 50 mL HHRF 0048
o, 010 ng R ZH N FR, AFRZKF- 50 png/kg, LA 20 mL
IECH/ R EE:1, VIVPE RS R, 535178 40 °C
TR HEE 10, 20, 30 F1 40 min, 16 R4 9y [F iR
WE 1. IWE 1 Ha] LI B E 1% FLCMs 9 [ELIJCR Rl 1R
SRS ) A S T RS B0, (YR B ]34 %) 30 min DAJS,
5 EARY 1 v B TG B SR, PR O B B ) kB T
7 HEE 30 min.

M 10 min W20 min 30 min M 40 min

PRI S

&Q’ . <

N

16FIFLCMs
&1 MR SRIBURE % 16 Ff FLCMs [R50

Fig.1 Effects of ultrasound extraction time on
16 kinds of FLCMs recoveries

QIR
L QTR

2.3 B HERIEE

WEEMTHEAR. 2K, IR, GRUMLEA
VA NLIR, Moy E e, MEZ, WE S5 HRYES,
XM A T, S M AR, DR AR SRS T
WY P BRASRE S B A 95 2 Rk + | bR AIRE
Ji& 3 P AR AR, AL TSRS EE T 3 A AR A BRIV
Xt AL AP E AR . HEFFREL 5.0 g 21 AFE
T 50 mL BLRLELOAE R, B0 10 ng RN K AR, TITAKR
BEKER 50 ng/kg FNRAARUEV B, $2 IR 1.4.3 -1 TAb
B, HE 3 FOREEAIZEIONME, & Birfea o el
VLI 2, [ 2 25538, (3 2 BLRE b AR AE U, A%
AR W ER R 92.5%~115.2%, #&1A [m 48 T
HoA PR EARRE O, Bk, B2 BRE+ RBRNZEE S

PEEMERXT FLCMs B9 THLRE S S5, & EFEh % i
ik [ AR 2 O A T A

AL A S R AT

s 150
%E(%IOO
2«

S XL IRRRR D B PR P
NI < S RS IEHOD
§§§§%§§§§§§§@Q%§

Q
16FFLCMs

B2 LR 16 F FLCMS RIS i
Fig.2 Effects of purification column on
16 kinds of FLCMs recoveries

24 FHEFWIE
241 AEGE. AWEE., BB ER

L) 16 filt FLCMs (1 ST iV B M AR PR (X, pg/L), LAV THS
BUNPRE BN AAIR(Y), LililtrEiiZk. 16 7 ERMEEY
fE 0.1~50.0 pg/L JuFEINEA RIFLRMERR, HRRENY
KT 0995, 43FLL 3 451 10 FHEMELL(SIN), THEA H R
(limit of detection, LOD)FI%E & fE (limit of quantitation, LOQ),
fIfA5f) LODs £ 0.02~0.18 pg/kg, LOQs 7E 0.07~0.59 pg/kg,
BARZERILFR 3, RENSWE 2 SEFRAnl iy 75 22
242 FEHREFEEE

F BRI E 1.4.3 J7 984T 1.0, 10.0. 50.0 pg/kg, 34
e BEAKST- M bR OR8N AT E 6 IR,
J5 By [ R R 86.3%~113.7%, HH X bR HE W 2= N
1.4%~11.2%, UtHH 776 BA BT 0 MERA B RO 25 B, LR
ZERWLER 3. 16 Fhor AT I R 3R AR TE 4 (124 R S
B4 A 1 % P LR 3SR N 50 pg/kg)e
2.5 EFrMEmNE

Fe HRCHE ST IR DU e X AT 3 SR 5 8 L S
HER LS HRERF S AERGREET T IE, AR
BDPrB,EDPrB, DTMPMDB ,EDEB., BCEDB.EDFPBB,
DMPBB, TePrB, PDDMTB, DMPrB, PCTB #ll CFPEB
2512 ANEACH SIS Y, BDPrB BOK H Rws, k8T
90%. FEA TR S LAY & BCEDB, WERH| T
32.6 pg/kg. AR M E WSS RIS
13.8~85.2 ng/kg, FI&iE R 20.6 pgkg, BihH FLCMs
HImA 2R, ATRE s AT AR, Bl
F FLCMs f&F AL B = i, B 4
13 T % FLCMs X APAMEE RS LE AN RS2 e i [, 3k
NXE FLCMs B9 3I8 FiaE B 54 Ak A EA T 0F o8, DA T
FLCMs i A BB ARIEA B AR A, DUEF P
AT BEXT RS PEA 45 5 7 R R i B 22
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3 16 # FLCMs EUZZ, LODs #1 LOQs (n=6)
Table 3 Recoveries, LODs and LOQs of 16 kinds of FLCMs (n=6)
n T [P LODs LOQs (TSR AU B R 22)/ %
&Y Ltk \,
() (nglke) (nglke) 1.0 pg/kg 10.0 pg/kg 50.0 pg/kg
CFPEB Y=5.21x1072X%+3.19x10™" 0.9993 0.04 0.13 112.6+5.2 98.3+4.2 105.8+3.1
EDPBB Y=4.76x102X+3.54x10"" 0.9992 0.09 0.29 103.2+4.2 95.3+4.6 99.6+7.2
EDPrB Y=8.63x107'X+2.37x10"" 0.9998 0.08 0.26 89.4+2.6 90.243.5 97.124.2
DMPBB Y=9.40x1072X+3.72x10" 0.9996 0.06 0.20 92.849.5 94.6+8.4 102.4+6.3
EDFPBB Y=5.37x10"'X+6.32x1072 0.9992 0.10 0.34 86.3+5.4 89.1+6.7 93.0+8.4
BCEDB Y=8.36x1072X+5.22x10" 0.9991 0.08 0.27 99.6+6.8 105.8+6.3 97.245.7
FPrBP Y=6.81x102X+6.10x10"" 0.9994 0.11 0.36 96.7+8.1 95.4+6.8 102.6+5.2
PDDMTB Y=8.94x10"'%+5.32x1072 0.9993 0.18 0.59 88.0+4.7 90.5+4.1 98.7+6.5
BDP:B Y=7.68x1072X+1.15x10~" 0.9994 0.06 0.19 94.3+1.4 95.6+4.4 103.5+4.9
EDPeB Y=3.92x10"'X+2.67 0.9990 0.07 0.25 97.6+2.7 102.4+3.9 109.2+5.7
DMP:B Y=7.78x10"'X+6.31x1072 0.9998 0.08 0.26 92.5+10.2 105.7+11.2 99.849.3
EDEB Y=5.98x10"'X+2.69x10" 0.9992 0.04 0.12 92.9+6.7 95.7+5.2 97.142.9
TePrB Y=6.34x1072X+8.64x 10" 0.9996 0.03 0.10 106.1+8.2 101.1£7.9 103.746.0
PCTB Y=9.08x1072X+7.22x10"! 0.9995 0.07 0.25 102.6+7.3 99.5+10.1 97.1+8.6
BEFT Y=6.34x1072X+2.06 0.9995 0.02 0.07 89.1+10.1 92.4+9.2 94.3+6.1
DTMPMDB Y=4.66x10X%+5.16x10"" 0.9993 0.04 0.12 110.2+10.8 102.5+7.6 113.7+8.4
A 407.9>338 (“C.17PC1277I7805) B 310.4>197.4 (L(;h[/)lg]e) C 333.2>289.9 (LCIzwaxsge]
o 19.40 e R e ;
£ 100 o 100 2100 25.02,
En i n
# | L # |
* 1500 17.00 19.00 21.00 23.00 10.00 11.00 12.00 13.00 14.00 < 14.00 16.00 18.00 20.00 22.00 24.00
£ BR8] /min 4 83 B} 1] /min PR B4 i 7] /min
D 23322022 (Lemiel) B 310352544 (LCM8T) | 378.3>184.4 (LCM163)
\c 6.93e5 \c 1.33¢7 \c 2.56¢6
100 19590 4 i 100 13.63 100 2465 ‘
2 = { = ’
= o =
Z o0 ‘ E o = o ‘\
15.00 17.00 19.00 21.00 23.00 10.00 11.00 12.00 13.00 14.00 < 14.00 16.00 18.00 20.00 22.00 24.00
583 Bisf 1] /min PR B4 B 8] /min 3 B4 B} ] /min
G o 344.3>197.4 (LCM170) H 270.3>133.5 (LCMS6) I 415.2>265.3 (LCM164)
§ 1860 32 2436 R 1.04¢6
#3100 2205 i 100 3100 1390
5 = { ﬂ 2 ’ |
4
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Fig.3 Chromatograms of 16 kinds of analytes and isotope internal standard added to blank beef matrix (addition amount of 50 pg/kg)



551139 Es

H, S5 UM @G-SR I A S 16 MR L S 327

3 4 i

ARFFEAL T A S P FLCMs 32 BUR R Fiie
B ], R LLEC b/ AR LE(1:1, VIV RERBGE, IR
b T REBOR AL A1, LA 2 B R - [ AR A8 IURE £ Sl i
foE, FRRBRTRERSFE AR . T8 E 220 T
S5, P T BB S iR, @ T REE
ai 16 FheEs WA AL AL A P 19 R S R RE-GC-MS/MS
BRI E o % T E AL B GR B | v RO A AT
RERSIH /L A Jh FLCMs MR I T5 22 . Aok B T i ik
B PR IR . AR S RS R S R X
PRI 34T, 455 R FLCMs A6 345, R W
i R BRI AR AL A Y . SETF L, SR TR FLCMs
TER S B AR K PRI, AT (7 AR
DTN Z S R A S B ST L JRURS A B KU A2 37 T
VSR AL AT 58 BRI H5
BE Rk

[1] LIRR, RENKEF, SU HJ, et al. Target and suspect analysis of liquid crystal
monomers in soil from different urban functional zones [J]. Science of The

Total Environment, 2023, 854: 158408.
[2] KIM KH, SONG JK. Technical evolution of liquid crystal displays [J].
Nature Publishing Group Asia Materials, 2009, 1(1): 29-36.

[3] SU HJ, REN KF, LI RR, et al. Suspect screening of liquid crystal
monomers (LCMs) in sediment using an established database covering
1173 LCMs [J]. Environmental Science & Technology, 2022, 56(12):
8061-8070.

[4] KAWAMOTO H. The history of liquid-crystal displays [J]. Proceedings of
the IEEE, 2002, 90(4): 460-500.

[5] HPEHETEE LR BB, 2021—2022 4EH [ T 87k R R
WRAIM]. deat T Tl R, 2023.

China Center for Information Industry Development. Blue book on the
development of China‘s electronic information industry 2021—2022 [M].
Beijing: Publishing House of Electronics Industry, 2023.

[6] CHEN H, LAM JCW, ZHU MS, et al. Combined effects of dust and
dietary exposure of occupational workers and local residents to short- and
medium-chain chlorinated paraffins in a mega E-waste recycling industrial
park in South China [J]. Environmental Science & Technology, 2018, 52:
11510-11519.

[7] FORTI V, BALD C, KUEHR R, et al. The global E-waste monitor 2020.
Quantities, flows, and the circular economy potential [M].

Bonn/Geneva/Rotterdam: United Nations University/United Nations

Institute for Training and Research, International Telecommunication

[10]

(1]

[12]

[14]

[15]

[17]

(18]

[19]

Union, and International Solid Waste Association, 2020.

AKCIL A, AGCASULU I, SWAIN B. Valorization of waste LCD and
recovery of critical raw material for circular economy: A review [J].
Resources, Conservation and Recycling, 2019, 149: 622-637.

ZHANG K, SCHNOOR JL, ZENG EY. E-waste recycling: Where does it
go from here? [J]. Environmental Science & Technology, 2012, 46(20):
10861-10867.

BI XY, LI ZG, ZHUANG XC, et al. High levels of antimony in dust from
e-waste recycling in southeastern China [J]. Science of The Total
Environment, 2011, 409(23): 5126-5128.

LEUNG AOW, ZHENG JS, YU CK, et al. Polybrominated diphenyl
ethers and polychlorinated dibenzo-p-dioxins and dibenzofurans in surface
dust at an E-waste processing site in Southeast China [J]. Environmental
Science & Technology, 2011, 45(13): 5775-5782.

CHENG JW, LI XJ, YUAN YW, et al. Environmental behavior, toxic
potencies, and risks of liquid crystal monomers: A critical review [J].
Critical Reviews in Environmental Science and Technology, 2024, 54(24):
1902-1919.

SU H, SHI S, ZHU M, et al. Persistent, bioaccumulative, and toxic
properties of liquid crystal monomers and their detection in indoor
residential dust [J]. Proceedings of the National Academy of Sciences,
2019, 116(52): 26450-26458.

HUSSAIN Z, QAZI F, AHMED M, et al. Liquid crystals based sensing
platform-technological aspects [J]. Biosens Bioelectron, 2016, 85:
110-127.

FENG JJ, SUN XF, ZENG EY. Emissions of liquid crystal monomers
from obsolete smartphone screens in indoor settings: Characteristics and
human exposure risk [J]. Environmental Science & Technology, 2022,
56(12): 8053-8060.

ER. A RBRAEEA . BT, 2021, 52(4): 12-15.

WANG G. Overview of fluorinated liquid crystal materials [J]. Zhejiang
Chemical Industry, 2021, 52(4): 12-15.

WANG XY, LU XB, ZHANG ST. Study on the waste liquid crystal
display treatment: Focus on the resource recovery [J]. Journal of
Hazardous Materials, 2013, 244-245: 342-347.

ZHANG KH, LI B, WU YF, et al. Recycling of indium from waste LCD:
A promising non-crushing leaching with the aid of ultrasonic wave [J].
Waste Management, 2017, 64: 236-243.

AMATO A, BEOLCHINI F. End of life liquid crystal displays recycling:
A patent review [J]. Journal of Environmental Management, 2018, 225:

1-9.



328 L 22 A TR AR I A 4 517 %
[20] ZHANG LG, WU B, CHEN Y, et al. Treatment of liquid crystals and [25] YANG RH, WANG XY, NIU YM, et al. Fluorinated liquid-crystal

[22]

[23]

[24]

recycling indium for stripping product gained by mechanical stripping

process from waste liquid crystal display panels [J]. Journal of Cleaner

Production, 2017, 162: 1472—1481.

LIJH, SU GY, LETCHER RJ, et al. Liquid crystal monomers (LCMs): A

new generation of persistent bioaccumulative and toxic (PBT) compounds?
[J]. Environmental Science & Technology, 2018, 52: 5005-5006.

CHIEN YC, LIANG CP, SHI PH. Emission of polycyclic aromatic

hydrocarbons from the pyrolysis of liquid crystal wastes [J]. Journal of
Hazardous Materials, 2009, 170(2-3): 910-914.

LIANG X, XIE R, ZHU C, et al. Comprehensive identification of liquid

crystal monomers—biphenyls, cyanobiphenyls, fluorinated biphenyls, and

their analogues—in waste LCD panels and the first estimate of their global

release into the environment [J]. Environmental Science & Technology,

2021, 55(18): 12424-12436.

WY, JElEE, STHLE, 55 BRSO AR A EREEL T R

FEFEWIT R[], AEAE AR, 2023, 18(1): 160-173.

YANG QL, ZHOU TT, WENG JY, et al. A review on environmental

occurrence and human exposure of emer-ging liquid crystal monomers [J].

Asian Journal of Ecotoxicology, 2023, 18(1): 160-173.

[26]

[27]

[28]

[29]

[30]

monomers in paired breast milk and indoor dust: A pilot prospective study
[J]. Environment International, 2023, 176: 107993.
LIU RQ, YANG RH, et al

JIANG Q, Fluorinatedliquid-

crystalmonomersininfantformulasandimplicationfor healthrisk [3].
Environmental Pollution, 2024, 358: 124502.

YANG RH, ZHANG YL, GAO Q, et al. Fluorinated liquid-crystal
monomers distribution in paired urine from mothers and infants [J].
Environmental Pollution, 2025, 375: 126283.

SU HJ, SHI SB, ZHU M, et al. Liquid crystal monomers (LCMs) in
sediments: Method validation and detection in sediment samples from
three typical areas [J]. Environmental Science & Technology, 2021, 55:
2336-2345.

FENG ZQ, DU BB, SHEN MJ, et al. Nationwide occurrence and
distribution of liquid crystal monomers in municipal sewage sludge of
China [J]. Science of the Total Environment, 2023, 892: 164453.

KONG Y, WEN Y, SU GY, et al. Tissue-specific uptake and distribution
of liquid crystal monomers (LCMs) in mice [J]. Environment International,

2023, 174: 107894.
(TEHE: e 25 %)



