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Determination of Isocyanates in Medicinal Composite Packaging Bag by Gas
Chromatography-Mass Spectrometry

ZHANG Qing, QIU Yue, YU Qiu-ling, LONG Mei, CHEN Hao, ZHANG Yong-mei

(Chonggqing Academy of Metrology and Quality Inspection, Chongqing 401121, China)

ABSTRACT: A method for simultaneous determination of eight isocyanates in medicinal composite packaging bags was
established by gas chromatography-mass spectrometry (GC-MS). The composite packaging bag was cut into small pieces
no larger than 5 mmx5 mm, and then extracted by dichloromethane for 40 min. The extraction solution was analyzed by
GC-MS after concentration by nitrogen blowing. Eight isocyanates could be separated and detected using TG-5MS col-
umn with injection temperature of 200 °C and initial temperature of column incubator of 40 °C. Eight isocyanates had a
good linear relationships in the range of 0.02 to 5.0 mg/L with the correlation coefficient greater than 0.997. The detection
limit was in the range of 0.001~0.006 mg/kg. The recovery for accuracy at low, medium and high concentration levels was
ranged from 80.3% to 111.7%, and the relative standard deviation for repeatability was between 0.6% and 5.1%. This
method is simple, sensitive and accurate, which can provide technical support for the detection and analysis of isocyanate
in medicinal composite packaging bag.
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1.1 U|/iEE

F A4S : Trace 1310-1SQ7000 S A f43%- i
TEAY, FEBR R RBNE (PR B BR2 F]; MS105DU
B K, MR- ieR 2 ERT Y (L) ARA
F]; BILON-2000CT #i/ JiE ks, LI LR A
B2 E]; MD200-2 A WRAL, AN BB A A PR | o

1.2 RS

EELGH SRR SRS RIR AR (L6 99% ),
AR VAL 2 B AT BRA T 5 36 2 6 57 iR R (22

N 99% ), LM LIRS B A R F] 5 2,4-H10K
TR (ZEEECh 98% ), PUMSHLRAER A (i)
RAABRA T bR 5 SR AR (ZEREE 99% ).
THUREROR SR RUREE (2B 98% ), LIERTHL T
AR B A R R 5 oK E-4,4'- — 5 SRR (46
JEH 95% ), ZRZHTMAM AT “RIEH
SR MR (ZERE 98% ), Jbat A REFHA BRA 7
T\ SRR (ZEESN 98% ), Falik3th A
RAwE: Wb, CROT. IECkE, @iz, ¥
Wy TR ERMABRATR; iR a3 20
H, WTERTAL5;.

1.3 FRERBHIE S

1) SEBRES ARG (1 g/L) BHl&E. 5
HERPRE 0.01 g S RURERPRHE S (FEFI 2 0.1 mg) T
10 mL A, AP e, IRAI15 3 7 5R
e PR B AT, BFHLE T 20 °C N L THRIRAT

2) SRR R IR A bR [ (10 mg/L ) B il 4% .
S BGE R 8 PR FRRER AR 2T 25 mL
Hafih, MR OFRES, RA1155) 10 mg/L 15
FRERIR A AR e P I, F B 20 °C R b T4
(Fyca

3) SERER ZR I bR vE TAER 65 o 0 DI HL
0.02, 0.05, 0.1, 0.5, 1.0, 2.0 fl 5.0 mL B %5
BEVR A bR e T 10 mL AT, 2 2
75, IRAEEF 0.02, 0.05, 0.1, 0.5, 1.0, 2.0 F
5.0 mg/L 11 53R R ZR 5 bR e TAEW

1.4 HEmurktiz

W N2 D W S 1 24 B A A 24885 11, K 259 4
HRERR, FMAK e E IS . R AR T A2y
MEABREAE T (Kx5 ) AKTF 5 mmxS mm
/N R, TRATEWERIAREL 1.0 g (KS#HZ 0.1 mg)
BT 25 mL BELEEH, IIA 10 mL &Pk, &
F I BEGHER 75 AL 40 min, AABUREE R 2 TR 2R
B, WIREAWKFERZET, HOMRIBEERE
1 mL, BARAGMHE 0.22 um A HLUEIE g, HEH
Wik H GC-MS 4387,

1.5 GC-MS &#

1) A%, A% TG-5MS (30 mx0.25
mmx0.25 um ); FEFE TR A 200 °C; ZERIIE (40 °C)
T4 1 min, LA 10 °C/min FYEEEFEZ 100 °C, Ffi)5
L 20 °C/min f3E FE TF 2 200 °C, LA 5 °C/min Y3
T} 2 240 °C, )5 LA 50 °C/min Y35 FE T} % 280 °C,
PR4E 5 ming HFEREN 1 pL, Ao BERE; iy 1.2
mL/min; SN EAEER (LEEEN 99.999% ).

2) FUigsc . PR E IR (ED); Bk
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£ 280 °C; Wil IR 250 °C; MTAER o  ZEHE B4V
A 70 eV EFIIEIRATE] R 4 min; 2494 ( SCAN)
JEE (m/z) H40~400; PEEEE T WS (SIM), R 21 @itk

ZHE 1,
B1—7 PP SR EW AR 1 — 16 17MS . TG-WAXMS % 540 i 6 45 85 2 R F S

SCHRESE T OCTE S [ B % AR TG-5MS

o i bR — S SR AR AT RS 2B ey 5 4510 450 20008 9000 i S o e T4
SRR, R E R BEFAERS, Lh 2 AR A (1.0 m/L ), ARSI 3BT 8 o S AEURIRR 43 BOCR

(inan- K1, S4H TG-5MS HERf, 8 Ff s JlRHR 19T K
*1 8HMREEEM SIMSH
Tab.1 SIM parameters of eight isocyanates
2 fsf ]/ EWSHET FE T
R ok case  REI EHEBE LI
i min Jfr L - Jfr L
1 2R H 5 IR TR 103-71-9 6.89 119, 91, 64 100 : 42 : 24 119
2 e e 5 T 3173-53-3 7.49 67,97, 82 100 : 90 : 89 67
3 oK — R E R R 91-08-7 11.21 174, 146, 118 100 : 47 : 41 174
4 IR — S R R 4098-71-9 12.66, 12.83 110, 123, 81 100 : 62 : 48 110
5 TR -4.4'- T S E RS 4128-73-8 16.97 252,90, 106 100 : 45 : 21 252
6 ORI SR FURR R 101-68-8 17.62 250, 208, 221 100 : 78 : 52 250
7 QAN ST AN AT 112-96-9 18.53 99, 43, 55 100 : 52 : 50 99
8 T HSLOR — RS R e 91-97-4 19.52 264, 235, 265 100 : 12 : 18 264
24 24
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Fig.1 Effect of different chromatographic columns on the separation of eight isocyanates
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I, HEABERS B 4 H TG-17MS T,
8 i S5 R Mg 1) 0g i 1 (EL A (IR F TG-5MS #E T 1Y 595
PR G I MR W (8 . 41l TG-WAXMS #EiF, HA 4 Fh
SEERREE g, o R, HLe R B (I
B (OIS M A3, SRR R I AU AR 22,
LU g 07 (L RAARR , 3k AT B A PR Ry S SUBR iR 25 9 I L %
Wk, BE OISR NERZEZ AR, Hit, '
TE 5540 PR LA AT SRR R o 25 LTk, SOk
& TG-5MS A%
22 HHEMBERIERE

SR TR IS 0 I s 22 B, Y A TR
KAKEF, AR g2 SRR mE, HAa R
SEVTRE MR, SRR AR R . ST T ORIRL R
L RE X 8 ol S5 R g e v AR 02 A RE R o 7F 1.5 4
A 2% 2 80T W e 5 508 TR A E T ARV W (1.0
mg/L), FFHSLEFATIE 6 K, 45K 2, biFE
HERE CHIRE M 130 °CTH3 230 °C, Ry 8 Fp S50
Tk W T FR I W TN, 7F 200 °CZ 528 fL R B, #a T
A, P, SCH sk REEERE TR S 200 °C,
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Fig.2 Effect of inlet temperature on peak areas
of eight isocyanates

2.3 HRBVIRRIERE

ORI T RERAR W 4R IR EE (40, 50, 60, 70 °C)
X SRR AR g 5 o 78 1.5 1 AR S ECT e
SEERREE bR E TR (1.0 mg/L ), B4 5250170
FE 6 K. BHAERIRM TS, BAR 8 B S ER R Y - i
A TA]RE AR RS , (HLA5 17 D0 40 118 e 1 ) 1 L P 8 A AR
ko FZEFIFER MG, 253 Mor T 2B/, AT
RS HAR 0y 4 B B NI, IR, SCh e BeA iR AE
HIRII A 40 °C,

2.4 FEBUATIHIERE

SRR B R W) Bk 5 5 &% A IR R SR TS
YISORE, PRI, ANBEFH &5 A 0 2 G 5 e 3 7R T T

i ATARBE o SR S R A AR A8 R A T I e Wi s
5% (hibr& -0 1.0 mg/kg ), WF5E T —&HF ke, 2R
CTRANE CBEXT 8 i 5 SRR IR [NSCR [ 52 ), 20 5K
EATIE 6 Yk, Z5RULIE 3. I 3 AT, SR
S etz R H AR G NSCR A2, X T R
FH g 0 3 i BB D s T B, AN, — AU e O b
fi%, 2920 40 °C, A5 A WA IR . 278 b rik,
SCH SRR f A AR U R D A
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Fig.3 Effect of extraction solvent on recovery
of eight isocyanates

2.5 ZFEURTEIRYIERE

SCHEEZ I A A A HEA T AR RS2 55 (o
brEr i 1.0 mg/kg ), %58 T 75 A AT E (10, 20,
30, 40, 50, 60 min) XF R4 IR0, RE4H
SCEATINE 6 Yk, UL 4. FE 4 AT, 8 FPRAR
T2 T 114 T A 3% I 4 4 EBCHRT R 178 185 o 4 e 22 398 Rk 34
FEREHURR]3E 40 min J5, [EICRA RGBS, Xn]
BB R ok SRR R 45 40 b & A N e, B g
Pk, BEE S AR R, S5 3PKS %
AN o £7 BT, SO BE R A 8 P A L) E)
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Fig.4 Effect of extraction time on recovery of 8 isocyanates
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2.6 ZFEBURERIERE

PR BEBCE A AR i R RRER R 2 A
B AL AT T R P AR BB e 2 SRR, A
SEEFATINGE 3 Wk, JEBCEIE, iRk 2, LI
SRt A A B AR, 6T E A it 0 91 A 7 R B 1 R
2 o AEHL2 B, BRI 10 mL 5 Y ke b A AR B
40 min, A I HEBOR G 2T EIRH AR o & 2 AIAT,
MORE RN FE 1 WA 2 RIS, 2 ZH R EOR T i R
H b — S UR IR & AR . X MR R e 2R
B AL AS R S R IR OR IR T R & BRI R 7, S
WA, S AR 1 WAE TR 4. ZF LRTIR,
RS LR R AL R R], S kR R AR EURE i 1Y
KECH 1,

x2 EFEIAHWNEELERWEIN

Tab.2 Influence of extraction times on quantitative results

PRI AR FE I e S TR I 1) 5

2.7 ZMXZR. RHRMEZR

FE 1.5 AR ST 43 1.3 75 i 55
MR TR R SR TARME, BV EEFATIE 6 Ik, B
PHE. DS Rriyigmfl (y) S Ew A (x) it
TERMERNE, ARLERIE TR, k3, g3
A, BLHAYE 0.02~5.0 mg/L LRPEX R B, HAH
KRB (R*) ¥IKTF 0997,

W B AR BT s bR HE T AR OB B B, Bl 5 >Rk
GC-MS EME , A FATIE 6 K. MR 3 £
fEME LA 10 AR MEEL, 20T 0545 R 4 ) 5 v A
R FIE /PR . FNEE 3 AT, 8 FhSH SRR ER 1K
PR N5 BR324 0.001~0.006 mg/kg 1 0.005~0.02
mg/kg, FHZITIEN RBUER

2.8 MirEEMBEZE

WA ik 8 FhmqUR iR 25 2 G4
R ERER, HA& 3 A (0.02, 1.0, 5.0 mg/kg)

v Lol
i T my@>§ﬂ2ﬁ b 5 L T 6 AP A9
v o o éﬁ%ﬂ?ﬁ% 4, MK 4 7R, 23‘*?%%@&@5%71%3@4&
RH 80.3%~111.7%, AHXIFRUENNZE R 0.6%~5.1%,
? 0.031 0.031 2 WT 5 v FLAT v O M0 2 RIOR 2, T A S o
3 0.030 0.029 o 22 SRR T 5 b 9 [ G K
x3 LKMHEFE. HXRH. RHRMEER
Tab.3 Linear equation, correlation coefficient, detection limit and limit of quantification
Y Ty P34 i i BR/(mg-kg ™) FERBR/(mg-kg™)
A SRR y=160 116x—1622 0.9986 0.002 0.005
IO e R e y=136 344x—714 0.9981 0.001 0.005
2,4-F 2K — R AR R y=197 603x-3251 0.9990 0.001 0.005
S A3 IR 55U y=174 262x-3226 0.9987 0.005 0.01
TOREE-4,4' - RE R R y=34 397x—474 0.9979 0.006 0.02
TORIEH b — SR R y=29 919x—432 0.9973 0.006 0.02
T\ e B e R T y=64 702x—780 0.9971 0.005 0.01
T SRR IO T S R R e y=105 412x—1432 0.9995 0.005 0.01
x4 MREKEREBEELER
Tab.4 Results of recovery and precision
ks st/ (mg-kg ™)
0.02 1.0 5.0
W PSR/ Y% AHXTRRUER 2E/%  TIOR/ % A ARIER 22/%  TRICRe % ARG R o 2 /%
HHE S R R 87.3 1.1 97.5 2.2 106.6 1.4
O EE S R R 85.4 5.1 107.8 2.8 111.7 0.7
2,4-H28 — U R 82.1 0.7 82.9 1.9 81.2 3.1
S SR B 5 R R 98.1 4.3 107.7 0.6 106.5 1.1
ZRHk-4,4'- — S H R R 84.3 0.6 80.9 2.2 84.1 2.9
TR B T SRR R R 80.3 4.7 86.1 2.4 83.3 4.6
RAN e S AN cll 99.3 2.6 108.9 4.1 110.7 3.1
T ERBOR R R R T 86.7 4.4 95.4 2.3 105.9 2.2
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Fig.5 Full scan chromatograms of typical samples
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Fig.6 Full scan mass spectra of diphenylmethane
diisocyanate in positive samples
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U A28 25 0, 57 7 R 2 25 1 2 B 4% vh 8
Pl S HIRER ) GC-MS 1k, TERILEMET, 8 FR
TRRBETE 0.02~5.0 mg/L ML R B AF, ik
B & 0.001~0.006 mg/kg, AR EHE N 80.3%~
111.7%, FXTFRAEMR2ZE R 0.6%~5.1%. 1% )7 #AE
falfd . REEN . EEMEY, "X T —L 2 aha
Ak Hp S R R A I 9 ) e SR U = %
REZF,

S E k-

(1]

(2]

(3]

[4]

(5]

(6]

[7]

(8]

[9]

ZEF, RMEA, BEE, & AR R AR R
WA BEA TR G[0]. BBRLAE, 2016, 26(5):
56—60.

LI Zhi-ping, WU Xiong-jie, ZHAO Kang, et al. The
Introduction of Main Harmful Monomer for Plastic
Materials for Food Packaging[J]. Plastics Packaging,
2016, 26(5): 56—60.

BELLO A, XUE Y L, GORE R, et al. Exposures and
Urinary Biomonitoring of Aliphatic Isocyanates in
Construction Metal Structure Coating[J]. International
Journal of Hygiene and Environmental Health, 2020,
226: 113495.

CUNNINGHAM M F, CAMPBELL J D, FUZ W, et al.
Future Green Chemistry and Sustainability Needs in
Polymeric Coatings[J]. Green Chemistry, 2019, 18(21):
4919—4926.

YBB00132002—2015, 25IE G, 4@ MI[s].
YBB00132002—2015, General Requirement for La-
minated Films and Pouches for Pharmaceutical Pack-
aing[S].

XIE W Q, CHAI X S. Determination of Isocyanate
Groups in the Organic Intermediates by Reaction-based
Headspace Gas Chromatography[J]. Journal of Chro-
matography A, 2016, 1468: 241—244.

i, EALE, BE, % BEBRRETD 13 2R
P2 I 2 5 1A it SO 63 A6 I D7 1k (D). AR BT AL
2010, 38(9): 1337—1341.

HAN Wei, WANG Li-bing, ZHAO Qing, et al. Simul-
taneous Determination of Thirteen Diisocyanates in
Polyurethane Paints by Gas Chromatography[J]. Chi-
nese Journal of Analytical Chemistry, 2010, 38(9):
1337—1341.

LA, BRSO EE -k M BOR 7 R
T RRRE ). AT R 5 AR, 2019, 25(1):
28—32.

SU Hong-wei, CHEN Xiu. Study on Gas Chromato-
graphy-Mass Spectrometry Testing Method for Toluene
Diisocyanate in Adhesives[J]. Analysis and Testing
Technology and Instruments, 2019, 25(1): 28—32.
bRk R, AT, R, . UM AR - B
SE EL it 2 fib R SR AR T R £ IR DR o ) R
TR SRR R 1 5k B )], BRI (TSR e ),
2018, 54(11): 1260—1263.

SHAO Qiu-rong, FANG Xing-you, LI Tian-bao, et al.
GC-MS
M-xylylene Diisocynate in Food Contact Materials of
PET Plastic[J]. Physical Testing and Chemical Analy-
sis (Part B: Chemical Analysis), 2018, 54(11): 1260—
1263.

AR, EAE, T, % RSO ORS00
A [ I 2 AR R 6 Bl R R (D). 23
iR, 2012, 31(1): 104—108.

Dertermination of Residual Amount of



a2k oM

KIEE: GC-MS e 25 & A w248 b 3w FR iR - 183 -

[12]

[13]

XIONG Zhong-qiang, WANG Li-bing, LI Ning-tao, et
al. Determination of Six Isocycanates in Polymer Ma-
terial by High Performance Liquid Chromatographic
Method with Fluorimetric Detection[J]. Journal of In-
strumental Analysis, 2012, 31(1): 104—108.
NIEMINEN E H, SAARINEN L H, LAAKSO J T.
Simultaneous Determination of Aromatic Isocyanates
and Some Carcinogenic Amines in the Work Atmos-
phere by Reversed-phase High-performance Liquid
Chromatography[J]. Journal of Liquid Chromatogra-
phy, 1983, 6(3): 453—469.

Wi, T, FRR, F.OH ORI AR @ 5K
JB 3 12 - AT A T R0 5 Ak R s el
SRR [J]. B a2 A Tk I 2= 4, 2018, 9(3):
635—640.

YANG lJing, LI Pei-si, NIE Yan-yan, et al. Simultane-
ous Determination of 5 Kinds of Isocyanates in Food
Contact Materials by Ultra Performance Liquid Chro-
matography-tandem Mass Spectrometry with Pre-
column Derivatization[J]. Journal of Food Safety and
Quality, 2018, 9(3): 635—640.

LEPINE M, SLENOL L, LESAGE J, et al. A Validated
UPLC-MS/MS Method for the Determination of Ali-
phatic and Aromatic Isocyanate Exposure in Human
Urine[J]. Analytical and Bioanalytical Chemistry,
2020, 412: 753—762.

skiE, B H, REE, %, GC-FID Fl GC-MS il &
#1638 AE [ A S0 B TDI[I). I B E AL
2020(4): 201—204.

ZHANG Qing, QIU Yue, YU Qiu-ling, et al. Determi-

[14]

[15]

[16]

[17]

nation of Toluene Diisocyanate in Non-Solid Raw Ma-
terials of Plastic Runway by GC-FID and GC-MSJJ].
China Standardization, 2020(4): 201—204.

JRAR, sRBEK, DR, 5. GC-MS 2 I 9 i
BEWEETW 6 FigEWRI] A, 2020, 49(1):
134—138.

ZHOU Liang-chun, ZHANG Xiao-fei, MA Jun-hui, et
al. Determination of 6 Harmful Substances in Surface

Layer of Plastic Runway by Gas Chromatogra-
phy-Mass Spectrometry[J]. Plastics, 2020, 49(1):
134—138.

WU X X, LIN, JI H X, et al. Determination and Anal-
ysis of Harmful Components in Synthetic Running
Tracks from Chinese Primary and Middle Schools[J].
Scientific Reports Volume, 2019, 9: 12743.

BEKKI K, UCHIYAMAL S, KUNUGITA N. A Novel
Analytical Method for Simple and Low-cost Detection
of Isocyanates in Ambient Air[J]. Analytical and Bio-
analytical Chemistry, 2020, 412: 103—111.
HEGEDUS O, SMOTLAKOVA Z, HEGEDUSOVA A,
et al. Determination of Isocyanates in Workplace At-
mosphere by HPLC[J]. Revista De Chimie, 2018,
69(2): 533—538.

ZWERy, W/, WEREZE, 55 A SRR TR
TSR TR B BR AN (7). fuke TRE, 2018, 39(1):
53—57.

LAN Wan-ling, PU Xiao-cong, YOU Yan-jun, et al.
2,4-TDI Monomer Residue Detection of Drug Compo-
site Sheet[J]. Packaging Engineering, 2018, 39(1):
53—57.



