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FEE 0 DB - WAX £ A Giki ETIRAFREAN B+t wWik b A
ARdn ST AR AAEEAE - B EETEL(GC-MS/MS) [ Bl 2 08 A KA
W R A AT R T R AL A 8 ok, SE xR sk e R AT T &
B R R A X IRET R % 20 min B, R A MRM 4 X fe 52 3 28 38 A8 & &4,

FIT RKAYAAR KT ERE XA 13 UL W T AL . ZFh kwtak
23 >0.999, K Zeg4h h R4 0.000 8 ~0.001 0 wg/mL, & & k%
0.0025~0.003 0 wg/mL; 48 X = F 8 B £ AL & e9 4 B R4 0.003 0 ~
0.008 0 pg/mL, Z&F-#4 0.010 0 ~0.030 0 pg/mL; 7 % AL A 4 & Ho AT KB K
PTG R R A 83.2% ~99.8% AR AR EAR E DT 7.00% . XA % ik E

BT, W RS, TH AT ER, L2 2 RAKT AT kAR .

BIEEE A (1969—) , %0, bR TA, LA E LA A RFTEN S EHA TS HRIAIN, LA 7 & A FEAE.
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Abstract ; Using a polar DB-WAX capillary column as the column, n-hexane as the extract, and n-tetradecane
as the internal standard, the simultaneous determination of the waterborne adhesives by gas chromatography-
tandem mass spectrometry ( GC-MS/MS) was established. The method for the content of benzene series and
phthalate compounds was investigated and the performance of the method was examined. The results showed
that the complete separation of 13 components of benzene series and phthalate compounds was achieved by
MRM mode and optimal collision energy conditions at the optimum extraction time of 20 min. The correlation
coefficient of this method was >0.999, the detection limit of benzene series was 0.000 8 ~0.001 0 pwg/mL,
the limit of quantification was 0. 002 5 ~0. 003 0 pwg/mL; the detection limit of phthalate compounds was
0.003 0 ~0.008 0 pwg/mL, the limit of quantification was 0. 010 0 ~0. 030 0 pwg/mL; the recoveries of the
two classes of compounds at each spiked concentration level were between 83.2% ~99.8% , and the relative
standard deviation was less than 7. 00% . This indicated that the method had good repeatability and high
recovery rate, which could meet the requirements of quantitative analysis, and the limit of quantitation was

lower than the industry standard.
FZKFEIE A R P RIRE R — P IR BRI )
Tk , VASIARAT bE SCHR AR 18 J7 75 B e A A 2R
FRRE , S M FH K BRI R0 o s 45 i 4R 2 2%
1R
1.1 {XF5iH

{3#% :7000D - 7890B = UL I {13
JRHEAX, DB - WAX B 4L, DB ~ SMS A %
HE, K[ Agilent 77 HNY - 810 [m]Jig Uik 7 4% ,
KRR A AT R 2 77

1R 2 o v B O 5000 wg/mL f oK H
RCH GBZHR M ZHZR R IES
Beli G R IR (400> 99. 0% ), B vk

0 5%

IRIE I AT R 0 B o ) 7K 1 L v
TR AR b BT B O &
JRBEE IEPE T B e S Y KR £
VAR & Wi o9 £ 20k, 22 3R & L ele vk i il
13, A= O RS 2R F BRI O AR, 7K
B 2 A7 B — S AR F AL A Y, ik
RYRBE BB A KR
PRI IR b IS5 A R AEHT, e 18
MBI i A 28 28 GEAF 5 , R L TP Al
A, b R E BB TR R T 46
R HRBEAE Y T EIE X AR ER

HAfa B s AT A SR (3% -
TEIE 1 (GC-MS) X 7K B i v sk 2 A5 55 )
R E T MR AR E R B AT, X mid A
B RAIN 22 D) BRSO A =, e 0 K 3
JBEH 2R 2R I A R AR A
(HPLC)™ H1 5 25 - K i 3k JH 3% (HS-GC/
MS) K S AR E — IR G L Ay
(R0 o 2 A R R S — R
(UPLC-MS/MS) ' GC-MS™ 1 HPLC™'. GC-
MS/MS &5 BA i 2 B bt T RE ) 1A
75 35, T8 A 52 2R A ARG I L AR S g
SE—FPF ] GC-MS/MS [] BB o 5 6z 000 A

FESR 1000 pwg/mL (1) &R 28 — H R — HI fig | &P R
THIR TR AR PR R TR AR
R I T I ARR H R T W R AR R
PR —(2 - &3E) O lR K —H R IE — ¢ Hg 1Y 1E
CREiR BRI (BT 5048 > 99. 0% ) , & 46
K IE - PUkE (R0 %099. 0% ) , H R B R
HRRA TS IE S be E e Al 5 bt (o
4fi) , % [E Thermo Fisher 24 w] 7™ 5 M 5 H I
A 0 2 P W6 S A o, 38 B RS A A
Ak

1.2 {UBTIEEH

1.2.1 SHEGIEEGE HEbalmkin
EA A s A TR B 240 °C 830K He (410
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JE=99.999% ) ; A L 25 ¢ 1 i 1.2 mL/
min; HEAER 1 WL, A3 TR AT I E AL
fefficg , DL 4 o0 A 500 .

1.2.2 &M AL 240 C i1
JE 70 eV B Uk B 230 C; PO ik E
150 °C ;% 4ER I [E] 3. 0 min.

1.3 XA *E

1.3.1 WHRZFERRMRAMEEROES K5
BRI 2 19 1 1 P o, TR o) oS e B
0.30 pg/mL [ 1E CReI AT R AR 26 IO ; 4
BFRER— 2 B 2R RPITR A PR RS 48R —
HIR BRI B VIR A PR R, & T 10 mL4&
s, I IE OB O B B 20 B 4k TR 5 34
A1 43 SIS BOR R 2R AR HOR R
HIOR 6 B 2R B v 2 R 10 pg/mlL, D K
RIR T HIR — PR AR IR — LR AR AR
R — 5 THR AP 2R —H R 1 T hR ARK —H
g T RIS AR T HR (2 - 2 OUBE .
PR ZH R IE o R Y B iV B R 50 g/ mL
1) IE O Joe br HEAE 25 T

1.3.2 tRAETIERROES BHR—E KM
MIPRAERE B W T 10 mL 25 s ffrp, I PR i 25
WO B R 0 BE 2 TR G 350 e R A A v
VSR LR A R R W AL A3 o vk B A R
0.002 pg/mL, 0. 004 pg/mL, 0. 01 pg/mL,
0.02 pg/mL, 0. 05 pg/mL, 0.1 pg/mL,
0.2 pg/mL; 4B — IR IR 2 A5 Wy Jox & Wk i
4351240, 01 pg/mL,0. 02 pg/mL,0.05 pg/mL,
0.1 pg/mL,0.25 pg/mL,0.5 pg/mlL,1.0 pg/mL.

1.3.3 HRAES5SH FRI0.3 g ALK
RAEECHME0.1 mg) , % T 50 mL HIE =l
LA 2 mL — K, IR A 5] JE HERR A
10 mL NARZEEGEK , T 150 t/min F¥E7% 20 min
J& R RV W, 4T GC-MS/MS 3. ATE
a, B BRI BR, AR s | A, #E1T GC-
MS/MS J3#r.

2 ZR5WNE
2.1 FERUAFIRIIGIE

R v o3 Ar 0 o i M I, 3 I S R e L T
Ot IE SRR T 25 UL . B A B T [l e
Wi, ZE U 1] 2 20 min B, 50 P be 25
W LA ) PEBTRR , S BUR 24006 7 42
R/ A ERILE7/OL ol o wvzs g g M N E L & e
TECBE N ZE U A, Rl 2 Al it R R
()3 25 [ ICR R 97. 47 % |, 41 — H RIS 2k 4k
B EE S 90. 97 % 5 1 1F e 4
ivezasllin IR ERUIE 7B RTE Sai s L7/ R A EIl'e
R 91.33% , AR —HRBRRA A YT 1
[l oy 88. 46% , ik W] fig s B T H A% A Pk,
fef A5 o Hh 2 I i Ao R v 2o 8 0 1E NG b
R FE A R TS R AR R, 2 R
O BE A E A IO R 45y 3
2.2 ZEEVAE A IFIE

TP IBCHH FH A28 e AR S A I A i, 4% 2R
AR W R TR 28 1k & W) 1 Jin A vk B2 3 53] A
3.3 mg/kg F1 17 mg/ke, $44¢ 50 B T W iE Ik
et ZEBUNE] A 10 min, 20 min,30 min [, %
R F 2 o 5]y 96. 21% ,97.47%
97.57% ; %B7R RIS Y7 24 [l 5
A35H 85.69% ,90. 97% ,90.47% . AH Xt 47 i
2% RSD <3.50% . % T7E 20 min B} 4541 43 9]
WA g, PRLG , 12645% 20 min Sy S A AC IO [A].
2.3 (UEREHRMmIE

35 %A 7 2k A DB - 5MS (30 m x
0.25 mm x 0.25 pm) F1 DB - WAX (30 m x
0.25 mm x 0.25 pm) BYNE AT LR
R AT 1Y) 0 B L. 5 SRR W], 7E AR
P£ DB - 5MS 3545 I, HAR 3 Hr AR X o 2.
ARk E DB — WAX (4 3% AT nl 4 13 B H b5 20
W5 NERY 2T, TR+ DB - WAX (8, 3% 4
BEATKBE S Y 53 85 o3 A DUAR T S 1) Tl R 7
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NG E 40 C L £+F 3.0 min, P4 10 °C/min
FIFHEE T2 100 °C, FELL 30 “C/min [T+
HORTHR 2 240 °C, 47 30 min. Z2 5 b 4G I 4
i (MRM) €833 ] LT 1, 28 2 90 4 o et vk 3R
0.2 pg/mL, AP " HIIRERRAL S W B ik B2 oy
1.0 pg/mL, IF PRk B4 0.3 pg/mL.
i A R MRM B, X filf 128 RE 2t i/F
TrAAl B 5 25 A2 53 R TR S 10 = e
Xf MR e SRR SR, AR 1.
2.4 FHiERRIE
2.4.1 WEMEZ.KWUHRMEERSH =
GC-MS/MS 5 i A4 245 A o b e ith
LT FERAR DG R ALK 2. |6 2 AT, 7E )
P18 Jo f MR B 91 L PN, 45 2 0 b ot 2 e v ¢
R MR FREII KT 0.999. BURALR HE T
VEVS WSS AT 10 3, THA5 41 23 AR TfE
TR2Z, 35T 3 F5 AT 10 R R 22 060 17 1) 25
O RO RR AN E PR SR R R
K% 0. 000 8 ~0.001 0 pg/mL, 5 & R N
0.002 5 ~0.003 0 pg/mL; 4} 2 — F IREE XY
J 4 Y BR A 0.003 0 ~0. 008 0 pg/mL, &

IR K 0.010 0 ~0.030 0 pg/mL. F| A Jr
PO E 2R R YNGR H IR RIS A B
PR St PR BT S ARG 47 b A o R SRR ik 8 235
%[13715.19]'

2.4.2 MIRERTEER  LRHL BRI
T EPERE i b 2R R Y FAR A — I IR IR 26
A 34 ARG 1 [] — 7K R JRE A i, 4 BRI
Hm 3 N E R KE, BT E A [F] i
WRTE 2R R AN AR R — W ERTR 28 Ak B AmfE T
VEWSW, BN IRIKSF L S IR THEEAS J5 10
IAREIOR, 25 R WL 3. R 3 /I HL, R RY)
(2 IRy 83.2% ~99. 7% , 48K — H iR
B S PHF3 h 86. 5% ~99.8% ,
VERA A 7 LA 8 1 A M, 3 B % 7K SR
B R OR RPN IR — H IRER AL B P43 1
DURE , AR BRVE IR 22/ F 7. 00% , RE W1 12 1
HITHTINEOKR.

2.4.3 ANXFESHREFTENTILER ik
BERE S IR RN IR — I RER AL B R
x4 IR ity s 43 0 A 7 1 R o J7 750
SENNBREE A PR RS — HIREERIL &)

%1 &2a569 MRM &4
Table 1 MRM conditions of each component
5 PRE I E/min - BFXF LY REERERE 1/V BFXE2Y O REERERL 2"V
F 3.560 51.1/50.0 15 78.1/52.1°" 15
5B 5.233 51.1/50.1 15 91.1/65.0" 15
%3 6.776 91.1/65.0 15 106.1/91.1" 10
Xt - % 6.909 91.1/65.0 15 105.0/91.1°" 15
] - — 7.035 91.1/65.1 20 105.1/91.1" 15
AF — —HIE 7.780 91.1/65.0 15 106.1/91.1" 10
1E ks 10. 542 57.1/41.1 5 71.0/43.2" 5
AR2K — H R — FIfig (DMP) 14.839 162.9/77. 1 25 77.1/51.1°" 25
AR — W R — Z & (DEP) 15.147 177.1/149.0 5 148.9/65.1" 20
AB2R —H R — % T l5 ( DIBP) 16.085 223.0/149.0 5 149.0/65.1" 25
AR2K —HRIE — TR (DBP) 17.306 223.0/149.0 10 149.0/65.1" 25
LR HR —( 2 - %) EFE(DEHP) 24.747 167.2/149.0 5 149.0/65.0" 30
PR R T L JL R (BBP) 34.487 91.1/65.1 15 149.0/65.0* 30
87K B R IE - Tik ( DNOP) 36.410 279.2/148.8 5 148.8/65.1" 25

B U MRS TR, BN 27 s B X e B R
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Fig.1 MRM chromatogram of each component
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Table 2  Linear equations, detection limits and quantitative limits for determination of each component

wEY 2 ey MERHR KB/ (pg - mL™") R/ (pg - mL™)
S y=1.588 24x +0. 131 642 0.999 8 0.001 0 0.003 0
P’ y =2.712 08x - 0. 001 708 0.999 7 0.001 0 0.003 0
I y =3.158 25x —0. 002 325 0. 999 4 0.001 0 0.003 0
X - —HZE y =3.294 50x — 0. 001 923 0.999 7 0.000 8 0.002 5
la) — — 2K y =3.269 57x —0. 000 013 0.999 5 0.000 8 0.002 5
4 — — I y=2.921 43x - 0. 001 701 0.999 1 0.000 8 0.002 5
A — H iR — g y =0. 725 56x +0. 000 053 0.999 6 0.003 0 0.010 0
AR~ R — L g y =5.216 70x +0. 002 561 0.999 1 0.003 0 0.010 0
SRR T HIER R TR y =8. 740 24x +0. 007 222 0. 999 4 0.004 0 0.0120
AR —HERIE — TR y =10. 620 1x +0. 027 326 0.999 6 0.004 0 0.012 0
AR (2 - Z3) ClE  y=5.566 72x +0. 007 062 0.998 3 0. 004 0 0.012 0
AROR TR T MR AL y=3.510 08x +0. 016 16 0.998 2 0.010 0 0. 030 0
A7E — R IE SR y=9.387 72x —0. 028 18 0.998 2 0. 008 0 0.023 0

EE L EA S S UK, IE R A R AT ¢ R (I
FA) PR FEMIRF N 0.05, 3 4 AR, K
SRR il R IR R PRSI — IR RAL S 0
AEY/INT AN ¢ KBl S{E 2. 776, W fil
AT A AT AR L A A 45 R 2Z [ A

AR EZE 5
2.5 ZLEREMMNELR

B AT IO T 52 B R A oty PR R

) 7 AR TR A i 12 A, o 8 54 Sl A
Hir PR —HWRRIE_TH, H&5&8H8
10. 57 mg/kg, MRM {6335 [&] UL 1] 2, HoAd A 5 vp
BiARA BARPIRE . 8 BH A 5 2 T LA A2 7K ik
JEAE: it b EL AR 000 . 55 47 oMl A o R SRR 4
TE Y HAB 7 AR F , A8 5 B AN o 2 B 4 £ 5 A
FHAFRY , T S B0 284k 45 P TR B e DU , iy L
SRR T ARYE. A7k FR o 4828 — F R IE
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k3 K ARYFARE W BB E AL M AR EDRE (n =5)

Table 3  Recovery rates of benzene series and phthalate compouds(n =5)

e SR/ (pg -mL™") e AT SR/ (pg -mL™")
E 0.01 0.05 0.20 RSb7% WH = TR e 0.05 0.25 1.00 RsD7 %
P 85.3 85.6 95.5 2.26 AR iR — IR 86.5 90.5 89.4  1.24
B 87.5 89.7 95.8 6.78 L8%E W R — g 96.3 95.7 97.8 1.39
L 88.0 93.3 87.1 3.45 AR HR 5T g 98.2 98.3 99.8  3.64
K- T HOE 83.2 91.2 94.3 6.12 SRR R IE T g 97.1 97.3 99.4 1.94
M) - —HIZE 88.4 94.9 94.7 6.42 AR IR (2 - Z38) OVl 94.7 97.0 96.8  3.21
A — 86.0 99.7 91.5 5.18 SRIR R T AT RS 94.9 93.4 95.7 2.56
AR T H R IE TR 92.7 95.7 93.2 3.31
A4 KA kBATRARE S R R (n=5)
Table 4  Comparison of this method with the industry standard method(n =5)
kg A7 IR AT ARAE T A
ey /Qug L) /(g ml) /(g ke ) b i
0.01 0.008 5 0.008 7 1.64 1.804
S 0.05 0.042 8 0.046 9 6.46 1.923
0.20 0.191 0 0.189 0 0.74 0.134
0.01 0.008 7 0.008 5 1.64 1.411
EEF7S 0.05 0.044 8 0.047 6 4.28 1.004
0.20 0.192 1 0.1952 1.09 0. 167
0.01 0.008 8 0.009 0 1.58 0.941
7 0.05 0.046 7 0.046 9 0.30 0.364
0.20 0.174 3 0.186 0 4.71 0.615
0.01 0.083 2 0.091 0 6.33 1.794
X — g 0.05 0.045 6 0.048 5 4.35 0.384
0.20 0.189 0 0.194 3 1.84 0.567
0.01 0.008 8 0.008 4 3.28 1.911
fa] - —HIZE 0.05 0.047 5 0.046 8 1.04 0.241
0.20 0.18 91 0.192 2 1.11 0.363
0.01 0.008 6 0.009 2 4.76 0.981
4 - — % 0.05 0.049 8 0.048 8 1.43 1.602
0.20 0.183 2 0.187 1 1.53 1.128
0.05 0.043 2 0.044 8 2.57 1.587
AR — F R — HIfiE 0.25 0.226 0 0.241 3 4.54 2.539
1.00 0.894 1 0.934 2 3.09 2.634
0.05 0.048 1 0.049 2 1.59 1.841
AR iR — 2 liE 0.25 0.239 4 0.242 1 0.88 1.428
1.00 0.978 1 0.981 2 0.21 1.263
0.05 0.049 1 0.048 5 1.15 1.682
AR IR — 5 TS 0.25 0.239 4 0.244 7 1.46 2.435
1.00 0.998 6 0.979 3 1.35 1.760
0.05 0.049 1 0.048 3 1.16 0.577
AR IR TE — T g 0.25 0.2455 0.243 2 0.58 0.855
1.00 0.994 3 0.979 5 1.07 1.571
o 0.05 0.047 3 0.046 7 0.90 2.525
(QEZFZE%Z{EB 0.25 0.2425 0.246 2 1.01 2.230
. 1.00 0.968 3 0.994 0 1.87 1.039
0.05 0.047 4 0.049 0 2.34 1.016
LROR T HR T IR AR 0.25 0.2335 0.244 9 3.39 2.086
1.00 0.957 3 0.967 8 0.81 1.659
0.05 0.046 3 0.048 2 2.84 1.333
ROR —HRIE TR 0.25 0.238 8 0.246 7 2.32 0.628
1.00 0.931 7 0.967 0 2.60 1.346
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Fig.2 MRM chromatogram of lap adhesive samples
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