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Abstract: In order to establish a rapid, efficient and convenient method for the determination of 19 phthalate
esters in vegetable oil, a method for the determination of 19 phthalate acid esters in vegetable oil by freezing
method combined with GC-MS/MS was developed. The results showed that: the pretreatment method of
freezing for 24 hours at —18 °C was changed to freezing for 12 hours at —36 °C which could reduce the
sample pretreatment time. In addition to the determination of 8 phthalate ester compound in LS/T 6131—
2018, this method also determined 11 phthalate ester compounds, including DAP, DMEP, BMPP, DEEP, DPP,
DHXP, BBP, DBEP, DPhP, DNOP and DNP. Compared with the external standard method of LS/T 6131—
2018, this method added the isotope internal standard method. GC-MS/MS was used to compare differences
between the internal standard method and the external standard method in determining the content of
phthalate esters in vegetable oil.The results showed that there was a good linear relationship between the
chromatographic peak responses values of 19 phthalate esters in vegetable oil on GC-MS/MS and their mass
concentrations. The correlation coefficients of the regression curve equations of the external standard method
and the internal standard method were greater than 0.990, and the detection limit and quantitative limit were
lower than LS/T 6131-2018. The method met the requirements of 19 PAEs analysis. The precision and
accuracy of internal standard method are better than that of external standard method, mainly because the

internal standard method can avoid the content loss in the extraction process. The experimenter can use the
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corresponding quantitative method according to the actual situation.

Key words: freezing method; GC-MS/MS; vegetable oil; phthalate acid esters
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F1 197 PAEs RERMEARHBIR, CASS., RE. £/ K. REME., 2 FXEHESF
Table 1 Name, CAS, concentration, manufacturer, retention times, chemical formula and target ions
for 19 kinds of phthalic acid esters and isotopic internal standards

FrRrEHR

A 44 KT CAS B e WM g ERET
(pg/mL) min (m/z)
D4-4B3E — 1 ik — P i D4-DMP  93951-89-4 100 T R 7.025  CioD1o0s 167,81,198,137
BHEARA T
A4 — P iR — 1P g DMP 131-11-3 1000 1 B AR 7.040  CoH004 163,77,194,133
JBeA5 45 BR2A )
D448 — g — 2. 14 D4-DEP  93952-12-6 100 T I R 7.453  C1,D1404 153,181,109,197
BHEA R
IS S Sl DEP 84-66-2 1000 32 B TG 7.465 CoH1404 149,177,105,222
L Ay A PR 7
D4-4B87% — W R — I I g D4-DAP  131-17-9 100 e B R $ 7.957 C14D1s04 108,136,153,193
BHEARA T
AR — R S T s DAP 131-17-9 1000 7 B G L 7.967 CiH1404 41,132, 149,189
JBeA A5 BR 2 )
D4-4B % — g — 5 T g D4-DIBP  358730-88-8 100 T R B 8.375 C1¢D»0,4 153,227,108,171
BHEARA T
AT R TS DIBP 84-69-5 1 000 Ir A R R 8.385 CigH»nO, 149,223,104,167
JBe A3 A5 B2 )
D4-48%E — I — 1 T g D4-DBP  93952-11-5 100 F I 4R 8.754 C16D»0, 153,227,209,108
PHEAT IR A
AR R OF T g DBP 84-74-2 1000 7 B G L 8.764 CieH0, 149,223,205,104
JBeAR A BR 2 7
D4-483E — B s — (2-F1 &) 2 1% D4-DMEP  1398065-54-7 100 T R B 8.900 C;4D;s0s 80,153,108,76
BHEARA T
AR P R (- A 2.6 DMEP 117-82-8 1000 1 B AR 8.912 CHs0s 76,149,104,176
JBe A3 A5 B2 7
DA-ABHE W iR . (4- W Fe2- [k L)l D4-BMPP  1398066-13-1 100 T B R 9.235  CyD30s 153,171,207,255
PHEARAF
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847 4, g casg PHRED g REMRY g ERET
(ng/mL) min (m/z)
A3 R L (4- TP 32 P ) g BMPP 146-50-9 1 000 Iz 2B A 9.247 CyH30,4 149,167,104,251
BHE A A PR 7
D44 R —(2-Z A3 s D4-DEEP  1398066-12-0 100 I B R R 9.410 CyD»0s 80,153,108,197
A BN )
A R . Q-ZHE I DEEP 605-54-9 1 000 I 5 T B 9.424 C4H;0s 76,149,104,193
e A B )
DA4-4B2E — H ik — % g D4-DPP  358730-89-9 100 In 2B TR 9.654 Ci3Dy04 153,241,223,108
TR A7 R )
A3 — ML s DPP 131-18-0 1 000 T BB R AG R 9.666 CsH,,0, 149,237,219,104
I A BRA )
D453 ik OVl D4-DHXP 1015854-55-3 100 T 4 1 10.900 CaD3004 153,255,108,237
BHEA RAF
AR — R — O s DHXP 84-75-3 1 000 Ir 5B TR R 10.919 CaoH304 149,251,104,233
A B )
D4-4B 3 iR T L JLEg D4-BBP  93951-88-3 100 DR.Ehrenstorfer A7 11.149  CjDy0, 153,210,223,266
AROR H R T TSR BBP 85-68-7 1 000 T B ARG B B 11.173  CioH500, 149,123,206,104
A B )
D448~ R —(2- T &) 2 g D4-DBEP  1398065-96-7 100 Tr 2R R AG AL 11.988 CyD30s 153,108,80,197
A B )
ARE R (- T A ) 2 1S DBEP 117-83-9 1 000 I5 B R R 12.014 CyH3006 149,150,176,193
TR A7 R )
D4-4B7 — H iR O Tig D4-DCHP 358731-25-6 100 TR R B 12.687 CyDy604 153,171,253,108
BHE A RA A
BB2E —H B RO R DCHP 84-61-7 1 000 37 2B R 12.714 CyHy0, 149,167,249,104
BHE e A FRA 7
D4-4B2K " HI iR —(2-Z.3%)ELEE D4-DEHP  93951-87-2 100 K ] SR 12.959 Cp4Dss0,4 153,171,283,117
B A RA A
AR H R . (2- 2,3 EL i DEHP 117-81-7 1 000 1 B Rk 12.990 Ca4H3504 149,167,104,150
B B BR A
DA4-ABZE — H R — 2ES D4-DPhP  1398065-61-6 100 1 BTG 13.282 Cy D404 229,80,108,157
Ho A A7 BRA 7]
AR — iR — 2R g DPhP 84-62-8 1 000 T B G B B 13311 CaoH140,4 225,226,104,153
A B )
D4-48 % — W R — 1 ik D4-DNOP  93952-13-7 100 15 B TR 15.456 Cy4D3s0,4 153,283,108,265
ety A R )
AR — R IF g DNOP 117-84-0 1 000 T B ARG B B 15.495 Ca4Hs3s0, 149,279,104,261
TR A7 R )
D4-4B 3 — I g — S T-g D4-DINP  1332965-90-8 100 T 4R 1 17.781 Ca6D4y04 153,154,108,297
BHE A RA A
A3 — R S TfE DINP 28553-12-0 1 000 35 B R R 16.500 CyHypO4 293,127,149,167
Rty A B )
D4-88K —H iR —T- W5 D4-DNP  1202865-43-7 100 K R R 19.670 Cy6Ds04 153,297,171,279
B A R A
AR R T-g DNP 84-76-4 1 000 I 2R TR B 19.755 CaeHyO, 149,293,167,127
et A R )
D4-4B7K I iR — 5 54 fig D4-DIDP  1346604-79-2 100 e HE R AR 1 23326 CyD404 153,154,125311
B A FRA
A i — R 54 g DIDP 26761-40-0 1 000 In 5B TR R 19.500 CaeH4O4 307,141,149,167
I A IR )
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1 000 pg/mL 17 Ff PAEs {RAR I & T 25 mL 45 &
i, MEHEES, 135 30 pg/mL A H I .

DINP ARIEHECHI 7 : IR 1.0 mL 1 000 pg/mL
DINP #R¥E T 10 mL & &, IO E%,
53] 100 pg/mL 4 [E) ¥

DIDP FR&ABCHI 1 : W 1.0 mL 1 000 pg/mL
DIDP ##i & T 10 mL A&, IMOEE%,
53] 100 pg/mL F¥HE] .

17 Fh PAEs PIAR BB il 7775 < 4351 R 250 uL
100 pg/mL # D4-DMP ., D4-DEP. D4-DAP .
D4-DIBP ., D4-DBP ., D4-DMEP ., D4-BMPP .
D4-DEEP ., D4-DPP . D4-DHXP . D4-BBP .
D4-DBEP . D4-DCHP . D4-DEHP . D4-DPhP .
D4-DNOP. D4-DNP #3if & T 25 mL A&,
IR, MSEIRIE N 1.0 ng/mL 1Y AR IR

D4-DINP N br 19 T i 75 % . B0 250 pL
100 pg/mL D4-DINP bRyl e T 25 mL &,
MG EZS, 153 1.0 pg/mL 5] .

D4-DIDP W bR Y L il 7 % . I HL 250 pL
100 pg/mL D4-DIDP #rifi & T 25 mL &N,
maMgEEZ, 452 1.0 ug/mL f a1

17 Ff PAEs TAEWK : MERRFLH 17 Fp&foR —H
FRERIEAR AR, Aok A2 0.01, 0.08. 0.75.
3.0, 15.0 pg /mL WIARHER I, WARETT A
—JE F 1Y PR PR oA TR Aol L6 8 v P BR VAR X
0.2 pg /mL,

DINP TAEW : #fE6fFSHL DINP fifi 5%, Pl
WA E R 0.5, 2.0, 5.0, 10.0, 25.0 ug/mL AR
HERDIEWL , NAREETR A — & & 1 N AR AT

HAABEEE P APRRBE S 0.2 pg /mL.

DIDP T AR : #EffFEH DIDP fifi &, Bl
B EE R 0.5, 2.0, 5.0, 10.0, 25.0 pg/mL ¥FxR
WERGIAI, AR I — 2 1 19 PN AR T
HAFAHBEEE T NAR IR EE Sl 0.2 pg/mL.

JI A ARG P FC I, i bn A 2 M 5 I
FEAERR BB B, BOLIE T 4 °CUKAR
T, ARG 2 A, TR A TAE R
B B P
1.3.2 HEMATE IR

HERFR ORI IR & 1.00 g ORI 2 0.01 g ),
FICE T 10 mL HLZEES Ok s v, HEmf
A 5mL ZHE, WiEdk% 1 min, + 4000 r/min
20 2 min, R BWER . AR, GIF Li
W, T 40 CARZET, HZEEAZ 1 mL, K
JEHR 1 min, it A—-36 °CUKFiH 12 h,4 000 r/min
T 4 CAEEL 2 min, B FHLAHT .
1.3.3 @i UsRm

PERE TR EE BN 280 °C; (A4 4 DB-5 MS
E4045H (60 m x 0.25 mm, 0.25 um ); FFEE R
1 uL, AMimdEee; HRFATHERRF N . IR E
JE 4 80 °C, {445 1 min, LA 45 °C/min #HKT} &
260 °C, F#LA30 °C/min H%F%2290 °C,{#4F 18 min.,
1.3.4 OB

TS EO B AN 2 R,

1.4 BUESDH

;A 6 AR €6 3 — — T OB R I O
BB MSWS 8.2.1 X S5 h B #4743 B7
AL B

x2 RIENSHERE

Table 2 The parameter settings of mass spectrometer

S5 WEER S8 WK
A AR (AR 99.999% ) il 4 < 2R (L 99.999% )
BT EI i Hf PR T (SIM)
BT IR 300 °C BT e 70 eV
BEIR 280 °C BRI AER 5 min
) B ENG HNFRITE m/z 50~500 )38 R Scan 555

2.1 FRigEEMRL
FUiE S HCRIUE B 78, X} 19 F PAEs [

PR, A3 2RISR PR R I TR, SR SIM
A THAE RS . 19 Fl PAEs KL IARPI I 4FAE
BTG REBH N 1 fro, 17 Ff PAEs XN
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FRIH SIM @i & an&l 1 fr7n, DINP K H MR
Y SIM (iEE K 1 Fras, DIDP KM H AR
[ SIM a3 [ an &l 3 fir s o
ME 1~3 7] LAFE W, FERAL S RS 5T,

19 Flt PAEs K 19 Fh[R] v 28 PN AR TR G b v 1 Tk g 751
BT SCERERE GC-MS/MS (1 SIM B HEF 7 5
AT DL R RE S 19 R W RREE SR WY
g Bk,

6.00E+07

5.00E+07
@4‘OOE+07
3.00E+07
=
= 2.00E+07

1.00E+07
0.00E+00
6.

125 145 165 185
[+ E] /min
B 1 17% PAEs R 17 HREAMNEZENFRHNEBEFRE

Fig.1 Total ion current chromatogram of 17 kinds of PAEs
and 17 Kkinds of isotopic internal standard

50 000 000
25 000 000 D4-DINP
40 000 000

s 33 000 000
30 000 000

4225 000 000

= 20 000 000
15 000 000 DINP
10.000 000

5000 008 \ .
65 85 105 125 145 165 185 205

fisf[E]/min

2 DINP % D4-DINP M BB THE
Fig.2 Total ion current chromatogram of DINP and D4-DINP

25 000 000
4z 20000000 D4-DIDP
15115 000 000
F 10 000 000

DIDP

5 000 000
0 A L L T y
6.5 85 105 12.5 145 16.5 18.5 20.5 22.5
5} &) /min

E 3 DIDP % D4-DIDP HI 2 B Fii &
Fig.3 Total ion current chromatogram of DIDP and D4-DIDP

22 PE_HBEEXINEMEFRE

17 # PAEs WYIRFRH CIEHS LTI 0.01~
15.00 pg/mL WAL EEPRIK EALSEATINE , DINP F1
DIDP 14533l £ & 5 W BC 1) 78 0.50~25.00 pg/mL
(R BEARR B LA TN AE , DU 25 2R 43 iR FH
PR FIMRE ST E BT . SIRARIIESE
T, B 19 AR — I BR RSk & W i K Fm
b B RE ST o0 A, DUGE(RMR LG, 20 ] D) g Ao

PR _WIREERI G 3 5. 10 f5{EME L (S/N)
TR B BRI B, S5 0L 3 Rk 4, & 3
AT, 17 F PAEs AhbRik [l )3 205 20 AH 5 &
BOHRT 0990, Fi i BR7E 0.001~0.004 mg/kg 1
FI, E8BRTE 0.002~0.014 mg/kg JLEH, iR
125 81 A 205 B B AR OC R B KT 0.990, A i R
fE 0.001~0.005 mg/kg JEMHIP, &ERFE 0.002~
0.017 mg/kg Ji [N ; 7 4 AT %0, DINP Fi DIDP
AR Y 1A 2805 12 B9 56 R B KT 0.990,
i HH PR Z3512 0.080 i1 0.085 mg/kg, 5E i BR 25
J& 0.267 1 0.285 mg/kg, WHREE RN ML HFEE
HRABIIRT 0.990, K FRAMIIE 0.117 Al
0.112 mg/kg, & & FR 4312 0.390 1 0.375 mg/kg.
A7 E B RYMET LS/T 6131—2018 ' PAEs
) B, AR R

23 EEMMAERYE

FKE GB 9685—2016 ( & &EEFIrMER
it il A ek B i R S R PR R ) PO R
DBP. DEHP. DINP [n] £ i H 1 s KA 7% FR i o
WA 0.3, 1.5, 9.0 mg/kg, PHIHEEEAIFR Ik
JEANT . Hrp DINP £1 DIDP %80 3 M (4.0,
9.0, 16.0 mg/kg ), HAy 17 F PAEs %30 3 Pk g

(0.3, 1.5, 3.0 mg/kg ).

IR AR ZS LR 29 1.00 g, 17 Bl PAEs
PRI AN K20 518 0.30, 1.50 A1 3.00 mg/kg F
HOMPRSER:, FATHERE 6 W, R 6 U474
X35 [ F0 RSD #EATIHEE . W3k 3 fius, 7E
ANKE- A 0.30 mg/kg BF, 17 F PAEs 7% JH 41
LR I A I Tl el I S N s T ez o [
86.40%~95.75%7F1 88.04%~105.00%3 FEl N, RSD
3R 1.09%~2.56%F1 0.51%~1.91%; FEZRMK
-4 1.50 mg/kg BF, 17 Fl PAEs 78K H A MRiE
P AR 325 0 2 B 7 35 1 iy S A 85.41%~
99.29%7F1 87.35%~107.96% L PN, RSD K 1.18%~
2.99%F 0.61%~2.14%; TEUHIZKF-H 3.00 mg/kg
iF, 17 Fl PAEs 75 R FAMR 2 P FR il 5 i H
S 2 [ R A3 S AE 85.16%~95.58% A1 90.10%~
104.25%3[E M, RSD 43114 1.48%~2.94%F10.97%~
2.00%,
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Table 3 Calibration curve, R%limits of detection, limits of quantitation, recoveries and
relative standard deviations of 17 kinds of PAEs

17T HBR_FREXNESYHRERL, HXRY. HHR, TR, ORERRBMNIRERE

JnAE 0.3 mg/kg

JNAE 1.5 mg/kg

Jin#R 3.0 mg/kg

e X FRRIE & Eh (n=6) (n=6) (n=6)
WAL 4 B I S s Famity e
ZRWURT (S/N) (mglkg) (mg/kg) spp4[uliigse/ RSD/ F-¥ g%/ RSD/ -3 [l it %/ RSD/
% % % % % %
— %107 x—
HbRid y=2.3371 104x 0.9987 12955 0.001  0.002 88.63+1.46 1.65 87.47+2.08 2.38 86.94+2.56 2.94
DMP 2.779 7*10
WAREE  y=1.2353x+0.0276 0.9978 973.5 0.001  0.003 93.85+0.57 0.61 90.14£1.20 1.33 90.47+1.59 1.76
= *107x—
iy V22393 104" 0.9977 936.6 0.001  0.003 86.40£1.96 2.27 90.62+1.97 2.17 89.80+2.32 2.58
DEP 4.038 1*10
MEREE  p=1.344 5x+0.007 5 0.9999 449.6  0.002  0.007 92.40+0.67 0.73 93.46+1.33 1.42 94.14+1.88 2.00
- 107 x—
Shpppe 19838 104" 0.9955 1130.2 0.001  0.003 86.56+0.94 1.09 87.45+222 254 85.90+1.83 2.13
DAP 6.344 9*10
MFREE  p=2.3314x+1.1892  0.9976 960.6 0.001  0.003 96.02£0.74 0.77 90.79£1.63 1.80 91.23+1.63 1.79
— *107x—
HhbRik y2‘4610104x 0.9941 937.6 0.001  0.003 93.52+1.20 1.28 92.63£1.09 1.18 92.06+1.36 1.48
DIBP 6.823 9*%10
MEREE  p=1.193 4x+0.018 1 0.9999 720.1  0.001  0.004 101.80+1.63 1.60 97.13£0.66 0.68 98.06+0.95 0.97
— 107 x—
Shprz V27071 104" 0.9926 1622.6 0.001  0.002 94.07+2.19 233 90.61+2.01 222 88.71+2.43 2.74
DBP 8.992 7*10
MEREE  y=1.197 8x+0.0332 0.9999 1706.5 0.001  0.002 96.57+1.65 1.71 94.28+1.50 1.59 90.71+1.43 1.58
= *10%—
PRI ES 56129 104x 0.9920 573.8 0.002  0.005 92.42+2.32 251 87.17+2.49 286 86.22+2.12 2.46
DMEP 3.2202*10
AR y=1.366 3x+0.070 6 0.9970 369.4 0.002  0.008 95.53+0.51 0.53 91.67+1.25 1.36 91.05+0.96 1.05
= *107x—
Sk YL 104" 0.9924 1466.1 0.001  0.002 88.89+2.28 2.56 95.96£2.66 2.77 94.21+1.94 2.06
BMPP 9.241 9*10
MEREE  y=1.256 7x+0.004 8 0.998 1 959.6  0.001  0.003 96.06£0.67 0.70 99.79£0.94 0.94 99.55+1.22 1.23
— *10%—
HbRi yo7.3484 lof 0.9916 3372 0.003  0.009 89.02+2.24 252 88.48+1.99 225 90.72+1.93 2.13
DEEP 4.190 4*10
MEREE  p=1.390 7x+0.0272 0.9993 284.8 0.003  0.011 97.00£0.69 0.71 96.81£0.59 0.61 94.72+1.17 1.24
— *107x—
AR y=2:5463 105x 0.9911 7852 0.001  0.004 92.47+1.55 1.68 90.06£1.98 2.20 88.09+1.82 2.07
DPP 1.534 1*10
MEREE  y=1.243 0x+0.001 8 0.9999 6055 0.001  0.005 96.97+0.62 0.64 95.06£0.58 0.61 91.42+1.29 1.41
— *107x—
SR y2'3204105x 0.9903 5159 0.002  0.006 87.59+1.68 1.92 85.41+2.07 2.42 85.16£1.97 2.31
DHXP 1.567 2*10
WAREE  p=1.272 1x-0.001 5 0.9999 3893  0.002  0.008 90.76+1.73 1.91 89.25£0.68 0.76 92.83+1.38 1.49
— #107x—
Sk 1.31438 104x 0.9916 5707 0.002  0.005 95.56+2.09 2.19 99.29+2.75 2.77 95.58+2.22 2.32
BBP 8.642 0%10
WAREE  p=1.5232x+0.048 5 0.994 1 533.5 0.002  0.006 105.00£1.21 1.15 107.96£0.99 0.92 104.25+1.52 1.46
= *10%—
ShbRik y6'272910f 09917 222.0 0.004 0014 93.75£1.12 1.19 88.21+£2.16 2.45 92.94+2.18 2.35
DBEP 3.708 6*10
MEREE  p=1.158 3x+0.039 1 0.9993 173.0 0.005  0.017 102.69+0.63 0.61 92.38+1.64 1.78 97.10£1.61 1.66
— #107x—
Sk 1'6889105x 0.9915 3599 0.003 0.008 91.60+1.29 1.41 86.08+2.57 2.99 88.17+2.35 2.67
DCHP 1.055 7*10
MR y=1.429 5x+0.0116 0.9999 2839 0.003  0.011 95.44+£0.76 0.80 91.25£1.39 1.52 91.01+1.46 1.60
— *107x—
HhbRik y=25187 105x 0.9914 409.7 0.002  0.007 92.00+1.62 1.76 88.84+2.35 2.65 90.61+2.12 2.34
DEHP 1.585 3*10
MR y=1.760 0x+0.005 7 0.9999 3150 0.003  0.010 95.33x0.49 0.51 93.06£1.43 1.54 95.94+1.64 1.71
- 107 x—
Shpry V16363 105" 0.9924 17345 0.001  0.002 91.72+1.47 1.60 92.65:1.65 1.78 91.46£1.96 2.14
DPhP 1.114 7*10
WAREE  y=1.579 7x+0.0072 0.9998 13662 0.001  0.002 9543+1.16 1.22 97.65£0.79 0.81 97.46+1.40 1.44
— *107x—
sk 16983 105" 09916 3093 0.003 0.010 95.75£2.00 2.09 91.93£2.59 2.82 90.20+1.88 2.08
DNOP 1.227 8*10
WERE:  y=1.378 6x+0.009 5 0.9995 2340 0.004  0.013 100.45:1.70 1.69 97.26£2.08 2.14 94.87+1.71 1.80
= #1007 x—
ik PTIAT 105" 0.9922 244.0 0.004 0.012 86.54£2.21 2.55 85.68£1.79 2.09 88.43+2.07 2.34
DNP 1.144 5*10
WAREE  p=1.523 0x-0.0076 0.9999 179.4 0.005 0.017 88.04+1.04 1.18 87.35£1.04 1.19 90.10+1.66 1.84
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% 4 DINP 1 DIDP HyR ALk, HX R, KHR., TER. BEIRERBENIRERE
Table 4 Calibration curve, R%limits of detection, limits of quantitation, recoveries and
relative standard deviations of DINP and DIDP

fnkr 4.0 mg/kg  fNFR 9.0 mg/kg  FFR 16.0 mg/kg
‘ o SRR S o (n=6) (n=6) (n=6)
R (SIND - (mg/kg) (me/ke) sppy [l / RSD/ T4 %/ RSD/ P-4 [5 e %/ RSD/
% % % % % %

- =3.605 9%10°x+
s * 0.9990 150.0 0.080 0267 91.16+2.59 2.84 92.98+1.69 1.82 92.51+1.87 2.02

DINP 5.985 8*10°
WHRTE 3=0.568 5x+1.0135  0.996 7 102.6 0.117 0.390 96.32+1.84 1.91 94.82+1.05 1.11 95.17+0.87 0.91

_.. y=1.3265%10°%+
9 3
DIDP M5 6.121 6*10°

WHrE  3=0.635 8x-1.6056 0.997 7 106.8 0.112 0.375 95.41£1.60 1.68 94.90+1.51 1.59 92.23%£1.63 1.77

DINP #il DIDP #§JiIZK-F-43- 5124 4.00. 9.00 F1 3 R 5240 19 Ff PAEs A4l gk, HN
16.00 mg/kg FMUMARSZER, 515K 4 iR, 16 bRik HLAMREETE R .
IINKSEHy 4.00 mg/kg if, DINP Fl DIDP 7E% ] 2.4 SEEREESSH
A R P AR ik I RE B H S 24 TR 4 ) R FREERES 1 (QC-CO-705) ' DBP ) EL{E X
91.16%. 91.74%% 96.32%. 95.41%, RSD 715l |ajyi & 5.261~6.797 mg/kg, DEHP (20 X [f]
9 2.84%. 2.34%R 1.91%. 1.68%; FEIMIZKF- g5 fl 2 4.009~5.377 me/ke, JFHekES: 2 (P37803D)
439.00 mg/kg I, DINP I DIDP 2R HISMRIAFT o DBP Ay {8 X 5] 5 Bl j2: 5.62~8.08 mg/kg, DEHP
P AR 325 0 6 H P 2 [ R 93 53 - 92.28% F) {8 X 1] 35 FBl 2 8.6~12.4 mg/kg, 4 5% FAAM
91.11%7%1 94.82% . 94.90%, RSD 73514 1.82%. T PR v A1 21— B T s ) T A I 2 A o g A
2.37%FH1 1.11% . 1.59%; FEUS K- 16.00 mg/kg iy iy 2 A% R S EAT I 502 , 5 45 SR 00 26 5 s
i}, DINP H1 DIDP 7R &My 12 F1 A B i 0 7 g H13e 5 gk BaT 2, AMBRTE P AT B D TG
HAP 2 IR0 92.51%  89.90%F1 95.17% . A [R5k R PUAS I A2 R b PAESs 25 5585°%
92.23%, RSD 739K 2.02%. 2.76%F1 0.91%. VEED . HL YRR I S 4 B AR R 22 /8 T4

Ty PN

1.77%. LRI WA S S ik A R VERMERYERE  fRpk | oy T 00 ORI LA Ml 2 S 5 A

0.996 0 140.5 0.085 0.285 91.74+2.15 2.34 91.11+£2.16 2.37 89.90+2.48 2.76

x5 FMRENARENSREEREANEZERPSE_PRES ST
Table 5 Comparison of PAEs in qunality control sample and two assessment sample measured by external
standard method and internal standard method

e DIBP DBP DEHP
. 5
F5 BT grpe MR B OMIXHRE WGEMY MG MIXHRZE WEM R MR
(mg/kg)  (mg/kg) % (mg/kg) (mg/kg) % (mg/kg) (mg/kg) %
<8 e A bR — - — 5.780 6,029 4.13 4.47 4693 4.75
QC-CO-705 SYTRES — — 5.900 ' 2.14 4.55 ’ 3.05
, B2 LLTRES — B — 6660 o 277 1021 o0 276
P37803D AR — — 6.780 ’ 1.02 10.34 ' 1.52
BT AR 0.766 2.79 0.614 5.83 1.00 8.26
3 - . 0.788 0.652 1.09
gﬁgﬁﬁﬁ‘gi ALTRES 0.793 0.63 0.688 5.52 1.01 7.34
AL 2 LN IS 1.590 7.56 1.940 5.36 2.94 8.41
4 B ) 1.720 2.050 3.21
ég?f;;géi? MR 1.640 4.65 2.090 1.95 2.98 7.16
ZRLHFE L 3 VANINES — — 0.512 6.40 0.034 5 /
5 ACAS-PT1491 - — 0.547 <0.5
(2022)22-1.940 HARIE — — 0.515 5.85 0.036 4 /
ZRHRE L 4 S bRk — — 0.990 6.60 0.0157 /
6  ACAS-PTI1491 . — 1.060 <0.5
(2022)22-N175 W hRE — — 1.110 4.72 0.017 0 /

T =" RN AT AR, )7 FRAMER.

Note: “—”means there is no data, “/”” means there is no requirement.
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REZ=

3 i

ARG T RS A GC-MS/MS /& =K
MAEYIIM S 19 FF PAEs B9 7. 5 LS/T 6131—
2018 HHTANER T A b, AR S B0 Ty ks i Ak B
FE S TR AT IR A —18 °CI& h-36 °C, FHRTT
B ] DA 24 b/ ok 12 b, 38 e A TG IR B Sk 4 iR
it VBT U S TAD, NI 48 1 WAL BT ], AR 52
ESIRIEIN T Hofth 11 FhEBR I RRER RSP
W, REAE ] B DU AP b 19 Fh &84 — H R ik
FALEY, HA SR S i AR R T
PIBRIE I I 2

SLIRZE R R YT 19 Ff PAEs 7 GC-
MS/MS |- 8,3 i i) 1 {5 5 5 vk B 2 ) 2k
KR RAF, PUEERZ I B AHSC R EEIRTF 0.990,
Hirr 17 Fh PAEs 7EBUE K 0.01~15.0 pg/mL 2
8] £k 2% 22 KL 4F, DINP A1 DIDP 76 Jifi s & 0.50~
25.0 pg/mL Z MR R RIF . AL oMRk
P FRIE A R AE i BRI TARE Tk, e
TR S A I R 2L, Ho, AR E Y RSD A
FAXT R 22 B/INT AR, X UL BRIk RS 2
FIAERR R ZEATAMRIS, AMRIE S BRI AR L fAf
SERE, O WSE AR 1948 S A o A A
N B3 AT AR 6 S 50 2 BRI Ol e 5 I i o
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