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Simultaneous determination of 16 kinds of phthalic acid esters in fatty food
by QuEChERS-gas chromatography-mass spectrometry

FU Qun, HUANG Qiang, WANG Shang-Jun, YU Jian-Bing"

(Ji’an Food and Drug Inspection and Testing Center, Ji’an 343000, China)

ABSTRACT: Objective To establish a method for the simultaneous determination of 16 kinds of phthalic acid
esters (PAEs) in fatty food by QuEChERS-gas chromatography-mass spectrometry (GC-MS). Methods Samples
were extracted with acetonitrile saturated by n-hexane and purified by QuEChERS method. After the samples were
whirled at 2500 r/min for 2 min and centrifuged at 4000 r/min for 3 min, the acetonitrile layer was sucked into the
purification tube added with 25 mg graphitized carbon black (GCB) and 100 mg primary secondary amine (PSA) for
purification. It was detected by GC-MS and quantified by external standard method. Results The 16 kinds of PAEs
had good linear correlations in the concentration range of 0.02-2.00 mg/L with correlation coefficients more than
0.9991. The limits of detection and limits of quantitation were 0.10-0.30 and 0.33-1.00 mg/kg respectively. At 3
spiked levels of 0.2, 0.5 and 2.0 mg/kg the average recoveries were 80.2%-97.3%, with the relative standard

deviations no more than 7.33% (n=6). Among 40 commercially available fatty foods, the overall positive detection
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rate was 17.5%. Conclusion This method is simple, efficient, accurate and reliable, which is suitable for the

determination of 16 kinds of PAEs in various fatty food.
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LR 2K — H FR T (phthalic acid esters, PAEs), f&j#R A%
TR, BESS SRR G i ZE e G R, R ek
SUSINTESDR b ABGE SRR . 1T PAEs 58RI
Z AT A s, YR hAE . FESE Y TR 5
B, MY BRSSP RY], PAEs B £
PSR, WREA I REE . FNEREME DA R B0 . SRRl
RSP, RN B & PR PAEs JR#g N0 i
T 75 W AE IR K5 IXUBS: A S 188 ;- PAEs m] 3 m A B ) R
HHT . AE R FIBE PR (0 JRURE ), A PR S5 7 i A
SeA PR A B AR T IR A K A PAEs B EEAOCN
M PAEs HA EHEVE ", Sl @il 5 52 81 3R A7
AR 240 PABs BTG Y, X EBI5 e 225 A
T RRE T8 PR 1 114 DRSS o ERL I I i %o - 248 5 Tl B £ i v PAEs
B WD 22 AN 25 % o

HHl, AXEMY PAEs Kol ik mmisy 1T4E, £
JEATXE T . ok BRI I AR [ R
F 2 IR £t P PAESs A 5 125 A AR G SCHR I B A 2 0L
A W 5% 4L @ V7 QUEChERS- < AH 4 3% - Jit % 1 (gas
chromatography-mass spectrometry, GC-MS) i) s 4630 A [i]
P AR &S P 16 Bl PAEs (9 71k, X Hiab 3y i op
TAERT ] . W BERE A . b S AN R AT AL, DA
X E IR E S PAEs OISR LRI AL L SR, ATEERY
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1.1 XFE5RF

Agilent 7890A/5975C S AH €4 1% it 1% ¢ FH AN (€ [
Agilent Technologies 2y #)); TG16-WS & 25 LG
A28 AL TT AT IR |]); SDC-3000 2457 i fig ik 51X
(RYNE s A AR A R FD); Quintix224-1CN HLF R
(T 28 Z2 R A W)

16 FR&RR — H RRERIE G AR VA 482K —H iR —H
fi (dimethyl phthalate, DMP), 47K — F i — Z.Fi§ (diethyl
phthalate, DEP) ., 47— H iz — 5 T Tis(diisobutyl phthalate,
DIBP). 4B —HI[iX —IF T FR(dibutyl phthalate, DBP), <}
oK TR — (2- W & Kk) Z TE [bis(methylglycol) phthalate,
DMEP] . 4F % — H B — 4 B 3 -2- & ) B
[bis(4-methyl-2-pentyl) phthalate, BMPP], 487 — HIfig —(2-
2RI Z TR [bis(2-ethoxyethyl) phthalate, DEEP], 487k —H

PR — I B (di-N-pentyl phthalate, DPP), 487K —H 2 — Ll
(dihexyl phthalate, DHXP), 4% —H R | 2 X ERE (benzyl
butyl phthalate, BBP) . 4B — H g — (2- T & %) L fis
[bis(2-butoxyethyl) phthalate, DBEP], 4B7 —H iz "I Hk
(dicyclohexyl phthalate, DCHP), 4B7% " H R —(2-2.3%) g
[is(2-ethylhexyl)phthalate, di(2-ethylhexyl)phthalate, DEHP].
A2 W R — TF 3£ lig(di-n-octylo-phthalate, DNOP), 452
/i — T-T& (dinony! phthalate, DNP) . 4R%E — g — § s
(diphenyl phthalate, DPhP)(Jfi it #¢ i 47 1000 mg/L, 1z 885k
FRER BT L) o

ZIE (g4, PiPEF SCHARLAB S. LAH); IEC
fE(fa %4, SE[E Tedia 23 7]); PAEs f6 i B BE 22 HUAS (23
B B ERALE, Rk SimAHR R AR AR, 2=
JH-N-TA B¢ (primary secondary amine, PSA). 12 {bhk
M (graphitized carbon black, GCB). C,g (iZ & 4= P KRG R
NG

40 3 i B AT I TR
1.2 fRERRAECH

HEFREIL 16 FhERA — H RERIR A AR T iR
1000 mg/L) 1.0 mL, FHIECUAEEZZE 100 mL, Hil4A 10 mg/L
MIbRHEPEIE, T-18 CI#EfF. FrbruEftsri s IHEC ke
FRFEEWSE A 0.02, 0.05, 0.10, 040, 1.00 Fl 2.00 mg/L FiAR
WERI TR, BT 4 CUKHINEDLIRAE, Rl
1.3 #HmETatE

FREL 1.0 gCKE 102 0.0001 g)FEfSh, fiIA 2 mL Z i1 Fn
Y IE 4%, 2500 r/min 3¢ 2 min, FEINA 4 mL 1F & Beif
B ZJEHEEL, 2500 r/min IR HE 2 min, 4000 r/min %> 3 min,
W HLZ %2 Z C B 25 mg GCB I 100 mg PSA [i45k 4
i BRI 4 mL IEC BN Z i RERRI—K, 532
SEZ 2 E T . B 2500 r/min W HE 2 min,
4000 r/min &.0> 5 min, B EEW, i GC-MS 44 .
1.4 BiE/FRigEY
1.4.1 &4t

kA HP-5MS (30 mx0.25 mm, 0.25 um); FEFE
TN 260 °C; HERERN 1.0 pL, ANAMFIERE, JEREAR:
1.0 pL; A Sais/A, HisEl, WM 1.2 mL/min;
FHEARFF: 60 °CA£FF 1 min, LA 20 °C/min F+3 220 °CHE:E
1 min, FLL 5 °C/min F+5) 250 °CI£FF 1 min, LA 20 °C/min
T+ 290 °CLAFF 7.5 min,

142 Rkt
BTE: BT B (electron ionization, EI); WL T-%%
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A BEEE 70 ev; BRI Y 230 °C; MS DU FRIRLIE
150 °C; ¥EFIAER 8.0 min; G 2 A # 2 i
#\(selective ion monitoring, SIM), FEJRIESHIE 1,

®1 16 MME_REX LAY REREREEEFEY
Table 1 Retention times and SIM parameters of 16
kinds of PAEs

PAEs 4 B4 Bt 18] /min P TEMEE T (m/z)

DMP 8.331 163 163, 77, 194, 133
DEP 9.016 149 149,177,105,222
DIBP 10.497 149 149, 223,104, 167
DBP 11.444 149 149, 223,205, 104
BMPP 11.935 149 59, 149, 104, 176
DMEP 12.741 149 149, 167, 85, 251
DPP 13.209 149 149,237,219, 104
DEEP 13.666 149 72, 149, 104, 193
DHXP 15.277 149 149, 251, 104, 233
BBP 17.140 149 149, 91, 206, 104
DEHP 17.326 149 149, 167,279, 113
DBEP 17.751 149 149, 101, 85, 193
DCHP 18.828 149 149, 167, 249, 104
DNOP 19.242 225 149,279, 104, 261
DPhP 19.929 149 225,77,104, 153
DNP 20.768 149 149, 293, 167, 275

2 HBRE5RH

21 REFRBEE

B IE Ot 2 fe 8 P R igia ), BIRE i R
AR LRSS, TIASHIFSR BURE S8y Bl BE A £ dh, BT LA
HHS BTG SE ) PAES R 35 35 25 U B 1 1 FH 8 B 5,
8 FH 2SR AN IE O Be R, BIAE Qi i 2
GHEH PABs, JLHLEL 2 W AR R 7EAR KRERE s/ i
BT, ZEHRER E ARe 8 Rk Bl — 2 A bR
2.2 REEERZFEFIEEI AL

R TR AT AR m AR AL, AR B L T A AR
JHRE 8 23R 1 108 T B 80 6F s T i 36 1 BE i) o 7 10 S N
2000 r/min FAFGE T AN EIRBEREI(1. 2. 3. 4 min)fY[E
WK N 1R, 7E 1~4 min I A] PN, B i RS 7] (R 185
i, ECRG A PR, A 2 min B TRE . S IRER
[8]24 2 min i}, 16 H PAEs ) EIERTE 90.1%~100.6%.
I R R RS TA] 2 2 min,

[FIES, ABFREX IR BE S AT T 00k, 3T Sk e
WA 2000, 2500, 2800 r/min B X WAL, 25
e 2 PR . iR HER RN E 2500 r/min B, [R5
FIRE, M 92.0%~101.4%, {H4H1Z 2800 r/min i, [l
WKy 92.2%~100.9%, H-ITGHH 22 5 (P>0.05). I ILAHE
FEAG IR E T FE 7E 2 2500 r/min.

1200
100.0
< 800f

*’;j 60.0
& 40.0
20.0
0.0

4B — AR

1 JABEM XS 16 # PAEs [81i Z&AHY 5400 (n=3)
Fig.l1 Effects of vortex time on the recoveries of 16
kinds of PAEs (n=3)

120.0 92000 r/min = 2500 r/min = 2800 r/min
100.0 fo o K ) : ] TR
> 80.0 ]
N 60.0
40.0
20.0
0.0

|
S S P S SRS ESSEE FosS
s SRS Q@s@ EIEHEDOE
il a7 S
B2 iRiEE R 16 filt PAEs BISCR B (n=3)

Fig.2 Effects of vortex rates on the recoveries of 16
kinds of PAEs (n=3)
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23 M@l

PSA BEMEKR FTRE AL P (O AR I IR A HLRR '),
Cig B LAWK BRHRE & R B R 2 2% GCB -2 1 T Bt
a8 R AEER P T I P ABIRSE 43 50 % S8 AR AL A
AN 15, 25, 50 mg Y C5 #1125, 50, 80 mg ) GCB LI
K 50,100,150 mg fY PSA XF 16 i PAEs [BICR MR, 45
SN 3~5 iR o

WS & P Clg. GCB Fil PSA X} PAEs Y947 —EFLE
B IR . Horp Cog WEBHBE I iR, WM 15 mg B, 16 F
PAEs B [FISCRTE 65.7%~82.0%; GCB /D HH I, Sishnia7e
25 mg I, EISCRTE 81.7%~92.7%; T PSA WA WL, #hn
50 mg PSA B, [AICRTE 92.1%~99.1%. HFHIN Cis k)5
(TS B 25 R (P<0.05), it AABFZOR AR I & ) GCB
1 PSA. B ABFFEHA TR AN A A HE 2 IR,
ERLILE 6, MAEEHEE I 25 mg GCB 1 100 mg PSA
i, ER e, N 80.5%~91.3%, HELBURENT
24 FHAEFWIE
241 KMWXZE

FESIOR R RIS I LU IR B R S W B 1Y
TRAFME LA, BRI BETE 0.02~2.00 mg/L Z[a], TERLER
BRSSO TS, DL BB T B (mg/L) A Al
FR(X), LAE RIS NABER(Y), ENTRMEICR . Lk
Tkt RMDCR L HCREA SR 2, SEILA 7. J7
FRERVEARSE R EIIAE 0.9991 LU I, By Az ik B E R N
LRPERIT, DL 3 AR TR ER, 10 5L SR,
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ZERLF 2, I EIKEHBRTE 0.10~0.30 mg/kg Z 1A, ERBRTE
0.33~1.00 mg/kg ZI7l, kR B,

100.0 Ol5mgC, m@25mgC, m50mgC,

LRI BRI

B3 CgJTHEXF 16 Fl PAEs [E R AY M (n=3)
Fig.3 Effects of C;s dosage on the recoveries of 16
kinds of PAEs (n=3)

025 mg GCB 850 mg GCB w80 mg GCB

L S F RS RIR R SIS
O&QQ)Q®Q%§SQ& QQQQ%@S Q’QQQ%Q%C%%OQQéoé
SRR — I FRWR RIS

4  GCB JHEXT 16 Fl PAEs BT 4 511 (n=3)
Fig.4 Effects of GCB dosage on the recoveries of 16
kinds of PAEs (n=3)

120.0 050 mg PSA @100 mg PSA®m150 mg PSA
100.0 |-
80.0 [
60.0
40.0 {
20.0

[EBCH/%

0.0
S SR P LSB S S S S F S
S Fot¥ SFEIEETS
R F S S

5 PSA FHERT 16 ' PAEs [IISCR Y 520 (n=3)
Fig.5 Effects of PSA dosage on the recoveries of 16 kinds
of PAEs (n=3)

025 mg GCB+100 mg PSA @25 mg GCB+150 mg PSA

PP
S SAORAN

CFF SIS
A IR

0.0 B CLEN CCLN (ELN O EN [
SSFSEEES
SFF T I

%] 6 GCB #il PSA X} 16 Fl' PAEs [A1SCR 5201 (n=3)
Fig.6 Effects of GCB and PSA dosages on the recoveries of 16
kinds of PAEs (n=3)

8727

2 16 7 PAEs FUZIESEE . &MEEIVTSTE, HXRH. FEKRERMEZR

Table 2 Linearity ranges, linear equations, correlation coefficients, limits of detection and limits of quantitation of 16 kinds of PAEs

PAEs 2k Fl /(mg/L) e El =y AHC R B 5 K BR/(mg/kg) J7 ik # R/ (mg/kg)
DMP 0.02~2.00 Y=357800X-3178 0.99948 0.20 0.66
DEP 0.02~2.00 Y=446700X-4136 0.99960 0.20 0.66
DIBP 0.02~2.00 Y=634200X-3386 0.99988 0.10 0.33
DBP 0.02~2.00 Y=706300X+6342 0.99954 0.10 0.33
BMPP 0.02~2.00 Y=166300X+3641 0.99919 0.20 0.66
DMEP 0.02~2.00 Y=49740X-1186 0.99962 0.30 1.00
DPP 0.02~2.00 Y=736800X-1179 0.99965 0.10 0.33
DEEP 0.02~2.00 Y=82660X-1615 0.99934 0.30 1.00
DHXP 0.02~2.00 Y=714400X-9830 0.99981 0.10 0.33
BBP 0.02~2.00 Y=280100X-5332 0.99948 0.20 0.66
DEHP 0.02~2.00 Y=401700X-3039 0.99996 0.20 0.66
DBEP 0.02~2.00 Y=124100X—1488 0.99972 0.30 1.00
DCHP 0.02~2.00 Y=568900X—4339 0.99994 0.10 0.33
DNOP 0.02~2.00 Y=695700X-5325 0.99993 0.10 0.33
DPhP 0.02~2.00 Y=426500X-6067 0.99981 0.20 0.66
DNP 0.02~2.00 Y=614900X-5885 0.99970 0.10 0.33
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Fig.7 Selected ion detection chromatogram of 16 kinds of PAEs
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DARHONE S 25 FORE Gl A aaRE, 1o 2R v 43 ) 48 o e 2
0.2, 0.5 F12.0 mg/kg IIBRHES, F2IR 1.3 2LBE, HA
Tz B A E 6 Uk Bt R 16 Foinbsfb &9 [Tl
N 80.2%~97.3%, A X Fr #E f 22 (relative standard
deviations, RSDs) ANt 7.33%., S5 R EMZ T HA RIT
R YRR B RO 25 B, ARG ok . S5 R ILER 3

2.5

242

SEFRAF drilll E
Xt KR | BEMEE . PR | D7 (R . S

PRI 25 40 (0REA IS P E, S55R WL 4. 00T & BE, % DBP
A, HAx 15 B PAEs B4, Horb 7 50K DBP, DBP
BRSO 17.5%, S EETE 0.151~0.457 mg/kg ZIAl, H 14
FEfih DBP il 0.457 mg/kg, #id T ¢ DAFRIMAT ATl
B R B S IR P A R R 2 SR e KRR R R
BRI) [2011]551 SHUE I <0.3 mg/kg FREEESR

3 4 i

AWFFEEE . T QUEChERS-HH (2 1% - i i v ] i) 6 I
AFIFZEE IS 16 Fh PAEs 3R BT . 5
GB 5009.271—2016 { &5 & EZRARE & HHP4ABRE _H
PR TR A ) AH F, AR 7R IR BESR BOFT QuEChERS
PEATRTARFE, 4% THEHU ], A L Tk ARE R
Tk A TR, Rk Bk, 6. Bk, H45 R
AIEE, ST ARRF IS AT E M PAEs (1 HRHEAS I,
X ISR S AE £ PAEs 2 A0 W HAT B S A PR SR
S ARE SRR S ARSI 45 SR T LAE e 6 S A e b
PAEs {5 UL iR, UNRTANAR, PAEs HA s, X AT AERR:
AR AEAR T DA B A o R rP e fid 1 SDRHE i, T AR S8 i
FHFE LR 2 P A 2 ARk i 2e, JE— 2538 T 5 e i R
W o DSOS TTT 4 W AR 1 D Rt £ SR 2 i o DA %
FrimPE i PAEs (Wi A7

3 16 # PAEs BT EMIZER BRI FRAERE (n=6)
Table 3 Spiked recoveries and RSDs of 16 kinds of PAEs (n=6)

JnFR 0.2 mg/kg

JnFR 0.5 mg/kg

JINFR 2.0 mg/kg

PAES -4 [ 2R /% RSDs/% S IR % RSDs/% SEH IR % RSDs/%
DMP - - 84.1 3.27 86.6 2.15
DEP - - 83.7 3.11 86.1 3.96
DIBP 87.3 3.97 94.1 4.68 97.3 2.47
DBP 88.7 4.87 92.5 2.63 96.2 3.33
BMPP - - 83.2 3.50 86.4 2.67
DMEP - - 81.6 4.64 83.3 3.80
DPP 86.4 3.42 86.8 2.71 92.7 3.24
DEEP - - 80.6 5.32 83.0 4.91
DHXP 86.6 5.34 89.7 3.85 94.5 3.08
BBP - - 84.3 3.90 85.9 2.66
DEHP - - 86.4 5.18 88.9 4.97
DBEP - - 80.2 7.09 82.0 5.18
DCHP 82.2 2.51 89.5 4.33 94.1 2.38
DNOP 81.9 7.33 90.3 4.57 92.4 4.09
DPhP — — 84.0 3.26 83.6 4.26
DNP 82.8 2.53 82.1 2.98 84.1 3.70

T — 2R IARR BEAR T Ai th BR
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R4 40 HEHEERTRT 16 i PAEs BRI R

Table 4 Determination results of 16 kinds of PAEs in 40 fatty

food samples

FE NS B4 DBP & #/(mg/kg)
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