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Determination of 5 kinds of phthalate acid esters in food by single drop

microextraction combined with gas chromatography —mass spectrometry
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ME:- AxFw BARTHEF S AR FHREL
(PAEs) #2467 49 30 8 25 & A48 &3 — 3 KR Al
Fik. RRAME#E—RELSE TN E, EREAW 5 FA
K _WEBEEBAANAE 1~10 mg/mL 5B ALE£ Z R
(r==0.995);5 # PAEs &£ 3 # 4 AR F 3 ANFmKF 8
FH@KREE 75.4% ~113.0%, 8 A% E A B R 5 A
A 2.4%~T7.3% A 1.9% ~8.5%. 5 # PAEs F DBP #
AR Z KA 100% ., Bk 3328 %8 GB 96852008 #L %
FR{E 0.3 mg/kg, #A4 . BHMAKE G EH DT PAEs
HEHTHBMOEGH R, 27 FRERE, ik, T K
B&, T b BRRTFEHS T PAEs ¢549
SRR B AR P BB AU &R — R R
Abstract; To develop a rapid and simple method for the
determination of five phthalate acid esters (PAEs) in soy sauce, vin-
egar, and juice by gas chromatography-mass spectrometry (GC —
MS) after single drop microextration. The five PAEs was analyzed by
GC—MS. Good linearity was obtained for five PAEs at the concen-
tration of 1~10 mg/mL, »r=0.995. At three different spiked concen-
tration levels, the average recoveries of 5 PAEs in three different
samples were between 75.4% and 113.0%. The intra-day and inter-
day precisions (relative standard deviation, RSD) were 2.4 % ~7.3%
and 1.9% ~8.5%, respectively. Among 5 PAEs, the detection rate

of DBP was 100% utmost. The DBP of all the samples was more
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than the limited standard of 0.3 mg/kg. according to the national
standards of GB 9685 —2008. 5 PAEs in samples packed in plastic
bags, plastic bottles and packaging cartons were more than those in
samples packed in glass bottles. The method, which is simple,
rapid, and high sensitive, is suitable for the determination of 5 PAEs
in soy sauce, vinegar, and juice.

Keywords: single drop microextration; phthalate acid esters (PAEs) ;

gas chromatography-mass spectrometry (GC—MS)

A2 — F R i (phthalate acid esters, PAEs) &2 H i b i JF
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FEA T AR SR R A R T B AR bR R R
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FEY H i E 2 A R TR A4 L B G PAESs 25 5
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PAEs 8L A0 1+ 2. N 1970 4R 4R Bl 5k
FFIG T X PAEs 55 WIBESY . KRB IAE . & f f PAEs
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FE 5 O ET AL BT R X PAEs iRz AR B, Hil 2 &
EER T TN E B 7R T R e N N L B S
B3 A [ R 2R IO #R AR EE I R R R A G S R A
PRI AN AN TR 2 0 U5 L 3 Y IR B L i L 2 Bt 2% [ R AR B
B FHZEROE R AR &R BREBCK A 5 B 4547 i
AR L BRI Bl AE O TROME Bl A P e R B — R B
S — -V TR TR B R TR R NI 1 B BRI
FRVVRCIR LI O 3% 5 20k AR IR R e LA A IO AR 3 4
J o RE SRR AR D L B AR TR B A B A A T

H A& & s PAEs I0F58 R8P fE R AWMT Ol
U RO AR A SR T ST o PAEs
AR I 114 B 52 35 20 5 L 380 SR BBA% S 104 VR 8 B 7 9 a4 A i Ak 3
J5 % H GC—MS 5 HPLC—MS #E17 #: 0, A< BF 5% #81 5% B
BT AR IR AT AR B AR B L 4 A SN (0 — R R T E A
[, 2 SR 35 T AN R By S Bl PAESs, DUl BUR B
SR W LA ST e O 7R SRR R0
1 BRLS 5%
1.1 ##R5iH

SR HAE | SR R T B T 00 4 3 0% 3 e TR AR T A B AR
BRI T

A2 W R T IE T fg (DBP) ., 4B ZE — B B — IE IR Mg
(DAP) 4B — H i — 1F . 5 (DHXP) (4B 2E — B ik — 1E B
fig (DHP) \ 4825 — H1 2 — T3¢ R (DNOP) . 4 fF = 99, % H
AccuStandard 2\ &) 5

Z NG :HPLC %, 3£ [E Fisher A ] ;

G D T N L AN S S S S o TR T
] 24 42 1 b 2 300 A B A ] 5

R K3 2tk

3% F : DB-5MS 1,30 m > 0.25 mm i.d. X 0.25 pm,]J.
&. W. Scientific, Folsom, CA,USA;

A 0 3 — R B JH X - GCMS-QP2010 4, H A Ht
NI

B IR B 45 HE A% - HHO1-1B U, b ¥ #5350 0l 150 25 X 3% 11
W

MOREER TR DU 2 M s 1 B HEF 23 em X 0.5 em, 11
F MR E AR A R A A

U T UE Y. KQ-600DV I, B 1) T A A AL 28 R
NG
1.2 WA E
L.2.1 FRUEEBGECH  BOKESH 1 mg/mL 5 fl PAEs &
B FRUE I I 8 K B R, C B MR B 43 il Dl 0,01,
0.05,0.10,1.00,10.00 mg/L W47 HE R FE K
1.2.2 Bt AR LA

(D ERERPA B RRE FE dFh. =
R e 0 DU S8R e A R s A ALV 7). e 3 L A LV
A GC HEREEE A S JAm A K M 1 Il Ol B 5 R 1

PL 200 r/min TR EESERE . ARIGFEH R . HR AR B
DU PR e o 43 900 Aot/ R TR 1 2 T IV e L S 41 e,
W 20t Yo 1 VR A K R IR S A )2

¥ 1 mg/mL AR BRRAE RS 1 mg/ L, FRAK I #2012k
96 25 T e AR S T A A 3 AR 0 SRy A BT R 43 S kAT B
TR, R A AL TR P o 3 L A TR0 AL
J9 3 mL L, ZEH ]y 10 min, #E 52 BUG B A HLEE R EA
GC—MS, ] SIM #4743 #r &

(2) FEWPE R4 900% 1.0,1.5,2.0,2.5,3.0 pL 1 =
G B A GC I RE AT o BF A4 A K AP 3l s 1 T 900 T =
FEEFR B, LA 200 v/ min (3B BERE L B A OR 5 3 mL, FE
B[R] 10 min, IS KG HLEFIEA GC—MS, i SIM
B BT 5 HT

(3) PEFEF I BEREEE A 3.0 pL =S A GC it
FEET A SRR A K P L RO B AR L 4 L
150,200,250 r/min 3R 377 8 H L WL 5] 46 +F 20 B T
T AR T M

(4) FEIUHS ] 19 52 0 - 1 mg/mL 18 B3 1 5 B RO 7K
FBE 1 mg/L, 3 pL = S0 Be b 47 B I AR . A I
B ARV RO & 3 mL L BEPEHEE S 200 r/min, 2 H AT A] 53
B2 5,10, 15, 20, 25 min, # B % G HLIE 7 E A
GC—MS, | SIM #X , JEA7 50 #r .

1.2.3 FEMATAEH— B MAER MBI 3 mL R
VB F AR TN Y I B DU S 207 B R T R A e R
FEAHGE 200 r/min, W3 pL AHLEH T 5 pl GC #FE
BEPY BT R AR AR . K HERE ST Y A AL R A
H R B — N R TR A AR . B SE USRI
2.5 pL A ALV R E R K TR S VA VR TR IR o
L5 pL &F N 0 30 B A 1 pL IR HE A GC—MS AT
VAT

1.2.4  GC—MS [ &1t

(1) KAAEE & 3% 4 DB-5MS. 30 m X 0.25 mm
1.d.>0.25 pum; GC HERE TR S 280 °C 5 #2 )% FHE : 91 4R R
BER 60 C, ARFEIS B 1 min, B 20 °C/min #JE T 2
220 ‘C,#E 220 C FA4 4 1 min, P4 5 C/min # JF JH & &
280 °C 7€ 280 CFAEHF 2 min; FFEARBL 1 pls A AR
(99.999%) ; Wi : 1 mL/min; #RE T 2: A0 .

(2) i TAEAMF B THBE(EDRER R 70 eV 5 TR
TR 250 Cs ORI R 280 °C #E I LR B ] 24 7 min;
AR =2 e LT T L 50~ 500 {85 [ 19 F3 4 (scan) #5158 g 17
FEE TR B (SIMD B 17 8 . 5 Fl PAEs
ERGEEEFIE L.

1.2.5 FrAUEYEDE PAEs XY E T A YR,
PR bt s P 370 45 P o 8 AT BB A AE T & g s ol
EARB A LB, 5 pL A9 GC JEREET 76 1 F 66 8 2 w2
THPE 3 YOIt AR T LU T BR 2% I 5k B2 . 1038 b 1 3
R BE PR FE IBOR 4 T2 R . 00 35 A 5 0 R 3% D0 96 & s % ) B0 e
T8 R SEAE 5 %0 MY IR IR M T, PR R TR R
710 min, 3 S5 258 T K PR, 76 A BT UBIT G T BR
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SRR AR s S PR SRR U
25 LR AR R
2 #iRGR
2.0 BT EEE AR %R R
50 PAES 4 1 36 b ot 76 VR0 OR AT 1. 2. 49 A 1 3

X1 PAESHEHMEESF

FT A o U L 2 AT I8 3 0K T 495 o il 2k A 4 1
TR AH S R B ARAG Y PRI ZE 2. 10 pg/mL i of it 3 5]
VNI

n

=

+
Abundane( x 107)

Table 1 Qualitative and quantitative ions of PAEs M
i v EHEE T ERET 0.5 |
PAEs i/ , t ‘
[f] /min (m/z) (m/2)
DBP 11.651  223.00 205.00 150.00  149.0 0.0 s 150
-65 -00 5.0 0.0 -00 75 100 125 150 17.5 20.0 22.5
DAP 13.590  150.00  237.00 219.00  149.00 I
Time/min
091-= 5 5 4 N S~ [y S
DHXP 15.913 150.00 251.00 55.00 149.00 B 1 5% PAEs 47444 (10 ‘ug/mL)éﬁ GC—MS % & F i B
DHP 18.484 150.00  265.00 57.00 149.00 Figure 1 Typical SIM chromatogram of 5 types of PAEs
DNOP 21.049 150.00 261.00 279.00 149.00 ;
at 10 pg/mL
x2 ST PAEsREYRMNELEAE . LGHEEE BXRHBREHR
Table 2 Linear equations, linear range, correlation coefficients(7), and detection limits for five PAEs standards
LAETE I/ o R/ JE R/
PAEs o ofi i 2 07 7 r
(mg+ mL™1) (mg + kg™ 1) (mg + kg™ 1)
DBP 0.01~10.00  y=6.13X10°2+9.66>X10° 0.995 3 0.06 0.20
DAP 0.01~10.00 y=1.24X1052—7.16X10° 0.998 1 1.55 5.17
DHXP 0.01~10.00  y=1.43X1052—2.25X10° 0.996 1 0.06 0.20
DHP 0.01~10.00 y=8.31X10°2+5.16X10° 0.996 7 0.28 0.93
DNOP 0.01~10.00 y=1.60X1052+4.45X10° 0.997 6 0.03 0.10

th3% 2 nJ0,5 Fh PAEs (119 J7 B 59 48 M AH 56 2 5B K
T 0.995, & MR R AU, AT LAV B0 E 2ok, DIEM L
(S/NOH 3 5 ik WAy i B, 5 Fp PAEs i & 5 R
0.03~1.55 mg/kg. LIMEMELL(S/N) K 10 H8 J7 ¥ w & i
F.5 Fft PAEs @ SRk 0.10~5.17 mg/kg.
2.2 BEMENEHMRK
2.2.1 FEROARCAL AR R =G0 b AT AR g
WM TEAK P RERE 1 h DL b e PR AR 45 i & e YT
reK AR AR 25 RERR E 5 min Aoy, G P a iy
TR =AU 0 Y SR e VR A K T IR A R AT R
A B EBLA ULV A B K W R R

@ DBP
12 000 000 B DAP

| = DHXP
10000000 = ppp

8000000 |-/

XX
SRR

e
=S

6000000 1

S
SR

VTR AR
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>
3

B8

2%

4000000 [
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O A A Im m
5 : SO TR =ZE Wk REY

B2 FREFERENERS A PAEs 94 R
Figure 2 Effect of different solvents on the extraction

efficiency of 5 PAEs
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A= EUHE DO e DA R R B = R BE (L DR
AR R AR,

i &l 2 Al 5 A Rl A, = S Xt DBP.DAP . DHXP
1 DNOP 4 il PAEs /Y25 Bk 3 I . B % DHP i 26 B
BOR TS F DU S AL Bk DL B SRR A = R IR S . 1
X RN EE RO 0 H A 4 B PAEs B RS T =&
He . PR b 255 A 25 08 5 223 50 v e % = G F e AR Oy 2R I
il
2.2.2 FEWEFHE ZFHPBBIEIERRYE PAEs Z A1
K F DL 3 G O R BB KL 5 R PAESs (1 04 T ARG K
TG S50 1E B 25 BUA F 0 3 pl,

12000 000 _g pRp

| —e—DAP
—5 DHXP
g £ 8000000 - —— DHP
=5 —o— DNOP
“ & 6000000

=a

10 000 000

4000 000 -

2 000 000 -

0 L L L L |
0.5 1.0 1.5 2.0 2.5 3.0 3.5

HEIUA AR
Volume of extraction solvent/ . L.
A3 FEREARRFEREEG Y0

Effect of the volume of extraction solvent

Figure 3

on extraction efficiency
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2.2.3  PEPETROBECHEEIE B0 RR R 5 i B A I
TP R A AR T LU H BR P 00 4 A8 %O 58 )
P PR BE T DR R 4 6 S 4 R ) R 2 e R R B
250 v/ min B B0 AN 8RR L WS S a0 SR T 09 1 SR
200 r/min.,
2.2.4  FERUUH (A SEMA f D 4 TN BE G AR IO ] AT 4 L 5
b PAEs U T ARG 1 I 5 AR 7T AR R 2 28 BOK B P )
A0k S 1 a0 I ) 2% T EOWROT R 5% o T N G AR T
K. FEZERUATE] R 10 min B, 0 0 BUIR o , ZE OB R e i
Jir ATE J5 22 056 i A BN [A] 2 2 10 min,
2.3 HBERBEZENER

AR 2.2 10 0 e AR A AR SR IR 1.2.3 (i AL R 5
5 BE R IURLI A 28 1 S v 3 T R R T R AT I [l R
I I AR AR 528 0.5,1.0,2.5 mg/kegBYIR &

12 000 000
L —=-DBP
10 000 000 e DAP
8000000 - —=—DHXP
X & ——DHP
= £ 6000000+ —~-DNOP
W
= v
24000000 -
2000000 |-
0 Il J
0 5 10 15 20 25 30
st 1]
Time/min
B4 FERatE xR & e ¥ h

Figure 4 Effect of extraction time on extraction efficiency

BRI IS S X 3 AN K bR BB L i SRR 6 dL A
W B KPR T HERE 6 d, FLEE R LR 3L SRR R 3 AN
K19 - 349 [ 2% 7E 78.3% ~113.0% . H PR %% ¥ 5 H [a]
KSR 3.2% ~6.6 %1 3.3% ~7.2% , FHimkER 3
ASVRINK T 19 F- £ [ i 56 78 75,426 ~104.0% . H P3RS % 15
S HERE BRI R 2.4% ~6.7% R 1.9% ~8.5% ., FkRE
3 AN T K ST 1 - 1) Il e BR A 76,826 ~109.2 % . H I KE %
B 5 H AR Y B R 3.4 % ~7.3% M 2.3% ~8.2%. LIk
48 T 3 WY B8y LA S T 10 oA A R RIORG 2
2.4 ZEREMEMNER

Xob SRt e L = R AT A R R 0 SR
WA AL, R R AR K 2 A A 25 R IR 4, R 4 0]
H1.5 B PAEs v, DBP # ) 2 fi 5 24 100% , 5 &2 70 [l b
0.43~3.38 mg/L; H ¥k & DHXP 1 DAP, ¥ i 24 3 K
70% A0 60% ; DNOP #l DHP 4 HH & A%, 4> B g 40% 0
20% ., X5 BHEED 7E S P v A A R R R A K
her 35 K5 Y DIBP, DBP #1 DEHP 35X 3 Fh #4671 19 45 3 48
AP E H AT A B Ml R £ % b R P 32 2R ] DBP
By 384 58 550 (1 BRR W) 4

JIril PAEs 76 30kL 4% 9 B L 48 & 45 MO RE P O
U Bl v T RO S R L U PAEs SRR G4 &
A2 [, 75 5 T B U Ml b L 5 Ak AR T B g 45 R — B
HAF I & BLBE IR & FH Ul P 20 Bl PAEs (946 1 3R 7 |
905 P35 750 T S R MR /A0 2 1 £ P . L 2 A Y A A
11 Rl ZE ke v PAEs (1 & &, & B8R A 3% 1ih 25 A7 0
[y 3 Bl PAEs & 1 I WA B 5 K B 38 0 28 T 2 ki i

F3 S PAEs WEIKEMBEZELER
Table 3 Recovery results and precision of 5 types of PAEs (n=6)
S Jm K7
0.5 mg/kg 1.0 mg/kg 2.5 mg/kg
PAEs Fe it
V¥ [E H K ENEIE V- [m] ERRE EREIE V- [m] H A K ENEIE
e/ % B/ % B/ % R/ % W/ % B/ % e/ % W/ N B/ %

Byt 85.1 4.5 5.7 98.5 3.2 6.3 87.3 4.6 5.6
DBP i 88.4 4.6 7.6 97.6 3.8 7.1 93.2 5.1 7.8

fits 86.2 3.4 6.3 97.5 3.6 8.2 99.3 4.8 2.9

Pyt 83.1 6.6 6.9 113.0 4.5 7.2 89.3 6.2 3.3
DAP % 80.4 4.3 5.4 103.0 1.1 6.5 90.2 1.7 1.3

i 84.2 5.9 6.3 98.5 4.6 6.2 98.9 5.3 7.9

Byt 89.1 3.4 4.9 101.0 3.6 5.1 89.3 3.2 6.3
DHXP ¥ 93.4 4.7 6.1 104.0 4.8 5.3 90.2 2.4 4.6

fits 92.2 4.5 5.4 109.0 4.9 5.7 98.9 6.7 8.2

Byt 81.3 5.7 6.5 95.6 5.2 6.1 99.4 4.5 5.3
DHP # i 85.6 6.7 7.5 96.9 5.8 7.1 97.6 6.2 8.5

i 90.3 7.3 7.2 102.0 6.5 7.8 98.9 5.8 8.3

ot 98.4 5.5 6.3 92.4 5.6 6.6 101.5 4.9 5.8
DNOP # 103.5 6.3 6.2 101.0 6.2 7.2 96.4 5.7 1.9

fi 106.5 6.5 6.7 97.2 6.1 6.9 109.2 5.4 2.3
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x4 EERRFESRS S # PAEs WAL R’
Table 4 Concentration of five kinds of PAEs in samples

mg/kg
Fes A3EMR DBP  DAP  DHXP DHP  DNOP
W 0.58 ND 1.02 ND ND
RN 3.38 1.03 2.15 1.07 0.58
it

&R 0.87 ND ND ND 0.21
g & 1.58 0.45 1.67 ND 0.38
BEESML 0.57 ND 0.42 ND ND
¥ YERHE 1.25 0.87 ND ND ND
WEHMS  0.85 0.48 0.52 0.22 ND
PemH 0.48 ND ND ND ND
ity MR 0.86 0.23 0.14 ND 0.19

PR R4S 0.43 1.75 0.22 ND ND

T ND R ARA R BRI 2) .

LT 0 B R A R AR R R S RE AR T S — 2 ) PAEs, U6HA AR
fh I PAEs If3E 40k I 02, o v] BB Sk IR T R B KL, i
nJ B 2 e A 7 Fp A0 B 4B ORL G 1R P (¥ PAESs 3T B flA 7
HRET L g A A [RRE b ot Rl ORIAS 5] T 5% B % il e 77 72 AR
K#ER.

HRAE GB 96852008 £ it 2% i + £ A4 k4 FH 45 Jn 5 45
PAARHEVBLRE L & h DBP J k8RB A 0.30 mg/kg. FT
B b i DBP K 25 S8 5 7 3k — B b oA S 2 0 AT
FE KRB 20 AF AR 5 b iy DBP S48 T BR AR o 5 AR IR
I sE B, BLIIRE S o DBP 35 Yk VA e, B R 3 R A7
FEMIBALR] . TWFSE Y £ 0] DBP B B (04 4 43 0 T H 45
PRI & T bk PR 1% 5 SR A
S

AR TR B TR O R S ROM S B vk I
Pl R RIEE AR SR 5 R PAEs 298 40500 (9 46 I T 2
27 i A By A R B PR, LT 10 min, B RAFAY
AL IS Tk K PR A W A R . R BT S 1 R
I T AS ) 25 4 SR Sl R R L Rk LSRR S Y 2
S SRR SR A g A B A A R i IR R
WA — LA A SRR B AR A5 0 5 ), g A
7 38 A 52T RS o PAEs SRR . A5 T LLE—
% B 3R AR B R R Il A 1 50 IR 06 A e 1R AR U
2 5 34 7 58 A T T IR A PAESs 1 55 5Ok 50 UE X R
S PAEs S IR A HED

S %3k
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