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W E: BM CRASM G- = 5 WA & 6T 5 (gas chromatography-triple quadrupole tandem mass
spectrometry, GC-MS/MS)ill & =0 4 DX R A I Aig ™ i Hh A9 4B 2R — BT iR — 1F T P (dibutyl phthalate, DBP), #F7%
W (2-2.35) B i [bis(2-ethylhexyl) phthalate, DEHP] 2 R LIRS, A5 g AT 00 . A3k
FESR I G $2I, [E A £ MR (solid-phase extraction, SPE)JLRS/NMEWHE, AWML TS 1IEC KR, LM S
- HPUMAT R ICOTG A E . 55R  DBP. DEHP ZE— @KL BN C R RAE, MHERBEI KT 0.998, &
HERA 0,05, 0.10 mg/kg, ERFRAHM 0.17, 0.33 mg/kg, FHIHFR R 82.79%~96.70%, FAXHriE R
FEN 0.59%~1.76% . 1EFRAE R 32 LAIHURIMIEFE S B, DBP (K H R 515 68.75%, &R HI7E 0.15~517.00 mg/kg;
DEHP # %0 28.12%, S EFEETE 0.57~125.00 mg/kg, BARESHIN 62.50%H1-18.75%, L& =IRJEX
AU & HP AR — B R AR OR W R ER Y BT5 4, WIRE S A7 RS I R T LA DE, R
BEIFAT LW

KRR SIS DUAT R, TR JEMSIER; ABTE R R TR, ABFE R (2-43%)
@AL'

Determination and analysis of phthalate plasticizer content in flavoring oil
products in three gorges reservoir area

HE Xu-Feng, XIONG You-Ming, ZHOU Xiang-De, HUANG Xiao-Lan"

(Chongging Wanzhou Food and Drug Inspection Institute, Chongging 404100, China)

ABSTRACT: Objective To determine the content of dibutyl phthalate (DBP) and bis(2-ethylhexyl) phthalate
(DEHP) plasticizers in flavoring oils and oils from the three gorges reservoir area by gas chromatography- triple
quadrupole tandem mass spectrometry (GC-MS/MS), and analyze the pollution situation. Methods The samples
were extracted by acetonitrile, purified by solid phase extraction (SPE) with glass column, redissolved by n-hexane
after nitrogen blowing-drying, and determined by gas chromatography-triple quadrupole tandem mass spectrometry.
Results DBP and DEHP had a good linear relationship in a certain concentration range, the correlation coefficients
were both greater than 0.998, the limits of detection were 0.05 and 0.10 mg/kg, and the limits of quantification were
0.17 and 0.33 mg/kg, respectively. The average recovery rates were 82.79%-96.70%, and the relative standard
deviations were 0.59%—-1.76%. In 32 groups of flavoring oil samples, the detection rate of DBP was as high as

68.75%, and the content ranged from 0.15 mg/kg to 517.00 mg/kg. The detection rate of DEHP was 28.12%, the
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content ranged from 0.57 to 125.00 mg/kg. The over-standard rates were 62.50% and —18.75%, respectively.

Conclusion There is a certain degree of phthalate ester pollution in the flavoring oil products in the three gorges

reservoir area, which may be related to the migration in production and environment, so we should pay attention to

and continuously monitored.

KEY WORDS: gas chromatography-triple quadrupole tandem mass spectrometry; three gorges reservoir area;

flavoring oil; dibutyl phthalate; bis (2-ethylhexyl) phthalate

0 51 &

4875 — F FRER (phthalic acid esters, PAEs)/Z4P7K —H
RS 4~15 AR IWEE & Az s 40 S T BRI B 2 I (R G
B A A 3 SRR T TR L YRR AR IR SRR
PAEs A3 i B B 3 il fn PR A 55 7 Ui AR, SRR
W EZRGERAERGENAE . R FE R,
2017 AR A DAL ZUA2h 2B 80w R Bt
W, BURL] S AE 25 AT R A Y R Bt A T R
WRVEFY) . A USRI, SR AT B R MO 228 7K R
2SR IR R, DRk A RE M fbE T, H
FERBE AN G A, X PRI TS E WS
Pz —1,

PAEs A 3% 5 BHRL A% 22 490 1t A AT B8, Fy T 3 9 )
SR F IS 1, ST BRI EE Y O ey
SR Ry £ S AL B MRS, PRI B E A DL RIAETE M 4%
HF, PAEs REG T EEMNT, e aiE gl
XM ABEM S, RE RS RN PAEs (LAY 2 5%
AR R IR SR R YR £ IR A2 75 UL A KU
FEAOL A ey e A U e kT B SEAT IR 16 R AR I
Kl v & B, AR 33 A SEAFIREA h, H R R R
MR T AR, AR AR K T H R U IE T B (dibutyl
phthalate, DBP) . 4B % — M R — (2- 2 %) C
[bis(2-ethylhexyl) phthalate, DEHP], 487K —Hig %
fik (diisobutyl phthalate, DIBP), 47& — Ffl iR — 1F ¢ fif
(di-n-octylophthalate, DNOP) . 4 # — H g — H g
(dimethyl phthalate, DMP), H:H 146t 2 5 %5 () 4 DBP #
DEHP, ¥4 93.9%, M5 IRhixX 2 F, HALdy
KRR, B Z0AYE R 27 AR 7 R AL K
Kl vh & B8, DEHP k%4 100%, &ETEEN 0.007
~4.752 mg/kg; DBP [k R [ FE 535 90% LA |, H i
SN 21.290 mg/kg, EARVFRKRIRBEN 70 5 A4
R FH: [ 5 6] 38 4 B0 790 dp K % B B B A G R E ) DBP
<0.3 mg/kg, DEHP<1.5 mg/kg, VAULITRE LB, K&
£ I IE s AL ) 4R 5 DBP . DEHP BA R 5 H.
AR A E, KK

H HirxF 7 A B AR i e R B R IR B

TR X A A Al R AR A T A b
R AR R e AR A il 25 M TR Y sl AL o e 7
Py i) — SR b, — A AR (R R . R
Tl RN AR ZE T A LA AE) . Rl A
bR AN X, 2R SRR, TR Y
THERRER, T IR, = X SZ ROk 5Ll Y 52,
A rEETRRIAlE  AMEDTARZ, (HR A SRR
AROE RFE AT RIS by TR R A A2 7 20 b — B
Ak, TEIURMEAH . 21 il e 78 20 e ad B v s 5 i
N5 Y, WO X 4 T i e g DX (i P T B i AR L
REE . B R L RZME L RN TN )RR
B i R B AR TR A oA R AR

AW FETE e B DX PN SR A 7 R DR IR ™, R
OB % - = E OB A R BRI E (gas
chromatography-triple quadrupole tandem mass spectrometry,
GC-MS/MS)Il 52 KUK 45 1o 4B 7R — 1 R 2 814k 57 DBP,
DEHP W& &, 15 Qe 00 KoKV I8 x5 Qe IR g6 7
G3HT, A A 77 Al A SR R U, 3
sty 22 A [ E L Ay IR 3ok T 3 1 2 2 XU M 2 PRt S Ak
Holls, AR TRET R R TR,

1 MR5ERZE

1.1 XBE5ERH

LLVEHBE « 2RI . AR . AR . 2 BRI
3 32 fLkPEMIm, SR A SIREXTHIX, X, =B
B FWHE | RE D KR, RN, FENCRERA AN
I Y AL P B B T M, SRAEEA 500 mL,

N . 206 . IECbe(tigal, KAl as b2
FRATD; 42K —H B IETH . A8 —H R —Q-2%)
LR (4R =99.8%, JbaT S Ak A= Rk A FRA FD).

Thermo AR I%- T REBK FH L (AT 1310 H ShilbFERS
TRACE 1300 “AH %Y . TSQ 8000 Evo JEi%{Y. At
TraceFinder &M R H M, EEFER CIH/RBHARA
F]); Sigma3-30KS I 2 O AL(FEE Sigma A H]); IKA
MS3 B IR e TR A # (78 TKA 2 7); Quintix125D-1CN B
FArHr K (K B A 0.01 mg, f#[E Sartorius 2% 7 );
KH-2000DB 748 75 I i e AL GRE 75 260 2000 W, A58
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40 kHz, BIWARBBEA LA RAF]); TurboVap LV &K
I (Bt Biotage Zv¥]); [EAHZEH (solid phase extraction,
SPE)/INFE: [N- T 3 20 = iz & AH W% Bt 55 (primary  secondary
amine, PSA)/ 5 bk (silica) i A BRI B H:, 36 E L4
BHEH R A,

1.2 XEWHE

1.2.1 HSLaess %

2 W B AR iR A TR T, KR A AR
VERRFRBUR ATH0M BB RE AL 0.5 g (FSH & 0.0001 )T 10 mL
HEEW @B R, IAIEC KB ZIER]R 3 mL, Wik
1 min, HFEHEE 10 min, 5000 r/min 3% 0> 5 min, B I
HWT ARG REH A 3 mL PR IR, EEIE
W2, GIF BISWL, #F SPE /IMEHHL.

ek R s mL & B BE . S mL 2 FiE 1L SPE /)
He, R KRR SPE NV, ISCER L T
S5 mL ZJEMEE, BT B, A 1 mL NEE, 40 °C
ARZEET, MEFIA 1.00 mLOAREAE G2 i R i
IE MO IE OB, WHEIRST, RIS, A TRt ids
M5 ALBIR R ER 2 0T, AL gt B I oA
T2 fol ORI A, S0 FH DY B 25 L X B A PR 4k kg, JF
FAIERIZ I 24 h )5, 7E 200 °C N 48 2 h, B A5 .

25 SEER: BRASESINAR St ok, HoAb B R IA -

1.2.2  ARAEANGEH &R AREIE R

AT AR ARIAR R IR —1E THR 0.01292 g, 487K
R —(2-Z.3) AR 0.01051 g F 10 mL &R, FIEC
BRI ER B L EAAWEE A 1.289 mg/mL Ml 1.049 mg/mL
RETHER SRR . BRUR SRR 0.10 mL T 10 mL
ZEafEh, FHIE O 08 25 2 20 FE AR TR G bn v R, 543
IR BOR-AFRUEME W 0. 0.02, 0.05. 0.10, 0.20, 0.50,
1.00 mL 43 & F 10 mL 55, AIECHERZZIE, 15
FIR W IE THEWE S 0. 25.78. 64.45, 128.90,
257.80, 644.50. 1289.00 ng/mL, 4B W —(2-Z.3)C
BEHeE A 0. 20.98, 52.45. 104.90., 209.80., 524.50 .
1049.00 ng/mL [IRA TR IE RSN

el 1.2.1 TR MRREEERFREL 7 a8 SR BMAE,
TR R G TR P 9 R M A5 1.00 mL A3l in A 3125 1
LU, R 2.2.0 TR, b, oI5 A 1.00 mL OE
CRE SV, 193 L AR MEA R
123 MBLH

SAHOGE S AREF:: Thermo TG-5MS (5% 5E-H
FERFEA LA FBAEHE, 30 mx0.25 mm, 0.25 pm); FEEE
FIEEE: 250 °C; FFFHE: IR 70 °C, f#£4F 1 min;
L 20 °C/min FHEZ 280 °C, FLA 6 °C/min THiEZ 300 °C,
PA¥F 5 min; AR SHAIS(LEE>99.999%); RiFEA: w4l
(L E>99.999%); WE: 1.2 mL/min; #ERETE: fkaoR
IYWRBERE; kbR A7: 135 psi; #EAER: 1 ul.

BTk 2 A W B U 2 W 8l B IR (electron
impact ion source, EI); HLZHEL: 70 eV; KYTHL: 25 pA;
FRA IR : 300 °C; B FIRIELEE: 300 °C; Iyt #E#%
J2 g Wa i 2K (selected reaction monitoring, SRM), Wiilll &
TR

F1 BE_HREERLAEVNRIESH
Table 1 Mass spectrometric parameters of
phthalate compounds

SR — R TiR 2 et Y il i g =
way {5 B4 b5} 8] /min B % e
DBP 10.23 149—-65(E ) 38
DBP 10.23 149—93(E 1) 24
DEHP 12.97 279—149(GE i) 22
DEHP 12.97 279—167GE M) 6
2 HER55H
21 EFR™MN
SN (matrix effects, ME)=(iLBubr it 28 4157

FUIBRHEH L RER—1)x100%, ME>0 KB EE TR, ME<O
KB EEFHM G, ME M 0 FRUIELFURON#), 25E
R ME (W% 2 (PSR T, I Cbert i 79 BE il s
YET RN, 38 5 [ S5 As I  BRAR R IR —(2-23%) 2
RYE R P IR 3 AR BRI AR, R 60%~70%
Zedy, 5 B ARRE S 15U @3- B XS DEHP A 55
IR, O T e O RS, SR R HE I AL i
bR LR . 3R 2 AR, BRIETHISN, AR ME 22
SR, AR 25 2 BRI T ] i A 7 fh £,
S5R39 DEHP M IEICRAT T B 4, 1 DBP Y [Elfie
RZFNEW, KLk 0%

%2 DBP 71 DEHP M4 X R, RERBMERYK
Table 2 Linear relationships, coefficients (r*) and matrix effects
of DBP and DEHP

S laex ALV r’ ME/%
DBP  Y=1856100X+21710 0.9968 0
7R
DEHP  Y=497650X+14550  0.9988 0
DBP  Y=1778000X+11710 09991  —4.2
2R
DEHP  Y=387200X+13950  0.9987 222
DBP  Y=1717000X+8710  0.9985 -7.5
FEAH
DEHP  Y=369700X+10977  0.9996 -25.7
DBP  Y=1848000X+23560 0.9969  —0.4
A
DEHP  Y=359980X+15951  0.9983 277
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2.2 =7

IO AR R VA TR . FE S TR TR LA S 1 S 6 T TR e R
1.2.3 Wi R AALE SR b TN, A8 AR B R s T,
UL 1,

23 ZMxFR. KERERE

B 1.2.2 TN AR A S TbRE TAETR, LA 1.2.3 TR
{UREARUGHRE ST, IO TR, DL 2 FhERR—
FH T8 16 25 9 Joit P i TR () -5 HE A 7 149 Jo i ¥k 3 OX) 3R A 7 2
PEEH, 2HbruErh 2R, M6 3 5 E 0 ARG R, 1045
{EMe R bR, LR 3. 45530 DBP. DEHP /Y
FHIERFIIRT 0.998, 1 LA (3 - o {3 % 2 ) 22
SR(r>0.995), RML MR RITF; DBP, DEHP K H BR 4
A 0.05.0.10 mg/kg, TEEFR4H4 0.17. 0.33 mg/kg, 1
T EZEFRUERERBR 0.3 mg/kg 1 0.5 mg/kg '™, FHILEE
) R 5
24 (UHBEEEER

B 1.2 2 BT B Rl —1R A b LR IR 1.2.3 T Y
U AAF LR 6 IR, iCE& Biraidk g m i, Hit

100 1

AR B TF /%

11 12 14
fisf [8] /min

10

AN ETFEE/%

11 12
fi5f[E] /min

.....

AN E TR %

AN E T FE/%

B AR UE IR 22 (relative standard deviation, RSD){H ., %%
FH]: DBP. DEHP [J RSD {H43 514 0.38%. 0.60%. =M
ICHAE B RO, TR TRE L 0T o
25 HEESHER

R FRIBURE i (S15) 0.5 g (KSR 22 0.0001 g), ~F17 6 11,
PR 1.2.1 TN ARG IR, JT R 1.2.3 T MR SR
PEREINGE, T 2 FRARAE T R BRI T B, RS
RSD {fi. 45%:%H]: DBP. DEHP f RSD {f 43518 1.17%.
2.10%, FI[Z LM EZ R

2.6 fRAREISEIEE R

R FREBORE 4 (S15) 0.5 g (Ki86 2 0.0001 g), 735
AR AR 3 AR A PR RS S, HE I 1.2.1 T
T RER W, IR 1.2.3 TR B AR,
B MARAKTEAT 6 43, T ISR K& RSD {H, WL3& 4. 45
WERME ., . MK 3 KFEFEEE KRR
82.79%~96.70%, RSD 1H N 0.59%~1.76%, FEH1Z )7

100
9 [
80 [ 1
70
60
50
40
30
20
10

11 12
it [A] /min
100
9
80 |

60
50 +
40 +
30 +
20
10 + A

11 12 14

i} (8] /min

10

WL AR R T IE TS, 248K W —(2-2 351, A. IRAFRAEEW; B, ILFABGMALES:; C. REkEs; D. 251

B 1
Fig.1

R BB TR A

Total ion flow diagram of the sample
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Table 3 Standard curves, linear ranges, correlation coefficients, detection limits and quantification limits of DBP and DEHP
WK IREERIE S Tl i e 7 LMVl /(ng/mL) HERE KB RAmgkg)  EREBR/ (mg/kg)
DBP Y=1778000X+11710 25.78~1289.00 0.999 0.05 0.17
DEHP Y=387200X+13950 20.98~1049.00 0.998 0.10 0.33
#& 4 DBP. DEHP iy [EIYZ N E £5 R (n=6)
Table 4 Recovery rates measurement results of DBP and DEHP (n=6)
AR . . N .
i 2 HEdh & E/ng Jinds & /ng 72 (B /ng S AR /%  RSD/%
585.0 64.4 637.6 6374 6394 639.1  638.1 638.3 82.79 1.50
DBP 578.3 257.8 810.0 812.1 809.4 814.0 8174 813.4 90.93 1.25
570.9 515.6 1048.8 1059.5 10493 10583 10502 1049.3 93.42 1.03
561.2 52.4 604.7 605.6  605.2 605.5  606.8 604.7 84.38 1.76
DEHP 557.6 209.8 759.2 758.1 7557 764.6  763.4 761.8 96.70 1.67
550.5 419.6 950.4 951.1 9543 954.7 9529 956.8 96.01 0.59

2.7 HmINE

B 32 ALAMRINE IR 1.2.1 TRl s RS T, SFAT 3
By, HEASAEGE- B SCNE, K AU A bR il
LT SRR, TR BRI ARG, & TR
HIR LI ESBE RN, GRIE 5. 8513, 32 4liEnk
WAL A DBP 22 41, LEb 68.75%LA b, SN
0.15~517.00 mg/kg, o 20 2 B F K K R & (E
(0.3 mg/kg), RAEMREIKL 62.50%, T B H 1700 431%;
¥ith DEHP 9 #1, & H 28.12%LL I, & &N 057~
125.00 mg/kg, Hrf 6 408 H EZ X PR (1.5 mg/kg),
AEREREN 18.75%, frmiBRIL AR5, DBP 1k %5
F DEHP 2~3 fi5, Jf H & & L8 & & T DEHP.

M= 285 B, ikl 9 41, DBP K 6 4,
HR 66.67%, &4 0.35~517.00 mg/kg, DEHP A 2 4H,
G 22.22%, iR 89.00~125.00 mg/kg, BRI & H
KA ML 9 4, ¥ H DBP, itk 0.15~
113.00 mg/kg, DEHP ;i 6 4, %% 66.67%, i
1.12~84.5 mg/kg; AEMUMFTREERGN 14 41, DBP R H 740, K
HR 50%, SETEEN 0.29~11.50 mg/kg, DEHP #6111 41,
TEA 0.57 mg/kge PR LRMER H, IEIHGH . 2
JRRIH A LR S0 B AL TR RO, AR R R

WEHIEE, JTINEES: 5 41, DBP ¥ 3 4, #idiR
60.00%, ity 31.80~517.00 mg/kg, DEHP ¥ 4 4, #
HER 80.00%, &N 0.57~125.00 mg/kg, ALY MAG H
HA 80.00%; = FHAER: 6 41, DBP il 4 41, K%
66.67%, N 0.29~113.00 mg/kg, DEHP #iH 2 46, ¥

% 33.33%, Grhbh 1.12~84.50 mg/kg, WALFIY MG 2
H 66.67%; ZETiIREN 5 4, DBP K 4 41, #6H12K 80.00%,
SN 0.15~5.59 mg/kg, DEHP # i 1 40, 63 20.00%,
TN 1.28 mg/kg, HALFIR B H R A 80.00%; L EAE
fh 4 41, DBP fiih 2 41, Kith® 50.00%, FHECH 0.42~
55.80 mg/kg, DEHP #iH 1 4, K& 25.00%, &8N
17.90 mg/kg, ALY A 23R 50.00%; FFHAELL 4 4,
DBP i} 3 4H, = 75.00%, &4 0.63~12.50 mg/kg,
DEHP £AGH, ¥ALFIRERHEN 75.00%; AKINFE 4
41, DBP fx i 3 4, K% 75.00%, & a -k 0.79~
21.10 mg/kg, DEHP #: 1 4, ¥l 25.00%, &>
19.00 mg/kg, FALFAAY A 2R 75.00%:; ARVERESD 4 4,
DBP #: i 3 4, #H3 75.00%, fHH 0.35~5.33 mglke,
DEHP F A i, #IALHI 0BG % 75.00%., B4EI Y
o th e b A M AR A= 1 KO, 0B R T T Y 2 Ak 7
V5 YL (Al A IR X O R — AN R, AR T2 1R,
FERELZME L LW AEARFERENR L, 5A U RRM0
o DA R 11 2 R4 — FH R R s S AR AR v & 30, DBP
F1 DEHP #) & i Rl 2 IEAHOC R, W] DBP F1 DEHP Xf
FEL TS R R 20, (H35 R 5 2 0 5 % DBP V5%

3 dSitie
AW FE R BRI A S T 2 AR vE I 2R, FER T FE 5
FEFXF AR R T (2-2. ) BRI IR N, BB A% B

MER T H A RN S Il IR B Al Hh DEHP AOILSE 5, ikt
T TR A A AR — R IR R M B I
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= DX PR RN AR R SRR Z A DBP
DEHP jX 2 FBALH, fy A SR il R4 IR (4 35 2
Y2 ik NI BR AR AR B, B A 5 DR I 2wl AR
e A S DA R REAT (1) T 7 4 i ) — e SR £
ol — S E Y SR AR SR T A A s B g5 T 5K,
Bo s RSB T BRSBTS QRN g, 4
R PRI SR T 2, e 2 b i A P EG A
F A S IBUEA R S s i LR R 5 ROk Iz —; (3)
PG5 PR EURHG B, SERER BRI . SR
LA S e i R e 3 ST O (R 7/F T EOR AW/ I NS SN
BRI AR I B 0 T I R T o TR

SR BRI A M AN SRR ) SRR R0 7 i
HEATELRE, Bikis .

Bl N B AE T KF B e, 0 B ) AS 105 R T ik
ISR, TR S R R MGE | B IR R T
JERIAE & £ i iV A P A 2 R E R AE A, L
MRz, S AP EOR M, R e A TATR
ORI B[R, LS . A ARSI 45 2R
K, VAR i A7 AR R 2 AL R 75 e ) 1
oL, PRI, S e 2 £ i p B AR A I, s
I SN GUREETIT R & el SRS i T )i DR
TR BRE AR E, (REEA R R 24

%5 324AKHMES S DBP. DEHP B4R (X £ mg/kg, n=3)
Table 5 Content of DBP and DEHP in 32 flavoring oil samples (; + s, mg/kg, n=3)

BedhOREE R

B OREE A

NO. - [ — DBP DEHP NO. - [ — DBP DEHP
S1 WARem M B 232.0045.00  125.00+£1.82  S17 TR =M Bl 0.29+0.02

S2 iEAMm  AM B 517.00+£11.45  89.00+2.06 S18 WAl =AY Bl 0.78+0.03

S3 Z IR TIH R 31.80+0.77 28.40+0.94 S19 ZRR ~PH R 113.00£2.42  84.50+1.38
S4 Z IR ALl R 21.10+0.44 19.00+0.65 $20 Z IR ME EM 55.80£1.81  17.90+0.55
S5 W Mg B 5.33+0.18 S21 JEERG JHM O RE 1.5120.05

S6 el I R 0.63+0.04 S22 ERREANM 2 R 1.19+£0.04

S7 AEMGH = RN 0.98+0.02 S23  ZRREANM  AE AT 0.90+0.02

S8 TEAR BE B 0.4240.01 S24  ERREFNM AR PR 0.79+0.02

S9 2R BN R 0.15+0.02 1.28+0.02 S25 TR TR Bl - 0.57+0.01
S10  iMuh BT BRM 5.59+0.21 S26 piZz i RE R -

St1 ILEAMUh R B 0.35%0.01 S27 pizz il =M Bl - -
S12 likGh AL R S28 piZ il BE Bl - -
S13 AEMGH JEH R S29 iEAAm HFIN B 12.5020.40

St4  Em T Rl S30 TE L il B 11.50£0.28

S1s  /NEFW =M KR 1.17+0.03 1.12£0.03 S31 g BN Bl - -

S32 BERERGT = R -

si6  WiEHm B E B
e RN AR

EEPES
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