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B, IR T ER 16 AR TERREE RS DO M EREAL 0.02~ 1.0 pg/ mLIEA A LSS @REMX R RF(r>
0.999 1) ;4 HA 0.1 weg/ kg, £ A 0.3 ng/ kg HEE A FIMXIELERG RSD ¥/ 0T 3.0%(n=6) ;- F ¥ mtfei f
A 81.92% ~103.90%, RSD 4 1. 11% ~7.23% 12 FF ¥ 25 I8 7| # 5 F 3 KA B AR K = F 82 = F B: (DMP) L 48 3K = F B — M o B
(DAP) ARE W& = (2 - WA KAL) TE (DMEP) ARR = Wit — CAK TR (DEEP) ARR —WER = -4 - WA - 2 - XA
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Wi = L85 (DEP) AR = Wi =% T &5 (DIBP) , % th &5 51 4 8.89,2. 14 mg/ kg; T &4 RARK = Wik = T &5 (DBP) 4R = W ik
—-2-CATE(DEHP), A E 5T 0.12~5.73 mg/ kg #2 0. 10~ 1. 52 mg / kg Z5iE Z 7 kM@t T 24H FHES, T
F T 250 ) P ARE W R S R AL A 2K B e e,

KR ARG BB K AR VR B RS P A B KRB E
Determination of 16 Kinds of Phthalate Esters Residues in Chinese Medicine Health Wine by GC - MS / MS
WANG Xiwyun',ZHANG Cong’,LIAO (Qian’

(1. Center for Drug Inspection of Fujian,Fuzhou,Fujian,China 350000; 2. Fujian Institute for Food and Drug Quality Control,Fuzhou,Fujian,China 350000)

Abstract: Objective

To establish a gas chromatography - tandem mass spectrometry (GC — MS / MS) method for the
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determination of 16 kinds of phthalate ester residues in Chinese medicine health wine. Methods The samples were extracted with
n — hexane,and the split injection was adopted. The chromatographic column was AgClient ZB — 5MS capillary column (30 m X
0.25 mm, 0.25 um) with temperature programming. Mass spectrometry scanning analysis was performed in multi — reaction
monitoring (MRM) mode, and quantification was performed by the external standard method. Results
phthalate esters was 0.02 — 1.0 pg / mL (r > 0.999 1). The limit of detection (LOD) was 0.1 pg / kg, and the limit of
quantification (LOQ) was 0.3 pg / kg. The RSDs of precision, stability, and repeatability test results were all lower than 3.0%
(n = 6).The average recovery rate was in the range of 81.92% — 103.90%,with RSD of 1.11% — 7.23%. No dimethyl phthalate
(DMP) , diallyl phthalate (DAP),bis (2 — methoxyethyl) phthalate (DMEP),diethoxyethyl phthalate (DEEP),bis (4 — methyl - 2 —
pentyl) phthalate (BMPP) , di - n - butyl phthalate (DPP) , dihexyl phthalate (DHXP) , butyl benzyl phthalate (BBP) ,
dibutyloxyethyl phthalate (DBEP) ,dicyclohexyl phthalate (DCHP),diphenyl phthalate (DPHP),or di — n — octyl phthalate (DNOP)

were detected in 12 samples of Chinese medicine health wine preparations. Diethyl phthalate (DEP) and diisobutyl phthalate

The linear range of 16

(DIBP) were detected in one sample of Chinese medicine health wine (designated as G),with detection contents of 8.89 mg / kg
and 2.14 mg / kg, respectively; the main detected substances were dibutyl phthalate (DBP) and di (2 - ethylhexyl) phthalate
(DEHP) with contents of 0.12 — 5.73 mg / kg and 0. 10 - 1.52 mg / kg,respectively. Conclusion The method is simple,rapid,

accurate,and highly sensitive,which can be used for the determination of phthalate ester residues in Chinese medicine health wine.

Key words:GS — MS / MS;phthalate esters;Chinese medicine health wine;residues

PR AR S YR BATN—2K, 5 i
B R KR S 2 A p Py s AT RS AT 5
PERL A MM REN , S mshii N i 248, 51k
T RO A R A - ol R 2 R R AR rh 2k R
5 VR G At L) ) Y TR YR A R0 7 DA R R I B
B, 38 2o 01 R s A T B A% KU i Lk SR AOE  E
ZoTE 45 AR TR 0T 24T ) v AT 2R TR e
KA EEMN LIS D 2N T3
e R el RS T A RHIR = M, S i
2R A2 22 SR T SEORL A% sl 9 RHRE , S A AE SR —
AR B S0 5 W AE T 250K v 83 B AR R 110 - 115 2) 1
T ) PR DA B A 7 in T s i A A AR e BB
Sk 320) S R} A L AT A 4B O — H R IR 2R AL & it B B
T rti) SRR T R RS AL A 1 A HRE A I 1
Z RS AL SRS - Bkl SO g
KIS (GC - MS / MS) LS m RO AH ik o)
BV 0 3 B I T S kLT - AR (R R 2 2 ki
S KA I Ok SE R E R B H AT, N SR
2T 50 v AR R R Ak & W ik A (R I e R D
38 o ABIFFE rfEE ST T TR] B v 24 5 16 Rl AR
— HREERIE A5 B GC - MS / MS %, A 257
MBS % HGE T .
1 NE5iLH
1.1 {4z8

Agilent 7890 / 7000B %4 = F P % #T it 1#% X ( 3
Agilent 73 H] ) ; XSE204 AU % Fi - K °F (Fii - Mettler
Toledo /A 4§ & A+ J1 43 2 —) ; MS3 Digital % i e
&% (15 IKA A 7)) s MULTIFUGE X3R %1500 AL (35
Thermo 23 7)) ; KQ — 800KDE Y &5 20 A5 Il v vk o (|
LU R A AR A B |, D3R8 800 W, 4156k 40 kHz) o
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1.2 R%

A2 R H B (DMP) AR 2K — H R . 4 g
(DEP) 4K Wi —J& AR (DAP) AR —HIR R T
P (DIBP) (SF A — H iR — T i (DBP) AR —HIR —.(2 -
A L) O TiE (DMEP) (4B 28 — W iR — & S &L & LT
(DEEP) #FA& —HIR — — 4 - H 3L - 2 - [RHLBE(BMPP)
A IR —IE % ER (DPP) AR —HIiR — L lS(DHXP) |
A7 R TR (BBP) AR2K —HIfiR — T &2k £ 3K
(DBEP) 4875 —H ik — 3R CLfig (DCHP) A8 Wiz — -
2 - ZHCER(DEHP) AR —H iz — KR (DPHP) (22K
ZHR ZIEENE (DNOP)IR G bR (A B E 2 ke,
e atili B SR A BR A RS 8 5772545, F R R E N
1000 mg/ L); 1IECURE LR TR . S e . LN IR (€5
el , 52 [E Merck 2 F] ) s PSA / Silica & A SR B B A (95
N 243 43 B AR A BR 2 7], 1000 mg, 6 mLL) 5 7K Ay 4l
7K, ¥ 1 25 [ Milipore 23 5) Milli — Q 22 G845 5 o 24530 771
FEM 12, 45 A - L, 363341k, Ho 30 L [ 25 )5
(FESMEEILE D, 3 AT .

2 FHiEEER
2.1 REHEE
2.1.1 GC 414

{8 : Aglient ZB — SMS 4144 (30 m x 0. 25 mm,
0.25 pm) s B Al U (S > 99.999%) 5 ittt
1 mL / min; FHERR TP IR A 60 CPREF 1 min) , L
20 °C / min [ T2 220 “C({54F 1 min), LA 5 °C/ min
B3R 2T 2 250 “COF45 1 min) , 55 LA 20 °C / min B3
R T 290 COEFF 7 min) s PERERE L A TR AERE ; 200
W:5: iR 1 pl
2.1.2 MS 4%

BITUR PR EE PR ELRD ; R g 2
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Tab.1 Information of 30 batches of Chinese medicine health

wine sample purchased from pharmacies

&4 Tz Fia

BANE LFREERHDARNREEET  22180034,22050023,23010034
Z3ANE WGP L ETHLHRA 2212541,2211451,2205531
AATYE RMEEERTHHAARAG 210801,220402,221008
L&t b BEPLELHLARAT 2008311,2208351,2211521
BTRREITE BHERD T RAL>ELARAT  220078,220016,230040
ZAIHE HLRR NP HARAE 221001,220701,230801
TAKAME LEHRARHGARAG 20220604,20230502, 20221004
R LHXARHGARAE 20221003,20230203, 20220301
SR BB EHRTAHLARA 211202,210702,211101
HEERE ERRGLALEMRMATRASD  220401,221201,230201

S W (MRM) 5 85 PRI - 280 °C; HL S RETR : 70 eV
LR IR - 280 °C 5 Y HEIR A 8] - 6 mino X 16 FR&B 2K
— HRER AL G W R T B T AR Ak

JR ISR 2, MRM AT A6 B 1R L LA 1

R2 16MPEZRREXALEWHRERNES MRMEX TH

Bk &%

Tab.2 Retention time and mass spectrometry conditions under

MRM mode for 16 kinds of phthalate esters

P 1%%’.5’}1‘51 FA (1 2) RENE ALk
(min) BHEF  TAT (ms) (V)
1 DMP 7.58 163 771135 50750 15/15
2 DEP 8.43 145 65193 50/50 20715
3 DAP 9.31 145 657193 50/50 25120
4 DIBP 10.07 145 65193 50/50 20/15
5 DBP 10.77 145 65193 50/50 20/ 15
6 DMEP 11.09 145 65/93 50750 20/ 15
7 BMPP 11.78 167 149°/121 507500 10/20
8 DEEP 12.08 145 65193 50/50 20/15
9 DPP 12.45 145 65'/93 50750 20/ 15
10 DHXP 14.48 145 657193 50750 20715
11 BBP 14. 66 145 65193 50750 20/15
12 DBEP 16.02 145 65193 50/50 20715
13 DCHP 16.75 167 149"/ 121 50/50 20/20
14 DEHP 16.94 167 149"/ 121 50/50 20/20
15 DPHP 17.16 225 771141 50750 30/25
16 DNOP 18.85 145 65193 50/50 20/15

EHEFBT A

Note:* refers to quantitative ion pairs.
2.2 A&

FE 2 WL 16 TR 28 — H IR BRI & W TR & An it
WA E 1000 g/ mL)0. 1 mL, & 10 mL 2 &
T IE OB 2, B BT e B 4 10 wg / mL 1) X)
HEIAI, B — 20 CARMF T BEOGORAE  HBCrh 24530 R

AR W [ 55 JEE

2.0%10° 4

1.5%10° 4

1.0x 10° 9

0.5x 10° 10

t/ min

6 8 100 12 14 16 18 20 22 24
1.DMP 2.DEP 3.DAP 4.DIBP 5.DBP 6.DMEP
7.BMPP 8. DEEP 9.DPP 10.DHXP 11.BBP 12. DBEP
13. DCHP 14.DEHP 15.DPHP 16. DNOP
E1 16FBE_PBAELUEYWEMRMEXTHEE FRE
1.DMP 2.DEP 3.DAP 4.DIBP 5.DBP 6.DMEP 7.BMPP
8. DEEP 9.DPP 10.DHXP 11.BBP 12.DBEP 13. DCHP
14. DEHP 15. DPHP 16. DNOP
Fig. 1 Total ion chromatogram of the 16 kinds of phthalate
esters under MRM mode

1.0 gORSB 2 0. 000 1 g), ' 25 mL HLZEJE 13048
Jns mLZEIK, Ed i e o), B IAGEC 68 10 mL,
PAHEIR ) 1 min, BIZURSE 1 min, #8755 42530 min, 8.0
(559 A 8 000 r/ min) 5 min, BC_E 1 W& , B AS AHE3L h iA
W o VUL R 22180034 1Y FE S R BIPERE & HGE 1, 4%
ARt VAR T £ T T 25 2 SR T R
2.3 FEEER

LR BUE CReia 7 25 UL S S i
Fi2 2. 100 N IR IR A5 HE RN o 45 2R 1F O e i R A 2s 1
FETRS W R A AR R R BR A& 4, R WI4B
K HRREEAL G R AS A ] 2B AT .

S M I 2R 25 52 5 00 I IR R e BRI < G 2 I B
2. 2300 T % BRI R L N OE O BE A B AR 91 o
BE R, 4% 2. 1 500 10 A5 A AR I, D T o vk
(X, pg / mL) AR AR AR W TR (V) AR bR IEA T4 1]
H 5 R L3 3, R L e & A B v i N 5
WE T AR MESC R R AP IR M DAE MR L (S / N) R 10
13 4 T 07 {1 A - B RS 0 B, 435 S A i PR 2 oy
0.1 pg/ kg, EHMRIEH0.3 ng/ keo

K 2 BE 0 - OB A o (5 R 22180034 i it
Tk RSV mL, 32 2. 2 300 R 7 ek AR S A
Fie 2. 1IN IR0 S5 1 SRR DN A2 6 1K, 10 SR I TR AR
SRR 3, R ARG % B B AT

AR - O PR i (54 22180034) 6 177,
Fi2 2. 230 7 il A A R L 4% 2. 1 I R A 1
PEREISE O SR I AL, IR S A R L 3, R
IrikEE MR
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Tab.3 Results of the methodological investigation of 16 kinds of
phthalate esters

LERA RSD(%,n=6)
b mkiE , R ket L kAR
(ng/ml) HEERR LA ARESR
DMP  V=57115K+4385.15  0.995 0.02~1.0  1.02 1.55 1.92

DEP  V=65479X+286.85 0.994 0.02~1.0  L13 1.01 243
DAP V=6938X-36.575  0.999 0.02~1.0  0.84 1.86 1.84
DIBP V=95807X-747.07 0.9988 0.02~1.0 0.9 0.9 0.92
DBP Y=46000X-319.05 0.9928 0.02~L.0 109 1.39 2.09
DMEP  V=91582X-1382.3  0.999 0.02~1.0 158 0.87 3.18
BMPP V=52977X-591.46  0.999 0.02~1.0  0.47 1.47 1.47
DEEP  V=57355X-989.18  0.996 0.02~1.0 0.5 1.25 1.3
DPP Y=61631X-682.29 0.998 0.02~1.0 105 1.08 4.05
DHXP  V=47363X-1945  0.999 0.02~L0  0.69 0.76 1.61
BBP Y=17074X-186.74  0.991 0.02~1.0 0.9 0.69 2.01
DBEP  V=50997X-331.0  0.998 0.02~1.0 1.4 1.26 1.82

DCHP  Y=46421X-83.107 0.9995 0.02~1.0 L7 1.87 L.73
DEHP  V=41600X-280.4  0.997 0.02~1.0  0.77 1.43 2.97
DPHP  Y=38038X-289.98  0.9991 0.02~1.0 1.89 1.28 3.49

DNOP Y=28763X-273.26  0.9999 0.02~1.0 1.23 1.50 133

e g - HUSTPEAE i (416452 22180034 ) 1
ﬂnxf,ﬂfin%m& 0. 1 mL, % 2. 2 500 J5 3 i 5 A3 i i
W, TR N 0E 0,4,8,12,16,24 hisH# 2. 11 F
PRI S5 HERE DN S, 1 x0T AR o 245 2R D 3 3, S I A1
AVATRE R N ICE 24 h MR ETE RS

I RIS - BRI & (4162 22180034)1. 0 g,
FEBWE AT 90, A BN A 2. 2 T % BB 9 T
0.2,0.5,1.0 mL, % 2. 2 T F J7 32 il 2 A3l S 0, 4%
30y, FEASUS I B 45 2. 1 00 A6 S5 AT %E 61K,
DG4 FeHe A bR M 2153 iR 45 5L WL 3k 4, R W
S5 SRR R AT
x4 DE_HBELXENEW2,5,10 pg Mk E TR MEE

B ik 3 25 B (%0, n = 6)

Tab.4 Results of the recovery test of phthalate esters spiked at
three levels of 2,5,10 pg (%,n = 6)

b Hymi RSD s FHEkE RSD

DMP - 86.03/94.92/97.25  2.80/4.71/2.23 | DPP 90.70/95.13/103.72 2.33/4.81/1.42
DEP 81.92/86.63/103.90 6.12/4.43/7.23 | DHXP ~ 84.43/88.20/96.13  4.20/3.22/1.61
DAP 85.61/88.03/97.34  4.01/4.41/5.80 | BBP  86.74/88.50/97.51  3.23/2.84/1.93
DIBP 88.30/99.11/96.42  5.63/3.42/3.63 | DBEP ~ 97.04/98.01/97.00  2.30/3.42/3.13
DBP  87.13/89.42/99.04 4.40/6.12/2.41 | DCHP  88.42/95.50/102.83 2.31/1.73/1.11
DMEP  92.71/95.80/92.43  2.42/4.04/5.31 || DEHP  87.02/90.91/98.54  1.53/2.91/2.04
BMPP 90.40/92.42/101.24 3.13/6.11/2.14 | DPHP  §7.22/93.51/102.90 1.83/1.11/1.63
DEEP  97.55/96.51/97.12 2.70/3.42/1.72 | DNOP ~ 88.93/91.61/97.42  2.02/3.01/1.64

JRRUN 25 55 R 55 W IR A b TV T (T YR
1000 mg/ L) I &, 43 5 IE C b 28 F 8RR i

60

WA B L 16 Fh AR — IR IR 2 Ak & W) o 1t Vi 32 oK
0.1 pg/ mLIIAET, d’“z LI 3250 S5 1 AR, R
FEURE XS i 1 {7 14 5 o0y 25 5%, 4 8 AR T
BN, B RN (%) = </\ P58 5 A e T AR/ 550 vh
FIUETATRR — 1) x 100%""7 255 H bRk A 4 i 58 B
T = 5.71% ~ - 2. 23% , Fe W H 4876 — H IR fiR 26
B P E A B 2.
2.4 HmEBENE

B 12 %0 33 b 2505 S o, B AE A 3 Ay, 4
2. 200N Jy ik A A S U 4 2. 1 3R i SRRk
FEIN A s g AR, JF o F 38 5 i o 45 2R 12 M rp 2490 741
BE A YA HE DMP, DAP, DMEP, BMPP, DEEP, DPP,
DHXP, BBP,DBEP, DCHP, DPHP, DNOP; 1 fft /2575 7]
FE &b (45 R G) FR &G Y DEP F11 DIBP, A &40 51 K
8.89,2. 14 mg / kg; £ H DBP A DEHP, 7 434
F0.12~5.73 mg/ kg f10. 10 ~ 1. 52mg / kg, H: 7 DBP
FARSE HH 2R R 35 58. 3% o 45 5 L3 5, & B v 2530 ) v £

TEAR A — W IR IR AL 5 W5k
RS AREHPHBEFR D 16THBE_RRELXUSWERBERT

#Z£ R (mg / kg)

Tab.5 Results of the content determination of 16 kinds of
phthalate ester residues in different Chinese medicine health wine
(mg / kg)

b A B ¢c D E F G H I ] K L
DBP  3.41 0.12 0.52 ND ND ND 5.73 0.26 ND 0.97 0.82 ND
DEHP 1.23 ND 0.10 ND 1.52 ND ND 0.22 ND 0.43 1.02 ND

E:ND AR H

Note:ND refers to not detected.
3 itig
3.1 MS &4k

T2 R AR SR BRWAR A
&*ﬁﬁiﬁﬁ,«,E#;*é%lﬁﬂﬁnﬁkﬁzﬂ@ﬁmozl&ﬁmlﬂ
K GC — MS / MS LI iR 2570 5] 16 A& 28 — H
B 2L P 5% B A, BUR A 6 IR S e RE S é
AT BB T S B i S B L & Wi ik
B (B FTRE B, SRS AR B ARRAE B A S B i
AR T3 AR 75 20 06 3 B 8 R HL T VR /N R AE 5
FXF A A e e R e R T, N MRMBR X, 88 T
BEXT A B R AL TR B D 7, B s A R B, e X
B e 2 P TS 240
3.2 RBUAFIERE

B PR F IE C e TR O Tig . & W B X4

TR AL A Y R B EUSCR , 25 3 1E O b Y il
B SR ALY okl BUR = A WANE ) i K S e 7 L
FACE Y BB A DR B @kl , TTHLLH 5 24
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e R | B 3R A L 28 K Yk 5 P VR A2 v Uk S =
T8 200 “CHERE v 51 £ FH ARSI 3o i rp R o ake G HH 98
AL
3.3 HmBrEEHERE

AHIFFE KT BT B B B AR A AR R X
S5 R B PR B  ERFRBUCRE 1. 0 g RSB =
0.000 1 g), & 25 mL HZEJE [T 2.0, il 5 mL 25180
K, A BE TR A, FHEERRIAE C B 10 mL, B8 HEIR )
1 min, BIZUHRFE 1 min, #75 $2 5 30 min, 550 (F5 8k
8 000 r/ min)5 min, BT W, RIAS o [ AH AE B0 < 1
FRECL. 0 gORE B 22 0. 000 1 g) , & 10 mL H-ZE % 1150
e S IMAE C 4% 100 pL M1 Z i 2 mL, #E 1 min,
A HEEC 20 min, B0 (54334 4 000 v/ min )5 min, &
VS EIMAZE 2 mLE R, A 2 IR EL
(Y 38 U, FE T A A5 BRURE PSA / Silica &4 JERL 3% 38 b
AL (RUOIMA S mL 5 BE .5 mL A5G AL, 503
T B AR RO SPE /INKE AR 3 HE W, FEAINAL S miLL
NG AT, A 2 B B 3 R, A T mL
I, 40 CRAMRT) G, HIE S BEER E 4 2 2 mL, iR
BT AT, VERE T o485 S s, 2 R R St i A B 12 A [l
R I BE W B BEoK 5 TR B R O R A T P |
5Ly RE AT AL R A A PR AR
3.4 HMmERBEKRN

ST BT, ZE IR A i R AT AN ) R B ) &R R — I
FREESAL S TS Y I, B E ¥ DBP, DEHP, DINP
TR AEARUO R 2 B AR R AR T, Sl ad HAR (2K 0t
Wz AL A 38 il &) R R 85 h AR R IR ER 2L &, HL
M2y IR v R A T 2GR R ORI A
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¥z th DEP F1 DIBP, 5 i 5 73 51 4 8. 89,2. 14 mg / kg; &
B DBP AIDEHP, & #7054 F0. 12 ~ 5. 73 mg / kg
F10. 10 ~ 1. 52 mg / kg
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