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JRURG: 2 &% VA

BEURH TR, BFRR, 1E W

BN T e T9U8H ol s (T i A W ),
WA Y 5 6 2 ] 20 FE S0 %, B 310021]

# E: B THEUNTTETE P ARZE RIS 2 (phthalate esters, PAEs)¥HALF G5 YLK, XF HAS [R] 2 50
T DL B[R RAE PR R A HE S 1 PAEs & B[R] PPAGBUIN TR PAEs 1288 WU . 733& RIS
0,3 - B 15 i 1% 7% (gas chromatography-tandem mass spectrometry, GC-MS/MS)X i € 97 /1il525kE 5 -F PAEs 1Y
TSP BL A TR A TSRS XN T AR PAEs P TRER BRI R WP IbA4E Wik —
FA T (dimethyl phthalate, DMP), 22K — H iz — Z [ (diethyl phthalate, DEP). 482K —F iR — % T i (diisobutyl
phthalate, DIBP)., 42— H ik — T I (dibutyl phthalate, DBP), 4% — HIiZ X -2- 2. &k Z [ [bis(2-ethoxyethyl)
phthalate, DEEP], 4B HI[i§ —(2-2 3%)C fig [bis(2-ethylexyl) phthalate, DEHP]FIXS 2 — B 8 —(2-2 5&)
[bis(2-ethylhexyl) terephthalate, DOTP] 7 Rl ¥ {k. 79k i, DBP B4 i #88% &5, 4 67.0%, DEEP il DOTP [k
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Analysis of phthalate esters plasticizers in marketed liquors and
assessment of exposure risks

FAN Ji-Cai, HE Hua-Li, BIAN Tian-Bin, REN Ren"

[Hangzhou Center for Disease Control and Prevention (Hangzhou Health Supervision Institution),
Zhejiang Key Laboratory of Multi-omics in Infection and Immunity, Hangzhou 310021, China]

ABSTRACT: Objective To investigate the contamination level of phthalate esters (PAEs) plasticizers in marketed
liquors, compare the content of PAEs in different types of alcohol samples and samples collected from different
sampling links, evaluate the exposure risk of citizens of Hanghzou. Methods The contamination status of PAEs in
97 marketed liquors samples was investigated using gas chromatography-tandem mass spectrometry (GC-MS/MS),
and a point estimate method was applied to assess the dietary exposure of Hangzhou residents to PAEs. Results The
7 kinds of plasticizers including dimethyl phthalate (DMP), diethyl phthalate (DEP), diisobutyl phthalate (DIBP),
dibutyl (DBP), (DEEP), (DEHP) and
bis(2-ethylhexyl) terephthalate (DOTP) were detected in liquors, the detection rates of DBP was the highest, it was
67.0%, but the detection rates of DEEP and DOTP were only 3.1% and 1.0%. The mean concentration values of DEP,

DEEP and DOTP were blow the limit of detection (LOD). The 5 sample was detected above the limit value of DBP.

phthalate bis(2-ethoxyethyl) phthalate bis(2-ethylexyl) phthalate

The types, detection rate and concentration of the detected PAEs were different among the 6 kinds of liquors;
meanwhile, the detection rate and concentration of PAEs were also different among the samples collected from the 3
kinds of different sampling links. The mean dietary exposure values for DMP, DIBP, DBP and DEHP were 0.01, 0.02,
0.08 and 0.006 pg/(kg bw * d), hazard index (HI) was 1.2x107. Conclusion The max exposure values of DIBP,
DBP and DEHP in liquors are 0.1, 0.9 and 0.1 pg/(kg bw * d), respectively, all of which are less than the tolerable

daily intake (TDI), HI is far less than 1 and the health risk of PAEs caused to drinking is low.

KEY WORDS: liquors; phthalate esters plasticizers; dietary exposure assessment

0 3 B

SRR S A Ty A7 iz T 1 1 AR,
3t 8 FH T SRR SRR R, S T T S R SR R
e SRR R R U B SRR BB AR 3 B R A T R R K
(phthalate esters, PAEs), s&—RJRHEMIAY, BAMRIME
Y ERER A W80, W] LA BRI A0 L, X AR
P 3 6 R 50 i ™ 7 1 i 0

PAEs iV TK, ZE TAHLER, ERBhakET
R MR T W 1A A B (R SBAR 50 5 R A P 2 T A 32 0
SrECEE, PAEs (LAWIE LR R . AR S
AN, TEFVER AR EE . 2808 fRSE A T2 ad ik, #RA
AT R AT BE . — BT 5 SR St e, Y AR B A
AT RE S B R S 2 1

PR R — Rk, C2mh T AT H & A th A a]
B AR o 8 PR BT 2 A TG 2R B AT A (e B A A T
MR A S . 5 rh PAEs SR 35 LB T 20 AR
(R A5, R 7 S 5 R T B R, 3 B A 1) 7l
15 AR £ i 22 S U1,

2012 AR RIPAL R FAE IS, BUS T AT T — &

GIRIERE, XAzl A ok T TIRA RS . S —,
TRV IFBE (P PAEs YR AT RES I ARAR; 55—,
MUSLIE, SRBCRIGHE S T 20 . ERE 7 e &
e Fr A5 AR S b O R 6 206 S R A s 9, AR HE
AR LSl NS ) AR T 1R . 3, BLA
R R Z A —J AT T PAEs B4R 5k A A 4G 1
XA, X 2RISR B I IEL D o R, AT S RERLA IR
M DT B SEAE A 97 13, I 5E o 18 R AL Y & it
TR AR AR TR, T AR TS PR BT
PHE BB s W, PRI EE R g br, PEABT
P e ER e AR TR 287 i 3 BSG P) XLS:, ASD A IR 114
TP L BT R L XUBS: ARG o P TIUE LA
P ) PR T PR 4 BB S S R AR Al

1 MR5ERZE

1.1 XEE5EF
LHES 7890B 7000B S AH (4 1% HA Ik — B DU AT i 1%

i (gas chromatography-tandem mass
GC-MS/MS). DB-5MS EHMEH:(30 m=0.25 mm, 0.25 um)
(ZE1H Agilent 23 F]),

spectrometer,
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IECBE(faRkal, EEREAR); SRR,
7K; PAEs {R#r: 4B — H R — B [ (dimethyl phthalate,
DMP) ., 4% —H it — Z [E(diethyl phthalate, DEP), 484 —
FH /% — 5% T liE (diisobutyl phthalate, DIBP) 284 —HIiR T
fif (dibutyl phthalate, DBP) ., 4B — H g — H & Z I
[bis(2-methoxyethyl) phthalate, DMEP], 4§ — H B2 X -4-
FH 32T iR [bis(4-methyl-2-pentyl) phthalate, BMPP], 47
Z H R W -2- 20 Fk 2 B [bis(2-ethoxyethyl) phthalate,
DEEP]., 4P7K —H g —J%BK (dipentyl phthalate, DPP), 47K
I8 — 5 (di-n-hexyl phthalate, DHXP), 48# —HiR T
FEHCHLEE (butyl benzyl phthalate, BBP), 48 WM _T &
3k 2.l [bis(2-n-butoxyethyl) phthalate, DBEP]. 47K — H g
IR BB (dicyclohexyl phthalate, DCHP) , 4B — B g —(2-
Z.3£) EL R [bis(2-ethylexyl) phthalate, DEHP] 42K — HH iR —
Tk (diphenyl phthalate, DPhP) . 4F 2K — H g — iF £ T
(di-n-octyl phthalate, DNOP), %78 — H i — T-fig(dinonyl
phthalate, DNP), 16 FiJ#5r(D4-DMP., D,-DEP. D,-DIBP,
D4-DBP . D;-DMEP . D,-BMPP . D,-DEEP. D,-DPP .
D,-DHXP. D,-BBP. D,-DBEP. D,-DCHP. D,-DEHP .
D,-DPhP, D,-DNOP. D,-DNP)(FEHE 1000 mg/L, JLitiz
BRERHEARAA), HE_HR Q- &) B
[di(2-ethylhexyl) isophthalate, DOIP], X7 —F iR —(2-2.3%)
C. i [bis(2-ethylhexyl) terephthalate, DOTP] (250 mg, 4
99.9%, JtIT SRR A YR RAF).

1.2 #HmXKIE

REAL R IE | 4 52 S Lk L I 4 8 i A 3 9
B S EASAAEL, Horb 9 36 ), MUE 19 4y, R 17
By, BUHIE 10 4y, F0E 9 fr, W= 6 4y, it 97 .
1.3 SKWHE

T8 GB 5009.271—2016¢ & i %4 E K hrifE &5
A7 — HRRTR A I A2 ) H RS e A BB TR TR A
HIALFE
1.4 ZWIMEARKRSH

PAEs ¥ L5043 Hr i) 222 () B Yy, HLT5 4 i XUE
FEAETFAEA ML R e Sl (R, B4 Bl B 2 0L i i bR
KIKBE 3 ¥, 7E 400 °CHERE 4 h, SRJ5 NI 0.5 h, B
TlE&H. R, e Ak, 25 AARKEN: DBP 6.1

pg/kg, oAl 17 B0 A A K AL F K 1 BR (limit of
detection, LOD),

1.5 (&% H
1.5.1 &#Ei&u

{3 DB-5MS (30 mx0.25 mm, 0.25 pm)FE 414+
FEJR: WIEAEEIR 60 °C, R4F 1 min; DL 20 °C/min FHE =
220 °C, ¥ 1 min; FELL 5 °C/min FHE ZE 250 °C, {R¥F

1 min; FFLA 20 °C/min FHE ZE 290 °C, #FF 7.5 min; H:
1.0 mL/min, fEFAEE; PEFECREE: 260 °C; MEARRE:
AR AR 1 pl,
152 FiEfi:

B 53 B P2 B TR (electron ionization source,
El); HLESfELE: 70 eV fEHILIREE: 280 °C; B iRIkEE:
230 °C; WMy = RS ¥4 (selected ion monitoring,
SIM), HLAREEM A4 W3 1.

F 1 PAEs REA#RAILEN &M

Table 1 Monitoring conditions for PAEs and their
internal standards

o RN, Ehm T EMA T
min (M2) (2)
DMP 7.795 163 77,194, 133
D,-DMP 7.787 167 137,198
DEP 8.664 149 177, 105, 222
D,-DEP 8.652 153 181, 109
DIBP 10.427 149 223,104, 167
D,-DIBP 10.413 153 227,108
DBP 11.203 149 223,205, 104
D,-DBP 11.184 153 209, 227
DMEP 11.519 149 59,104, 176
D,-DMEP 11.500 153 76, 108
BMPP 12.181 149 167, 251
D,-BMPP 12.162 153 171,255
DEEP 12.606 149 104, 193
D,-DEEP 12.587 153 108, 197
DPP 13.031 149, 237,219, 104
D,-DPP 13.012 153 241,223, 108
DHXP 15.246 149 251, 104, 233
D,-DHXP 15.223 153 255, 108
BBP 15.246 149 104, 206, 132
D,-BBP 15.223 153 210, 136
DBEP 16.902 149 101, 85, 193
D,-DBEP 16.878 153 105, 197
DCHP 17.585 149 167,249, 104
D,-DCHP 17.566 153 171,253
DEHP 17.736 149 167,279
D,-DEHP 17.712 153 171,283
DPhP 17.887 225 104, 153
D,-DPhP 17.868 229 108, 157
DOIP 19.050 261 149, 167, 279
DNOP 19.446 279 104, 261, 149
D,-DNOP 19.432 153 283, 108
DOTP 19.536 261 149, 167, 279
DNP 20.869 149 293, 167, 275
D,-DNP 20.855 153 297, 171
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1.6 RIKFHIELIE

R4 tH 5 T AR 21 2 (World Health Organization, WHO)
K F M5 Qe P Bs A B FE R, X A &5 SRR
1 LOD H A H AL 60%AH: , RALL 1/2LOD (&
AT RAE 14 )7 A TSR SR BT 0T, AR R KT 60%I1
LAY RV T e 8 s L
1.7 ZBUFEREREKTITMG

R SEAENY, ST RS TP IAS Y PAEs i, 45
B ST S B, ARSI R B N
BRER. HENAL):

EXP;=CxF/BW M

A EXPo AR RN PAEs U B B, ng/(kg bw » d);

C MIBZFE S PAEs & B P, mgkg FOMTEZEESY
NS HIN2 R, g/d; BW IR, ke,

PAEs #) 51 (14 XU At 5% 11 16 35 48 4 (hazard index, HI)
%, ZIEZF PAEs JL[EIVE IR BB EE AU . HI 7EAHHF
FEH R AR H A A {H KT LOD i PAEs (DMP,
DIBP., DBP fll DEHP)# F& /K V-5 H S % RAEM LA Fl,
B 15,9 7 (hazard quotient, HQ)Z FIU'1 & 40 A=(2):

EXPi
HI=)HQ= ZR—Vi )

FUH: HI 45 PAEs MG ERTZ M, RV(Z%1H, reference
value) VIR PAEs (94 H RH R A B S ZIRE; HQ M
Fi PAEs f H @&, 4 HI<I I}, AN PAEs 19 B2 2R
BT #3724 HI= 1 B, Ak PAEs 1) BELURER v REXT
fat R G . S TFRE M AR PAEs WL REERMER
FHOCHRAE, ABFFEEES |5 MM P B R & A S
FI4, 4% DMP. DIBP., DBP F DEHP 3.1 HI, 4 Fiifk,
FI RV 238504 1070, 200, 100 1 20 pg/(kg bw + d)20 23,

1.8 HIFAIE

Kl Agilent MassHunter 5 3EAT 7 46 500408 40 B,
Microsoft Excel 2007 #1784t 1T, KA Origin pro8 #17
SN B2 6 Y DB L Ve

2 EREHR

2.1 EBERBEHSTD PAEs BTSSR

AJ5 i, 18 Ff H bk PAEs #1L5 5 LOD 4 5.0 ng/kg,
€ 1 FR (limit of quantitation, LOQ)N 20.0 pg/kg. 7E R4 97
ByRESL TR, 2 87 3 Ha HH PAEs W1Jf, Mk K 89.7%.
RGN i) 18 Rl BARY ., SEBRKE 1 A4 7 86, 4351k DMP
DEP. DIBP, DBP, DEEP. DEHP #l DOTP., DBP fJ#H
LR, H 67.0%, FYRA DMP FI DIBP, #2455
56.7%FH 46.4%; DEEP 1 DOTP [ H 24U K 3.1%F1 1.0%,
A 2 MU 1 S R A DEEP 5 1 4 FHR kS
f DOTP, 7 Fl' PAEs t', DMP F1 DEP 4 N IF 8544, (A
%¢IX; DIBP .DBP F1 DEHP B A7 AEFr ek §8k; DEEP
HATER 5 & B REE; DOTP & DEHP 4[R5 SAa i,
M4 DEHP /N, {H DOTP AJ e N 43, W RES | H ke
104 F & U+, DMP, DEP. DIBP. DBP. DEEP #l
DEHP 2 A0k i v FA R JURPIE 3R}, AL DA i A
5 P, S B[R] TR 1) £ i A 25 Rk R AR R 2546 3 L
FPoALEs, 341, DOTP & HETA NI IREE R, 2
X DEHP %545 #5 PAEs DL T, ZE ARk & v (14 10 FH b
Sk, DRIAS R Bk, AR 7 Fh PAEs i,
DEP. DEEP #l DOTP “E#ik /N F LOD, 24 DMP #
DBP BYHP /BT LOD, DBP 6 Hif i ik by 872.4 pg/ke,
5 UIRE SRR Y GB 9685—2008 { ik 45es . ALEA R TS
JnF e T AERRAE ) BIBRENE(0.3 mg/ke), DEHP fi g A&l
ek 108.4 pg/kg, FIAHR T E AR HEREE (1.5 mg/kg).
4% GB 5009.271—2016 H1 4% DBP R #1{H (0.3 mg/kg),
DBP [N A 5.2%, H4 PAEs MFAF SRR &K . 1Ah,
SHEER DEFITRIETZRSTE (AW & P 2E5X
B PPk 28 SR 52 DrP 4 1R P (e 48 S (DEHP < 5.0 mg/kg .
DBP<1.0 mg/kg), irfA#Eshh DEHP 5 DBP Ry & &
PR F e 2 BE ., HARZE R 2,

2.2 FEIZFIHESET PAEs BBLFIS AR
ARUCRAERE R ILA N T B BOHIE . MUl L A
AR LR 6 AN, A ME SR 3 R L]

®2 SEHHERD PAEs WELER

Table 2 Determination results of PAEs in alcoholic samples

PAEs K 4 2%/% A/ (ng/kg) Poi/(ng/kg) Pio/(ng/kg) Pso/(ng/kg) Poo/(ng/kg) Poax/(Lg/kg)
DMP 56.7 11.9 <5.0 <5.0 5.6 27.6 135.1
DEP 16.5 <5.0 <5.0 <5.0 <5.0 13.5 110.5
DIBP 46.4 16.9 <5.0 <5.0 <5.0 413 129.3
DBP 67.0 77.1 <5.0 <5.0 45.4 155.3 872.4
DEEP 3.1 <5.0 <5.0 <5.0 <5.0 <5.0 26.5
DEHP 32.0 5.3 <5.0 <5.0 <5.0 12.8 108.4
DOTP 1.0 <5.0 <5.0 <5.0 <5.0 <5.0 286.5

VE: Poyix 7R 15 YT B85 AMEL: Proax 78 15 YK T B9 IR B Pro KR5S 10 B AHEG Pso RS 50 T MEL Poo 785 90 H /(5K
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TRKTHRAME, HBARMFEARE, Hi 4 K658 $
PIRA | RSB SR T (. BRE AN S, I
& 4 FHESY DBP W& EHATHRAE, R, FES
DBP & ifitdeim, HA 3 B & 220 A K. 1l .
O FIIR T DMP % 5t i P AL {3 KT LOD, Horpr iy
RS R, TR AR R A A R () 1)

[
[ A T
140 - L
130 -
120 + [
110+ -
_100}
% 90 +
@ 80+
‘.5( 70 -
g 60F
= sof
& 40
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20
10+
0
DMP DIBP DBP DEHP

PAEs

Bl 1 AR[EIZEH)E o PAEs K i B (Pso)
Fig.1 Detected concentration of PAEs in different kind of liquors (Ps)

2.3 AFEIRHEFTHMP PAEs BTSRRI

AR 97 (A S 4 IR ARG (53 ). R T (10
BRI JE (34 153). 3 G346 DEEP FURESH 3R T 9 1
K DOTP [FE S IE T35 o 76 3 FlRAEIRAT sh 3 1
i 5 FBAEI R, Bk DEP 4h, HAy 4 Fdd b 5T R
SEMREA R AR R B (] 2), B DEP A6 W fe i
(110.5 pg/k)IFEACR AR i1, KRRl I,
' DBP AU HE(860.9 pg/keg)iid B FARMERRE, H AWK
TR RIREAS p S e 5 (872.4 ng/kg) IUFEAS R Sl i K]
DL 3,

1.4 DBP
1.2r

1.0
0.8
0.6
0.4
0.2

(x10°)

LB AT

NG Ve B2 1) R AL (EDR R (18T 4), 3 FICRAER AT RAE M)
FeAH, DBP B ALE IS KT LOD, HAR ST i
o b, REATMIGREH AT, DMP, DIBP, DBP Ll J
DEHP (il 35K F LOD, T % 4k 2 Fh R RAE HIREAR,
BRI REA S, DMP & &M H A KT LoD, HAth
iF LOD. X REAIAR B2 111 7 R AR AR 22 S ke PR 2 1
RS, FEERE AR | IR AL, R IR
PAEs {21 A7 56, INSCHESEP A T 2018 4ET AR A
s 3 i PAEs 5 4R oL, S50 & B, KRR TTH MR
PAEs MARHZ) K SAK PAEs MIbRRN 4 5, FEASHKAE
TR I, FIACHIE ST 45 R — 3

[ s
K AT
DOTP [ Tial
DEHP
DEEP
4 pgp
z
DIBP

DEP

DMP

1 1
0 10 20 30 40 50 60 70 80 90
K 2/%

B2 RIFERAEERTIRE NS A PAEs £ R
Fig.2 Detection rate of PAEs in samples collected from different
sampling links
2.4 BUFIRE XKL ITE
BT S YO E SRS IR, WA A RE K %
69.16 g WA E i, FUFEMEIR | B . IR RRT A o AL
2019 AT T A FREE T, 3T 23868 44

DEHP

0

| I |G WS R

75 85 95 105 115 125 135 145 155 165 175 185 195 205 215
PR B I 5] /min

_ lowp 766min 8.631 min ppp 11151 min EHP 17.651 min
= L N 2125t DIBP =135l
08 < 1.00f 10386 min 230
T4 g 0731 & 2.0
504 So02st = st
E = Of = 1.0p
L O 025t , . . . r—————— U]
72 74 76 1.8 7.8 8.0 8.2 84 8.6 8.8 9.6 9.8 10.0 10.2 10.4 10.410.610.811.0 11.2 16.817.017.217.417.617.8
£ B B 8] /min £ B4 B 8] /min £ B B5F 8] /min £ B4 B 8] /min £ B4 B 8] /min

3 L RURE b
Fig.3 Chromatograms of the typical samples
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Fig.4 Detected concentration of PAEs in samples collected from
different sampling links (Psg)

20~59 Z BTN, FIIRTEN 64.36 kg AR B,
DMP. DIBP. DBP #il DEHP V(i iy 2 52740 5 M
0.01, 0.02. 0.08 10.006 pg/(kg bw * d), HI A 1.2x107>, j7L/]s
F 1, DIBP, DBP fll DEHP f KMAMEE R RTERNHH0 0.1,
0.9 #10.1 pg/(kg bw * d), BILFFRIE FEZR B2 KBl
D Y DIBP )45 H AT 3245 At tolerable daily intake, TDI,
30 pg/tkg bw * d)]; KX & i % 42 5 (Buropean Food Safety
Authority, EFSA)HR#E K BRUE & 8tk L5 #21h ) DBP
) TDI [10 pg/(kg bw « d)]FI%E T DEHP AR FEHE M2 HH Y
DEHP (%) TDI [50 pg/(kg bw * d)]*Y, Hyitbafebr, oMl iR
HI PRI 3 1Y PAESs 28 5% FAb T AT 4252 7K F-

3 wiessie

AR YA I 25 AR 1 A W PR [2011]551 53 4512
O RE ) PAEs ) i £ K 5% B4 PR S AR E(DEHP: 1.5 mg/kg .
DINP: 9.0 mg/kg. DBP: 0.3 mg/kg)F47HIE . 97 HHFE
W, 4t 5 (EFESY DBP Sl 0.3 mg/ke, HBREN
5.2%. HA4 PAEs ¥R BUEIRE L. HAh, SHEFK
PAFRIAE T Z RS LA CERTE T S e XS
Al 25 S A s Y 4 1 i gt B 48 S+ {EL(DEHP < 5.0 mg/kg . DBP
<1.0 mg/kg), FrAREN* DEHP Fl DBP & 1% Tz
WOBIE, 2% B LG PR 5 A8 B 17 £t e XU A F T 2 32 K
o Rk, FESR PAEs SHARF SR R SN 4 AT fig
PEARAE . 2015 4F % SE AR I3 i) s X i 6 18 vh 28 4k 541
F I ZE SR & B 89 ML i, DIBP (WA H %k 85.4%,
B B K e B 10.74 mg/kg; DBP B8 H 2k 84.3%, i
KRN 29.2%, Fem ik 23.48 mg/kg; D%}
0748 T B P AR R R I 25 5 s 60 R Sl v,
63.3%MFE AR ) DBP, AR AL & i 5 9.82 mg/kg. I
DAFE ARG 2 25 SR L 2 B, T DK HH e 3 A S R A ook
F, WA TR, LU RIS SRS, MO
FA PR R EGR B TER . S8k, 2RI A 3

1 F R R AR R A S, SR AR AR i R
PEHBIRBE VAR o A AE R JEURRR W BAR B [T, BB
WAL T IBAE TR ST YRS, PR 1 IR SO} ) 22
A,

[ R EE RIS R, HE e/ T 1, R
T R B A AR AL T2 2K, SRR G
FEM XL, T PAEs WAL IZAAE T 2R EY
t, I B B AR A

SE
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