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Detection and risk assessment of 17 phthalate esters residues in Baijiu available for sale
in Guiyang City
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Abstract: Objective To understand the pollution of 17 phthalate ester compounds (PAEs) in Baijiu sold in Guiyang
City and evaluate the dietary exposure risk of residents in Guiyang City. Methods The data of 17 PAEs in Baijiu sold in
Guiyang City from 2021 to 2023 were randomly sampled, and the dietary exposure of PAEs in Baijiu was evaluated by the
point evaluation method combined with the consumption and weight information of Guizhou residents. Results From 2021
to 2023, 760 samples of Baijiu on the market were collected, the total rate of exceeding the reference value is 11. 71%(89/
760) , and the average total content of 17 PAEs was 0. 310 mg/kg. The detection rate of di-n-butyl phthalate is as high as
88.95% (676/760) , and the rate of exceeding the reference value is 11.45% (87/760) ; The detection rate of di
(2-ethylhexyl) phthalate is 48.03% (365/760) , with a exceedance rate of 4. 87% (37/760) ; Dimethyl phthalate has a
certain degree of non-compliance (0.39%) ; Although the overall detection rate of the remaining 14 PAEs is relatively
high, the degree of pollution is relatively light. From the sampling site perspective, the detection rate and over reference
rate of PAEs in wholesale markets and distilleries are relatively high. The point assessment method suggested that the
PAEs risk index of Baijiu intake by Guiyang residents was low. Conclusion The pollution of PAEs in Baijiu sold in
Guiyang should be paid attention to by relevant departments and consumers. The health risk of Baijiu consumption by
Guiyang residents is low and acceptable.
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ST 2R DL AL T SR L )z N T A
e IR AF 2 U, B R R R LA
Dy oy ReE R K B AF . PAEs 5 LA R
ZE AR B 25 S L O BA R IRIE A B R
E20E AN v S S 2t Sl L S I R I R
fife B e L AN P AR A MRS R U], PAEs XF AR
et BREAS B0V 7 B K IR A T e R BUIF VA5
RGN E W05, L 2 B SO B0 0 KR

Bt DCVE Sy I I 2 B S I, HorT g B
AN AR 4% it BB TR 3 AV 22 o3 g 2R
ANVEDTBRIE Y I . X 28 I A R T A AN S
b FE AT RE R 5 A PAEs 19 90RE 25 2% 5l
T8 A7 5 G R I A S — s B S AR M
WK, T 25 5 W ORI A B8 PAEs, DA% i 2% % fd
FEUES: o B AT, ¢ T 5 FH ML X P PAEs 15 04 Y
WF5E 1 AN R, 5T, A IE 5 08 5 X B BH L DT
B EH 17 Fi WL PAEs 5975 Y 1f D0 2E 17400, 47
AT i B PR T S 1 S AR e A AU 1R AL L S B
B F P AR R 2 W 48 T, O BN A 4 A B
S

| 5T

1.1 ##
11,1 FESREE

2021—2023 4, 4% I8 Bl AL R A J5 00, 6 5 BH e
a8 5 Hn AR WL 7S AT B X R
A I AR IL 760 0y, RAE ML T B T

Ry & AT Y YA, R AR N
7 A (B R B e O Rl ) R B VG B 43t
PET M % .

1.2 FEAU 5 IEH

LT2002 KF K5 FE 0.000 1 g) , 0SJ-UP-V 4fi /K
HLCI R ERE) , TRACE1300-1SQ7000 A A €4 1% - 8
DU AT T3 6 P A (36 R FE 3R 6 ) , MQK-XW-80A %
JiE R i f (LK ERE) 1550 B0 AL, AT 1310 JEFE
f8(2 E B K ), SK250HP # 7H J% 2 1 2% ( 1 g
B,

&7 — W ik — 5% T Mg ( Diisobutyl phthalate , DIBP) |
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P G0 it 22 4 XU DA v O 5 9 4 AT T 52 55
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DBP 1 DEHP ¥ TDIAE 43514 10 F1 50 pg/kg 7R 5
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WA IZ AN PAEs XF AR Y 2 5 KUK T LA A2 5 24
ERI>100% B} , I\ % Fl PAEs 23 %8 A7 A4 18
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1 T 52 3256 O ¥ RS A A B Ry BR M A 5
PAEs RURZINES R 2 5 A “ KA 7 (Not detected ,ND)
B, 3 46 {E T B J& BLSE A 07, BT g AR TSR
J7 WA PR A IR (R AR B A A KUBR T A

XFND” O 1) Ak BRI 25 FE A b ND B T
Fb 451 AS 8 3k SRE S A 60% , W) B A 2 ND (DK
B 40 M K BR A — 25 s M s, A5 ND 7 BOHE BT A B
88 i R ) 60% , W T ND A A KRR
AR, AW A T PAEs (9 ND {8 LA J7 B KRR
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2 H#R
2.1 bRl 2R R

17 # PAEs BC il ¥ £ 24 0.00.,0.02.,0. 05,
0.10.,0.20.0.50.1.00 pg/mL { Z 51 b e 1% 7, AR
i B Fh PAESs 19 J57 2 Ve J32 A0 e T AR ST s v il
DL 3 55 e L e A R R 0. 001 wg/mL, PL 10 £545
M LG E E R A 0. 01 wg/mL. HEE 1 A%, 17 Fh
PAEs A9 EA R BC(R) BTE 0. 999 LA L AT HY
0.1.0.5.1.0 mg/kg 1 3 /46 B B2 b [T [l i 2
TE 87.28%~112.31% Z [i] , A1 X5 5 1 It 2% (Relative
standard deviation, RSD) A 0. 25%~9. 07%, 13 B L 4
b SR LA A v ) T ORS %5 E

F1 17F PAEs BObRIEINZL (R® nAs (5114 K RSD

Table 1  Standard curves, R’, spiked recovery, and RSD for 17 types of PAEs
b w1 4
PAEs 0= )5 72 R’ 0.1 mg/kg 0.5 mg/kg 1.0 mg/kg
] e 4/ % RSD/% 1SR /% RSD/% %/ % RSD/%

DMP Y=1.49x10°X-1 478.22 0.999 1 93.63 2.43 96.03 1.13 106.81 2.56
DEP Y=5.16x105X-134.5 0.999 3 107.58 7.36 93.57 6.03 94.58 2.33
DAP ¥=2.06x105X-975.4 0.999 8 111.53 2.04 102.72 1.38 99.61 3.30
DIBP Y=5.81x10°X-6 249.53 0.999 7 88.11 5.76 90.1 4.04 104.71 2.58
DBP Y=4.39x10°X-200.67 0.999 9 89.43 6.09 107.68 3.09 100.67 1.78
DMEP ¥=2.93x10°X-230.12 0.999 4 112.31 8.01 100.14 5.81 94.85 1.95
BMPP V=3.18x10*X-2 577.87 0.999 7 87.28 1.25 109.19 1.13 96.72 2.8
DEEP Y=5.84x10°X-1 465.38 0.999 5 88.44 9.07 100.16 4.03 97.56 2.15
DPP Y=2.76x10°X-2 838.42 0.999 0 101.13 7.63 99.42 5.30 107.84 3.06
DHXP ¥=2.31x10°X+1 304.31 0.999 3 88.42 2.57 91.01 6.95 107.12 4.11
BBP Y=4.56x10°X-1 732.72 0.999 4 94.61 1.65 107.47 2.54 103.08 3.02
DBEP ¥=5.32%x10°X-1 056.15 0.999 6 87.42 5.98 99.39 6.36 101.33 0.97
DCHP Y=2.56x10°X-105.12 0.999 5 110.87 2.27 95.01 5.97 101.49 0.66
DPhP ¥=3.42x10°X-856.39 0.999 9 107.38 8.54 95.09 2.75 103.31 2.60
DEHP Y=3.34x10°X+1 251.64 0.999 7 111.37 5.78 103.94 1.47 106.60 2.28
DNOP Y=6.27x10°X-344.53 0.999 2 93.24 8.38 98.22 6.19 107.59 3.09
DNP Y=4.12x10°X-2 017.24 0.999 9 98.85 3.13 98.52 3.07 103.61 0.25

2.2 AR 2 R b

2021—2023 4F A5 I 5% BH 4b X 760 53 7 8
FES I 17 FRBfE T 5R B , E 246 ) DBP .DEHP . DMP
3 FPIEAL K Y Ho AT 89 (R RE AL PAEs SRS
F A (T Jp W5 #& [2011] 551 5 DBP>0. 3 mg/kg,

DEHP>1. 5 mg/kg) , N5 4% %4 11. 71%, DBP .DEHP
DMP 1S o 0 D0 DNOP NP DEP AP DISP DMEP BMPP. DEEP.DEP DX
RS Hh 1 10 L 2~5,

12 2~5 Al 1, 5t BH T B I P AR AR SRR
M2 Mg 25 ¥ ARV Y 4, o DBP .DEHP £ i} 3245

K2 2021—20234F BT FHTH B F P DBP AGAS I 45 R
Table 2 Test results of DBP in Guiyang commercial Baijiu from 2021 to 2023

Ay 6 493 54 G KR/ % WS EEE/ % i/ (mg/kg) SEHIE/(mg/kg) P {8/ (mg/kg)
2021 221 198 89.59 15.38(34/221) ND~10.217 0.142 0.157
2022 257 236 91.83 10.89(28/257) ND~12.784 0.105 0.139
2023 282 242 85.82 8.87(25/282) ND~9.621 0.093 0.142
Gt 760 676 88.95 11.45(87/760) ND~12.784 0.111 0.141
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Table 3 Test results of DEHP in Guiyang commercial Baijiu from 2021 to 2023

A ez ) 7y % Kt 1y % K %/ % BSHEF/ % B/ (mg/kg) S/ (mg/kg) P (E/ (mg/kg)
2021 221 135 61.09 5.88(13/221) ND~3.786 0.153 0.162

2022 257 127 49.42 3.89(10/257) ND~2.915 0.161 0.149

2023 282 103 36.52 4.96(14/282) ND~4.032 0.139 0.151

ail 760 365 48.03 4.87(37/760) ND~4.032 0.151 0.150

A4 20212023 5 FH T H T T DMP AL I 45 52
Table 4  Test results of DMP in Guiyang commercial Baijiu from 2021 to 2023

A I £y %% K i 4y 5 i 5/ % Ty i/ (mg/kg) FYI{E/(mg/kg) P (E/ (mg/kg)
2021 221 27 12.22 ND~0.927 0.087 0.085

2022 257 33 12.84 ND~0.425 0.074 0.076

2023 282 22 7.80 ND~0.573 0.091 0.088

At 760 82 10.79 ND~0.927 0.084 0.086

5 2021—2023 5t BT I LA 14 5l PAES ARSI 45 21
Table 5 Test Results of the remaining 14 PAEs in Guiyang Commercial Baijiu from 2021 to 2023

A 6 53 % s 0y B K 3 3/ % I/ (mg/kg) FIME/ (mg/ke) AR/ (mg/kg)
2021 221 88 39.82 ND~1.237 0.314 0.309

2022 257 92 35.80 ND~1.146 0.268 0.273

2023 282 73 25.89 ND~1.085 0.292 0.302

At 760 253 33.29 ND~1.237 0.290 0.304

7 TP H AT 14 Fl PAEs{E 0 DEP .DAP .DIBP .DMEP .BMPP .DEEP .DPP .DHXP .BBP .DBEP .DCHP .DPhP .DNOP .DNP % 7 2 FlIF- 24 5

LA 88.95% FI 48. 03% , A G R LA L
S RSN 11.45% 1 4.87% , A B FE 5
i) DBP Fl DEHP 15 Y4 {H %% & , ¢ = 15 12. 784 FlI
4.032 mg/kg; 73 Ak, T FE S WL AE7E 52 DMP 15 4L 1
B, K H R AT BAIG, A 10, 79% , A 7E —5E IR G 4%
ML ARG HEN 0.39%; Hi4s 14 Fl PAEs Bk 1%
B (33.29%) , F- 43 (E A A 457 4B 43 518 0290 Al
0.304 mg/kg, (HH A K 14 F PAEs #6025 5 2> F,
# A 5k it , BBP,DBEP,DCHP, DPhP . DNOP DNP,

#6

DEP.DAP.DIBP,DMEP ,BMPP ,DEEP,DPP DHXP
X 14 Fi PAEs & 2 AR B

6 NSt R Y T N PAEs K B A
B, H 2R P B TN A A 3 B B R R I T 80%
DL b it 2 i 3 0 B R R R R bR R
LA s 13.43% I 16.39% , 3 [A) 5 AR vh e
B L K 2 B0/IN T B A7 I o 98k I 25 2
B, IR 2 3 W i 5 4R PET A4 5T R 2B 0 I
TEHE—E W PAEs 75 2 XU

BB 4N B 17 B PAEs BOFG H 15 0

Table 6  Detection of 17 PAEs in Baijiu markets in Guiyang City

HFE 5 BT R 73 54 [OR RO K 3%/ % HBSHEE/ % S apae FHIME/ (mg/kg)
eI P 201 168 83.58 7.46(15/201) 0.246
KRN 72 62 86.11 8.33(6/72) 0.169
R 268 246 91.79 13.43(36/268) 0.307
£ 36 29 80.56 5.56(2/36) 0.211
big7i) 183 173 94.54 16.39(30/183) 0.322
it 760 678 89.21 11.71(89/760) 0.277

VE 13 ga TR A BE R B 17F0 PARS 2 b2 A1 84

Tt PH 8 B 1 o PAEs £ A XU PEA

HRAE 1. 2.3 o iy XURS: PP Ah A5 78 RSO, o 3R 2~
5 PAEs (°F- 3 AR A2, B DBP 1 DEHP
(4 TDI {E 43314 10 1 50 wg/kg Fb, B H A4 15 Ff
PAEs [ TDT #4s , #2 B AU f5e RS, A F 9% B 4
15 F PAEs i TDI {5 DBP —%{, 75} 17 fF PAEs
AU F6 B3R 7

Fe 5 LR He IR TN R I 2 Y (E A
S-S5 R TR A, S BT R R T 9 Ak TR XU
T HBAG, B E BB HE BN 0. 67% , 2t B KU

2.3

FEECR 0. 77% , LI AIK T 100% 11 5 8 KU, (5 i F
FI AN JAEAE 17 RSB R 284050, [l B i 2
ERZHEHERS—MER EHREZERETR
T RIS 2 T LA Y8 Ak 5005 A Ol IR 5 A DG T .

3 iFie

AW K B 5 BT T B S b, DBP Al DEHP
JE EEM PAEs 15 e 0, K il R B0 HOB 2 B A
LA R . DBP 1KY 5 I8 88.95% , M bR R
H11.45% , fi 55 15 Y fH 5 ) 12. 784 mg/kg; DEHP
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Table 7 Risk Index of 17 Plasticizers

W&%  HEEE 3 CEIE BRI L XU
PAEs Fi % W E g T 1T AL S ST

0% /% /(mg/kg) /(mg/kg) HBE/% TR/ %
DBP 676 88.95 11.45 ND~12.784 0.111 0.35 0.40
DEHP 365 48.03 4.87 ND~4.032 0.151 0.09 0.11
DMP 82 10.79 0.39 ND~0.927 0.084 0.05 0.06
EBBP‘DBF,P‘DCHP‘DPhP.DN()P;DNP‘DEP,D.\P;D[BP‘DMEP‘B“PP‘DEFAP‘DPP‘DHXP 253 33'29 0 ND~1A237 0290 018 021
At 678 89.21 11.71 ND~12.784 0.310 0.67 0.77

AT BN 678 (0 BES BY 17 Fh PAEs & B 2 FISE (A, KU HE 500 17 Fh PAEs KUK $8 502 fn

A R 48. 03% , BBAR A 4. 87% , fie e 15 YL fH
4. 032 mg/kg. DMP S8 R A X #2848 (10. 79%)
HUHFE - ENBESZEMHRALR0.39%) . xR
14 Ff PAEs 8RB AR K th R85 (33.29%) (B I
BE AR EA XA, BRI B S HERS,
Heix 2e PAEs 76 (B H 0 75 Y R B A 6 e %, (EL))
T IRREY .

Al RE 3 BT it & T 3 RN U7 9 PAEs
RS % H R AR o X 0] BE S IX L b T A
B 2 ek, BAA MM e Bh i T &
i PAEs (9 38 RL b BHA OC o O 5 Bk I Y I
BT S S 8 AR R B 2 b R R AR T
Hh SR AR TR G AU PR A R T

R 45 052 T £ DAL P A3f A5 7R R 4 5, Bt B
R RBEAR AW PAEs XU 8 B8R, 5 2R
B8 B 0.67% , &P R 8 B 0. 77% , {HIF:

NEWRE PAEs V5 AT DL ZAL . A HERZE
H F T 2% i — F 5 B8 AT 8 3 ok 5 Ath i 4% 4%
A PAEs, WA Fp 2 & & A bhRE R 2R 2R 5
AW H AR B E ST PR S B A
FEHEAT KU DA, ] ) 75 22 25 6 25 SR A& Fhak 42 19 98
A0 % SR A L, 4 VA B ) et B XU o
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