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ABSTRACT: Dairy is an important part of a sound diet, as well as an vital source of nutrition for humans. Dairy

products are susceptible to contamination by plasticizers during production, processing and packaging as they pass
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through multiple stages from production to market, and need to be given priority attention. Phthalates (PAEs) are one

of the most commonly used plasticizers, which can improve the durability and elasticity of materials. However, since

PAEs are not tightly connected to the plastic matrix, they can migrate from the matrix to the environment or food.

Therefore, it is necessary to detect and assess the risk of PAEs in dairy products. This paper described the sources and

hazards of plasticizers in dairy products, and introduced the limits of PAEs in collection tools, care products and

foodstuffs at home and abroad. Literature research was carried out on various detection methods for PAEs in dairy

products, including gas chromatography, liquid chromatography-tandem mass spectrometry and immunoassay, etc..

This paper summarized, generalized and compared the advantages and disadvantages as well as the applicability and

occasions of various methods at the present stage, with a view to providing an effective choice of methods for the

detection of plasticizers in dairy products with different needs.
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AMEARBRERENEESYRE, 85 5EAM.
S I e e YN NI S E= i/ ) T | e N sk 52
SRR E RIS . SRR SUARNIE 405 B BIIE B AT LT
Bl Z RS PG, WEdT . BRI RUEAE S, 2016 4FEHE
JE 46 (CDG—2016) @ L REEA 300 g A5 FIZL A,
DAGRAE L 06 B 86 (ORI A | BRSO e R AL

JUE B E 1 Y FL A AT A A B S 31 A 25 PR e,
HRLSMAE . B, TR LR EE Z TR, 1
(B A== A B BT . AR E RN A PR B R ] RE X 3
w8 BT i e A U . EL AT, B P AR LAY AR R PR D
PRAEER LA T2 R i, (H &AM A e ok v 1 98 4K
FIFTRE 2 AR FL L M RS B FL b v, T IR e Y 75 et
SRALTR R Tl A7 B8 2 & A F Rz —, 4
W M BA ISR, 0 LI SO SR ) R 5Pk o
B SR, B ELE DL A e TR AP A S Tk
NG BB, A7 NI BT 2 BR8P Y KU o
HARTL 268! FAN 214 wuU 2500 [ R 7e L5 A —
TE T MYABIE — H BRI (phthalates, PAEs), {N4BAE —HIfig —
(2-2.3%) C Mg [bis(2-ethylhexyl) phthalate, DEHP] ., 4B —H
2 — 5 FlK(diisononyl phthalate, DINP), 4B —HIfig T
fi (dibutyl phthalate, DBP)%

AR, BEECE . AR L AR AT A
RIANWT &S, EWNIMIFSE N G & T — 8Pl . sl
it B SE ARSI Tk DA FE PR B AL R & PAEs A
IR PG 55K . HARUNARASHID Z5f1 AMRITHA
SETVS5F 2017 4F L 2022 AEXFE S RALERRL . K AR
B PAEs BRTAL BRI AT 7 ki T g AR T, XL
HH PAEs B BUKGIN 32k 0 B ik 53 0 e A e D B2 B AR
KFIMHIESE PAEs Rl EZME, AXAA T3
PAEs MRIEMGEE, ENIM PAEs HIRFZER, KRG
T I 10 F4RIEAY PAEs K 5 ik A B 25440 . DL Fnds

M, DI Z A FL A h PAEs (G | 38 W A0y #2421t
AMINZHE T B

1 F P EBUFTIRY SRR

1.1 &3S

PAEs J&—Fl WAOREE N /- T3 . AL A 7=,
HH & DEHP (O 2 MR . 4 BN S DR
FHB T H, T S a5, DEHP & WK 4y
f It R RIARAEY RS R SR AR, AR AR
YIVE R RS, 43538 PAEs 1EA8 XUS iE— 21 o1

PAEs JESEIR LAY, ST e i & B m P .
BHT, AR R B 0K, FR5E R B 0
B, Brngs i mas . il mEE RS AR B
St A T o PAESs 5 94 35 S5 S0 1l 47 R 1T AN T St A
O EREAS R, R R, 6% PAEs (1)
W GRS, ASA] A 2 530 PAEs iR,
1.2 LIRS

gl R, B LA AR R R B, L
SRR A A i o PSR L (AR M 5 R HE 4
Pty T8 5 A5 N A B 23 75 5 i I PAEs 15 4614,
Har, s phrl i M {e74E DEHP. DBP. 4B
W11 — 3T (dioctyl phthalate, DOP), Ft, DEHP HA
AR ZE R, OB i B T 3 R T A e i 4,
G EYRIKIRI . DBP 5 Z R 5 EAG R I H fF 1,
FERVER, 5 TR, DOP Zil FEIS ], HA R
R ERE, (AHLFEAICIE, 2 AR MARNEE, ™
ER I =

ik PAEs 1951 AT AGREA ZLA TP i A <, B o 101k
(RO I JRESIZIRR, A L B R BRI, T DA ROk 4
FIIETEAG, SEINAE R | B R RO, el s R
T AR Hk, AL R AT RE S e LA I Tl AR
F RSN PAEs DLIRESR SR H 25
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2 EMRE

PAEs JE oo | B LT . K2 B NLED, 7
FEE A O AR A, LR —E M R A T,
Al PR ARIE & B D aE T e s Se s it
F, YAO ZPRO% AR E — HI R T % i (benzyl butyl
phthalate, BBP)2: S-S0l 5 AL 455 . ML R GE, 7646
14 d #5628 d MZEAAEYIFREY R B TR E 8 14.6 F
17.3. Bt4h, BEAUKIRIER) PAEs # 2 HERAR, 5 FAE&Fh
KR, 3K S fasE . AR . o I AR
A R 2 AT AL, PAEs 235 |42 s HLIA AR 5 |
LR GEIIRE MY AR DL KR HR ARG 5 . Sese D RE AR
R AR At T = R, M AR B,
A RES A TR R .

AR PAEs 15 48 2Ok [ & AR S L PRI
W AHIEZ IR0, PAEs — ELE AR, 7650/ sl 50Kk
T SHAR o AT B A 40 2K R IR 5 R (phthalate
monoesters, mPAEs), [HIlt,, mPAEs 1 & # A~ &3P fl Ak
T PAEs MEWFREY, AR Wi 2 40 2 A
P« R KSR EEFL AP A7AE mPAEs 7 BLYE 2008
4 LOUIS ZE8 i L8 & 5 PAEs A4 %, LARSSON
S DMgr g RO R KA PAEs X LA —E 1k
SRR . LUO ZEPOR 5 T . Sk . A8k
WM& 9 Fh e TR 7 Fh PABs FOFELE B FEX AR BB E 52
Wi, JEAE P A A T MR R Y i AE 2.7~958.1 ng Eo/L
Z ], SRR KK 45~396 1% WF9R W, PAEs X AZIEHE
AN KRR ZE 200, A BN PAEs /KF-Ef pBR & A
XU AR

3 ERSTERULTIRREZK

FLah T PABs BT AT RE 233G NIXE A AR B 14 XU
Pk, tHARZ E PR Z PAEs il T hRiERR A,
sk 1. MKHLF BBP Fl DBP 5 R iS55 v A g 12 7%

BRAE 43> 5115E M 30.0 mg/kg F1 0.3 mg/kgll. FH . MEE
ZH8 L AE B R A R IR R 55 A 4w A
M AB1108 7 ZE L@ AT A W] il ik JL 22 W6 b A 4 20 &
DINP., DIDP FI4B — HI R —IE¥-li§ 3 A PAEs &4 W E
AR 0.1%;

B ER S EEIS PAEs (4. 20114 6 A, 14
551 SAEBLE T PAEs KW BN R R, R
SEE SRS, FUASAE AL . R ESnR T Ak Esn, 3
BRA N RS EnF| o DEHP. DINP 1 DBP 1y k4%
FEEM N 1.5, 9.0 F1 0.3 mg/kg. 2016 4E, RE LM T
GB 5009.271—2016 { &ML EFARME BMPaE_H
PR TR A A ), BRI i AE f B . 2019 4F 11 H,
Fi G BIRREATR (i A SR T/ hh sk
FR1 0 Y JXURS: B 1 14 48 S 3 UL ) B2 SR P R HL b 2 AR T o
DEHP 1 DBP i, M5 E T 5 mg/ke Fl 1 mg/kgl™,

4 F 5 PAEs B9 75 3E

H i, PAEs ARz ik 22 gk, Hrp LIS E
1% ¥ (gas chromatography, GC) Fll 5 M & 3% - i 1% 1k
(GC-mass spectrometry, GC-MS ) # UL o (5 FH F 32 FRAe
RO THE, EAERAHT AT, F5E T8 2
FESHATALEE, DAZEERE 4E PAEs. ‘B FAORTAL FRE AR N [ A1
A B (solid phase microextraction, SPME). i f4: il AH ZE L
extraction, LLE), QuEChERS (quick, easy, cheap, effective,
rugged, safe)5§ . FHRE A B A ATALEIR AR 5 KA % U 25 AH
SE RS IR L, A R ER AT R, ANk 2.
41 SHE\IEE

GC R &M B 22 M REAHIE IR &, TR
SRR IANALS Y, 76 PAEs ¥l % FH 72 . SPME 2
— R TR N IR B 1, A A RS A3 BRI
WRAREE B e, G4t 2 hhRl 5 B ELHE 5 W 2E U

#z1 $E. BEMEEXIS PAEs MRS

Table 1 Limits for some PAEs of China, European Union and the United States of America

I ¢s] %
R T — par
T /(mg/kg) T a/(mg/kg) S/ Y%

DBP 0.3 0.3 0.10

BBP / 30 0.10

DEHP 1.5 1.5 0.10

LB — F g — IF ¢ Fi5 (di-n-octylo-phthalate, DNOP) / / 0.10

DINP 9.0 0.10

. " . BE<9

AR — F iR — 5%l (diisodecyl phthalate, DIDP) / 0.10

bt 2011 AE PAF 551 585 (EU)No 10/2011 CPSIA/HR4040

T /R T,
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Table 2 Detection methods of PAEs in dairy products

i T AR By 7 VIR WIRZS B3 /% K 4 R ik
KRN R 43I A 2R B GC-FID’ 84.0~102.0 0.02~0.31 pg/L [35]
BEFL QuEChERS GC-FID 83.68~103.73 0.012~0.020 pg/L [36]

fif 4 MSPE GC-FID 67~91 0.08~0.468 ug/L [37]
ALk A A AR B GC-MS/MS* 79.3~121.8 0.005~2.748 pg/L [38]
-1 MSPE GC-MS 91.4~105.2 0.004~0.02 ng/mL [39]
Wik SPME GC-MS/MS 82.4~107.1 0.3~1.0 ug/kg [40]
q:w; ﬁf F%Sgg&ffs’& GC-MS 85.7~117.7 0.5~2.5 nglkg [41]
414 MSPE HPLC-UV* 80.3~116.2 0.08~0.3 ng/mL [42]

BRI M
4475 O HPLC-DAD* 89.8~99.7 1.42~3.57 ng/mL [43]
I

AJREL BRI LC-MS/MS* 75.5~115.2 0.8~15 pg/kg [44]
B QuEChERS LC-MS/MS 85.6~113.0 0.1~0.5 ng/mL [45]

H: TGC- KM B T AL A I 2% (flame ionization detection, FID); *GC-88 15 i 1% #: (tandem mass spectrometry, MS/MS); “ &5 B0BUAH (8153 - 28 41
K %% (high performance liquid chromatography-ultraviolet absorption detector, HPLC-UV); * HPLC- %4 [ 51 K #% (diode array detector,
DAD); *¥H {78 - 53 B ST 5 (liquid chromatography-tandem mass spectrometry, LC-MS/MS),,

F TR - MIRZAJANIA S5O p YR F 4 8 A5 WLAL 5 200
#}(metal organic framework, MOF)-{{&I:45 7577/ EN ik
BEWNE TR o 4E, R GC-FID [RIH & 420
R, SRR MK EIMEEF Y 6 B PAEs. %74 Hi R
(0.008~0.03 pg/L)e ik T HoAth SRk 8 A 5 31745, hn
ISR 95.5%~100.0%, fH A il £ 114 26 HUR BL G 22
AL CHCL 2 3 d, FERTECK o h T kS 26 U K}
il £ B ) < A ) B, JTANG 451903 3 £ SO, file Bk 4 1 I
K MOF-199, {475 1 d R &g B e a5y
SiO,@MOF-199 E 458, 456G GC-FID i, # T3
A5 6 Fh PAEs BRI Jr i, E % AERA LA,
2 B B AR A6 1 R (0.3~19.8 ng/L) IR & 1Y &5 SR 15 5K
(225~2089 %),

AT AL GRS AT AL FE 7 35, SPME H AT #4 f
BOFESY R R AL AR AR 2 2 I B AR
JREHAETEIE S S, RERS X SR P Y PAEs HEfTE SEA
DE, WS GC AR, GCabratElsE, aT L EFL M
HR R PAEs MONE TR, (EAE ARG i A b vl B A7 A A5 BH
PERESL, I HLE B R R e ME AR X 4 22
4.2 SHEEE-FREE

GC-MS ] [ i %t ZFl PAEs fb& Wb AT e M e w40 #r,
BB RUE S B RIS, & R
SEAL R R R T2 —. MA 25500 &i8E PAEs Fl
5% PAEs MBIMLSF, AR wEmE LA, &R T B
WL FEVE R AW, A GC-MS Al LIk s 15 Fh
PAEs AT HE B4 S FIN 8, T %0775/ MSPE #ERT

25 15 min, 52 A0, PAN ZPUE 7 (1) MSPE Jr ik B AR o>
MR A K& 2, (AAUART 5 min BPATSEALAEHL, fif
WS, A T AR R] O A T — Rl R g A
APEZIL N, 454 GC-MS/MS, 7] LIXt4E4+H BBP,
DEHP % 6 ' PAEs #E1 7K . W30S PAEs Z ] #77ERY
SRGTKAVE A n-n VB S A BUSCR S B i G . IRAh, 1%
J5 B2 PV R 9E.(3.0~1000 pg/L), RALRE R, hiks ik 5
5 76.8%~99.2%.

MSPE HAMREEME . MM b A B S5, okt
TAEG R AE B AR Y B A BB G AR . GC-MS BERE L =
ROMHINEE, fl T GC PREMEZRN S, 5 MSPE
ZEA ] DU LR A TR R PAEs SR E TR, {H PAEs
Sy R B T SRR S IR, AEABORHE RS SRS DI B,
B S A Y, R A A RRIR A, w0
PRI .

43 RKHEGEE

HPLC 5 GC JRHARM, EXFAFaE . MEfE LRk
FIA o HAT R B 30UR . KA, HPLC 1£43 ¥ PAEs 5
AR Bt HL A 458 o8 1) R A RE RN Rk, 3 2o AR O sh A AR
5 BRI 4% 14 7T 45 %5043 85 DIDP 1 DINP., {E/57F 12,
T PAEs HLAT A AR, T8 LARREARG 4 2 AR (AT BEBE
WANG 2210 — Z 51 i i R (C8~C 12) A1 Ao W1y
Hei A2 i AR LA ), LR AR LR . ShiR
JayER, LOKRIZIE R shtf, HH C, ik, RAW
WANFE R (liquid-liquid microextraction, LLME)-HPLC jill &
fuk g 7 ff PAEs, 76 1~100 pg/mL /B N4tk R,
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Kt R A 1.06~4.55 ng/mL, AHXJ AR 2% (relative standard
deviation, RSD) (n=5)4 1.63%~4.44%, J5 500 T4/,
FEVER . GAO P& T REME LT B A P,
% Fl MSPE-HPLC-UV Xf 4%+ BBP. DBP. 47K _HR
T BRSO B R S R AT W RS

SEG AR, LLME BT %
B | B AR AR IR 5 . HPLC B0 PAEs HAG #1943
B, B2 . BREEAPOHE R, KR
B AR KT o
44 HHEGE-BERILEE

LT HPLC, LC-MS/MS HA LT &R
BE L KBRS P ABE B AR AR Tk A v
SN/T 3147—2017 { i T & P 402K — I BRER I 2 ) #
HPLC-MS/MS #1 JHAG 52 . HUANG S50t A il
AH RS- FR IR BT % (ultra performance liquid chromatography-
tandem mass spectrometry, UPLC-MS/MS), %5% LLE-SPE
BAR, #7 7—FhE BRI A 10 i PAEs (19 R 804t
I, K HBRA 0.49~3.16 pg/L, YU ZE55H48 Hy T — gk
i) QuEChERS ¥, 7EJFA J ik EEnt b, R b3hpriH .
W B 500 R0 A B SR A P R, DA ARG 2 % b R
W32, PAEs., =444 26 FRBTENS W T Y. 4
T, 18 R A WRRESL L 12 Oy SRR 2R A AR S R 6 1y
g & HP A ) DBP Al DEHP, & 4054 22.23~
137.84 pg/kg 1 28.79~118.54 pg/kg, YT EFFRUERE
R334 300 pg/kg Fl 1500 pg/kg). iX 7] fE 2 H  DBP
ML A Y, DEHP ZIEWM LA, HILEZR S W
R AR RS IS N W 17L&

QuEChERS J&—F 385 A 47 H = A A b B 5 12 .
I B 1R BR U R Al AR RE A, AT 8055 B Rk g, I
HT AR B B A, 4R SR I ] . {3 LC-MS/MS B
PR 2 AR G U, TOIREBELA PAEs BB AR
S0 oalll 8
4.5 RESWE

G B A3 T % S — i 3 PR PR fr S R 5 A R
0 BRSEAG I 77 o SUN SOV Ny 7 ] 2 5% 4 A ) 3% -
55 2R T S 2 A 0 24 5 A A% o i AR A Y R —
(dimethyl phthalate, DMP) /775 . %71 R FH B AL IE AL
L, R DMP BB S A b S N A e 2
HAREA L, LA H % H-DMP MRS & H-DMP 431
VR e AL b i, 45 s 2 va R LA, RS
T AR AL ) DMP, #:HBR 0.0082 pg/L, [EIR
9 90.26%~112.38%.

G T LA SRR B P AR . RV
BIDE A, AT F IR A Al At = L A, DASE B
TET AR I, B AR E AT AL A SR, AR

1 BT R B T2 ik g it — 2
4.6 RKITIE

YEICAI BT Je A5 R 2L ) ot 4 48 41k B )5 25
HFIRIT RO, i & 745 i 76 3R R 3R 25 s mT LARR I
R WK I, DT A T 5 M A B 43 M . CROMWELL
ST Sy T —Fh L T HOWDRG fE 2E BRI 5 B A - PAEs
(B i, R BRI T o Pt e S AR ERRIRG s 2 A T
AR Ak, SETTINERAE S, HAT TR R M g
JRESATTE ST o O ATREI 15 Rl PARs, HoA & R EE
(K6 R FRARR 3 0.12 pmol/L)Fi-8-m 35 1

55K 2 B D s A I A e, T R Y B G
RERG TP S U S . AT R, R TG R A
JERE R, RS A DR AR Iy I i, DS B
AT BEACALAS Y B s o
4.7 B ERENE

H Ak 2R AL I R PRI DT R RS S e e 4l
J o YU TC A5 5 A S5 S g 7 A RN AR S, IR AR
e ot PR LT 0 5 e U R 981 1 T R
T AN (R A D i R AT F AR A A A i v A U
TR LEFRIE AN RS ZHANG 25208V 4 vk 43 1 B 3k 5%
BY, LT R R | R A 41 D R R
SRSy T BRI AR RE BRI 25 & 10 ids, T E 3
A ) DBP ZEf AL A5 1F T, A% I ¥ 7 HE 37 5 DBP
WEAE 1.0x10 °~1.0x107° g/L JEFI N LML R, KR
4 0.052 ng/L. HL AL AR AN s HLAT ] A . RiiAs
ik, . L—tEmSiis, HETIFAFE ZRENAK
R

2 EriR, GC Ardr it el e, nT LA FL b R
PAEs Ml 52K, (S B Fa e A 48 2%; HPLC 78
53T PAEs A PRI ELAT B e Bk, R (8 14 3 3
HHZ RAE PR, X HEA %, GC-MS H] [alif 43§ Z
PAEs L5490, & H R F BRI 532, (EALERREM BUAS 55
o, AMETIISEEN . L AR B AR
B s, (BHURBUARRR PSR, WA A R, 9%
ST AN B Al 2 A TG T 4571 . (s S e, 3
T B B 25 1 SRR N TE & PEREAL R AR B kL. AT,
BEFPRGIN 7 140 A 45 A MO AR, S DR e
R A (5 FF 30 S5 R 4% 1 1) B ) e 43 4538 ARG I )y 9 A RE S B
BRSO PAEs DUk | SRR R A AR

5 ERASmEMLERSHT

BEE (AR AIHT . MR 2R A B RS, PAEs 1
K AR Wi m, fEdE TR 5 PAEs k. HF
GC FFEAT AL SN VHPLC 7 5 42 2R (o B R R AR,
[H ik, GC-MS il HPLC-MS/MS DIHBR | w5 RB0¥ | &4



92 WH A, S5 L hARE

W R BRI IE AL R A I 5 2 A i 5 61

B g e DA A AR o AR, XS R
%, s, HlEZR R NG #BAE, HariOH TR
AR5 BORE AR B S2 80 3 AT L. STk L POk
ik RS A AR A B T R D7 BT, T
AR B AR dh b TR ARSI . Ak 2 — 2Tk
S B ANy i, Rt 2R

6 Z5RiE

ARSC R T 7L AR A R IR A B e, X L
T E AN R PR R, BT LA PAEs AU
Mﬁ%ﬁ TEER, MR KRR RS ) T

117 5087 FLh b PAEs BRI B BUASG T — 26k e, (HL
Hﬁ%%%mhﬁmmﬁﬁL B, afh: (DEXEA
[FIZE AU PAEs, 5 28 K B T 3 RN escdk 6 U Jr vk . —2£ PAEs
£ HPLC W 5 T4, it PAEs B8 GC-MS #4554,
Rl B PAEs HORNWHT I, R4 L ReE T S M R A
W73 LA T S T R, AT B A T A LA 2L T i
AU . )R PAEs 8T 7L 47 b B 14 KU A B B
HAR RGN, RSB b s SR R KT 1 B
SRS, SR R AR O R E SRS
[ER= S N

SE 3k
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