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Research advances on phthalate plasticizers detection methods in food

LIU Xiao—wen, WANG Jiao—jiao, QI Cheng—mei, LIU Ting, YUAN Zhi-hui, LUO Ying,
ZHANG Zu-jiao,YUAN Xian—you"

(Department of Life Science & Chemical Engineering, Hunan University of Science and Engineering,

Yongzhou 425199, China)

Abstract: Several phthalate plasticizers detection methods which applied widely,such as gas chromatography
(GC),gas chromatography—mass spectrometry (GC-MS) ,high performance liquid chromatography (HPLC),
liquid chromatography—mass spectrometry (LC—MS) ,near infrared spectroscopic(NIR),immunological analysis
(IA) were summarized. Characteristics and application conditions for each method were compared,and their
trend of development were also prospected,expecting to provide several basis for phthalate plasticizers analysis.
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1500 BE R B 3E S 110 S HEAT T PAESS TR I, &5
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JeW o Ry i VRS Inr AR W BT, GB/T 21928-2008

LIS 2R F P e A S 420 B A HE B 24 0.05mg/kg» 1T GB
9685-2008" i 5z T DEHP M £ S S B2 M BHE 2 31 &
il B B K S VR B2 B A 1.5mg/kg, DBP 4 0.3mg/kg
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G JEIX 2 U S ARRE S DGR 22 4y, $R AT S [ Br
FRUE AT < 22 A1 77 i, S SL RO S 4l B A TH 11
PAESI 7 1 A2 r = A3 IE P 75 22 .
1 S[EBEE

PAEsTE IR IE R0 i 17 3 5 A%, A48 Ll pe/L
IR JERATAE, IR R I E AR T 3 s 2k . <
A TSV (GO 1A AL K IEAS I 4 (FIDD & ——Ff sy RN
JEEBFH PERS IS, LT BT A ML AR A e ., A
M PR LODD 125 10 Be/s, 1) FH 1000 e B 5 v 22 P g 98
5] o 25— A AR AR €0 T 62 i FP AR AR R —
a4 AR TRS I, AEA GRS £ LOD A 1.5mg/ke,
SRR [AC % 67.4%~92.9% , AN AR v 22 (RSD) 24
1.6%~4.7% ; W IE IS i LOD 24 30mg/kg, 14 [F] i 2
H73.4%~96.1% , RSD 4 1.6%~2.8% , 1% 77 12 i Ab ¥ 1
PR GRS IR AR ORE RS iR S s b 4 R
A8 2R R P AR I 1) 5 2 o S ) AT T v AR S
[l A4 B i VIR 2SI AR L B v e 2 = W K IR =25 14
B il T 2R R R R S Y )L R B4R IE L
T Y ) B E < [ AH A B 4 R A 5 A B ) A
OB 3BT, XPRE S BEAT R N m RS 86, 25 IR, 4
A8 2R PR T 245 4 I SN A S5 D 5~50mg/kg
WK AET2.3%~101.5% 2 [, RSD 29 2.69%~5.84% , i,
WH A D7 1 MEAf a5 o A% B S5t ST e £ G S v IR
AR R R R AL S A = I GC/FID N AR v,
6 &R 2 T FH R IR 11 £k 17k 98 [ 34 2 10~200mg/kg, AH
F R E=0.9995, RSD (n=5) 5 1.55%~2.42% , ||k
Zh92.7%~103.8% , JLLOD >4 DMP 0.28mg/kg, DEP
0.30mg/kg, DBP 0.32mg/kg, 2K — FH R — N MiliE (BAP)
0.24mg/kg, DEHP 0.19mg/kg, 2B7K R ~r:fi (DOP)
0.13mg/kg, 1% 35 F 6 ] 4 L e A L Pead, HH LODAR
PG, 487 50 38 £ FH vl A0 v P S 1 R B sl R 1 6
B2 R IR (1 43 AT o o ZRHAFA S N B i 16
F 818 25— F IR TS IS 4b 5 42 [R) I o v, A4k T (a3
OIS Z T VRN B 168041 2R R I 11 £ 14 Y
[%134°45.0~50.0ug/mL, FHXSFRUE 25 24 2.13%~3.24%,
IR W% 4 83.3%~90.4% , AT HH FARUEDN 2
J7ike
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Fh oy #r B, JU PR 87 7 20 (SIVD T 38 5 T R A
JE, AR TR PR o 1205 v B i B vk by L 26 Vv
o A PR AT A R L S T R A
i B RE A R 08 2 P P P IS G 0 R 11 A
{H GC—MS VXS FE b 77 b B SR 56 v, 49 28 S A AR R
G 3 HERE AR . FIEEREFIBR ] £ JF-N-A F&
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i (GC—MS) 7F 3 $F 24 7 W DA = I oz sk & i op
AB2E R TR (DBP) AR R R W L T I R
(BBP) 2%, %77 V:7E0.1~5.0mg/L. (DBP.BBP.DEHP.
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PESRR, AL R $0>0.995, A )7 13K H 4 #is Ak B R
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BB 2L BB L 2= I T, RO H R e, K
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SEYOB ZF W5 . Y 32 B T 16 R AR 2R F I R 2K
B8 SH TR 53 BT 7, 45 AR W 16 P 412K H R T 2%
898 71 (R LODYE [l 24 0.005~0.025mg/L, i% 3438 i 40
A IBER A5 B 5 75 0T 3 T30 (¥ A 4 EORE ol BT A B, R4S
TR P, TR AR R R A K R
FSHGIRFRT DN LLSR o R |n) AR AENAEHE ST T[] B A ) B
fi H 23R 2K FE R IS AL A 1K) [ AH A Y (SPRD —
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HEPR 4 0.02~0.2mg/kg, 1051 il 25 5T 34 bR 7K >
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T3 FLAT PR SRR v AR A, T R B
2 FPAEAL S . TR LA AT T B 15 FR
RN T F R R S 4 9 7 1) R S 2 L -SPE-GC—MS 53
BT 795, 2548 T AR S 6 W I SR B 1Ak 7 v, TN
Fo 00 B €2 0 4 A BEA T D0 Ak 5 8 ek 3 50N b s v R 2k
RIS PR I 1 B A KN, A S B AR R
PR 6 0 2% I %232k 211 80% 5 15 FF AR 25— FH R I 19 Jy 2%
2L PETE ) 1~800me/kg s < 52 $0>0.998 , il A 11
K 84%~115% , RSD (n=6) 45.3%~9.4% . Sannino
LR T GC—MS 7 v [R) I 52 A A 3 B i v 3 bt
FERE N P 1 2P A 2 R IS RN AR AT R IR R 1
B I PEE, 98 2 U = Ah, B T2 R
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R B B R L B 28 7 (0 1% — ] AH A I — v 40 H S AH
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TE B FHAR A i b 204128 — R TS , 25 L WA R v i
25 RIFIEMEICR, LR PEIEE D S pe/kg~2.50mg/kg,
HH 2R FR #0>0.999, 3 B 2 25 93.04% ~104.6% ,
RSD (n=7) 41.01%~5.26% . Sun QJZEII . T GC—
MSEI 3 T2 Ok Hh 41 28— R 1 28 39 548 71 1)
5k, ZIE R E TR 9 0.01 ~Spe/L, A1 5% R H>
0.997, In#s [FK 2R £ 97.27%~105.05% 2 18] , n] [@] i
I R AL YCR P (I DBPAIDEHP. Li LEEVR] I GC—
MSS 7] 300 5 £ FH vil o 1S AR 4128 F g e, o2k v
[H7£0.001~1mg/LyG | R4, AHIC R H3) K T-0.999,
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7795 FLAT R v A I BRAR, v 1 A T v e &
ST ST
3 ENEMEEILE

T S L (TPLO) 2 3% - ) 76 07 i N S8
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B 45 3.25~13.4wg/L, 50mg/LZs T I [B11A % 5 70.4% ~
113.6% > RSD 40.3%~5.8% (n=3) , & 7. HIGPCE 4L )7
VAT PRI L A bR A R T TR R IS MR i S A
I3 ke, A8 S 22 B HPLC [A) )43 87 il I8 PEAE & 5
i 2 AN IR T R S IS BB U E1 A Y 7 v RE AT
HE o EFENT NS T P R SRR ALK L F R TS
FEIEIRF (PAES) 77 B 11 /81 S50 (s A 725, #F
MhERIE U BE BN, CoohE 5 25, LB /K T sh AL &
Ve, 226nm N AL, SFIPAEs Sy B9 4E 7 M 4f, 7£0.02~
10pg/mLZ 8] 15 BLAT 847 (M £ MO0 &R, & H B Sl 4.4~
13.8ng/mL, 1=y« WP AR 37K S 1) 0] i #1475 79.5% ~
102.0% , RSDIIAE1.1%~14% 22 [1] , 1Z 545 5] & H 1
PRI 1) i P AR R T TR S IS RS I o AR A RO Y
TR R O B AR WU AL P AR A R T IR P
(DNOP.DBP) (1772, DNOPFIDBPI1 IIAF 1] e 3% 45
AE83.4%~93.4%F180.4%~86.0% 2 8] , PN & MK HY
R 34) 245 0.01 pwg/mlL, S — Pl PR dd ol 47 [ AS 0 A2k £
M AR IR R IR IS S BN U VR . TRk TSP ST
T BARUEG T 14 218 2R T R I S ER BRI AR 11 v RO
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O ot 28 3o A R 7 PR E, GPCIF Ak, UK 4 )
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WESCEE I 7E o ZhangB52538 57 T £ b CR A, wh4E
JTAETH, 20y, Y BRI AE) op ST 2 ) 18 E 5 11 [F] B
W5 7985, B il A0 vl kR 75 3 S Y, 3 Ik GPCAE 2l
1, HPLC A3 BT, i 75K H BR 24 3.25~13. 4 pg/L, 5 N1
AR AET0.4%~113.6% 2 18] , RSD 25 0.3%~5.8% > 1%
VETRE Yo ST, v Tl i £ 5 TP PAEs IR FE &
PO TRT IS0 0 o A 2523V T[] A 00 3 AR 3
T 2 SR R BB XS B T MR SRR S P 17 R Al
2K R TR A S W 1) v SO 1 Sy BT T vk AR
AT 2 AT, DINP K H 42 16 P 3 M40 43 B 4£0.5~
10.0.05~10mg/Lyt [ Py e P 0C R R AT, (XA T LOD A
0.001~0.02mg/L, 55 B & =1 17 0 53 B 420 17 ks 5] i
# M 70%~120% , RSD/NT-15%
4 SUEHEBIE-BERIEE

VRAH €0 3% — 5T 1% 16 2R (LC-MS) J& X ML)
BEAT 8 M e e e v 2L TET A 10 v, HoAT BT ) R
& RNGE PR, 22 5% BRI BE I 7, i 20 IR AR A A,
HAG AR B3 51 JRASAH T GC-MSHL iy o X1 4T Jn] 2524
S ST R €8 1 — E DG T T IDCH [ B0 R i e SR AR
KRS (PAES) ¥R B8 1 7714, 5P PAEs 2k £ 4H
KRBR>0.997, A8 57 REUAE1.2%~9.3% 2 ], AN[F)7K
SR IR TP AE80.9%~119.8% 2 1), 256 £r i KL
M PAESs [R 4 H 3 4 32.6% , 1% J7 15 B8 Wl A2 45 £ i
FE S BT B SR, SRR R R A1 IS R T ) AR
PR T mERR TR . AR INEEPEE T T AR 4l
RHR T Q- LR (DMEP) L 4828 — R —
Z. 15 (DEP) Z5 3L 9FP 48 28 — H [ i (PAES) 119 /=1 20K
FH A% — 57 16 T % (HPLC—MS/MS) Il 52 )5 75, 9FPAESs
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1E2~200ng/mLyu il N 34 FL AT R AT I Ze ¢ &, AH G
F 0 =0.9983, -3 Inkr n Il % 4 88.0%~103.1%,
RSD#J/NT10% , J5i2: 0026 P RIS L AEAf 8RR 25
JERETE R 5R B S0P BRI SRR A
FEIF TR 8 7 il Bh 25 IV HR IR S P 5 98 571, 52
1 2T IR €6 1 — FEL % 28— o DU AR AT 58 B (HPLC—
ESI-MS) 57 A [a] B o 28 B T IR 137 PAEs, £ 57
T AT B A 3R PAEs I 78 J7 725, R BBURE v < o M )
()L o v R B 7RI T 7R v 280 A H (0 1% — o TRE U AR AT I
Tl A HHE N7 TV R 1SRRI T R R I 1 PR SRS I
¥, AR 2 AN ER T A AR B S E W A 1, T
A E RGN E % HARP3A/KT- 10 H 9 3
11:82.6%~109.2%][1] , AH X rm i 25 8 2.2%~14%, H
1] T LM 7E 82.0%~109.6% (1], A1 Xt b E A 22 4 2.6%
~12% o XA SE ST R i B B OR] A 1R 418 2R - FE TR
P 5 22 57 [ B AT M AZORE HR 16 41 21K T HE R I 1) R AT
€0 T — W IBC T ARG I 7 vk, D v R Y BR D 0.005 ~
0.051mg/kg, [M1A Z 2489.19%~105.1% , A% s v (i 2
40.8%~4.1% , 1] LAl ALK} H 208 248 — FF IR IS 1) A
HIR o XuZEPIEE N T R il P2 1R AR R 1L
B DI IRV AH €8 — HR TR U7 v, 7 nds R
ZRIAETS.5%~115.2%, RSD4Y WIHE3.2%~18.9% , idi J1]
T-FLA S 2RI UL IS R L RS L L U
P CRESKR S AR IR S A . Chang
AN T T 18 FPAR IR T IR IR (PAES) Fr vl & R
VA £ 1 — 5 G DU AR AT o 3% 7 (LC-MS/MS) , £ 5 H
G RBL, AEARALSAE TR , LOQ 18mg/kg, Fbr BN %
M53.4%~107.9% , RSD 7.2%~24.6% 2 |1, % J7 5 {7
P BRI S A A v S PR i BB | O L
TEE R AR K T R R (PAES) [FIAG I .
5 JEZISMKIEE

ZEA R B B T 21 4035 W 6 1% B AR AT 2 A RS
FE S TR AR Y6 1E , FH 232 529 20 I (PCAD 3255 P T
Horp 2 s AR 2K — R — £ 5L Ll (DEHP) 8E20
KR T RE (DINP) , 1IE#1 % 100% , [7) BsF i) 52
T DEHPFIDINPAE £ H &4 ¥ % &=, DEHPFIDINP
FRTAH S5 12 72 23 S AE —17.6%~15.8% F1 —7.6%~9.9% 2
6], 31 LA 5z /s — 36k (PLS) @7 gt 4 WA Al . %
F AR F AR I 3, o W B sy, AR TG T AT Ak
H, AT [F) B AR I 22 Fh 21 55, S IR AR A IR P RN e v G
P, BEAE 28 S IS RS N 25 P A 02, A A o )
AR P G ) R AR T AP R PR A
M55, SR N T BT 2 S5 M. T8
AN B T I N AFR AR 2R T R IS S R 4T A UORHT
VT LT A6 B, o3k Y6 PA B, DL f /s ek
(PLS) EHENZ AR, FH k] A 9340 751 B = LA A
IS R T, A5 RR T, AT R
AR R TG L AR 2K R LTS AR R T
P « 218 25 - FH R o TS o AR R (1) P s R (R 43 0]
40.9923.0.9895.0.9927.0.9842.0.9879. T £ x
Wi 22 (RMSEP) 4 7% 240.1640.0.1470.0.0276.0.0258.
0.0702, ¥T 140 ' 1% 337 AR 91 A4k 571) 1) o 3 4 A B A
T ey PRTREAA TR FLAE A £ s 24 5 T AR )
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(), faf B Al 7 o0 Mk B, $& v T TAE R, vl T8
it AL L IR (R 3 70 i 5 SR R e o TR g 5T
i H AV, DU IV 1 T 1 O SO R S T A
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