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Abstract: Phthalate plasticizers in leather products were microwave-assisted extracted at 100°C using acetonitrile as the
extraction solvent, then the extracts were analyzed by ultra-high performance liquid chromatography (UPLC). There-
fore, an effective method was established to determine simultaneously the contents of 22 kinds of phthalate plasticizers
in leather products. The proposed method was simple, rapid and sensitive. At the condition of signal/noise (S/N) = 3, the
detection limits were 2.00 mg/kg for DIDP and DINP while the detection limits were all less than 0.20 mg/kg for the
other twenty kinds of phthalates. The spiked average recoveries changed from 90.80% to 100.49%. The relative stan-
dard deviation (RSD) of precision experiments was all less than 7%. The proposed method was applied successfully in
the determination of phthalates in commercially available leather products.

Keywords. UPLC; Phthalate; Leather Product; Microwave-Assisted Extraction

By S 5 b 4 — F AR IR & B RN 5 AT 5T

IRE, KR, HBE, #EE, #AF

YN AT I R, WY
Email: wangchengyun2009@126.com

ek H: 20124E 12 6 H: EEIBEW: 2012412 429 H: FHEM: 201341 4 10 H

W E: UCERAERUEN, 1E 100°C e A HOR S 5 b 048K — R B R 7],  AEG= P4 ab# G itk
A7 R RGRAE ES b, TR SZ T — [ B 0 R R 22 A0 2 R S B ) %) OB AR T
o FTEEEYGE, REUER, EEMEN) = 3 %4, DIDP. DINP [ HR¥HN 2.00 mg/kg, HA
20 FAR 2K — H RIS A H BRI/ T 0.20 mg/kgs Z 7 VR IIARF 34 ISR A 90.80%~100.49%, % & SIUG A X
Bt 22 (RSDYI/N T 7% SR FZITVER T8 B il mh b AT g, 3R1F TR 45

KRR RO (il AR T IRNE, B R
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IR . Bl 1082 AR A O MR(DEHP) SR AL JTRAR(BEP).
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— AT EL A M P B RO, T S AR B e A, \
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FORA R, ERPEE BRI RE R F
) ot A P K B R R, P O D RR R,
REACH VAR S, o) 4 Rz ot i th 1 K B ™= A
ERmszm ., B wr O R 5 A AR R e W
FrE™, {HiZkrnE 29 K% DBP. BBP. DEHP. 4F%
T H R 5 T ES(DINP). 4B %K — H R . IE E B
(DNOP). <7 — WL — 7% fE(DIDP), A4t DIBP
A1 DMOEP [l 52 5% . A SCHRARIE T Bz 4 i) i o
DIBP {3 =™, {5 H i SCHiki4 K 25 H R 1R e
A REV I T7% . 9 1 R REACH VAR K,
FE ST B LA R R R SRR R AE Y ) 2 AT
R H R (v R e vk, BRI E TR R L.
TSI By B A A AR e — P P v 2 A AR,
T FE T SRR 1 o B A SR, A SR R ol Al
REE AR REE R H i) b R A0 K RS, REA
b3 JE AT R R B Ay AT, TS T —Ff [
I 5 R A ] it e 22 PSR — R BRI HPLC J7i2 .

2. SCEOERSY
2.1 BF5RFH

Shimadzu LC-20AD = 208 AH 4154 (H 4% Shima-
dzu A 7]), Heidolph 4003 Jig % 7& KA (15 E Heidolph
AF]); MARS 5 B ARUX(GEE CEM AF]); A
WAL (AE RN A PR 5T A F]); Retch SM2000 21
YIS A (HE E Retch 2 A [ FHACHUH: (R UGS,
500 mg/3mL)H Agilent AR $2ft. 0.45 pm JEME H1E
Membrana A & $#24,

FriEdn: 2028 R — HR(DMP). 462K —HR
. Z.iG(DEP). DMOEP. 482K ~HR —(2- LA H L)
fi5(DEOEP). 4F7 —HIfZ —HEE(DPRP). 487 — HIfiZ
“JHNER(DALP). BBP. 47K — H R — 7 A BK(DIPP).
DIBP. 42 —HR — KFE(DPP). 48K —HR—(2-T
A 2. %) 5 (DBOEP) . DBP. 4B2K — HIR — Rk
(DAP). 487 iR — C\ER(DHXP). 47K —H R —4-
HOJE 2 [ 25 ) g (DMPP) . 4B 2K — H R — 3 L lig
(DCHP). 487 — K¢ —Pifis(DHP). DNOP. 47K
R —(2- 2.3 C.%)lE(DEHP). DNP., 2B —HIfZ —
5+ TIE(DINP). DIDP XA REA A, Halip
BIKTF 99.0%.

A Z MG Merck A2, S fraicfiE . =
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AP, ECkE. . HEE. S Bk,
LR BUTHEHEE, R OB Ak
I R B AR . 356 7K 928 Millipore &4t 4k
£ BT K.

2.2. ¥RERBRELH

HEFFRBGE EARER, T BRI E R, B
A TE IR FE AR HE R Aot S8 45 B AR B e A
TG BCHR S ARG 0L IR LS E
PR T HRIREL .

2.3. HmATE

B AR MERIRE &, BT 5 FH SV RIT I A ot
Ko 1.0 g #Edh, BT ROEEERUE . I 15 mL
REWOE T, FEAT TR, AEIUIR B O FLIE 76
RFEZ) 20°C o WAERREHUR, P& 15 mL 357 HEAT 55
TRERG EIFRERGRT RGO R AU 2K
KELTJE ARG, H 10 mL H B i v
Y, ¥BAECH 5 mL G5 fE A ARG h 24T 14
AL, HI 10 mL HEE 5> 22 Uitk . WSCER A e i Wi
FerRERT, BHESEERT. H2 mL FEEE
FRIREEY), TEWRZE 0.45 pm JEIRLLUE 5 34T HPLC 7
Bro LS, EATIE SRS AT E .

24. BIEEH

53 Shim-Pack XR-ODS % 4£(75 mm x 3.0 mm
ID, 2.2 um); %i#: 0.5 mL/min; #EAEE: 1.0 pL;
Ky 225 nm; FEIE: 60°C; BeliFAE: 0 min
iF, 60%7K/40%Z. 0%, 7 min B, 53%7K/47%Z. 05,
19 min B}, 35%7K/65% .1, 25 min B, 29%7K/71%
2N, 35 min B, 14%7K/86%Z. 0, 40 min B, 9%
IK/91%ZE, 48 min I, 5%7K/95% 2. -

3. &FR5WE
3.1 ERFHHITE

Tl AR TR 1 BT Pt - ARG 1), 55
RAIREHUT 3+ e A HUT T AT A v A5 HGH 2 R
e — R LA TR m AR,

AR AR U 8], WU AEROCCR (A2 1k, 4528
KB, BEACIUR (B 30, ARG Mg, AR
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30 min I AR AU (A 4R S22 R
HAANAE . ASCIEFFIAHUN 8] 9 30 min.

TR AR 9 3R DU LA RS PTT 260°C i
RARIEIE 50 KA. —BHOLT, AR 2
SREGIE T A= 10°C~20°C . 9 T R AT A4 i ALY
R, ASCRAERUIR e 5E 9 B Ik s 20 20°C .
Tl AR TR AR — O SRR = 7> 22—, Xt
TREFIAEROA R, HARUR R E 1, BILAE
A AT E

AN 5] ¥ 7 B Gl B MR AR P % 5 3 2 T ) A
A AR, XA EMnERee &, T
BOA AR AR ZAR K AL CHE5% 17
Tolv s WL R A R, 0 — i B Bz 2] it o 140
KRBT WO AR, 3R 1 A T AR EERIRA
PSR BT I FE. RAEE. 4. =& ke Rz
(2:1)3X 4 Bl IO A OSSR ARUT, B3 PR (0 = 8
w CHERVERCN . GREHIE, REIER ORI
R o

Table 1. The extraction effect of various solvents

&® 1 FEIHEFZERHR

AU H/mg/kg

ZERUAT
DIBP DBP  DEHP  DINP
% 18.2 32 9.6 672.7
Il 153 2.7 8.1 568.2
AT HE 17.8 32 9.5 665.0
TR 124 22 6.6 465.8
L 13.8 2.4 73 513.6
=S/ P (2:1) 18.1 32 9.6 670.3
LR L — e (1:1) 9.9 1.8 5.3 369.9
L 12.6 22 6.7 461.9
S 17.9 32 9.5 669.4
LR IR CE(1:1) 11.7 2.1 6.2 444.9
= 153 2.7 8.1 570.1
IE T/ PIER(1:T) 13.9 2.5 7.4 519.0
ik 13.6 2.4 7.2 506.4
VIR R (1:3) 11.7 2.1 6.2 437.0
IEChe/ R RE(1:1) 16.4 2.9 8.7 620.4
IR T 9.0 1.6 4.8 336.0
VAR EE(1:1) 9.8 1.7 5.2 364.1

22

32 BLEHHITE

B IR 0%, RO G, AT
FALALEE 3 BRI RESE 4. Sep-Pak FE. HLB H.
HPE SR A . LC-C o AT Bz i) S AR R AT 1AL
hEE, LWL RT SR, R, hiEEL
RO Iy, S, ki A g
/b E & BEBE R IR, FRFRIA W(DIDP.
DINP #2179 100 mg/L, H 42 20 Fiif FE£9°4 10 mg/L)
oyl ke, ERRIL, AR AR R
fif:7% + 43 . Sep-Pak £ HLB A1 i &L AR . LC-C g
FE B BICR 551 53.14%~74.12%- 30.58%~45.09%
64.15%~84.32%- 92.03%~103.85%. 39.21%~55.18%.
DRI AR SO 5 Hh PR SR A R AR A T V1L

FERH 3 mL HEEGEML, 7SR B, 34T
HPLC 4347, Z55RKI, Hi = IRGei H35 al ks H 48
R WEREE, 1A Y R R R I RAS . BRI, AR
SCRHA 10 mL FHEE S 20 RGEL, DA KRR BE USSR H
WA, HR AT RERR LA

33 BESBEFRHNHE

T SRR FH ARG g e S AR TR U1 Rk
BIE R, D5 SAR ARV S R S o - T
W OGRE, 4558 &K, DEOEP. DMOEP £ JL /M
SYAE 200 nm PHIUTAMRUSIE, HORES S H AR & P03
TR B . 2 TE 190~300 nm JEH A 3H E
SRR, RE 508, A KA e A 225 nm.

K HPLC 5 [FIEHI 58 22 P AR K — R BRI, &
/K BRI S AR AT A BEVE L . A
ORI CREK S KOKVE NGRS, AT il 5y
B, SRR, UER SRR IRBIARET, sy
BSURIRYT, Bx DINP Al DIDP Y841 i iR,
HAR& OG0B, WRRE HXFRMELT;
T A FH /K AR i B AR BT, 8 2 g 25 R B IR 8%
7, Wik a e R R, WM FRIERZE. KL,
AFRUEE B I KN R BN« N3RS B AR (B 7 B8
B, RAAFE R AT, SR, 4
KH 1.4 RIS RS, R B R Ry, R
DINP #l DIDP # y—2H fLfgugsh, Hoa & (il g 35U
T, XFRMESF. B 12 22 FhARZE = R ER R AR
) HPLC K. M 1 #1 a7 LU, DIDP #1 DINP #%
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Figure 1. HPL C chromatograph of mixed standar ds (peak number

the same asthose in Table 2)
1. ;B#rH HPLC E(EEFE% 2)

NI, AR 20 FPAREE T HFIRER K Gl gz

7 B 5e 4, A OGS ARIEL, WRRE, L
L Sk

34. FEREM R RTETHR

Xof AN TR R FE VR B AR AE VS VAT I 8, AR KR
B, 15— 58 TR IREE ¢ Ya Y, T AR ACFAT : mAu)
LRI c(PAT: mg/L) 2 [RAFTE RUFIR LR,
R 2EH T 22 PR HRREEMZIER R K HIR
s ARES I 3 {55 M EL(OIN = )BT, AT
7 2+, DINP 1 DIDP [ H FR¥254 2.00 mg/kg,
AR 20 AR Z FER TR ARG H PR I3/ T 0.2 mg/kg

3.5. FEHIEEEFEY R

Xt AT B AR B SRR i AT 9 UCOTAT YRR,
W TERIRE B R, SEIRAE R IR 3. R 3 MEUER

Table 2. Thelinear relationship and detection limits

]2 ZMEXRMGHR

No Hoy t/min 2R MGl /mg/L RETFE r it PR /mg/kg
1# DMP 3.037 0.16~40.60 A=2949.5 c—834.32 0.9992 0.10
2# DMOEP 3.278 0.19~48.60 A=2011.8c—543.38 0.9995 0.10
3# DEP 6.172 0.21~53.26 A=2593.6c—797.23 0.9992 0.10
4# DEOEP 6.571 0.19~46.80 A=1804.1 c—399.54 0.9994 0.10
S# DALP 8.785 0.18~45.56 A=2351.5¢c—634.22 0.9993 0.10
6# DIPP 11.394 0.21~52.00 A=3092.8c+571.91 0.9999 0.10
T# DPRP 12.041 0.19~48.00 A=4198.2 c+789.96 0.9996 0.10
8# DPP 15.441 0.19~48.00 A=2893.5¢c—795.89 0.9993 0.10
O# BBP 17.562 0.19~46.50 A=2262.2c—591.42 0.9990 0.10
10# DIBP 17.922 0.43~42.90 A=2169.8 c—993.79 0.9990 0.20
11# DBP 18.169 0.43~43.20 A=21654c—-971.64 0.9989 0.20
12# DBOEP 18.986 0.49~49.00 A=1216.8 c—444.46 0.9988 0.20
13# DAP 23.925 0.52~51.60 A=1998.7¢c—1019.5 0.9985 0.20
14# DCHP 24.203 0.46~45.90 A=1882.4c—893.71 0.9990 0.20
15# DMPP 28.114 0.50~50.40 A=1861.9 c—856.66 0.9996 0.20
16# DHXP 29.706 0.46~45.50 A=1822.1c—614.08 0.9997 0.20
17# DHP 34.286 0.45~44.70 A=1674.0c—672.65 0.9995 0.20
18# DEHP 36.884 0.39~39.20 A=16754c+3112.8 0.9994 0.20
19# DNOP 38.117 0.45~45.46 A=1687.7c—184.52 0.9988 0.20

20# DINP 38.600~41.200 4.70~470.0 A=1472.4 c-6270.6 0.9987 2.00

21# DNP 41.643 0.50~50.00 A=20729c— 11552 0.9990 0.20

22# DIDP 41.800~43.400 4.36~43.60 A=1233.1c—3683.0 0.9981 2.00

Table 3. The precision experiment
z3. BEEXR
o W52 ([ /mg/kg “FHE RSD/%
DIBP 18.5 17.8 17.9 18.4 18.3 17.7 18.2 18.6 18.1 18.2 1.74
DBP 34 2.8 2.9 33 3.1 32 3.0 34 33 32 6.93
DEHP 9.1 9.9 9.3 8.9 10.1 9.8 10.0 9.5 9.7 9.6 4.35
DINP 689.5 645.7 641.6 695.3 659.8 678.4 698.5 664.3 681.2 672.7 3.11
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Figure 2. HPL C chromatograph of a real sample
2. —SEFRHERE HPLC

B, VRIS R L, SRS sy, AR
bRt 22 (RSDYY /N T 7%,

DA H AR &0 00 B A AR s T RE L, 40
BIEINE S W AR AR E K TR A PR
AR FEAT 9 UCPATRESEES:, I 5E 75 i s i =]
W, a5 REW, 7k ECRE N 90.80%~
101.49%.

3.6. SEBRFERMIR

RSO ST/ 350 47 ST B i (45
18 AN B2 B i 0 29 AN B B i) HH AR R — FH R i 2K 3
BTN B EATINE , 25 5RAE — AW 2L 68 5 il b
— NSRS R A S 35k i DIBP. DBP. DEHP
A1 DINP, g7 i i & 250308 513, 5.04
5.2.629.1 mg/kg; W& 215 57 i fil] it h & & 0 il R 182
3.2, 9.6, 672.7 mg/kg; FHAR 45 MRS AR AR
7% F R R I YA . B 2 SIS AT o i o B AR U
f) HPLC K&,
4, &5ig

SR FH A8 A B8 2 B AR 8 Bz 8 o o AT R
R BRI 9057, SRR b I S A B0 [ R A U 1
A S AT R S RO % o B, RIS | — R
58 Bz ) b 22 R AT 2K — FRRIR () HPLC J73%, %
D5 IR G B 7% T REACH VERR BT I 14 B AT

24

H ) T R I T 9

KT HRRER I ZTTIER RS, R P,
T 58 A AL B A ity AT R IR S 2 R A
it 2o 2R LU TR AR, 9144055 i
SRR R I R 285 ) 0 5 E
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