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Establishment of new fluorescence probe method for detection of
di(2-ethylhexyl)phthalate in white spirit
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ABSTRACT: Objective To develop a method for the determination of the content of the plasticizer phthalate
(di(2-ethylhexyl)phthalate, DEHP) by fluorescence probe detection. Methods Based on the requirement that the
pyrene molecule satisfies the radical connective compound, pyrene was selected as the fluorescent probe in this paper,
and pyrene-polyoxyethylene castor oil system (pyrene-EL system) was designed and synthesized. Results The
fluorescence quenching of pyrene fluorescence probe combined with diethylene phthalate(2-ethyl) hexyl ester
(DEHP) occurred in the system, and a linear relationship existed between the reduction of fluorescence intensity and
the concentration of DEHP. The optimal condition for fluorescence probe detection was a pyrene-EL system with a
wavelength of 374 nm and interaction time of 30 min. The linear range of the method for the determination of DEHP
was 5-30 umol/L, the linear equation was AF=-23.153+24.179C (r=0.9929), and the limit of detection was 0.063
umol/L, the relative standard deviation was 4.43% (n=6). Conclusion The method has the advantages of

visualization, low cost, high sensitivity, high selectivity and simple operation, which is suitable for the determination
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of DEHP in liquor.
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AL 4B 2 — H R —.(2- 2 ) B 1K (di(2-ethylhexyl)
phthalate, DEHP), J&—F) 32 {ff FI i 418 — H R iR o
A, Tz N T RS LM (polyvinyl chloride, PVC) KT
nn SRR R, 4R T HIER — T I (dibutyl phthalate,
DBP). 4F2k —H g — 5 T-fif(diisononyl phthalate, DINP)—
A S T A 40 2 Y ORE Y 41 2K IR 1K 2% (phthalic
acid esters, PAEs)!, SeTF 8L E, 4R WA il
AL R BB R, i AR SR 4, R
Gy 2y 5 HH G IBOR BRI 4R 2R — H IR ER S A Rl A, A
BEL 1] 4 B 28 ke ik 22 BT RO Ak 2 A BB B E K
DEHP, 2F7K " H R T "FHE(butyl benzyl phthalate, BBP),
87K W R — 5% T HE(di iso butyl ortho phthalate, DIBP)AI
DBP §IA T SR . AR, T2 & o
%34k 5 DEHP (917-7E, DEHP 1£ L FE P TR R4k, suit
SRR, PREETS UL . A ph R RS R 15 YL R T B
S P A AR

PAEs N XE J7 3% 3 B AN Y66 E 7 (ultraviolet
spectrophotometry, UV)! A {44 (liquid chromatography,
LO!MM S AR RE: (gas chromatography, GC)!' ' S AR
0 1% - 5T % B FH 3% (gas  chromatography-mass spectrometry,
GC-MS)!>1S | i AR £33 - I % B FH 122 (liquid chromatography-
mass spectrometry, LC-MS)!' 4 | HHT£: 5 DEHP #:
(I AR HE R GB 5009.271-2016¢ £ & A FAr e 25
AR R A ) U, RGN T ik R S - R R
F(GC-MS). thTZ.FEXt DEHP A #UF 7 ferE, Huths
WEAE M L IE CObeIS M ZE BT ) DEHP B, [l 2
MR, HAAEA SR B 5t . N5 3 S 5 [m) i
AR, BT kIR IAT R T £, riktgis
BI85, PO AR T — O EL, A
FREE . SR AR S . Bk, 7
= AT LA RALER W A R Y G EE A A, B
ERONT EMET S . POCHRAIEIO IR | DGR RS
DENPRR T | DI CHPE D L RS NCIRE LSS

T ICHRAES T A0 I 45 3 2R B AR KA S A, I
HLAEAR 2245088 5 1 T i — i =2 s 2420) BRI D ek
Hor R AL A HRGE I AR Z WL . AR SORE I PO EIREE
S A 1 A AR, R TEEAE O R ET X 9 Ak ) 48
oK IR —(2-2.3%) O R (DEHP) & S b AT I i 5 . ASHE
FERIEEAE D CHRET T, FEEE i AR, al U 313
FEFGYINDO0 . BT FLE a2 O AT HES Y,

FERA I G, T L SRR A I 2R o R X 5
560 JIT T B HR) IO PR R A5 A B I, i 2 TG P 5 e
JERITERE, AHE AR IS ] B2, bRk h £ il sy, A
Wyt B4 W) 25 T LA T TSR AT W 5 P v AR — iR —
(2- L3 CER PO CHR B AN E 7 15 AR A, DA O 12 by 22
4 A TP AR TR R O TR BT S A 28 A 7R ) 5
2%,

2 MHERE

2.1 #RI5IE

(4L =97%, 5[E Fluka RFIAF); EAbaN(EEE
98%). 4BIE " HIE (2-Z ) CLER(DEHP)(4LE 99%). %
ALIFERGH(EL) . M. LR CERAIE =99.5%) . JiK
(Al = 99.7%)( b Bl 37 T A AL BRS04 BRZA 7))
i 8O(ZERE 99%)( b b aliAE AL BHE e A7 BR A FD); +
T LT R AN (S = 90%, RE TR AL TR R T);
FT R A o prali, S5 A S ZE 48K .
22 UEEEREF

F-7000 =456 (H A H 3L /A wl); AL 1049 H
FRF. FE20 pH H(GEREMpRRE-FER 2 G H R A F);
DF-101Z £EIGHE T3+ 27 OB TSABR2A H); 2
em HETEHE S BERET (WU 8 B4k TALZRA BRA wl); KQ-C
RIS M T 25 (ST R4S R 3TEA F]); KQ2200DB
B AR I VE Ve AR (B LT R A AR A PR F).
2.3 EWHE

E—F 5] 10 mL M7 PRI 0.5 mL ¥R h
0.5 pmol/L M EE /KW RAE o S s, 0.5 mL W
400 pmol/L MR A LI BRI, SR 5 B p—IAE N
25 R BRAL, IF 1) At 25 S PR OO ACAS Rl B 1Y
DEHP /K ZBEEW, PR I A R, #E 30 min )5,
FHBEK R 335 nm (L 6k, e HAE 350~450 nm i
KA DGR F, [FIETEA R A0E 00 5E 25 [0 B Y
WHIRE Fo, FHoRH2ZEME, FlET & LR AL,
e BIX B AF W S0 S TR 235 SR BRI

3 HZREHR

3.1 EEiR§tS DEHP tHE{ERA R IIE

2 S 56 3 I e A X ¥ 4657 DEHP ROVEH,
KBUTE 350~450 nm [T, SIERN R . AR50
£27 DEHP ¥R 0. 10, 20, 30 pmol/L B X 14 58 e
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Fig.l Fluorescence spectra of different DEHP contents
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nm Ab. SRR IIE T BE P B IRE TR R . ik
WIEOUME S Ak, BRSNS FIE R —FEEE 60
SRR Z MAE A SRR, X iE S R T A F
PR FR . ASEIG I FH AR A [ 2544 T g >R #8 k7% DEHP
i DGR (Fo), LAKAINA DEHP J& B9 658 E (F), 11
PN A F(Fo-F)o B 2 H1i1(a), (b)F(c)3 4IR30
B K 374, 385, 395 nm ZbHIPOOEIEE . LI ERSE
RRFAFEMBE BN HEE 3 L2 515 k2
Ho FEHIBOE AL 0 R A, FIF DEHP ¥REH 30 pmol/L
B 16 A F 825 DEHP #RBEN 20 umol/L A 22 {H LA
J% DEHP ¥ JZ A 20 pmol/L A i 4 A F JdiZs DEHP
R 10 pmol/L (9 25 (R #A T UL Wit 2 UL, 3@k
R ZEER /D, WL B () 2 E R R, 7tk
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Fig.2 Fluorescence peaks at different wavelengths of 374 nm (a),
385 nm (b) and 395 nm(c) (n=3)
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micelle concentration, CMC)>} 20 umol/L, EL f#) CMC &
30 umol/L, SDBS ) CMC Jy 1200 pmol/L. %I i& 5 7E
K O I AR S A R, 3RO M N R R R
CMCP) =35 e JE 4359 1642 4 400,400 , 2000 pmol/L,
ST P B BE AT LA A, I HARIE RS 78 40 M TP A, vk
JERE, BORTTREMZ . il 3 R, ATRAERRITE 3 Fh
FRARTER 3 RERZ)E, @il R EA F K
/N, FTLVEBIFEE-EL AR TS8R0S, A DEHP J&
A F (EHIERK, b W, fEfmeSE~a F (EZAE
110 A 47 o ARl b, EE-SDBS 1A R 7E f A i A F (EJEAE
90 247, th-Tween-80 K R R IEA 1A FIELELE 40 ££47 .
WOANEE-EL TR R8N R, KRR WAXTRE, BrLIARSE
BRBOE-EL AR

- —=—400 pmol/L EL
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53
40 L
20 +
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Fig.3 Effects of different kinds of surfactants on the fluorescence
signals of pyrene probe(n=3)
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FMIEHEN , ASIRILGEI T EL 49 3 PR B dR47 X sk
55, SEERMLE RN 4 TR, B9 ERIRTE 366~378
nm ZRIAFEEEP EL X AN EA F 5101
o BEIGX 3 Fh IR 0 & 5o T 3k S e 5 S T M
AL, S5 U, 400, 800, 1200 pmol/L EL 3X 3 Rk i T
400 pmol/L ¥&JE EL WYWE(E IR, J& PRI A G(E ) stk
i, HAr AR ILE P E & IR 2 . AR IR SEE R EL
B9 FE A 400 umol/L.
3.2.4 AREAFR IR 69 F0R

AR S VR 5L T AH A FF IS ) % 52 36 235 SR 1 S50 6
P ) LA S R A NS RIS BT, 43 SHE A B S 7 Y (]
BB LERC RSS2 5 2505 0 min(7 BIZ), %54% 30 min
J& LA KSR 60 min Z S5, ARSI RO H R
3 WA, KINGERME 5 s, WEVRRTIE R, 515

0 min(37 BP BN ZEIR A F 4 140 £47; FFFF 30
min J5HEEMR A F L€ 180 Z547; 2575 60 min J5 5860
RfEA F7E 150 2247  WEUH E AR/ R EEAR, 451F 30 min
Je PR AR IR K, O f o R B T LAAR SE I B
S 30 min fFEA T, FEASA R 09 SN T4
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100
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. ]
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Fig.4 Effect of different concentrations of castor oil on the
fluorescence signal of pyrene probe (n=3)
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Fig.5 Effect of interaction time on fluorescence signal of pyrene
probe (n=3)
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Fig.6 Effect of concentration of ethanol on fluorescence signal of
pyrene probe (n=3)

3.2.6 NaClRE &%
T A R R SIS BN KR RO S A TR R A
XD 5 25 RAFAE BRI SE 0 o AR S50 220 76 1A 2 vh 43 S
A 0. 10, 100 mmol/L 3 Pk i & LMK, k%52
NaCl ¥ B 1 R/ N A 26l 2 45 A 520 o B D
P HEE 3 R Z)E, MR as R 7 R .
160 —=—0mmol/L NaCI

—e— 10 mmol/L NaCl
140 - —4— 100 mmol/L NaCl
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Fig.7 Effect of NaCl concentration on the fluorescence signals of
pyrene probe(n=3)
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FIP P UEAR . B A A, 7OV IR R LAY
SIS, B DL LA B T S BB SO R R
o, R BRI R YEAL] DEHP A9 ol g 45 2 15

FEAERE N
AW LI AEAR Z I — 5 Tk RERE DL 2 1% TR
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F, KRR PRI ILAF XS B4 DEHP (0 45
Wi AN K, MXHREZEY < 5%,
3.3 MR, BEEMRETEZ
AR RS A SO, I B B E ) SE 5
FrFEAFRNDOHREE F, [ R A5 I 25 10 B
BT EE Fo, FfoRE2ZE{EA F=Fy-F, la F X\ DEHP
AN EVER], fhrifEiiZ . e #1657 DEHP % H#11
B T AE B L | 8 Bron, &M RN
A F=-23.153+24.179C, LMK REL r=0.9929, LM
4 5~30 umol/L, KiHiFRA 0.063 pmol/L. Xf&r#&A 10
pmol/L (%) DEHP #RifEV AT 4T 6 W& M X E
10.2 umol/L, #H Xt b5 1 i 2= (relative standard deviation,
RSD)H 4.43%,
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Fig.8 Linear relationship between fluorescence intensity and
DEHP concentration
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Table 1 Part of the coexistence of material effects
A7 I e /(mmol/L) AN IR 22 /% LA o e /(mmol/L) AN IR 25 /%

HENE 1 +1.2 HEVE 10 +3.9

MR T 1 +0.8 LR LT 10 +2.7
%%j{ﬁk phthalate esters in water samples using ultrasound-assisted dispersive
liquid-liquid microextraction coupled with high performance liquid

[1] BEM. MR R P 4RI — H R IE & s [J]. R Tl chromatography [J]. Chin J Chromatogr, 2013, 31(2): 155-161.

[10]

2017, 45(5): 96-98.
Bu ZS. Determination of phthalic acid esters on plastic materials for food
packaging [J]. China Plast Ind, 2017, 45(5): 96-98.

Benson R. Hazard to the developing male reproductive system from
cumulative  exposure  to  phthalate

esters-dibutyl  phthalate,

diisobutylphthalate, butylbenzyl phthalate, diethylhexyl phthalate,
dipentylphthalate, and diisononyl phthalate [J]. Regul Toxicol Pharmacol,
2009, 53(2): 90-101.

BRI, FAM, EARM. FEUHALI- =T A B PR AT O g
FAME TS 16 F&RR —HREAL G P[], T E T ARAGE,
2014, 24(6): 782-785.

Li JL, Wang DM, Wang YP. Determination of 16 phthalate esters in
edible oil by solid phase extraction-triple series quadrupole gas
chromatography/mass spectrometry [J]. Chin J Health Lab Technol, 2014,
24(6): 782-785.

Kay VR, Chambers C, Foster WG. Reproductive and developmental
effects of phthalate diesters in females [J]. Crit Rev Toxicol, 2013, 43(3):
200-219.

Australian Competition & Consumer Commission. Product Safety
Bulletin-Children’s Plastics products with more than 1 percent diethyl
hexyl phthalate(DEHP), 2010 [Z].

Directive 2005/84/EC of the European Parliament and of the Council of 14
December 2005 Amending for the 22nd time Council Directive
76/769/EEC on the approximation of the laws, regulations and
administrative provisions of the member states relating to restrictions on
the marketing and use of certain dan- gerous substances and preparations
(phthalates in toys and childcare articles) [Z]. Official Journal of the
European Union, 2005, L344: 40-43.

Statement of Policy: Testing of component parts with respect to section
108 of the consument product safety improvement act [S].

SRAT, U, X8, R PRI A I AT (). R L
Ak, 2017, 45(12): 93-95.

Guo L, Hao S, Liu SJ. Migration behavior of plasticizer in liquor plastic
packaging [J]. China Plast Ind, 2017, 45(12): 93-95.

BIRAR, IR, R, S SAMHOLEEINE il T Y DEHP &

[7]. JEiEsLEE, 2014, 31(2): 218-222.

Huang XD, Xie FF, Dong B, et al. Determination of DEHP in liquor by
ultraviolet spectrophotometry [J]. Chin J Spectrosc Lab, 2014, 31(2):

218-222.

THHERS, WA, TOR7E, S5, e Bl I 23 OB A B - o AT
TR E KRR Y 4 FhAROE T RERZERG I AI]. @I, 2013, 31Q2):
155-161.

Ma YL, Chen LX, Ding YJ, et al. Simultaneous determination of four

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

Hayasaka Y. Analysis of phthalates in wine using liquid chromatography
tandem mass spectrometry combined with a hold-back column:
Chromatographic strategy to avoid the influence of pre-existing phthalate
contamination in a liquid chromatography system [J]. J Chromatogr A,
2014, 1372: 120-127.

AIRET, Rat, W, SF BOMBCE IR @SR I KR Fp AR
T HIERER]. kg, 2006, 34(8): 1172-1174.

Li MX, Wu JH, Zeng W, et al. Determination of phthalates in water
samples by liquid phase microextraction and gas chromatography [J]. Chin
J Anal Chem, 20006, 34(8): 1172—1174.

PRI, SR, AREEAL, 2. [EARRE BUUN (355 (SPME-GO)IE
ARAFRARZE T I RARR[T). MR EE, 2006, 25(3): 32-36.

Chen HD, Xian QM, Zou HX, et al. Application of solid-phase
microextraction and gas chromatography to the analysis of phthalic acid
esters in water [J]. Chin J Anal Lab, 2006, 25(3): 32-36.

Lizak R, Verlinde P. Determination of Bis-(2-ethylhexyl)phthalate (DEHP)
in sports drinks by isotope dilution headspace solid phase micro extraction
gas chromatography mass spectrometry [J]. European Union, 2011, 4(12):
45-49.

R, B DAE, B, A SRS - AR IR I S RN 2
17 FRAR R W BRER[J]. 13 5L A R I 244, 2013, 4(3):
877-882.

Xu X, Yang WH, Zhao HJ, et al. Determination of 17 phthalate esters in
different wines and liquors by gas chromatography-tandem mass
spectrometry [J]. J Food Saf Qual, 2013, 4(3): 877-882.

X, AR, PHE, A SR G- TR X S b Rl 4B R
FIRRZE S O RRERZE AL A9 [ I 5 (). 20 B2 41, 2010,
29(9): 943-947.

Liu J, Zhu R, Tian YH, et al. Determination of residual fourteen kinds of
phthalates and five kinds of adip-ates in food packaging materials by gas
chromatography-mass spectrometry [J]. J Instrum Anal, 2010, 29(9):
943-947.

o, TEIC, Bk, 55, SO s - H 5B AR I £ S H i
R 17 FhAROR TP ERERZS I BRI )], BREEAL:, 2012, 31(6):
925-929.

Yang RJ, Wei BW, Gao H, et al. Determination of 17 kinds of phthalate
ester plasticizers in food contact materials by high performance liquid
chromatography-tandem mass spectrometry [J]. Environ Chem, 2012,
31(6): 925-929.

GB 5009.271-2016 £ ffv 22 4x [ SbRME £l B4 — I RRIR A AE (S
GB 5009.271-2016 National food safety standard-Determination of
phthalates in foods [S].

Guo J, Luo K, Chen DH, et al. A rapid and sensitive method for the



%o

FHEK, S P P AR R . (2- £ AR R P CIRE I A J5 i b A

1613

[20]

[21]

[22]

[23]

[24]

[25]

determination of dibutylphthalate in wine by flow-injection
chemiluminescence analysis [J]. J Food Composit Anal, 2013, (31):
226-231.

Zhang J, Li TZ, Zhang TH, et al. Receptor-based fluorescence polarization
assay to detect phthalate esters in Chinese spirits [J]. Food Anal Method,
2017, 10: 1293-1300.

Gong CB, Ou XX, Liu S, et al. A molecular imprinting-based
multifunctional chemosensor forphthalate esters [J]. Dyes Pigments, 2017,
137: 499-506.

XUASZE, k2, WO, AF. SOOI GEI E TR A 4R
TR T TR PRI 2 B AR, 2012, 33(3): 71-73.

Liu MQ, Feng YL, Zeng RY, et al. Rapid determination of dibutyl
phthalate in environmental samples by fluorescence quenching [J]. J
Hengyang Norm Univ, 2012, 33(3): 71-73.

Xie DD, Han RY, Shen JC, et al. Determination of trace carbaryl in water
using europium-diallylphthalate as fluorescent probe [J]. Chin J Anal
Chem, 2015, 43(7): 1069-1074.

Zhang MC, Sheng YL. An indirect competitive fluorescence immunoassay
for determination of dicyclohexyl phthalate in water samples [J]. J
Fluoresc, 2010, 20(6): 1167-1173.

TRUE, TRIRRL, SRR, 45 8-FRSbMEmRE I IRE I G i B HOx it o
AP S RAEINI]. fARY, 2017, 38(18): 292-296.

Xu J, Fu QQ, Zhang H, et al. Synthesis and application of a novel

fluorescent probe based on 8-hydroxyquinoline for AI** detection in food

[J]. Food Sci, 2017, 38(18): 292—296.

[26]

[27]

[28]

[29]

Xie DD, Han RY, Shen JC, et al. Determination of trace carbaryl in water
using europium-diallyl phthalate as fluorescent probe [J]. Chin J Anal
Chem, 2015, 43(7): 1069-1074.

FIRGE. S S REILE AWI]. fhefimd, 1985, (6): 31-35.

Bai FL. Synthesis and application of a novel fluorescent probe based on
8-hydroxyquinoline for AI** detection in food [J]. Chem Bull, 1985, (6):
31-35.

FREAE, WM, AR, SO0k e A LB 23R FE 4 []]. B
A g- 1230t 2010, 46: 645-647.

Cheng DX, Zhao YP, Zuo GQ. Determination of organophosphorus
pesticide residues by fluorescence spectrometry [J]. Phys Test Chem Anal
B, 2010, 46: 645-647.

Kim IS, Park JS, Kim KW. Enhanced biodegradation of polycyclic
aromatic hydrocarbons using nonionic surfactants in soil slurry [J]. Appl

Geochem, 2001, 16(11): 1419-1428.

(FriEshiE: K3k

fEZ /T

e

ERE, WL, TP, EEHRAGE
AEMm EMBEXEREGARFTHTIEG
MR .

E-mail: 164481261 @qq.com



