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Abstract: A reliable gas chromatography-mass spectrometry ( GC-MS) method was developed for the de—
termination of 14 phthalic acid esters ( PAEs) in imitation jewellery. The influences of sample pretreat—
ment methods including microwave extraction ultrasonic extraction accelerated solvent extraction
( ASE) and Soxhlet extraction on the determination of PAEs were investigated. The migration risk of dib—
utyl phthalate ( DBP)  bis( 2-ethyl hexyl) phthalate ( DEHP) and dioctyl phthalate ( DOP) in plastic
imitation jewellery was investigated under the simulated body temperature and sweat environment within 0
h to 168 h. The results showed that the target compounds can be effectively extracted with hexane-acetone
(1:1 v/v) under microwave extraction for 35 min. The limit of quantification ( LOQ) of the method was
5 mg/kg for 12 PAEs (25 mg/kg for diisononyl phthalate ( DINP) and diisodecyl phthalate ( DIDP) ) .

The calibration curves were linear within 0. 1 =50 mg/L (0.5 =250 mg/L for DINP and DIDP) with the
correlation coefficients above 0. 99. The recoveries ranged from 90. 95% to 98. 67% at three spiked lev—
els. The migration risk of DEHP was higher than DBP and DOP with 0. 75% dissolved after soaking for
72 h under the simulated conditions. The sensitivity recovery and selectivity of the method can meet the
requirements of the practical work.

Key words: gas chromatography-mass spectrometry ( GC-MS) ; microwave exiraction; phthalic acid es—

ters ( PAEs) ; imitation jewellery; migration risk
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Agilent 7890N ( 5975C
) CEM MARS X
Dionex ASE200 Elma Oster—
reieh T890/H : Wise Bath WSB-
45 ; Sartorius R200D
DMP( :99.5%) .DEP( :99.0%) .
( DIPP 99.0%) .

( DPRP 99.0%) .
( DIBP 99.0%) .DBP( 99.0%) .
( DPP 99.5%) .

( DHXP 99.0%) . BBP( 97.0%) . DEHP

( 99.0%) . ( DPhP

99.5%) .DOP( 97.5%) .

( DINP 98.5%) . ( DIDP
99. 0%) Dr. Ehrenstorfer GmbH.
PAEs DINP. DIDP

0.125 ¢g. 12 0.025

g 25 mL

PAEs I: I mL.  PAEs

10 mL
100 mg/L( DINP.DIDP 500 mg/L)
PAEs 0~4<C
PAEs : PAEs
I 0.1.0.2.0.5.

1.0.2.0.5.0.10.20.50 mg/L( DINP.DIDP
0.5.1.2.5.5.10.25.50.100.250 mg/L)

L 0.5¢g 4.~ Sg
2.2 ¢ 0.1 mol/L.  NaOH
pH 5.5
( 2224 mg/kg DBP.3 173 mg/kg DEHP.
2 000 mg/kg DOP)
1.2 GCMS
- HP-5ms (30 m x0.25 mm x
0.25 pm) ; 120 C 1 min
30 °C /min 270 C 0 min 15 °C /min
300 C 7 min; 1250 °C;
1280 C; 1230 C;
150 C; . He ( > 99.999%) 1.0
mL/min; 10.2 pL; : ;
:3 min,
( SCAN)
( SIM) ; SCAN m/z 10 ~500;
SIM 1o
1.3 PAEs
1.3.1
0.5 g( 0.0001 g)
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1 14 SIM
Table 1 SIM acquisition parameters for 14 phthalic
acid esters ( PAEs)

Compound Quantitative ‘ Reference A Reference

ion ( m/z) ion 1 (m/z) ion 2 (m/z)
DMP 163 77 194
DEP 149 177 76
DIPP 149 43 105
DPRP 149 209 191
DIBP 149 57 223
DBP 149 223 104
DPP 149 237 104
DHXP 149 251 104
BBP 149 91 104
DEHP 149 167 279
DPhP 225 77 104
DOP 279 149 57
DINP 203 149 57
DIDP 307 149 57

DMP: dimethyl phthalate; DEP: diethyl phthalate; DIPP: diiso—
propyl phthalate; DPRP: dipropyl phthalate; DIBP: diisobutyl
phthalate; DBP: dibutyl phthalate; DPP: dipentyl phthalate;
DHXP: di-n-hexyl phthalate; BBP: butyl benzyl phthalate; DEHP:
bis( 2-ethylhexyl) phthalate; DPhP: diphenyl phthalate; DOP: di-
octyl phthalate; DINP: diisononyl phthalate; DIDP: diisodecyl
phthalate.

25 mL - (1:1 v/
v) 120 C 35 mino,
0.22 pm
GC-MS o
1.3.2
0.5 g( 0.0001 g) o
180 °C.10.3 MPa 20
min 2 .
50 mL 0.22 um
GC-MS o
1.3.3
0.5 g( 0.0001 g) 25 mL
o 45
min 0.22 pm
GC-MS o
1.3.4
GB/T 220482008 ° o
1.4
( 14
) 1 \2 10
1.5 PAEs

40 0.5g

50 mL o 10 mL
(37 +2) C 0~168 h
20 PAEs
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o 5 mL
. 0.22 pm
o 3
2
2.1
N Y 4
2.1.1
PAEs., PAEs 45 min
. 6 . ( 2)
DOP ;
DBP
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Table 2 Influences of different solvents on the
determination of PAEs with ultrason—
ic extraction mg/kg
Extraction solvent DBP DEHP DOP
Hexane 121 467 0
Cyclohexane 119 452 0
Dichloromethane 641 898 533
Chloroform 1574 2034 1194
Tetrahydrofuran 1270 1506 896
Ethyl acetate 2101 2216 1171
2.1.2
PAEs, 120 C 10 min
(1:1 v/v) . N N N N
N 12 o
( 3) : DBP >
> > > > > >
- > > > >
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Table 3 Influences of different solvents on the
determination of PAEs with acceler—

ated solvent extraction ( ASE) mg/kg
Extraction solvent DBP DEHP DOP
Hexane 1023 1039 764
Tetrahydrofuran 983 1143 780
Acetonitrile 977 1123 782
Ethyl acetate 947 1024 750
Toluene 855 905 686
Cyclohexane 820 1013 735
Acetone 809 916 699
Hexane-acetone (1:1 v/v) 801 947 708
Dichloromethane 788 950 704
Chloroform 782 900 688
Ethanol 749 872 667
Cyclohexanone 687 723 562
10 min
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180 C 0
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Fig. 1 Influences of ASE extraction temperature on
the determination of PAEs in a sample
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Fig. 2 Influences of ASE static extraction time
during a single cycle process on the de—
termination of PAEs in the sample
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Fig. 3 Influences of ASE total extraction time
during a double cycle process on the
determination of PAEs in the sample

20 min) o
PAEs
20 min ( 40 min) o
2.1.3
PAEs. - (1:1 v/v) 120 °C
5 ~50 min o
( 4) PAEs
35 min o
35 min.
2.1.4 4
A) 4
PAEs 4, DBP



7 * 651 -
3500 4 DEHP DOP
[ —e—DBP \ 4
3000 [ A DEHP
% a_T_DOP .
% L
2 2500 ¢ . . .
5 20008 .
2 ’
[}
S
1500
y ( ) o
1000 e b b b b b by by Ly
5 10 15 20 25 30 35 40 45 50
t/min 2 o
4 PAEs

Fig. 4 Influences of microwave extraction time on
the determination of PAEs in the sample
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Table 4 Comparison of extraction efficiencies of DBP DEHP and DOP with 4 extraction methods

DBP content/
Extraction method

DEHP content/

DOP content/

Extraction time/

Extraction solvent

( mg/kg) ( mg/kg) ( mg/kg) min
Soxhlet extraction 2231 2821 1863 360 dichloromethane
Ultrasonic extraction 2101 2216 1171 45 ethyl acetate
ASE 2189 3154 1868 40 hexane
Microwave extraction 2224 3173 2000 35 hexane-acetone (1:1 v/v)
2.2 GCMS 5) LOQ
PAEs o
HP-5ms 5 14 PAEs
14 ( Table 5 Standard curves and the limits of
quantification ( LOQ) of 14 PAEs
5) o 4
Correlation LOO/
800000 Compound Standard curve coefficient ©
I 2 ('mg/kg)
5 . (R)
600000 L 6 ; DMP y=7.02 x10%x -1.05 x 10° 0.998 5
, DEP y=7.43 x10*x -1.15 x10° 0.999 5
g I 12 DIPP  y=1.10x10°x-7.21 x10* 0.999 5
g 400000 - 10 DPRP  y=1.14 x10%x - 1.42 x 10° 1.000 5
£
< o[l DIBP  y=1.05x10% +1.00 x 10° 0.993 5
200000 51 DBP y=1.28 x10°x - 1. 15 x 10* 0.998 5
I SRR Dpp y=1.33x10°x -6.16 x 10* 0.998 5
ol DHXP  y=1.28 x10°x -5.38 x 10* 0.997 5
4‘ ; g 7‘ é '9‘“"1‘0""11 BBP y=7.87 x10%x +1.94 x 10* 0.997 5
¢/ min DEHP 4 =8.97 x10%x —1.57 x 10° 0.999 5
s 14 DPhP 4 =1.22x10%x -1.62 x 10* 0.998 5
o 4 4
Fig. 5 SIM chromatogram of 14 PAEs bop y=7.96x10"x +5.19 x 10 0.993 3
1. DMP; 2. DEP; 3. DIPP; 4. DPRP; 5. DIBP; 6. DBP; 7. DINP =602 x10%x -1.27 x 10* 0.998 25
DPP; 8. DHXP; 9. BBP; 10. DEHP; 11. DPhP; 12. DOP; 13. DIDP 4 =1.75x10%x -3.78 x 10 0.997 25
DINP; 14. DIDP. y: peak area; x: mass concentration mg/L.
2.3 N (LOQ) 2.4
14  PAEs ( 14
( 3) 0.1 ~50 mg/L( DINP.DIDP ) 1 .2 10 3
0.5 ~250 mg/L) PAEs 0 ( 6) 90. 95%
0.99 o 98. 67% (RSD) 2%
(S/N) 10 ( LOQ) ( °
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6 14 PAEs (n=6)
Table 6 Recoveries of 14 PAEs in an imitation diamond necklace sample (7 =6)
Compound Added/ Found/ Recovery/ RSD/ Compound Added/ Found/ Recovery/ RSD/
(mg/kg) (mg/kg) % % ((mg/kg) ((mg/kg) % %
DMP 5 4.62 92.29 0.98 DHXP 5 4.59 91.76 0.7
10 9.46 94.62 0.87 10 9.32 93.19 0.73
50 48.1 96.2 1.2 50 48.43 96. 86 0.84
DEP 5 4.59 91.71 1.27 BBP 5 4.58 91.57 0.47
10 9.38 93.82 0.65 10 9.37 93.73 0.61
50 48.07 96. 14 1.29 50 48.35 96.69 0.62
DIPP 5 4.59 91.73 1.44 DEHP 5 4.57 91.38 0.82
10 9.36 93.55 0.93 10 9.33 93.32 0.7
50 48.05 96.1 1.12 50 48.32 96.63 0.81
DPRP 5 4.61 92.13 0.82 DPhP 5 4.55 90.95 0.36
10 9.35 93.46 0.69 10 9.32 93.21 1.12
50 48.09 96.17 1.41 50 48.13 96.25 0.91
DIBP 5 4.57 91.4 0.73 DOP 5 4.56 91.14 0.72
10 9.41 94.07 1.17 10 9.27 92.71 0.51
50 48.02 96.03 1.17 50 47.97 95.93 1.02
DBP 5 4.57 91.47 0.7 DINP 25 22.9 91.57 0.75
10 9.4 93.93 0.57 50 47.04 94.07 1.15
50 48.04 96.08 1.11 250 241.94 96.78 1.15
DppP 5 4.57 91.49 0.63 DIDP 25 22.93 91.72 0.97
10 9.4 93.97 0.56 50 46.96 93.92 1.24
50 49.34 98.67 1.5 250 241.62 96. 65 0.81
2.5
14 0~168 h DBP.
7o DEHP. DBP. DEHP  DOP ( 6)
DIBP.DEP.DINP. DIDP o DEHP
DEHP 92. 9%; DBP
71. 4%. (168 h)
55.7%  25.7%. DEHP o
6 DEHP 72 h 23.83
. mg/kg DEHP 0.75%.
2.6 PAEs DBP  DOP o DEHP
7 PAEs
Table 7 Contents of PAEs in commercial imitation jewellery samples in Xiamen city mg/kg
Sample Material DEP DIBP DBP DEHP DINP DIDP
Ornamental belt of mobile phone leather nd 7.7 8.18 60.2 nd nd
Ornamental rope leather nd nd 7.62 5.24 nd nd
Pearl hair bundles resin 25.4 nd 4.78 23.4 nd nd
Collars rubber nd 8.28 5.84 5.84 nd nd
Necklace rope leather nd 68.7 5.29 6.73 nd nd
Starfish ornaments resin nd nd nd 11 nd nd
Agate strap resin nd 107 10.8 15.7 nd nd
Hand strap leather nd nd 6.31 33 nd nd
Fish ornaments of mobile phone plastic nd nd nd 199914 346588 10275
Butterfly hair bundles resin nd nd 6.23 45.1 nd nd
Wig fiber nd 5.81 nd 16.9 nd nd
Pearl necklace resin nd nd nd 112 nd nd
Gemstone necklaces resin nd nd 5.76 nd nd nd
Portrait key chain plastic nd 43191 30191 184009 nd nd

Note: DMP DIPP DPRP DPP DHXP

BBP DPhP and DOP were not detected in all samples.

nd: not detected.
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