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Determination of the Leaching Quantity of Phthalic Diesters in
Polyvinyl Chloride PVC Toys Dipped in Simulated Saliva
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Abstract A fiber coated with fullerene by sol-gel technique was used to determine the stripped phthalic
diesters in polyvinyl chloride PVC toys dipped in simulated saliva by solid-phase microextraction-gas
chromatography. Phthalic diesters were added as plasticizer in PVC materials. The operating condi-
tions such as extraction time extraction temperature salt effect thermal desorption time oscillation
rate and chromatographic conditions were studied. The infusion conditions were also discussed. The
extraction capabilities of the fiber prepared and commercial polydimethylsiloxane PDMS fibers were
compared. The detection limits of the method were 0.079 to 1.36 png L. The recoveries of phthalic
diesters were 88.4% to 107.7% and the relative standard deviations RSDs were less than 8% .
This method has been applied to real samples and the results were satisfactory.
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37 C 80 Table 1 Effect of oscillation rate on the leaching of plasticizer
r min 1h 10 mlL in toys dipped in simulated saliva
NaCl Oscillation rate Peak arcas
aC 7 r min DBP BBP DCHP DEHP DNOP
90 C 0 816853 71060 29521 8908 681
60 min 300 r min 40 1949545 156263 40477 10015 2112
280 60 1888 341 155658 43028 11030 2413
. ) 80 1980 485 154982 46514 11938 2585
C 3 min 100 1961 424 158528 48474 12003 2540
120 1971709 158543 46 306 11770 2610
2 DBP di-n-butyl phthalate BBP butyl benzyl phthalate
)1 DCHP dicyclohexyl phthalate  DEHP di- 2-ethyl hexyl phtha-

late  DNOP di-n-octyl phthalate.
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Table 2 Effect of dipping time on the leaching of plasticizers in toys dipped in simulated saliva counted as peak area

Dipping time min

Plasticizer'

5 10 20 30 60 120 180
DBP 843277 1530722 1 589 360 1635602 1 694 460 1675 564 165933
BBP 72 024 143192 135023 134 565 125 847 122 340 125 780
DCHP 27 059 40292 42970 45873 50 739 48 785 50 386
DEHP 8972 20 117 22 164 19 822 18 650 19 201 18 350
DNOP 405 3306 2789 4205 2179 2164 1960
1 For plasticizers see Table 1.
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Table 3 The linear regression correlation coefficients and ok Al -f—‘f“m h ISR : =2
the detection limits of 5 plasticizers 0 5 10 15 20 25 30
Plasticiyer! Linear Correlation Detection /min
asticizer regression’ coefficient ~ Limit pg L 1 5
DBP y=713.422 +29 809 0.9779 0.079 Fig.1 Chromatogram of a sample spiked with 5 plasticizers
BEP $=366.34 + 61 483 0.9880 0.29 ‘l DBP 2. DHP internal standard 3. BBP 4. DCHP 5.
DEHP 6.DNOP.
DCHP y=92.32x+ 10009 0.9967 0.30
DEHP  y=33.10x+4651  0.9752 0.47 2.5
DNOP =10.02x +14.69 .992 1.37
O y=10.02x 6 0.9920 3 PVC 5
1 For plasticizers see Table 1. 2y peak area x mass con-
centration of the plasticizer pg L .
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Table 4 Recoveries of 5 plasticizers spiked in real samples » =7 5 4 F
< L
. Background Added Found Recovery RSD 3 2 F
Plasticizer F
mg mg mg % % ok
DBP 0.248 2.557  3.002 107.7 7.5 0 5 10 15 20 25 30
BBP 0.128 2.681 2.952  105.3 5.7 w(Plastizer) / %
DCHP 0.036 2.594  2.431 92.3 4.6 2
DEHP 0.192 2.600 2.521 89.6 4.3 Fig.2 The curve of leaching quantity versus the content
DNOP 0.120 2.669  2.480 88.4 3.5 of plasticizers in plastics

1.DBP 2.BBP 3.DCHP 4.PEHP 5.DNOP.
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Table 6 Comparison of the extraction capabilities of
Table 5 Leaching quantity analysis of 5 plasticizers two fibers counted as peak area
in 3 PVC samples dipped in simulated saliva ve 8 Plasticizer Fullerene 40 pm PDMS 100 pm
Sample DBP BBP  DCHP DEHP  DNOP DBP 170 597 105907
_ _ BBP 162012 53317
Packaging material  1.400 0.120 -1 2.129 -
PVC sheet 3.986 0.389 - 1.149 - DCHP Sl as4 17782
PVC flat cable 11101~  0.152  1.916 - DEHP 17220 8310
1 - 1ot detected. DNOP 41552 5 868

2.7 PDMS
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