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Analysis of Residual Solvents in Food Packaging Materials
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ABSTRACT — Solid phase microextraction (SPME) was used for the determination of 6 standard
solvents (methanol, isopropancl, methyl ethyl ketone, ethyl acetate, cyclohexane, toluene) in food
packaging materials. SPME method is a solvent-free sample preparation technique in which a
fused silica fiber coated with polymeric organic liquid is introduced into the headspace above the
sample. SPME method using fiber coated polydimethylsiloxane (PDMS) was compared with static
headspace (SHS) method used as a reference. It was found that the optimal adsorption condition
using PDMS-SPME method was 20°C for 15 minutes for the standard solvents. Detection limits,
linearity, reproducibility, and recovery of both SHS and PDMS-SPME methods have been
determined using 6 standard solvents. Both methods were characterized by high reproducibility
and good linearity. Using SHS method, the mean recovery of the 6 standard solvents was ranged
from 75.5% to 105.8% with a mean relative standard deviation (RSD) of 0.3% to 4.8%. With
PDMS-SPME method, the mean recovery of the 6 standard solvents was ranged from 86.7% to
108.3% with a mean RSD of 0.4% to 2.5%. The detection limits of both methods were the same
for toluene, cyclohexane and methyl ethyl ketone; those of PDMS-SPME method were higher
than those of SHS method for methanol, isopropanol and ethyl acetate. PDMS-SPME fiber
showed excellent adsorption for non-polar solvents such as toluene, while it showed relatively low
adsorption for polar solvents such as methanol.
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Fig. 1. SPME fiber holder and fiber assembly.
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Table 1. Analysis conditions of GC for residual solvents
of food packaging materials by SHS and SPME

method

Column HP-1 capillary column (length: 25 m,
ILD.: 0.2 mm, film thickness: 0.5 um)

Detector Flame ionization detector (FID)

Carrier gas Helium

Injector temp. 240°C

Detector temp. 250°C

Initial temp. 40°C (3 min)

Rate 20°C 1 /min

Final temp. 60°C (3 min)

Carrier gas flow rate 1.0 m/min at 40°C
Hydrogen gas flow rate 40 ml/min
Air flow rate 450 m//min
Make up gas flow rate 45 ml/min

Food packaging materials
1

1\ 0.2 m' Sampling |

\ Sample cutting (2 X 3 ¢cm ) \

Put in 500 m¢ Erlenmeycr flask ]

Add internal standard (THF 1u) i

_ | Shaking
Extraction Adsorption
(80C, 30 min) ) (207C, 15 min)
[ GC injection with \ GC injection with SPME
gas tight syringe (1 m) (desorption: 240C, 5 min)
i |
" )
L GC analysis l GC analysis W

SHS methed SPME method

Fig. 2. The analysis procedure for residual solvents of
food packaging materials.
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Fig. 3. GC chromatogram of 6 standard solvents using
the SHS method.
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Fig. 4. GC chromatogram of 6 standard solvents using
the PDMS-SPME method.
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Fig. 5. Changes of adsorption efficiency for 7 standard sol-
vents according to various temperature nsing the
PDMS-SPME method for 20 min.
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Fig. 6. Changes of adsorption efficiency for 7 standard sol-
vents according to various time using the PDMS-
SPME method at 20°C.
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Fig. 7. Calibration curves of 6 standard solvents, obtain-
ed using the SHS method. The ratio of each sol-
vent peak to that of the tetrahydrofuran internal
standard has been plotted against the solvent con-
centration.
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Fig. 8. Calibration curves of 6 standard solvents, obtain-
ed using the PDMS-SPME method. The ratio of
each solvent peak to that of the tetrahydrofuran
internal standard has been plotted against the sol-
vent concentration.
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E 2A5191-8 W] RSD(relative standard deviation) 7t&
T8ttt olufe} i RSD k& vlalsle] B Table 29
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U FEEA vEhd o 7R Wy 12 5% olgte
7 RSD z+& Uelhiimg g4 o] ekaatgict ZhgAd
& RSD Zt& H)ws] 2 PDMS-SPMER o A& toluene&
1.1532%, MeOH= 2.5114%% ThE&-&Ao v]ale] Aofx o
2 AdAol tha Hojg o), YA chexane, EA, MEK,
IPAS] 39 1% °]3t2 =& AEAES YeRUT) SHSHe
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Table 2. Reproducibility for 6 standard solvents determined
by SHS method and PDMS-SPME method

Reproducibility (RSD, %)

Solvents

SHS method SPME method
Methanol 4.7819 2.5114
Isopropyl alcohol 2.7419 0.3903
Methyl ethyl ketone 0.4604 0.7589
Ethyl acetate 0.2932 0.7732
c-Hexane 2.3305 0.4611
Toluene 1.3167 1.1532

RSD: standard deviation/mean < 100.
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