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The harmful effects of residual monomers in polymers used in 
contact with foodstuffs have prompted legislative authorities in 
many countries to take action to set limits to their levels in 
plastic articles and in foods (Council Direcfive EEC 1878; HM 
Sta%ionary Office 1978). In Chile unfortunately, there are no 
regulations in this respect, and concerned about the possible 
health effects on the population, we are studying the residual 
monomer content of foods packaged in polymeric Materiels. 

Styrene is a widely used MOnOMer in the food-contact packaging 
polymers in the world, especial ly  in packaging for fresh Meat and 
poul t ry,  fresh f ru i t s  and vegetables, cottage cheese and many 
other dairy products. Styrene has a toxic ef fect on the l i v e r ,  
acts as a depressant on the nervous system, and causes 
neurological impairment (Harkonen et el. 1978 ;  Ueretinskaya et el. 
1978). 

Residual styrene in foods has been determined by several Me~hods 
which include hexene and methanol extraction-distilla~ion (Brunet 
el. 1977), azeotropic distillation followed by reverse phase 
liquid chromatography (Gawell and Larson 1980), and headspace gas 
chromatography (Steichen 1976; Whithey and Collins 1978; Uarner et 
el. 1983). This last Method has been specified by a EEC Directive 
to be the official Method for residual monomer determination in 
plastics and foodstuffs (Council Oirec%ive EEC 1978). 

This paper deals with the headspace gas chromatographic 
determination of residual styrene in Chilean foods packaged in 
polystyrene and that are normally consumed by the population. 

MATERI~LS ~ND METHODS 

Al l  the solvents and reagents used were ana ly t i ca l  grade or 
equivalent. Styrene monomer, 99%, was obtained from B~SF-Ohile, 
end N,N-Oimethylacetamide (DMA), 89%, from Merck. 

~Corrempondence and repr in t  requests. 
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Table  1. Food packag ing  po lymers  used in Chile. 

Polymer types 

Food 1 2 3 4 5 6 7 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

C h i l i  sauce 
Co t tage  cheese 
D a i r y  cream 
Fresh meat 
Honey 
Jam 
Jelly 
Margarine 
Mousse 
0 i l  and v i n e g a r  
P i c k l e s  
Pudding 
Sausage 
So f t  d r i n k s  
Sweet Milk desse r t  
Yoghur t  

X 
X 

X 

X X X 
X X 

X 

X X 

(1 )  P o l y p r o p y l e n e ;  (2 )  P o l y e t h y l e n e ;  ( 3 ) P o l y s t y r e n e ;  (4> P o l y v i n y l  
c h l o r i d e ;  (5)  P o l y e t h y l e n e  t e r e p h t a l a t e ~  (6 )  C e l l u l o s e ;  (7 )  
P o l y t e t r a f l u o r o e t h y l e n e .  

The food samples were purchased from local area s t o r e s .  The range 
o f  samples i n c l u d e d  in  t h i s  s tudy  were a new type of  yoghu r t  w i t h  
s t r a w b e r r y  jam, r e c e n t l y  appeared in  our Marke t ,  v a n i l l a  pudding 
w i t h  ca rame l ,  s t r a w b e r r y  mousse, and r a s p b e r r y  j e l l y ,  S ix  samples 
of  each type of  food were purchased and s t o r e d  r e ? r i g e r a t e d  t i l l  
their analysis, which were performed before the Manufacturers 
reCOMMended d u r a b l e  l i f e t i m e  f o r  the f o o d s t u f f s .  The r e s i d u a l  
s t y r e n e  l e v e l  was de te rm ined  both  in  the food and in  the 
polystyrene packaging. 

The gas chromatograph used in  t h i s  work was a Perk in-E1Mer  F-33 
equ ipped  w i t h  a f lame i o n i z a t i o n  d e t e c t o r ( F I B ) .  8 6 '  x 1/8" s . s .  
column packed w i t h  5% H a l l c o m i d  M-1B on ChroMosorb W 8W (80-100 M) 
was used f o r  the c h r o m a t o g r a p h i c  a n a l y s i s .  8 second column, 6 '  x 
1/8"  s . s .  t u b i n g  packed w i t h  Chromosorb t o t  was used to c o n f i r m  
the  s t y r e n e  peak i d e n t i t y  on the chromalograMs.  

Glass vials (30 Ml) equipped with sepia and aluminum sealing caps 
were used to contain the samples and calibration solutions. These 
vials, sepia, and caps were purchased from Sup~ico Inc. (U.S.8.). 

The s t y r e n e  c a l i b r a t i o n  s tanda rds  were p repa red  by d i s s o l v i n g  a 
we igh ted  p o r t i o n  of  s t y r e n e  in  sep tuM-sea led  v i a l s  c o n t a i n i n g  
Measured a l i q u o t s  of  DMR. The v i a l s  were heated to  4@ C to  a s s i s t  
the d i s s o l u t i o n  of  the s tanda rd  sample and then coo l  down to room 
t e m p e r a t u r e .  R l i q u o t s  of  the s tanda rd  MOnOMer s o l u t i o n  (].@,30, 5@, 
and 80 u l )  were i n j e c t e d  i n t o  the  sample s o l u t i o n s  us ing  a 1@0 u l  
s y r i n g e  ( H a m i l t o n  Co . ) .  ~ e .82 ug/ul s tanda rd  s o l u t i o n  was used 
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Table 2. Residual s ty rene Monomer con ten t  in pudding, yoghurt, 
and their packagings (ppm>. 

Pudding Yoghurt 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Sample Days Food Pack. Days Food Pack. 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

1 1 0.11 238 3 0.04 2G2 
2 2 0.02 235 3 0.10 212 
3 4 0.08 2SG 8 0.05 250 
4 4 0.0G 245 12 0.07 260 
S 6 0.04 244 17 0 . 0 B  278 
B 7 0 . i 2  250 i7  0.03 252 

Average 0.07 245 0,06 252 

for  the food samples and a 0.2 ug/ul so lu t ion for the packaging 
samples. 

P r e p a r a t i o n  of  the samples: 0.2 g of  the p o l y s t y r e n e  packaging 
Material were dissolved with OM~ (4 ml) in a septum-seaied vial, 
and the d i s s o l u t i o n  a~s i s t ed  by hea t i ng  the v i a l  to 40 C. A 
Measured volume (3 Ml) Of deionized water was i n j e c t e d  into the 
sample v i a l  (S te i chen  197G> and the v i a l  shaken. The s o l u t i o n  were 
e q u i l i b r a t e d  at 70 C fo r  60 min p r i o r  to headspace sampl ing .  The 
food samples were prepared in a similar way as the packagings, 
except  t ha t  1.0 g of  sample was p laced i n t o  the septum-sealed 
v i a l ,  and no solvent or water was added. 

The food samples and containers were analyzed according to the 
genera l  procedure desc r ibed  by Crosby (1982) ; the gas 
chromatographic condit ions are shown in Figure i .  

RESULTS AND DISCUSSION 

8 summary of our investigation about the polymer types used in 
Chile as food packaging Materials is shown in Table i .  The 
d i f f e ren t  polymers were characterized by c lass ica l  methods 
(behaviour on heating, combustion proper t ies ,  s o l u b i l i t y ,  fusion 
and softening temperatures), as well as by comparison of t h e i r  IR 
spec t ra  w i t h  the ones of  known s tandards .  8s it can be seen from 
Table 1, p o l y s t y r e n e  packaging in  Ch i l e  is  l i m i t e d  to f resh  meats, 
honey, desser ts ,  and some d a i r y  p roduc ts .  Because f resh  meats are 
Mostly sold in butcheries without any plastic wrapping, and 
because only one brand of honey, from the many available had 
polystyrene packaging, we centered our study on desserts and dairy 
products. 

Tables 2 and 3 show the residual styrene monomer levels found in 
the analyzed food samples and their containers. The six samples 
in each one of the four chosen foods were all of the same brand 
and flavor, but purchased in different stores. The figures listed 
in Tables 2 and 3 are expressed in ppm and represent the average 
values of a sample run in duplicate. 
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[able 3. Residual styrene Monomer content in mousse, j e l l y  and 
the i r  packagings (ppm). 

Mousse Jelly 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Sample Days Food Pack, Days Food Pack. 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . .  

1 4 0.39 2B3 10 0.74 4.7 
2 S 3.59 263 10 0.79 3.6 
3 5 1.44 276 14 <0.01 3.2 
4 5 3.72 298 14 <0.01 3.2 
S 5 1.45 231 19 0.06 3.8 
6 13 0.46 271 21 0.04 3.7 

~verage 1.84 2'70 0.27 3.7 

Figure 1 shows the headspace gas chroMatograms of a j e l l y ,  a 
pudding, and a MOUSSe sample. ~lthough there are some spurius 
peaks arising from the flavoring and other volatile Materials, 
these do not interfere with the styrene peak which elutes cleanly 
at 12.S min. The styrene peak was confirmed by co in jec t ion  of pure 
styrene Monomer on a second chromatographic column packed with 
Chromosorb 101. 

Three of the four- packaging mater ia ls were r e l a t i v e l y  homogeneous 
as far as their styrene monomer content was concerned, with 
average values wi th in  the 10% va r ia t i on .  The fourth packaging 
Material, which was a transparent polymer without any pigment or 
filler, was significantly different to the other three and as i% 
can be seen from Table 3, it had a very low styrene monomer 
content. 

From the data in Tables 2 and 3 , i t  can be concluded that there 
is no c lear re la t ionsh ip  between the styrene Monomer content of 
the containers and the amount found in the foodstuff  samples. The 
higher extent of styrene Migrat ion of the MOUSSe samples however, 
also correspond to a r e l a t i v e l y  higher content of the MOUSSe 
packaging polymer, but another explanation could be the higher Fat 
content of th is  foodstuf f  (Varner et a l .  1983). 

Surprisingly, no progressive increase in the amount of the styrene 
Monomer in t h e  foods was observed with increasing packaging time. 
This could be an indication thai most of the Monomer migrates into 
the foodstuff during a short period immediately after the the food 
is placed into the polystyrene container. Moreover, there are too 
Many variables which May affect the amount of styrene which passes 
into the food; besides the original styrene content of the 
polymer, the container wall thickness, the time elapsed between 
the Manufacture of the package and its filling, the physical 
treatments of the package, etc., are all factors that will affect 

the amount of styrene that is leached. 
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The styrene MOnOMer content of all the polystyrene containers 
examined in this work fell far below the standards set in the U.S. 
and o t h e r  c o u n t r i e s ,  but  the s t y r e n e  con ten t  of  the ana l yzed  foods 
Seems to be higher (Whithey and Collins 1978). 
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