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ABSTRACT 

Samples of milks and cream packaged in glass, plastic and paperboard cartons have been analysed for PCDDs 
and PCDPB. PCDDs and PCDFs were not able to bo detected in milk packaged in glass or plastic. The data 
coofirms tho source of TCDDs and TCDFs quantified in carton milks as coming finm the paperboard 
packaging. TCDF iaomeis exhibit a greater ability to migrate than TCDD isomers. It has been found that 
the migration of these contaminants from the paperboard is not directly related to the fat contant of the 
packaged dairy solution. Even though both brands of paperboard cartons investigated contained significant 
amounts of PoCDDa, HxCDDs, HpCDDs and OCDD theso congeners were not detected in any of the millis 
analysed. Process and papormaking additives have been identified as sources of those higher congeners. 

INTRODUCTION 

In 1988, Ryan et al. (1) documented levels of TCDD and TCDFs in milk stored in bleached paperboard cartons 
and attributed their prosence in tho milk to migration fiom the paperboard packaging. 

This paper reports the results of an extensive survey (2) of the New Zealand market place for the presence 
of PCDDs and PCDFs in both non-paperboard packaged (glass and plastic packaged) and paperboard packaged 
milks and croam. The significant features of these results are the non-dotectioa of PCDDs and PCDFs in glass 
and plastic paclcagod milk, tho time dependency and congener specifidty of migration of PCDDs and PCDFs 
piesont in tho paperboard and the importance of tho fat content of the packaged dairy product In addition 
the identification of paper making and process additives as sources of the higher chlorinated penta- to octa-
congeners is described. 

RESULTS AND DISCUSSION 

PCDDs and PCDFa in New Zealand milk. 

Levels of PCDDs and PCDFs dotermined in non-paperboard packaged standard (3.6% fat) homogenised milks 
are given in Table 1. The general absence of these contaminants is notable and is in contrast to the levels 
that have been reported for PCDDs and PCDFs in milk and related dairy products fi^m Northem Europe 
(3,4,B) and elsewhere (6). Much of this contamination has been attributed to indnerator emissions, 
particularly fi^om munidpal waste incinerators (MWl). However with no MWl in New Zealand and a general 
oparsity of other combustion sources in rural districto, tho levels of PCDDs and PCDPs observed in milks and 
other agricultural products (7) is not surprising. 
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AnalysiB of staadard homogeniBed milk packaged in paperboard cartonfl showed olevated levels of TCDD and 
TCDF isomers compared to milk packaged at the aame milk treatment statione in glass bottles and plastic 
containers. Table 1. 
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Interestingly, the penta- to octa- congeners in tbe paperboard packaged milks were at or near background 
levels as represented by the amounts determined for the glass and plastic packaged milks. 

Time depeDdence of PCDD and PCDF migration. 

To confirm the source of the contamination* a time trial study was undertaken whereby the levels of PCDDs 
and PCDFs were determined in standard homogenised milk packaged for 0 (non-paperboard packaged), 2, 
4, 6 and 8 days in paperboard cartons. Again only tetrachlorinated congeners were quantifiable, with a 
progressive increase in the amounts determined in the milk with time, Figure 1. 

Effect of fat content on PCDD and PCDF migration. 

Given tho lipophilidty of these chemicals it was believed that the degree of PCDD and PCDF migration from 
tha paperboard would be related to the fat content of the material packaged. It was hoped to show this by 
analysing samples of low fat milk (< 0.5% fat) and cream (40% fat) packaged in paperboard cartons. 
Unexpectedly however, levels of TCDD and TCDFa quantified on a whole product basis for the low fat milk 
samites were comparable to the levels determined for the standard milks stored under identical conditions, 
Table 2. Similarly levels determined for the cream samples wero not significantly different to those of the low 
fat and standard milks. It is apparent therefore that the migratory ability of PCDDs and PCDFs from the 
paperboard into dairy solutions is not directly related to the fat content of that solution. 

Congener soedficitv of PCDD and PCDF migrfl^ion, 

Tte levels of PCDDs and PCDFs in the two brands of paperboard packaging are listed in Table 3. (jonerally 
the lower levels of TCDD and TCDFs in brand B paperboard are roflected in the levels of TCDD and TCDFs 
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This indicates a preferential migration of the tetra- chlorinated congeners from the paperboard into the milk 
products. Several factors may contribute to this phenomenon; molecular size and masa. lipophilidty (as 
ronected in log k ^ values) and the manner in which those isomers are present in the finished product (see 
below). 

Sources of PCDDs and PCDFa in finished paper products. 

The sources of PeCDDs, HxCDDs, HpCDDs and OCDD in finished paper products will be ahown to be different 
to, and independent of, the sources of TCDDa and TCDFs. The tetrachlorinated congeners have been shown 
to arise from tho chlorine bleaching of kxail piJp (8). We have identified a number of additives used in 
papermaldng processes that contribute those higher chlorinated congeners to the finished produci (9). Tho 
tetrachlorinat^ congeners are intimately associated with the pulp while the higher chlorinated congeners may 
have quite different associations with the pulp and with other additive preparationa. The availability of these 

Organohalogen Compounds 3 225  
1990



for migration may be controlled by diflerent factors than those that control the tetrachlorinated congeners. 

Tha extent to which any or all of these factors may influence migratory ability of the congeners into milk ia 
not yet apparent. 
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