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ABSTRACT

The moasurement of the migration from selected papar based food packaging and food contact
products are presented. Products were selected for study due to perceivod high potential
for migration. Genarally, a small percentage of the TCDD/TCDF was found to migrate.
Migration for fatty foods ware gonerally higher than for non-fatty foods.

INTRODUCTION

The estimate of potential human exposure to TCDD/TCDF due to normal use of paper based

} producte requiree the measurement of the migration of the compounds from the product into

! the food. For the purpose of the present study, it was decided to study the food packaging
or contact applications which presentaed the highest parceived potential for migration. The
factors which were considered important werse {a} langth of contact (b) temperature of
contact (c) presence or absence of a barrier and (d) contact with fatty foods. These

|
|
F factors were considered by the US FDA and the paper industry and it was decldad that the
t products listed in Table 1 would be selocted for the determination of potential migration.
Table 1. Products Selected for Migration Testing
Hot Bevarage Cups Dairy Product cartonas
Dual Ovenable Board Orange Juice Cartons

Papar Plates
Coffae Filters
Microwave Popcorn

EXPERIMENTAL PROCEDURES

Paper Product Exposures

The exposure conditions selected for each product were salectad to aexemplify normal product

ugo. However, within the range of normal uses of any glven product, the uses which
roprasonted the worst case potential for exposure wore selectad for the study. The exposure
conditions are dedcribed below for each product. Where possibla, the actual food products
were used for the migration testing. In some instancea such as dual ovenable board and

’ papor plates, the actual food packaging and contact applications are highly variable.

) Therafore, corned beef hash was used as a representative fatty food to simulate the worst

! cage axposure conditions,

B Hot Beverage Cupas Polyethyleone coated cups designed for hot beverage uve ware used for the
| otudy. Separate expooures were conducted for coffee and chicken broth. The baverage was

heated to 95°C and tranaferrad to the paper cup. Aluminum foi) was placed an the top of the
] cup to simulate a lid. After filling, tho cup was allowed to etand for 30 minutaes prior to
. being removed for analysis.
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Dual Ovenable Board Polyester terophthalate coated dual ovenable trays were usad for the
study. A measured welght of corned beef hash was transferred to each tray and was cooked,
uncovered, in a conventional oven for 30 minutes at 350°F. Since most of theso convenience
foods are consumed in the tray, the cornod beef haeh wae then allowed to otand at room
tomperature in the tray for an additional 30 minutes. The exposed corned beaf hash wao then
transferred to gample bottlas prior to analyels.

Paper Plates A moasured walght of cornad beef hash, was pre-heated Ln ‘a covered petri dish
in a conventional oven for 30 minutesm at J50°F. The heated dich of corned beaf hash was
then inverted onto a paper plate and allowed to stand at room tamporature for 30 minutes to
mimic the time@ it would normally take to consume food perved on a papar plate. Tha exposed
corned beef hash was then transferred to sample bottlos prior to analysis.

Microwave Popcorp Microwave popcorn was popped in the bag for 3.25 minutes and allowed to
stand at room temperaturo for 30 minutas to slmulate typical cooking and consumption. The
contents af four bags wera then ground and combined in a sample bottle prior to analysia.

The exposure condltions were described previously (NCASI, 1988, Sulllivan et
al., 1989).

Dalry cartong (Half and Half Exposure) The exposure conditions and polyethylene coatad pint
cartons were ldentical to those uned in a previous etudy (LaFleur gt al,, 1990}.

Qrange Juico ¢artons One quart juice cartons coated with an sthylene vinyl alcohol barrier
waera used for the study. Canned orange juice was traneferrod into tha cartons and axposed
at 4°C for three days, ona week, two wesk, four week and elght week time intervals. A
single carton of juice was used for each sample prior to belng removed for analysls.

In moat caces, paper products were analyzed for background TCDD/TCDF levels. From these,
the samples with the highest dotectable levels from two different suppliers were expogsed and
migration rates determined. This wad necessary to facilitate the experiment. Each exposure
was conducted in triplicata.

Analytical Proceduras

Paper product analyses ware porformed as deacribod in NCASI Technical Bulletin Na. 551
(NCASI, 1989). The extraction and cleanup procedures usad for the fatty foods were
described previously (LaFleur, gt al., 1990). The coffae analysls procedure wad an
adaptation of a procedura described previcuoly (NCASI, 1988, Sullivan gt al., 1989).

QMh/QC Proceduras

All expoeures wera carried out in triplicate. Analytical progedures waere validatad by, at a
minimum, analyzing triplicate spikes at throe concentration levels near the levals of the
amlytes detacted in exposad eamples. With the exception of coffee, all food products
contained meagurable levele of one or more of the analytes prior to exposurs, thus
triplicate un-exposed controls were prepared and analyzed for sach exporiment. 1In most
cages, a multi-lon, independent laboratory validation analysis was conducted as dascribed
previously (LaPleur gt al., 1990).

RESULTS AND DISCUSSION

The results for the migration tests for producte where only a alngle exposure time interval
was teetad are summarized in Table 2.
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Table 2. Summary of Migration Rates
Pexcent Migration

— _TCOD__  ___ _ICDE

Hot Beverage Cups - Coffee Hean Range Mean Banqe

Bupplier A 0.22 0.20-0.24 0.15 0.14-0.15

Supplier B 0.29 0.25-0.35 G.39 0.34-0.43
Hot Boverage Cups ~ Broth

Supplier A 6.0 4.9-6.7 10 8.6-11

Supplier B 4.8 4.6-4.9 5.9 5.5-6.3
Dua) Ovenable Board

Supplier A 16 7.4-27.3 B.5 5.2-10.3

Supplier B 4.2 3.0-5.7 6.1 4.9-2.3
Paper Platee

Supplier A NaS 2.6

Supplier B 13 9.8-15 18 12-24
Microwave Popoorn? 1.9 1.7-2.2 1.3 1.1-1.4

fpercent migration calculation not applicable. Levels of 2378~TCDD in
exposed sample not significantly greater than controls.
bprdditional microwave popecorn aexperiments in progress

With tha exception of coffee, all controls showed detectable lavels of one or both of the
analytes. Thus, in each experiment, corraections for background waere required. Reviewing
the hot beveraga cup data, tha ovarall migration was small as was the diffarence batween
suppllers. It was apparent that the migration from fatty food products was higher than for
coffee. There were greater diffarences between suppllers for the dual ovenable board
migration rates; particularly for TCDD. Overall, dual ovenable board migration was quite
aimilar to tha hot beverage cup chicken broth migration. There were larga differencaes in
the migration measured for paper plates with some of the moasurements for the non-clay
coated plate actually indicatling a dearease in the concentration Ln the corned boof hash.
This ia probably due to the plate absorbing cornod beef hash fat which contained measurable
lavels of TCDD prior to exposure thus resulting in a lowaring of the corned beef hash TCDD

concentration. Microwave popcorn migration rates wers found to be uniformly low for both
TCDD and TCDF.

There was no detectabla mlgration of TCDD from the orange juice containers for exposure
timea of up to B weekas. The TCDF concentration increased from a level of 0.7 ppq Ln the

unexpased control to a maximum of 1.8 ppq after 8 weeka of exposure. This corresponded to a

maximum migration rate of 0,17,

A migration rate atudy wae conducted as described pravioualy (LaFleur, ot al., 1990) using
the sams cartons only half and half was used rather than whole milk. dimilar to the whole
milk otudy, the half and half migration was found to be egsentially linear with the aquare
Toot of time. The results are summarized in Table 3.

Table 3. Summary of Half-And-Half Migration Study Results
Exposure Time 2,3,7,8- 2,3,7,8-

~—Interval . ____TCDD = ___ TEPP

24 Hour

1,2 1.0-1.4 3.7 3.0-4.4
48 Hour 2.7 1.3-5.4 5.9 4.8-6.6
120 Hour 2.0 1.4~2.6 10.3 10.2-10.8
288 Hour 8.1 7.4-8.4 16.1 15.8-16.6
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The coffee migration reeults, expressed in a percent migration vs. liters brewed per welght
of aggresmively wetted filter baeis, were found to diffor from the results reported in an
oarller study (NCASI, 1988, Sullivan gt al,, 19689). Thus, since the presviocus relationship
wap found to not be representative of a broader range of fllters, an alternative means of
aexpreseing the data was explorod. It was found that a much better relationehip existed
between the percent migration and the litere brewed per {ota) weight of filter. Ueing all
data from both the previoue study and the present study, the linear regression correlation
coefficlents were 0.74 and 0.71 for TCDD and TCDF respectively. Tho linear regression
equations describing the coffeae filter migration rates arae:

Percant TCDD Higration = 10.3 WF + 7.0
Percent TCDF Migration = 16.3 WF + 7.9,

where WP = total weight of coffee filtar (g) per liter of coffoe brewed
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