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ABSTRACT

In order to support a food additive petition, we have recently performed extraction tests of a
CARILON EP polymer in accordance with discussions with FDA and the recommendations in the
FDA Chemistry Guidelines. The present study was conducted to measure the migration of the low
molecular weight species (oligomers) into the food simulant liquids (FSLs) water, 3% acetic acid,
and the synthetic fat HB307 using Condition A (retort) and Condition C (hot fill) testing conditions.

The polymer was synthesized with radioactive carbon monoxide, so that liquid scintillation counting
techniques could be used to measure oligomer migration. A batch polymerization process was
used. Nuclear magnetic resonance (NMR), differential scanning calorimetry ((DSC), gel permeation
chromatography (GPC), and limiting viscosity number (LVN) analyses show that the sample has
the desired compositional and molecular weight characteristics. The sample is characterized as
having a-melting point of 213.2 ° C, 8 mole% propylene content, an LVN in m-cresol at 60.0 ° C of
1.28 dl/g, and a broad molecular weight distribution as described by GPC (Mw/Mn = 4.36, and
molecular weights are given relative to polymethylmethacrylate standards).

While no particular difficulties were found with measurement of the oligomer migration in 3% acetic
acid and HB307, oligomer adsorption was noted in the water extractions. The work necessary to
correct the 2 hour migration values for adsorption is described. » '

The results in this study show that the maximum migration levels in the three FSLs are 21.7 parts
per million (ppm) in water, 2.5 ppm in HB307, and 6.3 ppm in 3% HAc. Average spike recoveries
were 95.5% for water extracts, 95.7% for 3% aqueous acetic acid extracts, and 96.7% for the
HB307 extracts. The maximum migration levels in theéhree FSLs in Enits of milligrams Rer square .
inch (mg/in~) of exposed packaging are 0.224 mg/in~, 0.025 mg/in~, and 0.065 mg/in~, respec-
tively.
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I. INTRODUCTION

In order to support a food additive petition, we have recently performed extraction tests of a-
CARILON® EP polymer in accordance with discussions with the FDA and the recommendations in
the FDA Chemistry Guidelines. A meeting was held with FDA on February 20, 1990, to plan the
analytical support for the CARILON polymer petition. The methodology employed in this study is
consistent with the recommendation at this. meeting.

CARILON polymer will be used for packaging of foods requiring sterilization, and so the test
exposure conditions for fatty and aqueous foods were selected to simulate the temperature
conditions used for retort packaging. Testing under “"hot fill* conditions was used for packaging of
slightly acidic foods, which-is consistent with their food processing. :

The analytical protocol-was designed to permit the measurement of the oligomer migration into the
food simulant liquids -(FSLs). water, HB307 (a synthetic fat), and 3% aqueous: acetic acid. The
ethylene-carbon monﬂi(ide-propylene terpolymer used in this study was ‘prepared by batch
polymerization using - "C labelled CO, and cligomer concentrations in the FSLs were determined
by standard radiochemical: methods. The synthesis and characterization results are given later in-
this report. R ' - :

ll. DESCRIPTION OF THE TEST MATERIAL

CARILON polymer is synthesized by the terpolymerization. of ethylene, propylene, and carbon
monoxide in the presence of a palladium-phosphine catalyst in-a methanol reaction solvent:

o)
XC,~ +xC=0+yCy~ ——> --(CH2‘CH2-C-)X-(CH2-CH-I)y
CH,

where x is 0.92 and y is 0.08 for the case of a CARILON EP polymer melting at 213 degrees
Celsius, and x = 1.00 and y = 0.00 for the CARILON E polymer. The ethylene and carbon
monoxide groups are strictly alternating, and the propylene is randomly incorporated in the EP
~ polymer. The end groups can be either ethyl ketone, propyl ketone, or methyl ester (from termina-
tion with the methanol reaction solvent). , o

The FDA states in their guidelines1 that migration testing must be done using the lowest molecular
weight polymer that will be used. Accordingly, this report covers testing 'of a CARILON EP polymer
made by batch polymerization with a limiting viscosity number (LVN) in m-cresol at 60.0 ° C of 1.28
deciliters per gram or above and having a melting point of 213°C.

IIl. EXTRACTION PROTOCOL

The extraction- conditions- are listed below. Because HB:BOZ‘is a solid at ambient temperature, the
concentrations are expressed on a weight basis for this. FSL.
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3% aqueous
ESL H20 HB307 acetic acid
Extraction
sugface area
(in ' 292 - - . 390 ‘ : 2.92
FSL volume ' T
or weight : 30 mis : 409 - ' . 30'mis
Ratio of FSL
volume (weight) ; ’
to surface area 10.3 oo © 10.3 103
Time/temperature . h
program 2 hrs at 250°F; 2 hrs at 250°F; Hot fill at 212
o store at 120°F store at' 120°F °F, hold30 = -
for a total- - for a total minutes-and :
- extraction time - extraction time -cool to- 120°F;
of 240 hours of 240 hours - store at 120°F
: : for a total .
extraction time
_of 240 hours
Sampling
schedule All FSLs: Tweilve extraction cells were used for
o samples. At 2, 24, 96, and 240 hours, three cells were removed and the
contents were analyzed.
Blanks were taken at 2 and 240 hours, also in triplicate.
Validation
samples Nine additional samples were extracted using the same

procedure as the sampies and spiked at 0.5X, 1.0X, and
2.0X the concentration of the 240 hour samples

IvV.  TEST PROCEDURES

With the exception of the sample polymerization, all test procedures are described in-Standard
Operating Procedures and the references are given in Analytical Protocol 531.

A. Sample synthesis

A 14C labeled CARILON EP polymer was synthesized by batch polymerization in order to simplify
the detection and measurement of the extracted oligomers. The synthesis was carried out at the
Royal Dutch Shell research laboratory in Amsterdam, The Netherlands, by J. A. M. van Broekhoven
et. al. A complete description of the polymerization of this and other radioactively labeled
CARILON polymers is included as Attachment 1. The highlights are as follows. - Special
modifications were made to1 ahe apparatus to contain the radioactive CO. A mixture of non-
radioactive and radioactive = 'C carbon monoxide was used to introduce a specific activity of
0.0245 milliCuries per gram into the polymer. The specific activity of the polymer was confirmed
prior to testing. The product was determined to have a limiting viscosity number (LVN) in m-cresol
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at 60.0°C of 1.3 decxllters per gram (dl/g) The polymer was. treated in: the 'same way as batch
material from a commercial plant would be,-i.e., following ‘polymerization, it was washed with-
methanol, dried, and stabilized with 0.2 weight percent each of glycerol monostearate and:irganox -
1330. The polymer was then shipped to the Radiochemistry section of ‘Analytical: Chemistry: R&D;

Shell Development Company, Bellaire Research Center, Houston, TX, for use in the FDA extraction - -

program. A summary of the polymer characterization data is given in' _Table 1. A complete
description of the data is given later. :

B. Samgle gregaration

The polymer powder was converted into 0.030 mch thlck 4 mch square plaques by: compressronff» i
molding in a Carver press. The press was equipped with a precision-temperature control device to. -
assure the reproducibility of pressing’ conditions. The samples were molded at 250 to 252 ° F
under 5 psi pressure for 30 seconds, followed by 10 psi pressure for 30 seconds, and then cooled
to room temperature between two teflon sheets that had been preheated to 200 to 250 F.

‘Extraction coupons of 2. 000 centimeter -outside: cllameter were. cut from the plaques usmg a
precision die purchased from Hudson Die Group. A 0.030 inch: hole was punched into the center -
of the coupons to accept a sectron of precleaned stamless steel (SS) wire. - :

C. Extractlon egurgment

The extraction cells were of the type used by Arthur D. Little in their studies, and are shown'in = -
Figure 1. The cells were constructed of 1 inch: outside diameter 0.065 inch wall thickness
seamless, annealed 316 SS tubing in 5 to 6 inch sections. Both ends were fitted with-Swagelok
SS caps. Sections of SS-wire, SS:washers; and SS clips were formed into sample stands to hold
the samples above the FSL during temperature equilibration. Each cell was engraved: with a
unique identification number.. - Additionally, two -of the-cell caps: were:- modified: to-accept a
thermocouple probe so that the temperature of the FSL inside the' cell could be monitored during’
the 250°F heating step (212°F in the case of 3% acetic acid). = When the solvent reached the
desired temperature, the extraction cells were taken out of their clamps,: inverted so that the
extraction process started, and replaced in the clamps. The rack which held the samples was
modified later in the study so that all samples could be inverted at once. The samples. were
agitated at all times:.

The cells were cleaned extenaively- before use: The cells, sample: stands, washers, and clips were
degreased, cleaned with acetone, and scrubbed' with soap: and: water. - The sample stands were
placed into-the- cells, approximately 40.mi of distilled water was. put into the cell, the cells were

closed, and the whole assembly was put into a 250 ° F oven for'5 hours. Afterwards, the cells

were opened and ‘the water was poured out as soon as possible. The cells were nnsed wrth
deionized water, dried in the oven, and capped loosely until ready for use.

The extraction apparatus was constructed to allow extraction in two FSLs at one time. The initial
high temperature ‘extraction. was performed using ‘two Blue M Model POM-588C-3- convection
ovens that were equipped with two Burrell Model 75 wrist action shakers attached to-a rack with 36
finger-action clamps. The clamps were attached in a vertical plane above and below the shaker
shaft, 18 to each side. Thermocouples mounted inside the oven and inside a specially. equipped
extraction cell (see above) were used to measure the temperature during the high temperature
extraction. The shaker oven layout is shown in Figures 2 and 3.

A shaking water bath was used to store the samples at 120°F. A rack of 51 'SS tubes of sufficient
size to hold the extraction cells was attached to the shaking water bath table. This enabled the
extraction cells to be held and shaken without falling over. :
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All of the coupons needed for an extraction were mounted on the sample stands before the
extraction. The surface area of each coupon is 0.974 square inches, and a surface area to FSL
volume of 1:10.3 was used- through out the extractions (in the case of HB307, the ratio is in terms
of surface area to FSL weight, since HB307 is a solid at.room temperature).. .-The SS wire was
pushed through the holes: in the coupons and washers. were::used:to hold the coupons. apart.

Clips at the top and bottom of the stack of coupons were used to hold the coupons above the.
surface of the. FSL when the extraction: cell was in the upright position. - , v

D. Extraction procedure

The FSLs were prepared as follows. The water used for extractions and to dilute the acetic acid

was taken from a Millipore Milli-Q water purification system in the. WRC laboratory. ‘The acetic acid

came from Mallinckrodt and is quoted as being 99.8% pure- by the vendor. - The: HB307 came from.

NATEC Institute, Hamburg, West Germany, and- the specnﬁcatlons were- as- provuded by the
manufacturer. v ; _

The extractions were started using the following procedure. The FSL was pipetted into the cell in

the case of water and 3% aqueous acetic acid or weighed into: the cell in the case of HB307.. The

sampie stands and coupons were placed-into the extraction cells and the:SS caps were:tightened

using a vise and an adjustable end:wrench. The cells were ‘mounted in-the finger clamps. in the

ovens so that the FSL did not yet contact the coupons. An extraction cell containing the

appropriate FSL, the sample stands without coupons attached, a temperature probe, and

connected to a data logging unit was mounted inside the oven. The door was closed, the oven

was set to reach a temperature of 250-° F (212 ° F for the 3% acetic:acid extractions), and the wrist

shaker was set to gently agitate the cells. When the electronic temperature monitor. indicated that .
the FSL inside the measurement cell -had reached and maintained the target temperature, the

shaking was stopped and the cells were inverted so that the FSL contacted the coupons. - The

shaker was re-started: and the dummy cell FSL temperature was monitored until it had reached the

target temperature again, and this:-time was considered the start of the extraction-time.  The time-

temperature -profile for the three extractions (water, HB307, and: 3% »aqueous..acetic acid) is
tabulated in Table 2 and shown graphically in Figures 4a, 4b, and:4c. The dip in the temperature

is the point at- which the oven was opened and ‘the extraction cells were: mverted to start the

extraction.

At 2 hours extraction time, the 2 hour extraction samples and the 2 hour extraction blanks were -
removed from the extraction, and the rest of the cells (except for the dummy cell) were transferred
to the shaking water bath: - (The 3% acetic acid extractions were taken from the oven: after 30
minutes at 212 ° F and- allowed to coolto 120 ° F as judged by the temperature inside the: dummy
extraction cell. The cells were then put into the shaking water bath which-had been  previously:
equilibrated to 120 ° F, and the shaker was started). The 2 hour samples were: poured-into clean
flint glass jars and the: extraction conditions and extraction cell number were recorded in the
laboratory record book and on the sample jar label. The coupons were placed: mto a clean plastic
bag and labeled, and the extraction cells were capped and stored

Samples were withdrawn in the same manner at 24, 96, and 240 hours Blanks .in triplicate were
taken at 2 and 240 hours. As noted above, triplicate extraction samples. were taken at all sampling-
times.

The extraction cell roster is. given in Table 3. This table is included to document the extraction cell
numbers with the extraction FSL and samplie conditions. »

The shaking water bath was checked two to three times a day during the normal work week to
insure that it was still operating. During the weekend, personnel came into the lab at least once a
day and checked for continuous operation. The water bath was purchased new. for this project

8
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and did not malfunction during the extractions.

E. Liquid Scintillation Counting Procedure

This sectio‘p4 gives a summary of the quantitative liquid scintillation counting procedures used to
count the ~ C labeled extracts. in brief, the number of disintegration per minute (dpm) from the
sample was determined from the fluorescence of the liquid scintillation “cocktail* used to disperse
and suspend the sample. The relation between the dpm and the instrument raw data of counts
per minute (cpm) was determined through calibration with standard materials. The mass of
radioactive material in the sample was determined by dividing the dpm by the specific activity of
the sample, expressed as dpm/g or dpm/g. The specific activity of the polymer was determined by
dissolving a very small amount in HFIPA, adding this to a scintillation vial; and determining the
dpm per unit mass of sampie.

1. Sample preparation for water and 3% aqueous acetic acid .
extracts . A . _ _

- The water and aqueous 3% acetic acid samples were prepared for counting in the same way. 6 mi
of each sample was pipetted into a scintillation vial, and' 14 ml of Instagel XF was added to each -
sample. The vial was capped and the sample was shaken vigorously until the mixture forms a gel.

2. Sample preparation for HB307 extracts -

The HB307 samples were prepared by dissolution in a toluene-based scintillation cocktail. A 9.00
gram aliquot of the HB307 was weighed into a counting vial, and 10 mi of a
toluene-2 -(4-t-butylphenyl) -5-(4-biphenylyl)-1,3;4-oxadiazole (BPBD) liquid scintillation cocktail was
added. : ‘ : B o o :

3. Counting, grocedur_e”

After the sample preparation, the samples, standards, and blanks- were: all‘put into:the:scintillation ‘
counter and allowed to equilibrate. The vials were inspected for turbidity or phase separation of
the sample. None was observed. o

The data was corrected for quenching of the fluorescence.” The instrument: had an:internal radium
source that is placed beside the samples during the counting sequence. ‘With this, a calculation of
the quench' indicating- parameter (QIP) was made during measurement. A calibration piot of the
quench indicating parameter (QIP) versus perce%ﬁ efficiency was made-by adding known amounts:
of quenching agents to radioactive standards (' C labeled cetane which was calibrated against
National Institute of Standards and Technology standards) and then these samples were counted.
Then distilled water and carbon tetrachloride were added in the amount described in the table
below. ’
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Instagel XF, 14, cetane, Water Carbon

mi microliters mi . . tetrachloride,
) microliters

14 100 5.5 .0

14 100 : 5.8 o

14 100 B X R 0

14 . 100 . 82 0

14 : 100 - . 6.0 5 .

14 100 6.0 10

14 100 6.0 : 15

14 100 , 60 . . 20 .

14 100 - 6.0 25.

14 100 . 6.0 30

14 100 6.0 40

14 100 6.0 - 50

Since the activity of the cetane standards was known, the ratio of the measured activity to the
known activity gave the percent efficiency, and the instrument determined the QIP during the
measurement as noted above. When the samples were measured, the instrument measured the
QIP and then the calibration plot was used to correct the cpm to dpm. :

The standards, blanks, and samples were run together for multiple measurements. The scintillation
counter measured each vial for a time specified in the counting programmed then the next samplie
was moved into place. After all the samples had gone through this process once, they were done
four more times, and the averages for each vial were determined. These steps were under
analyzer control.

All samples from all extractions were initially counted. Triplicate sampies were taken from each cell:-
in the water, HB307, and 3% acetic acid extractions, and the validation samples were also counted.
(It was necessary to change the counting procedure in order to accommodate some water
extraction samples with QIPs outside the calibration range (see Addendum #1 to Analytical
Protocol 531)). The validation experiments were performed on a blend of the 240 hour validation
samples. The results confirmed the methodology used and are given later-in this report.

V. BESULTS

A.  Deviations from Ana_v_t cal Protocol 531.(Attachment:3)

The analytical protocol used-in this study is given ‘in. Attachment 2. Devuatlons from the: protocol
are in Attachment 3. The terms “Addendum or "Amendment* are used to note deviations from the
protocol. -

B. Sample characterization data

The composition, molecular weight, and molecular weight distribution of the sample material were
determined by standard analytical methods. The procedures are documented in the SOPs
referenced in Analytical Protocol No. 531 (Attachment 2). A brief description of each and the
results follows. The analytical reports are referenced as attachments.

1. NMR (Attachment 4)

The NMR results (reference 2) show that the sample has the expected structure. The propylene
content is found to be 8 mole %.

10
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2. DSC (Attachment 5)

The meiting point of the sample in powder and pressed plaque forms was determined (reference
3). The DSC thermograms of plaque samples show a melting peak at 196 ° C resulting from prior
thermal history. This thermal history is "erased" by a standard heat-cool cycle, and the melting
point is determined. by the temperature at the peak: of the second heating profile.  The last line of
the information printed: inside. th‘e-v-thermogram shows ‘the: heat-cool cycle designation. - Melting-

points of 212.0 °, 213.5 °, and 214.2 ° were determined, to give an average of 213.2 ° C for the -

sample.. Thls is the expected meltmg pomt for.a: CARILON polymer with 8 mole: % propylene

An mdlum metal standard of known melting pomt and: heat of fusion was measured as a quality -
assurance measure. The results are shown.in Table 1, and indicate that the determined- values are
within 0.3% of the known values.

3. GPC (Figure 5)

A gel permeation' chromatography (GPC) analysis of the high activity EP polymer was-performed
prior to the start of the project to confirm that the sample had:-a molecular weight distribution
typical of a commercial product (reference 5). The GPC analysis was performed using 1,1,1,3,3,3-
hexafluoroisopropyl-alcohol (HFIPA)-with 0.050 ‘M ammonium trifluoroacetate -added as the mobile -
phase, DuPont PSM 1000 and 60 porous silica columns, mobile. phase flow rate of 0.40 mi/min, a
differential: refractive index: detector, and: calibrated versus. polymethylmethacrylate standards The
resulting molecular welght distribution is shown in-. Flgure

The molecular weight distribution is broad, as. would be expected l‘rom the polymerization type and
catalyst. The shoulder which appears.at log:M « 6 is due to the temperature. history during the
polymerization, but these high molecular weight species are insoluble in the extraction solvents
and will not change the resuits of the migration tests.

The molecular welghts in the GPC report (MGPC) can be converted to absolute molecular weights
M ABS) using the relationship

0.9288
- Mags = 1145 Mgpe | |
Application of this relation to the weight-average molecular weight given in the GPC report gives an
absolute weight-average molecular weight of 59.0 E3' g/mole for the high activity CARILON EP
polymer, in good agreement' with the, resuit obtained from LVN analysis. (discussed below). -

4. LVN-(Attachment 6):

The LVN was measured in HFIPA (reference 4), and a correlation between the HFIPA values and
the m-cresol values was used to determine the LVN in m-cresol at 60.0 ° C. A value of 1.28 dl/g
was determined this way, in good agreement with the value of 1.3 dI/g reported by the Royal Dutch -
Shell laboratory. Using a Mark-Houwink relation developed in other work, the welght-average
molecular weight of the sample is found to be 57.0 E3 g/mole.

C. Oligomer migration data
1. Polymer assay
The specific activity of the polymer was determined by dissolving a small amount of the powder in:
HFIPA and measuring the dpm per unit weight of sample. A specific activity of 43100 + 200
dpm/mg was obtained for the high specific activity CARILON EP polymer. The data used for this

calculation is given in Attachment 7 and reference 6.

11
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2. Limits of Detection and Quantitation

The lower limit of detection (LLD) which is the smallest amount of material that can be detected at
the 95 per cent confidence level is given by the equation

- LLD'= 4.66 Sb’
where S, is the:standard deviation of the background. The constant, 4.66, is:derived through - -
hypothesis: testing where a five per cent error. rate is. assumed. Another assumption is that the
sample and the background sample are: measured for the same amount of time, i.e - the
background standard deviation: and the sample standard -deviation are: nearly the same. The S
depends uppp instrumental contributions (i.e., photomuitiplier noise or random electronic pulses
and upon:- "G background from the scintillation. cocktail. The' calculation of the minimum
detectable-weight of polymer from LLD must take these contributions into account.. '

The limit of quantitation, L ., defines the measurement precision that is satisfactory for quantitative
determination. it is given b .

where S,_is the same as above. The constant, 14.1, is derived from:the: same assumptions above.
It also contains an  extra factor ranging from one to twenty times background. In this case, the
factor ten has been chosen as presented by L. A.-Currie in- his: paper “Limits. for' Qualitative
Detection and Quantitative  Determination: Application to Radiochemistry” in- Analytical Chemistry,
vol. 40, pp. 586 - 593. For both limits, the background counts per minute are converted into
micrograms of polymer through an efficiency and the conversion factor of 43100 dpm per one
milligram of polymer. The data below are from Attachment 7. The LO in units of micrograms: (uG) -
is converted.into the units of ppb by dividing by the extraction . FSL Volume in liters (kilograms for
HB307). :

FSL BKG' time S, eff® LLD L

{epm) .. (min) (cpm) Hg HG ppb
HB307 104.8 25 2.04 0.830 0.266 0.804 20.1
Water 268 25 1.04 0.860 0.130 0.394 13.1

3% HAc 24.16 25 0.98 0.830 0.128 0.387 12.9

1) BKG is‘-backgrouhd', 2) Eff is the estimated-most probable efficiency: determined by averaging
the efficiency of all the samples.. . : R :

These limits of quantification are acceptable for the migration levels in these extractions.
3. - Migration into HB307, water, and 3% aqueous acetic acid

The scintillation data for these extracts was collected as previously described. Printouts of the raw
data have been stored in the Analytical Chemistry R&D Special Paper Archives. Attachment 7
gives examples of the computer spreadsheets used to perform the calculations.

The results. from the above work are shown graphically in Figure 6 and tabulated in Table 4. It
can be seen that the oligomer concentration in the water extraction decreased slightly with
extraction time, from 22 ppm at 2 hours extraction time to about 17 ppm after 24 hours extraction
time. The extracted oligomer concentrations in the 3% acetic acid and HB307 tests. remained
relatively: constant at about 5 ppm and 1.9 ppm, respectively, as a function of extraction time. As
further work will show, the- oligomer concentration decrease seen in the water extraction were:

12
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caused by oligomer adsorption on the extractlon cell walls and on the. walls of the fllnt glass jars Lol
used to store the solutions after the extracts were cooled to 120 ° F.. This is an example. of.,_»
differential solubility, where a fluid becomes a good solvent for.a material at_high temperatures yet:
is a non-solvent at lower temperatures. The adsorption. of -oligomers was discussed. with- FDA .. .
Chemistry. Branch in March: of 1991 (Attachment 8). FDA indicated that they were.aware . of the. RPN
phenomenon with many polymers. and that they. did not. require that the amount of material . lost .

from the solution be identified.

Further work showed that the oligomers which were absorbed on the extraction cell walls could be . -

removed by extracting the cells with pure HFIPA. To satisfy our concern that the oligomers could o

be adhering to the flint glass jars, the jars that contained the 2 hour. samples were also extracted.

This extraction showed that less than one percent of the oligomers settled onto. the flint glass

sample storage jars. The results of these extractions along with the results of resampling the 2 -
hour water samples and the washing and rewashing of the extraction cells. are compiled iin-Table

5. For cylinders 84 and 85, the three six milliliter samples are the first samplmg of the water

performed after the extraction. The next.item (volume of two milliliters) is the reassay of the water

extract after being shaken for one minute, resting thirty seconds, shaking again for one minute,

and then quickly sampling for counting. The next two sets of values are the results from extracting

the cylinder a second time to see if any oligomer remained on the cylinder surface. Approximately

ten percent more oligomer were extracted indicating that little oligomer was left on the. cylinder
wall. The next two sets of values are the original cylinder-extraction. and theflint glass: sample
storage jar. The last set of values are the result of a test to see if the polymer settled out of
solution. The first values are samples taken without the water extract being shaken and the second

values were taken after the shaking routine mentioned above. The total DPM are a sum-of the DPM
for each cylinder. :

Similarly for cylinder 86, the six milliliter volumes are. the original sampling. of the water for the
migration test. The second pair of values are samples of the water extract after going through the
shaking routine described above. The next set of values are duplication of these values to adjust
the volume assayed to equal cylinders 84 and 85's volume assayed. The next two values are the
re-extraction of the extraction cylinder. The rest of the data follows the pattern related above.

4. Validation Procedure and Resuits

Initial analyses of the 240 hour validation samples showed that the validation. procedure described
in the protocol was likely to be unsuccessful. The data for the individual cells showed too much
scatter, due to the absorption. phenomenon. mentloned previously. Consequently, the alternate
procedure given in reference 1 was applied.

The nine validation samples from each FSL were pooled and split into twelve equal. samples.
Three samples were analyzed using scintillation techmque{s and an average value of disintegrations
per minute (dpm) was determined. A known amount of ~ "C labeled cetane was added in triplicate. .
to the remaining samples to give 0.5, 1.0 and 2.0 times the average dpm. These samples and the
spiking solution were. then analyzed by scintillation techniques. The recovery was .caiculated by
application of the formula

PERCENT RECOVERY = ((b-a)/c) X 100,
where "a" is the dpm value measured in the unspiked samples, "b" is the dpm value measured in
the spiked samples, and “c" is the spiking level. The results are shown in Table 6, and the spike
recoveries are all seen to fall between 95% and 97%.

5. Sample calculations and conversion from ppm to mg/in2

13
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The calculation of the mass of migrating cligomer was done manually using the output of the
scintillation counters. The VAX computer attached to the: scintillation counters collected the data. -
The data was transferred into a PC for further workup. The solvent background ‘counts in' dpm
(from FSL that has been extracted in the cells for either 2 or. 240 hours)-were subtracted from the
dpm for each' sample. ' This value was' divided by the specific activity of the sample to give the~
weight of oligomer ‘in the sample in. units of milligrams. This result' was divided by the volume of ~

FSL used in the counting experiment and muitiplied by 1000 to give the concentration in 'parts:'-per RS

million (ppm). '
Sample calculation:
- HB307 data, 2 hr extractions, for cylinder 11 1 :

there are 4 coupons of 0.79 inch in the cylinder,
therefore the total surface area being exposed i’s‘_

x X (0-.79.--in/2’.’)2 X2 =0.974 inz'pei’ coupon, or 3.896 in2 per cylinder

~

~ and the ratio of weight of HB307 to surface area is
40.0 g HB307 / 3.896 in® = 10.27 g /in® = 10.3 g /in®

the dpm' per sample are averaged to give the average dpm in'a 9 gram sample of = -
HB307 as 959.0 dpm ' o

the assay for the polymer is 43100 dpm per milligram, thus
959.0 dpm/(43100 dpm/mg) = 0.0222 mg

this is the amount of oligomer in 9 g of sample; to calculate the concentration in ppm,
divide by the weight of sample and multiply by 1000: ‘

0.0222 mg/9 g X 1000 = 2.5 ppm.

the desired units for migration are mg/square inch; the extractions were done at a
ratio of 10.3 grams to 1 square inch for HB307, so there is

2.47E-6 X 10.3 g = 2.54E-5 g = .0254 mg/in>

VI.  CONCLUSIONS

The migration levels of the CARILON EP polymer have been measured in the three FSLs water,
HB307, and 3% aqueous acetic acid using Condition A and Condition C testing and following GLP.
‘The results show that the maximum migration levels are 22.6 parts per million (ppm) in water, 2.5
ppm in HB307, and 6.3 ppm in 3% 12-4Ac. The maximum migration levels in thE three FSLs il& units
of milligram§ per square inch (mg/in~) of exposed packaging are 0.224 mg/in~, 0.025 mg/in~, and
0.065 mg/in~, respectively. ,

14
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TABLE 1: SUMMARY OF THE POLYMER CHARACTERIZATION DATA

- Polymer Structure by NMR: Regularly alternating copolymer _ :
‘ - - of ethylene and carbon monoxide terpolymerized
with propylene; 8 mol% propylene incorporated into

_ polymer.

Meiting point (°C) by DSC: -213.2
Meiting point of indium standard:

Measured(°C): 156.8

Expected(°C): 156.3
Heat of fusion of indium standard:

Measured (J/g): 28.54

Expected (J/g): 28.45
Weight average molecular :
weight (Mw), g/mole: 59.0E3

.M “/Mn (from GPC): 4.36

LVN (m-cresol, 60°C), dl/g: - 1.28
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TABLE 2: TIME-TEMPERATURE PROFILE FOR THE THREE .EXTRACTIONSI a

» .. HB307 o WATER ~ 3% ACETIC ACID

Time .. Cell "~ Oven - Cell Oven Cell ~ Oven

(min) . : . :

2 739 85.2 73.7 89.7 73.4 85.7
4 . 827 107. . 849 113. 83.2 - 110.
6 . 897 122, 96.3 128. . 90.7 130.
8 970  136. 106. 144, 101. 145,
10 106. . 156. 116. 156. 113. 159.
12 121. 174. 128. 169. 125. 173.
14 140. 184. 142. 186. 133. 190.
16 155. 197, 154. 200. 148. 193.
18 170. 208. 167. 215, 157. 195.
20 184, 216. 180. 228. 163. 199.
22 194. . 220. 189. 231. 172. 199.
24 203. . 224. ~ 196. 234, 178. 201.
26 210. 227 203. 237. 183. 203.
28 216. 229. - 210. 239. . 187. 204,
30 222, 232 214. 242, 191. 205.
32 223. 238. 217. 242, 194, . 2086.
34 228 239. 221. 244. 196. 207.
36 231, 239. 225, 244, 198. 208.
38 234, . 240, 229. 247. 200. 208.
40 237. 240. 233. 248, 202. 210.
42 239. 241, 235. 248. 203. 210.
44 240. 242. 237. . 250. 204. 210.
46 242, 243, 239. 250. 206 211,
48 242 244. 240. 250. . 206. 211.
50 ~.243. 244, . 241, 251, - 207. 211.
52 244, 245. | 242 251. 208. 211.
54 245, 245. 243, 251. 208. 211.
56 245, - 246. 244, 252. 209. 211.
58. - 246. 246.  245. 252. 209. 212,
60 . 246. 246.. 246. 252. . 210. 212.
62 - 247. 246. 246. 252, 210. 212.
64 247, 247. 247. 252, 210. 212.
66 247. 247. 247. 252. 210. 212,
68 247. 247. 247. 253. 211. 212.
70 247. 247. 248. 253. 211, 212,
72 248. 247. 248. 253. 211. 212,
74 248, 247. 248. 253. 211. 212
76 - 248. 247. . 248. 253. 211. 210.
78 248. 247. 249. 253. 206. 200.
80 - 248, 247, 249. 253. - 200. 194,
82 248. - 247. 249. 253. 195. 186.
84 248. - 247. 249. 253. 190. 177.
86 248. 247. 249. 253, 185. 176.
88  248. 247. 249, 253. 181. 174.
90 247. 241, 245, 244, 181. 188.

TABLE 2 (CONTINUED)
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- HB307 WATER ~_ 3% ACETIC ACID

Time Cell Oven Cell Oven Celi Oven

(min).
92 246. 231. 228. 216. 186. 205.
94 237. - 227. 213. 205. 189. 2085.
96 - 229, 214, - 206. 199, 192. 206.
o8 220. 212. 196. 190. 194. 207.
100 214. 204. 190. 186. 197. - 207.
102 206. 204. 186. 185. 199. 208.
104 - 204. 211. 189. 194, 201. 209.
106 - 209. 230. 197. - 215, - 202. 209.
108 216. - 239. 205. 229, 208, - 210.
110 216. © 240. 210. 243, 205. 210.
112 224, 240. 217. 239. . 206. 210.
114 228. 243. 220. 240. 206. - 211.
116 281, 243, 225, 241, 207. 211,
118 ‘233. 243. 229, 244. - 208. 211.
120 235. 244, 231. 245. 208. 21,
122 237. S 244, 234. 247, 209. 211.
124 239. 1 245. 235. - 247. 209. C211.
126 240. 246. 237. 248. 210. 211,
128 242, 246. 239. 248. . 210. 211.
130 243, 247. 239. 249. 210. 211.
132 244, 247. 241, 249. 210. 211.
134 245, 248. 241, 250. 210. 212,
136 246. 248. 243. 250. 211. 212,
138 246. 248. 243. 250. 211. 212.
140 247. 248. 244, 250. . 211, 212.
142 247. 249. 245, 251. 211. 212,
144 247. 249. 245, 251. 211. 212,
146 - 248. 249, ' 246. 251, 211. 212
148 248. 249, 246. 251. 211. 212
150 248, '249. 246. 251. 211. 212.
152 249, 249, 247, 251, 211. 212.
154 249. 249, 247. 251. 211. 212
156 249, - 250. 247. - 251, C 211, 212.
158 250. - 250. 247. 251. 211. 212.
160 250. 250. " 247. 251, 211, 212.
162 - 250. - 250. 247. 251, 205. - 185.
164 250. 250. 248. 251, 198. 118.
166 - 250. 250. 248. 251. 195. 103.
168 250. 250. 248. 251, 190, 96.8
170 250. 250. 248. 251. 183. 93.0
172 250. 250. 248. 250. 179. 102.
174 250. 250. 248. 251. 174. 108.
176 250. 250. 248. 251. 170. 107.
178 250. 250. 248. 251. ' 166. 105.
180 250. 250. 248. 251. 162. 103.
182 250. 250. 248. 251. 158. 101.
184 250. - 250. 248. 251. 155. 99.9
186 . 250. 250. 248. 251. 152. 98.4
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TABLE 2 (CONTINUED)

HB307 oo e WATER e 3% ACETIC ACID
Time Cell Oven ~Cell = Oven . Cell Oven
(min) '
188 250. 250. 248. 251. 149. 97.1
190 250. 250. 248. 251. . 146. - 955
192 250. 250. ~ 248. 251. 143. 93.9
194 250. 250. 248. 251, 140. 92.5
196 250. 250. 248. - 251, - 137. 910
198 250. 250. 248. 251. 135. 90.1
200 250. 250. 248. 251, 132. 89.6
202 250. 250. 248. 251, 130. 88.6
. 204 250. 250. 248. 251. 127. 874
206 250. -~ 250. 248. 251. 125. - 86.5
208 250. - 250. 248. 251. 123. 85.8
210 250. 250. 248. 251. 121. 85.0
212 250. 250. 248. 251, 120. 84.5
214 250. 250. 248. 251. 118. 84.1
216 250. 249. 248. 251,
218 250. 249. 248. 251.
220 250. 249. 248. 251.
222 250. 249. ‘ 248. 251.
224 250. 249. 248. 251.
226 250. 249. 248. 251.
228 250. 249. 248. 251.
230 250. 249. 248, 251.
- 232 250. 249. 248. 251.
234 250. 249. 248. 251.
236 250. 249. 248. 251.
238 : 250. 249. . 248. 251,
240 250. 249. 248. - 251.
242 . 250. . 248. 248. 251.
244 . 250. ' 248.- 248. 251.
246 249. 248. 248. 251.
248 249. 248. 248. 251.
250 249. 249, 248. 251.
252 249. 249. 248. 251,
254 249. 249. 248. 251.
256 252. 249. 248. 250.
258 - 252, 249. 246. 249.
260 251. 175. 246. 247.
262 241, 125. 242. 247.
264 232. 126. 237. 241,
266 225. 175. 236. 239.
268 222. 191. 234. 237.
270 214. 189. 223. 191.
272 202. 185. - 214, 144,
274 206. 185. 212. 182.
276 206. 187. 214; 195.
278 205. 187. 213. 197.
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TABLE 3: EXTRACTION CELL ROSTER

CYLINDER I.D. . DESIGNATION
84 2 HR SAMPLE -
85 » "
86 . "
87 2 HR BLANK.
88 [J ’ "
89 " "
90 .24 HR SAMPLE
91 » L]
92 . w .
93 - 96 HR SAMPLE
94. 1 ] L
5 . .
96 240 HR SAMPLE
97 i » "
98. » "
99 240 HR BLANK
100 " e
101 M .
102 . 240 HR VALIDATION SAMPLE
103 " .
104 " .
105 " .
106 " "
107 " "
108 . .
109 " .
110 . .
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TABLE 3 (continued)

ESL CYLINDER |.D.  DESIGNATION

HB307 111 2'HR'SAMPLE
112 .
113 , Yo"
114 2 HR BLANK:'
115 . .
116 .
117 , 24 HR SAMPLE
118 . .
119 A " oo
120 96 HR SAMPLE
121 . .
122 n-. » L]
123 240 HR SAMPLE
124 - . "
125 o -
126 240 HR BLANK
127 . "
128 oo .
129 240 HR VALIDATION SAMPLE
130 . .
131 . .
132 . "
133 " .
134 " "
135 " .
136 " »
137 . .
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TABLE 3 (continued)

ESL CYLINDER 1.D. DESIGNATION

3% HAC 138 2 HR SAMPLE
139 R N Ere s
140 JRES T
141 2 HR BLANK
142 . .
143 N ° " L ]
144 24 HR -SAMPLE
145 . "
146 " "
147 : 96 HR SAMPLE
148 - " ‘ .
149 L ] L]
150 240 HR SAMPLE
151 . . .
152 . .
153 240 HR BLANK
154 " "
155 , . " ,
156 240 HR VALIDATION.SAMPLE
157 . .
158 " .
159 " "
160 " “
161 " "
162 : " "
163 . "
164 " .
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TABLE 4: RESULTS OF THE MIGRATION TRIALS

(VALUES IN COLUMNS ARE IN UNITS OF PPM OF
OLIGOMERS IN FSL AT STANDARD TEST CONDITIONS)

1 SQUARE INCH OF POLYMER IS EXPOSED TO 10.3 ML OF FSL

ASSAY OF CARILON EP POLYMER = 43100 (+/- 200) DPM/mg

TIME Water HB307 3% HAc Water1 ,
(HRS) . .
2 20.7 25 4.7 21.2
2 21.0 2.4 54 21.7
2 19.6 2.0 5.1 21.3
24 . 15.8 1.8 52
24 16.9 1.8 4.7
24 16.9 1.8 4.7
96 14.1 ' 2.1 48
96 16.7 2.0 4.8
96 15.7 1.7 50
240 12.4 2.0 5.1
240 14.5 1.4 49
240 12.4 1.5 5.0
240 12.8 1.6 50
240 10.6 1.8 6.3
240 15.6 2.3 52
240 14.8 20 5.1
240 4.6 18 5.1
240. ‘ 124 1.6 48
240 13.8 1.7 . 48
240 11.5 1.4 5.2
240 12.7 2.1 5.0

1. These migration values were obtained by analyzing all of the water extracts obtained at 2 hours
and including the weight of oligomer that. was absorbed on the sides of the extraction cell and the
glass jars used to store the FSLs prior to analysis..
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TABLE 5: DETERMINATION OF POLYMER ADSORPTION ON EXT RACTlON CELL AND :
STORAGE VESSEL SURFACES FOR WATER EXTRACTS

Cylinder
ID -

84

Total DPM

85 (2 hr).

Total DPM

86 (2 hr)

Volume

(ml)

NOO O

NN N

MDD N

NP NDNNOOOOO

*k

Counts
(DPM)

5219.30
5304.30
5505.60
2163.63
240.34
225.40
756.03
764.48
262.71
248.82
1112.04
1128.90
2275.51
2273.02

27480.08

5326.06
5494.23
5488.87
1989.81
135.57
145.19
1141.69
1219.81
161.56
169.85
1379.54
1357.64
2095.36
2016:39

28121.57 .

4926.57
5147.16
5112.96
1754.22
1746.05
1754.22
1746.05
1754.22
273.15
225.32
1201.55
1282.53
1217.90
1331.73
299.15
246.97

Explanation

Second HFIPA extraction of
Cylinder
Cylinder extraction

Sample Bottle extraction

Recounted bottle data
two samples

shaken and

not shaken

Second HFIPA extraction of
cylinder
Cylinder extraction

Sample Bottle extraction

Recounted bottle data.
two samples

shaken and

not shaken

duplication like
cylinders 84 and 85

Second HFIPA extraction of
cylinder
Cylinder extraction

Cylinder extraction

Sample Bottle extraction

25
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Total DPM ~ 27535.66

** Not included in Totals.
Second assay gave slightly higher resuit.
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TABLE 6: RESULTS OF '*C VALIDATION ANALYSES'

FSL: WATER
SPIKE LEVEL RECOVERY, PERCENT ' AVERAGE
0.5X 945 95.7 94.8 95.0
1.0X 96.9 94.5 95.8 | 95.7
2.0X 959 95.6 95.6 95.7

AVERAGE OF ALL SPIKES = 955 +/- 0.4%

FSL. 3% AQUEOUS ACETIC ACID

SPIKE LEVEL RECOVERY, PERCENT AVERAGE
0.5X 94.1 964 97.0 95.8
1.0X 94.5 96.8 954 95.6
2.0X 95.2 954 96.3 95.7

- AVERAGE OF ALL SPIKES =  95.7 +/- 0.2%

FSL: HB307
SPIKE LEVEL RECOVERY, PERCENT AVERAGE
0.5X 98.1 99.6 93.8 97.2
1.0X ‘ 94.8 959 953 95.4
2.0X 98.1 96.9 98.4 97.8

AVERAGE OF ALL SPIKES =  96.7 +/- 1.3%

27
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FIGURES
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Figure 1: Extraction Cell
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Figure 4a: »«'»Timé-ftem’peréture- Profile for Ovens and.
 Extraction Cells During HB307 Extraction
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Fi'gur_e*4b':,' Tiine-iempérétu,ré'-t?foﬁle ',for:Q_vejn‘s and
- Extraction Cells During Water Extraction '
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Figure 4c' T’me-temperature Prof le for Ovens and .
Extractxon Cells Dunng 3% Acetlc Acld -
~-Extraction - e

et L
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‘Figure 5: Molecular Weight DiStribution of High
Specific Activity CARILON EP Polymer
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- Figure 6 Concentration_of CABILON Oligomers as.
Function of Migration Time In FSLs - -
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OLIGOMER CONC-IN FSL(PPM)

FDA EXTRACTIONS OF '4c LABELED CARILON POLYMERS

30.0 | EXTRACTION CONDITIONS: OWATER | 50.0
| WATER, HB307: 2 HRS/ 250 DEG F, AHB307 |
| 240 HRS 120 DEG F [13% ACETIC ACID |
25.0 | 3% HAc: 30 MIN. 212 DEG F, COOLTO < 2 HR. WATER DATA 1 25.0
. 120 DEG F, 120 DEG F FOR 240 HRS (AFTER ABS. CORRECTION)
20.0 | 120.0
o Q .
o
10.0 |
: AVG FOR 3% HAC = 5.04 PPM ,
+ - — — — 55.0
lllllll A AVeroRwesor = ts7eeM
1 1 i 1 1 | 1 1 1 0.0
o No Ao 60 80 100 120 140 .dmo 180 200 220 240

EXTRACTION TIME (HRS.)
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Attachment 1: Research Note: Preparation of Radioactive CARILON Polymers
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. shell Development
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Company
CP/420/90 | TCChnI.C_a_'-l:;;ﬁ!f:eisf : cLM NF L
KONINKLIJKE/SHELL-LABORATORIUM, AMSTERDAM
SEARCH. NOT
From : J.A.M. van Broekhoven (CP), J. de Jong (AG) and
E.A. van den Bergen (AG).
Subject : Preparation of radioactive CARILON polymers

Project identification : IN 41832
Distribution : CP, CP/3, PRP/3, AG/4, DA/1/3, IDC/122

Date : 29 May 1990

Three radioactive 1#CO labelled CARILON polymer samples have been
prepared for WRC for FDA food approval tests. Two CARILON EP samples
with radioactive levels of 87 manoCurie/g and 0.021 milliCurie/g,
respectively, were on specification: LVN 1.3 and mp 220°C. The CARILON E
batch (activity 0.015 milliCurie/g) had 'a .too high LVN value of 2.4.
Radioactive waste gas was disposed off by converting CO to COy and
subsequently to Na,CO5. '

L

Refer-to Technical Files

{ For Complete Distribution
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On request of WRC we have synthesized three radloactlve CARILON
samples: two' terpolymers and one copolymer. - :

From the*redioaetive,povders~hot pressed’polymer-plaques will be-
made- and used for FDA :-tests, in order to obtain approval for food -
packaging applications. The purpose being to assess the- degree of
polymer (oligomers) leaching under food sterilisation conditions.

The polymers- were made in a one gallon batch polymerisatlon reactor
(see flgure 1) : :

The procedure for maklng these: polymers was as follows

obtalnlng a permlt from the authorltles

preparation of l4co 1abelled CO/ethylene feed gas

dummy polymerisatlons with non—radloactlve gas to -assess LVN and
mp . .
try-out polymerlsation with low radioactive gas to test procedure
radioactive. batch polymer1satlons w1th (non—radloactlve) seed
polymer ' ‘

oxidation of unconverted radioactive CO 'to C02

‘converting CO; to Na,COj

work-up of radioactive slurry and polymer stablllsatlon

burning out of reactor and other contaminated equipment:

hot pressing of polymer plaques (carrled out at Bellair lab)
'dlsposal of radioactive waste

A small 14co labelled sample (10 ml, 11 mg CO) with an activity of
20mCurie was purchased in a glass vial. The contents were transferred
to a 5 L cylinder by breaking the vial and flushing it with high
pressure (120 bar) CO/C, 1:1 mixture into the cylinder. The cylinder was
pressurised to 110 bar, giving about 800 g gas mixture with a specific
activity of-0.025 mCurie/g. The contents of the cylinder were allowed to
mix overnight by convection (by heating the bottom of the cylinder).
This gas was to be used for making the: hlgh activity CARILON EP polymer
sample.
About 2 g of ‘this gas was .transferred to another 5 L gas cylinder, which
was also pressurised (and mixed) to 110 bar with CO/ethylene 50/50.
This gas, having a low radioactivity of 80 nCurie/g, was to be used in a
trial run for testing all equipment and polymer work-up procedures. ‘
After making the high activity CARILON EP batch the CO/ethylene pressure
in the cylinder had dropped to 46 bar. The cylinder was pressurised
again to 58 bar with CO/C, (therebye somewhat diluting the '
radioactivity) in order to have sufficient pressure to make a-
radioactive -CARILON E polymer batch.
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B. Polymerisations

The polymerisations were carried out in a one gallon (3.8 L) batch
reactor. .
All non-vital lines (eg for flow rates and gas analysis measurement) '
were dismantled or blocked to minimise the risk of radioactive leakage
during polymerisation. In order to obtain a working permit, the .
equipment as depicted in. figure 1 was inspected and approved by the
authorities. The polymerisation rate (polymer yield) was estimated from
the cylinder pressure drop. The gas—cap composition was calculated from
the reactor charge. Target reactor temperature and propylene pressure
was calculated with the factorial design model. To reduce reactor
fouling and to obtain non—-dusting polymer powders, all runs were carried
out with 20g of a non-radioactive seed polymer of the same specxflcatlon
(LVN and mp).
Actual figures for LVN and mp were checked by carrying out trial runs for
both types of CARILON polymer. Polymerisations were terminated by cooling
and depressurising -of the reactor. In this particular case the latter
procedure took quite some time, because the reactor off-gas had to- be
converted in an oxidation reactor having limited throughput. :
For this reason the polymers may have a somewhat bimodal MW distribution
(not checked by us).

To be able to vent unconverted gas from the reactor and cylinder
into the atmosphere the radioactivity had to be reduced to virtual zero
level. This was done.by oxidising CO to 002 over. a Cu0 bed followed by
absorption in NaOH/water (see flow scheme). .

Cu + 0y —eem———> Cu0

€0 + Cu0 ———————> 0, + Cu

COp + NaOH ———————> Na,C04

A’ 5 L tubular reactor was installed containing 5 kg of BASF .
catalyst pellets of R 3 -11. This catalyst bed could in principle
convert the off-gas of one or two CARILON batches after which it had to
be disposed offl. The BASF catalyst was activated by feeding a 1/99
ratio air/N, mixture at 200°C gradually changing over to 100% air for
deep copper oxidation. The conditions. for complete CO oxidation
(temperature 125 °C and GHSV 2) were established by non-radioactive and
low radioactive trial runs, the off-gas being monitored by GLc?.

Before disposing of the R 3-1l catalyst batches, the bed was passivated
by first purging with N, followed by air oxidation (130°C, 8 GHSV).

The subsequent conversion of COp to soda by 2 alkaline scrubbers in
series was monitored by GLC and a scintillation counter. Spent catalyst
charges and soda solutions were disposed off via AG/rad dept.
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-~ D. Polymer work-up

After depressurising the reactor, residual radioactive gas was
removed by pressurising twice with 5 bar N, followed by depressurisation
through the gas purification train. Subsequently the reactor was
emptied, its contents being worked up in the radiological lab.

After filtration and washlng with methanol the polymer was dried
overnight under vacuum-at 70 °C to° determlne the yield (to be able to
calculate the amount of stabilisers required). Subsequently it was ’
stabilised by reslurrying in 0.5 L acetone/pentane containing the
appropriate amounts of Irganox 1330 and glycerol monostearate, followed
by evaporation and drying under vacuum at 70°C. The final polymer
samples contained 0.2 %w of each stabiliser component

E. Results

Three non—-radioactive trial runs were carried out for CARILON EP
with target LUN 1.74, mp 224 °C. The samples were sent to WRC.
Subsequently the target was slightly changed by WRC to LVN 1.5, mp
220 °C. One dummy run was done at low radiocactivity producing a polymer
with 87 nanoCurie/g, LVN 1.3, mp 223. The final polymer having - .021
milliCurie/g, LVN 1.3, mp 220 °C (see table 1).

From the residual radioactive gas in the cylinder we made a f1na1
CARILON Epolymer sample with target LVN 1.5. A trial test with
non-radioactive gas produced LVN 1.32. Unfortunately the actual test
(supposed to be a duplicate run) gavé a too hlgh LVN of 2.38,

the activity being 0.015 m1111Cur1e/g.

Data on shipment of samples are given in appendix.

1. Ve found that the catalyst could not be regenerated by oxidation.
It proved to react also with ethylene and propylene (contrary to
BASF information). Probably as a consequence of coke formation the
Cu beds bexame radiocactive and were disposed. off by AG/rad: dept.

2. Two GLC colums (TC detection) were used: a_Pbrapack QS column for
monitoring CO, ethylene, propylene methanol and CO;. A molecular
sieves column (5 A) was used to separate CO and Ny.

"Enclosed: 1 Figure
1 Table
1 Appendix
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Table 1 14CO radicactive labelling ;eSCS;and trial,fﬁnsi, -

3.8 L reactor containing 1.9 L methanol
catalyst: Pd/methoxyphosphine/TFA 1 : 1.05 : .20 molar ratio
1.67 mmole/L in acetone - . B

Exp no 452 453 454 4552 456 457 458 -~
CARILON EP . x x x x x .
CARILON E ‘ x b4
radiocactivity = . « ' )
C0/C, feed, mC/g 0 0 0 0.00008 0.025 0 0.020
Pressure, bar = 50 50 50 . 50 50 20 20
Temperature, °C . 80 80 80 81 = 8 82 80
partial pressures f

(calculated) :

P CO ' 28 28 28 29 29 12 12

P Cy 13 14 14 13 13 6.5 6.5
P C3 7.6 7.6 7.6 8.7 8.7 0 0
C5 content, g 141 141 139 172 172 0 0
Pd content, mg 3l 3 3 4 4 3 . 4
prepolymer: MDU89.70 idem idem = idem ‘idem 059/030 idem.
weight, g 20 20 20 20 20 20 20
LVN 1.73 o 1.5

mp 219 256

batch time, h 30 30 19 20 18 19 33
yield, g 345 277 167 221 270 116 156
radicactivity mC/g 0O 0 0 0.00008 0.021 0 0.015
rate, kg/g/h 3.8 3.1 2.9 2.8 3.7 2.0 1.2
LVN , dl/g 2.13 1.46 1.4 1.3 1.3, 1.32 2.38
mp , °C 224 225 230 223 220 n.m. n.m.
bulk density, g/L 80 276 191 300 215 280 . 170
target values: )

LVN 1.76 1.76 1.76 1.5 1.5 1.5 1.5
mp - 224 224 224 220 220 255 255

ZyRc LVN and mp targets shifted from 1.74, 224 to 1.50, 220 resp.

1; mg Pd runhours 0-16, 4 mg Pd runhours 16-30. The additional Pd injection
at runhour 16 probably being responsible for - the low bulk density




From: TLXSERV --KSLAVMOl Date and time 05/18/90 20:35:10

To: U20494 --KSLAVMOl E.A. v.d. Bergen U20072 --KSLAVMOl AG Secretariaat
U20266 --KSLAVMOl P.A. Gautier U20378 --KSLAVMOl CP Secretariaat

From: SIRM THE HAGUE RSH/0 (RSC) ++ ,
Subject: Agreement for Research Services Radloactlve Carilon E sample

------------------------------------------------------------------------------

FROM SIRM THE HAGUE RSH/0 (RSC) ++
URGENT TO SDC HOUSTON SDWR SDEP ++
COPY KONSHELLAB AMSTERDAM AG/43/4 (CP/3) ++

Ref HAG10518055 18May90
Agreement for Research Services Radioactive Carilon E sample

Corrected copy HAG10514038 14May90.

Following from KSLA fao Messrs. C. Crosby (WRC) and H. Sugimoto (BRC)
QUOTE ' .
aye)

The third batch of C-14 labelled Carilon samples will be

shipped by flight KL-687 on 10-05-90 ETA Houston 20.55 hr.

Samples are packed and shipped by Mallincrodt Diagn. under AWBno
074 3205.0701.

Please confirm receipt.

bee)

The batch has a total weight of 170 grams and a specific activity

of 33259 dpm/mg +/- 600. Total activity is 94.2 MBq (2.546 mCi)
of carbon-14. .

Unfortunately the LVUN of the sample is off-spec: 2.4 dl/g. We have
no explanation for -this result; the preceding non-radicactive test
produced an on-target value. We could not repeat the test, since we
we have run out of labelled CO. Possibly the sample has a bimodal

MW distribution. Regret any inconvenience caused.
UNQUOTE

'
\

+

Please do not use PROFS reply facility (PF6) for Telecom messages!
KSLA Telecom Service




From: TLXSERV --KSLAVMOl L Date and time - 03/28/90 09:36:36
i To: SC103  --KSLAVMOL J.A. v Broekhoven U20378 --KSLAVMOl CP Secretariaat
U20266 --KSLAVMOl P.A. Gautier - - -U20494 --KSLAVMOl E.A. v.d.: Bergen
U20072 --KSLAVMOl AG Secretariaat = U20304 --KSLAVMOl A.A. Broekhuis
U20203 --KSLAVMOl PRP Secretariaat.  U20025 --KSLAVMOl Secr. D. Medema

From: KONSHELLAB AMSTERDAM CP/321 (CP/3 AG/43 PRP/3 DA/l) ++
Orlgin U20378

Subject: CONFIDENTIAL

LA R I R I I I I T IR e I 2 I S AP A A I T I I I A I B B3R

From KONSHELLAB AMSTERDAM CP/321 (CP/3 AG/43 PRP/3 DA/l) ++
URGENT To SIRM The Hague RSH/O ++

Ref AMS2803302 28/03/90
CONFIDENTIAL
radioactive: CARILON EP samples

Herewith RSH/0 is kindly requested to relay the following
message to WRC Houston and Bellaire Houston for the attention
of the following persons: C. Crossby WRC Houston
E. v.d. Bergen Bellaire Houston
W. Shebbs Bellaire Houston
Quote
Two radioactive CO Cls4 labelled CARILON EP samples will be shlpped
on Wednesday March 28 by flight KL 687. E.t.a. 20.55 pm.
The samples are sent to the attention of Mr W. Shebbs of Bellaire
Research Centre.

Samples are mailed via by Byck Mallinckrodt. A.W.B. number
07430118896.

The samples have the following characteristics:

Sample weight DSC mp LVN radioactivity

number -g deg C (60 deg C) milliCuries ' (MBq)
PKD 455 240 223 1.3 0.0209 (.764)
PKD 456 275 220 1.3 5.75 (213)

Each sample contains 20 g of non-radioactive prepolymer ex MDU
Moerdijk: LVN 1.7 and mp 222 deg C.

Unfortunately we were unable to achieve the precise LVN target
~of 1.5, in spite of adjustment of reactor settings

The third radiocactive sample (CARILON E, LVN 1.5) will be produced
by the end of this week.
Unquote

+




From: TLXSERV --KSLAVMOl Dateiand time 04/02/90 11:04:30
To: U20494 --KSLAVMOl E.A. v.d. Bergen U20072 --KSLAVMOl AG Secretariaat
- U20266 --KSLAVMOI‘P.A. Gautier , U20378 --KSLAVMOl CP Secretariaat

From: KONSHELLAB AMSTERDAM AG/43/4 CP/3 ++
Origin: U20136 -

Subject: Radiocactive CARILON EP samples

........
e A R I I I I T T e I I I T I I T e L I R

From KONSHELLAB AMSTERDAM AG/43/4 CP/3 ++
To  SIRM The Hague RSH/0 RSC ++

Ref AMS0204316 02/04/90
Radioactive CARILON EP samples

Please forward followiﬁg,telex to:
SDC HOUSTON SDWR SDEP

attn. Messrs. C. Crbssby (WRC), E.A. v.d. Bergen and W. Shebbs (BRC)
QUOTE

Ref. HAG10628049 28Mar90 '
The two Carbon-14 CD labelled Carilon EP samples shipped earlier
this week, have the following speclflc activities:

Sample PKD 455 (batch I) : 190 dpm/mg +/- 0 5 %
Sample PKD 456 (batch II):46400 dpm/mg+/- 2 %

z

Spec. activity has been determined by complete combustion and

Carbon-14 CO2 absorption in Phenyl-Ethyl- -Amine liquid scintillation
cocktail.

UNQUOTE
+

.......................................................

Please do not use PROFS reply facility (PF6) for Telecom messages!
KSLA Telecom Service
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Title:

Identification
of Test Article

Statement of the
Purpose of the
Study:

Name and Address

- of the Sponsor:
Location of
Analytical Testing,
Conditions of Test-

ing, and Storage
of Records

Participants

Sample Archival

Report

ANALYTICAL PROTOCOL No. 531
ANALYSES OF CARILON ® THERMOPLASTIC POLYMER
CARILON ® Thermoplastic Polymer with a 1imiting viscosity

" number (LVN) in m-cresol at 60 °C of 1.3 di/g or greater and

a melting point (Tm) of 220 °C.

To conduct the measurement of oligomer migration required to
support a food additive petition for CARILON polymer in all
food types (except a]coho]l under all conditions of use.
Radioactive samples with " 'C labeled carbon monoxide
incorporated into the polymer chain will be used in the
tests.

Shell 0i1 Company, One Shell Plaza, Houston, Texas, 77002

The extractions and analyses of the extracts will be
conducted at Westhollow Research Center (WRC), Highway 6
South, Houston, TX, 77082, and at Bellaire Research Center
(BRC), 3737 Be11a1re Boulevard, Houston, TX, 77001 by
qualified Analytical Chemistry R&D personnel Methods and
procedures used for these analyses will follow all applica-
ble governmental regulations regarding Good Laboratory
Practices (GLP) as stated in 21 CFR part 58. All records
and raw data generated by these analyses will be retained in
the Analytical Special Paper Archives.

Shell Product Leader: B. A. Stevens

Analytical Study Director: C. R. Crosby III

Quality Assurance/GLP: B. S. Tang

Venture Development - Thermoplastics: D. S. Brath,
N. E. Peck, J. M. Clasby

Mass Spec. & Elemental Analysis: H. V. Hart, J.
Cocchiara

Molecular Spectroscopy: A. D. H. Clague, R. E. Willson

Polymer Analysis: W. L. Krudop, C. R. Crosby III,
E."H. Nguyen

Radiochemistry (BRC): H. C. Fleming, H. Sugimoto,
C. R. Perkins '

The polymer samples used in this study will be kept in a
designated storage area. The storage area will be
maintained in a way to preserve the polymer.

A final report will be issued as a Regulatory Information

~ Record, RIR-531, within 3 months after the final analytical

tests have been reported.

The report will include the foHLPW1ng sections: a descrip-
tion of the synthesis of the labeled CARILON polymer,
identification of the rad1oact1ve test material with valida-
tion by spectroscopic and physical measurements, a



Test & Control

Materials

Analytical
Testing

description of the test procedure, test apparatus, raw data,
and validation data. The section pertaining to the analysis
of data will follow the recommendations for chemistry data

issued by the FDA in September, 1988. The migration data

will be reported in units of mi]11grams of migrant per
square inch of polymer sheet, and will be referenced to the
conditions where one square inch of sheet is in contact W1th'
10 milliliters of food simulant 1iquid (FSL). -

" The test material will be a CARILON EP polymer with a

melting point of approximately 220 °C and LVN of
approximately 1.3 d1/g, prepared using basg poTymer1zat10n
conditions. It will be radiolabeled with *“'C labeled carbon

~ monoxide at a specific activity of 0.0245 milliCuries per
"~ gram. The sample will contain 0.2% Irganox 1330 and 0.2%

glycerol monostearate as stabilizer and slip agent, respec-
tively. .

The cqntrcl materials will be water, 3% aqueous acetic acid;
and HB307, a'synthetic triglyceride.

~ Migration testing will be performed accord1ng to the

procedures. set forth in the F&DA publication entitled
"Recommendations for Chemistry Data for Indirect Food
Additive Petitions", published in September of 1988. .
Extraction conditions will be for Conditions of Use A and C.

~ The structure'and molecu]ar'weight distribution of 240 hour

extracts (extracted in water for 240 hours according to the
methods in SOP M043) will be performed by gas chromato-

‘graphy/mass spectrometry

" The radioactive samples w111 be used to measure the ol1gomer ‘

migration when the polymers are extracted with water, 3%
aqueous acetic acid (HAc), and 'HB307 using the conditions

~ specified in SOP M043.

The‘sample will be characterized as follows:

Nonroutine nuclear magnetic. resonance spectroscopy for
characterization of polymer identity (SOP M0O03, 1005). This
test will confirm the polymer structure.

Gel Permeation Chromatography (GPC) relative to polymethyl-
methacrylate standards in hexafluoroisopropyl alcohol

- (HFIPA) (SOP MO018 and SOP M041). This test will specify the

polymer molecular weight distribution.

Limiting viscosity number (LVN) in m-cresol at 60°C (SOP
MO17). The sample is dissolved in m-cresol at 60°C at a
concentration of 0.2 g/d1 and the efflux time of the solu-

“tion in a standard Ubbelohde viscometer is measured in the

usual way. This: test will specify the LVN for the polymer.



Sample ,
Preparation

Test Apparatus.

Test Solvents

Extraction
Conditions

DSC . (SRC 12015/88). This test will specify the melting
point of the test po]ymer. .

Liquid Scintillation Counting Methods For Beta Emitters (SRC
2781/90). This test will measure the polymer migration in
the FSLs. ,

GC/MS (SOP 1019, H027 1002)

 The samples will be compression molded using a Carver press

(SOP M028) into four inch.square plaques of 0.030 inch
thickness at BRC. Samples will be cut into 20 mm discs for
further handllng o

 Extraction cells of the design developed by Arthur D. Little

for their studies will be used (SOP M043). The cell will be
a 1 inch outer diameter, 22 mm inside diameter -stainless
steel tube with Swagelok fittings at either end and will be
six inches long. One extra cell in each extraction will be
fitted with a thermocouple and temperature measuring device
to permit temperature measurement during the extraction and
storage per1ods _Each cell will be used only once for the

nation from a prev1ous extract1on.

These cells will be heated in a standard convection oven
(Blue M, Model POM-588C-3) equipped with a wrist shaker
(Burrell, Model 00) to 250°F for the two hour period re-
quired, and ‘then transferred to a shaking water bath (Preci-
sion, Model 66802) for storage at 120°F (SOP M043).

A1l extraction work with the radioactive samples will be
done at BRC in the Radiochemistry laboratory.

The following extraction solvents will be used:

Distilled water provided from a Mi1li-Q purification
system.

3% HAc made by dilution of glacial acetic acid

- (Mallinckrodt,99.8% assay by manufacturer) with
_ water from a Milli-Q system

HB307 (NATEC Institute, West Germany, specification as

provided by manufacturer)

The test plaques will be subJected to the following
conditions:

Water and HB307 250 F for two hours, followed by storage
at 120 * F for 10 days.

3% HAc: the samples will be put into the solvent, which
will have been preheated to 212°F, and then the samples
will be maintained at 212°F for 30 minutes, then
allowed to cool to 120°F and stored at this temperature
for a. total extraction. time of 240. hours..



Sample ,
;Interva]s

Proposed =
Statistical.

Methods

Test
Procedures

" Blanks for the backgroun
- liquid scintillation counting procedures for three samples

Blanks will be determ1ned by a separate procedure described

~ in the Test Procedure section.

-,_5Samp1es will be collected from the radioactive polymer
- extractions at the following intervals for test solvents:

2 hours, 24 hours, 96 hours, and 240 hours. The validation
samples will be collected only after 240 hours extraction.

" The average values and standard'devfattons of the analyt-

ical results will be calculated in the usual way. The

:-1vminimum detectable quantity for the instrumental methods

will be defined as three times the standard deviation of the
blank sample response. The GC/MS, GPC, DSC, and NMR analyses

- will be used for qualitative purposes, and statistical
“methods will not be applied to these tests. The standard

error in the LVN analysis will be taken as three times the
standard deviation of the intercept in the plot of the

‘reduced.viscosity-po]ymer;concentration,plots.

AT qdanhtative analyses will be done in triplicate, and
the average value and the standard deviation of the average

value of the test result will be reported.

Adjustments to methods will be described-invthe raﬁ data
section of the final report. : i

d 14C level .will be determined with'
of the. fatty FSL that have been extracted for 2 hours and

240 hours time and three samples of the aqueous and acidic
FSLs extracted for 2 hours time.

The radioactive samp]es will be ‘extracted as 20 mm dlSCS,
0.030 inches thick, with a 0.030 inch diameter hole in the
center. Each d1sc is thus 0.974 square inches. Three

 .coupons (2.922 square inches) exposed to 30 mls of FSL will

be used with the 3% HAc and water extractions, and four
coupons. (3 896 square inches) exposed to 40 mls of FSL will
be used 1n the HB307 extractxons.

The FSL will be put into the extractlon cell. A stainless
steel wire and stainless steel beads will be used to hold
the discs in position at one end of the extraction cell
above the FSL, and the cell will be put into a convection
oven equilibrated at 250°F (212°F for 3% HAC) and held in
this upright position to permit heating of the FSL. The
progress toward the target temperature will be monitored by

~a blank cell filled with the FSL and equipped with a thermo-

couple. Afterward, the cell will be inverted to put the FSL
into contact with the discs and mounted in a wrist shaker
clamp, and shaken throughout the entire 250°F extraction
period. The extraction in 3% HAc acid will proceed for 30
minutes and then the cell will be allowed to cool to 120°F.

- The cells for the water and HB307 extractions will be



transferred after two hours to a water bath equilibrated at
120°F and attached to a shaking table in the bath, and
shaken during the extraction period. At the end of the
extraction period, the cells will be removed from the oven
and turned to the upright position to cease the extraction
process. The cell will be opened after it cools to ambient
temperature.

The remainder of the FSL extracts not used for the liquid
scintillation counting will be stored according to GLP
guidelines for further work. The further work is
‘anticipated to start within 3 months after these extractions
are done. .

The water will be evaporated from a 240 hour extraction
sample and the residues will be analyzed by GC/MS to give
the oligomer dlstribution

A 9.00 gram aliquot of the HB307 from the radioactive sample
extraction will be put into a liquid scintillation counting
vial. Then 10 ml of toluene-BPBD liquid scintillation
cocktail will be added. The counting vials will be placed
into a liquid scintillation counter. The counting time will
be from 15 to 600 minutes.

A 6.00 gram aliquot of either the water or 3% HAc FSLs from
the radioactive sample extraction will be put into a liquid
scintillation counting vial, and 14 ml of Insta-Gel XF will
be added. The vials will be shaken and placed into a liquid
scintillation counter, with a counting time of 15 to 120
minutes.

The radiochemical validation samples will be spiked with an
appropriate standard of known activity to verify recovery.

A1l quantitative analyses will be done in triplicate, and
the average value and the standard deviation of the average
value of the test result will be reported. The calibration
will bracket the sample concentration. The quantification
limit and” selectivity of the methods will be given for all
methods. The calibration curves, examples of adequately
identified spectra or chromatograms, examples of calcula-
tions which' convert the data to reported results, and
validation of the methods will be included in the raw data
package.

The validation analysis for extraction of the radioactive
samples will be carried out as follows for all FSLs. Nine
extraction cells for each FSL will be prepared and extracted
for 240 hours. Three of these extractions will be spiked at
1/2 times the average migration level found in the first 240
hour extraction, another three will be spiked at 1 times the
average migration level of the 240 hour extraction, and the
remaining three will be spiked at 2 times the average
migration level found at 240 hours. The percent recovery of
the spiked analyte will be calculated and reported.

5



Records

A1l data will be taken in accordance with GLP practice. The
data will include, but is not limited to, instrument print-
outs, chromatograms, and handwritten observations. Hand-
written data will be recorded in bound laboratory record

‘-‘book and will be subject to periodic review by the Analyti-

cal ‘Study Director during the study. All data records will

be kept for five (5) years after the resu]ts are subm1ttedf» :

to the FDA.



Approvals

- _alie]y9%0
Analytical Study D1rector PRTETEE R
Analytical Chemistry R&D - WRC
68724(/ | : | 18890
Tang te ‘

GLP Coord1nator
Analytical Chemistry R&D - HRC

W )

G. L. Taylor Datiy -
Director

Analytical Chemistry R&D - WRC

Z[ 7%4&»4 24 Sep 1990

N. Michaels, Polymer Business Center Date

cc: ial Collection of Analytical Raw Data
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. Krudop

H. Clague
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SO-32 (REV. 5-78)

Shell Development Company

Interoffice Memorandum

DATE: DECEMBER 19, 1990
SUBJECT: ADDENDUM # 1 TO ANALYTICAL PROTOCOL 531

This is an addendum to be attached to Analytical Protocol 531. It applies
to the CALCULATIONS section (Part 8a) of the Shell Research Complex Method,
SRC 27B1/90 "Liquid Scintillation Counting Method for Beta Emitters", to
allow Quench Indicating Parameter (QIP) changes for the extract samp]es‘
with high QIP’s. The samples with high QIP’s will be quenched using a
.nonradioactive chemica] to decrease the QIP’s into the range of the stan-
dards.

The samples from the water extraction of the 14C labeled CARILON EP polymer -
have higher QIP’s than the standards. The actual activity in the vial
cannot be determined because the sample QIP’s are out of range of the

standard QIP’s.

Method SRC27B1/90 will be modified to permit measurement of the disintegra-
tions per minute (DPM) of each sample that has a QIP above the standards.
The modification will be to add a small amount (five to ten microliters) of
carbon tetrachloride (*CAUTION*) to each sample. This will lower the QIP’s
into the range of the standards without changing the amount of activity in
each vial. After the addition of the quenching agent, the samples are
counted. With the sample QIP’s in the standard range, the DPM of each
sample can be determined as documented in SRC 27B1/90.

C. R r 1al 14 ]a0
C. R. Crosby YIT s ' DATE
Analytical Study Director

Analytical Chemistry R&D - Polymer Analysis

cc:

. L. Taylor

. S. Tang

. Michaels

. S. Brath

. C. Postlewaite
. C. Fleming

TLOZmon




DATE: JANUARY 14, 1991
SUBJECT: AMENDMENT # 1 TO ANALYTICAL PROTOCOL 531

Calibration of the Electronic Data Logger

This procedure was not described in the original analytical protocol. The
electronic data logger is used to record the oven temperature during the
. initial extraction step (250°F for two hours in the case of water and HB307
food simulant liquids and 212°F for 30 minutes in the case of 3% acetic
acid) and to provide a documentation- of the temperature during this part of
the extraction step.

The following procedure describes the calibration of the Omega Model OM160
data logger. : '

The data logger has a built in two point calibration procedure and this is
used to calibrate the data logger. The four type K thermocouples are
placed in an ice bath and the thermocouples are allowed to reach equilibri-
um. The temperature for calibration point 1 is entered manually as 32°F.
~ The thermocouples are next transferred to a boiling water bath and allowed
to equilibrate in this bath. After equilibration, the temperature for
calibration point 2 is entered as 212°F. The calibration is checked by
putting the thermocouples in the boiling water bath again, and confirming
that a temperature of 212 + 1°F is obtained.

Calibration of the extraction oven temperature

The ovens have potentiometers that allow the ovens to be calibrated at a
low temperature setting and a high temperature setting. For the Tow
temperature calibration, two of the data logger thermocouples are placed
next to the oven thermocouple and the data logger temperature is read. The
oven potentiometer is then-adjusted so that the oven digital thermometer
agrees with the data logger. For the high temperature calibration, the
oven temperature is set to 121°C (250°F) and the data logger thermocouples
are placed beside the oven thermocouple as before. When the data logger
indicates 250°F, the oven high temperature potentiometer is adjusted to

rﬁad 121°C. Both of the ovens used in these extractions are calibrated
this way. '

| Monitoring of oven and water bath temperatures

The extraction oven temperature is monitored frequently during the extrac-
tion by the responsible technician in the laboratory. A record of the
extraction oven temperature is made by the data logger and transferred to
an IBM-compatible computer at the end of the high temperature extraction.
The raw data of the data logger is defined here as the electronic file that
is stored on the computer or any copy made of this file. Validation of the
raw data is done by examination of the file by the responsible technician.
The water bath temperature is monitored during normal working hours by the



responsible technician in the laboratory. During the weekend, the tempera-
ture should be checked at least once a day by the responsible chemist, the
responsible technician, or the analytical study director, and a record will
be made of this examination in the Tab record book.




SD-32 (REV. 5-78)

Shell Dévelopment Company

Interoffice Memorandum

DATE:  APRIL 18, 1991
SUBJECT: AMENDMENT # 2 TO ANALYTICAL PROTOCOL 531

This addendum applies to the validation of the sczntllla'aon countxng analysus‘
given in the "Test Procedures" section of Analytical Protocol 531. An alternate
procedure for the validation analysis that is in the publication entitled
"Recommendations for Chemistry Data for Indirect Food Additive Petitions”
(hereafter referred to in this addendum as "FDA guidelines") by the Division of:
Food Chemistry & Technology of the Food & Drug Administration, dated
September 1988, will be used in its place.

In the original protocol, validation analyses were to be performed on individual
samples that had been extracted for 240 hours in three specified food simulat-
ing liquids (FSLs). The scintillation analyses measure the mass of 14C labeled
oligomers that are extracted into the FSLs. The initial analyses showed that =
the variability in the individual samples (due to adsorption of the oligomers
onto the extraction cell walls) was too great to permit their use for spiking and
recovery experiments. The spike recoveries and relative standard deviations
would exceed the accepted limits of 80-110% and 10%, respectively.

An alternate procedure given in the FDA guidelines on page 15 will be used
instead. It states that "To eliminate variability arising from individual samples,
triplicate analyses may be done on a homogeneous composite (a blend of the
triplicate samples) where practicable. (This appilies to the validation. procedure "
only, where precision resulting from the analytical method itself is being evalu-
ated.)" The validation samples in the current study will be homogenized by
pooling them together, and then twelve separate samples will be taken from
the homogenized sample for the validation analyses.

C.R Coal i Bpud ¢ 154/

C.R.Crosby 7 DATE
Analytical Study Director
Analytical Chemistry R&D - Polymer Analysis




cc: G. L. Taylor (WRC)
B. A. Stevens (OSP)
L L Everett (WRC)
J. C. Postlewaite (BRC)
_H. C. Fleming (BRC)




59-32 (REV. 5-78)
@ Shell Development Company
: interoffice Memorandum

DATE:  AUGUST 28, 1991

| SUBJECT: AMENDMENT # 3 TO ANALYTICAL PROTOCOL 531

Thrs addendum is to document a change in the Test Procedures sectron of . o
Analytncal Protocol 531. The GC/MS analysrs 'scheduled in thIS protocol will be. -

done in a separate study covered under Analytlcal Protocol 537. Insufficient
sample was available for this test, and so ancther extraction of a comparable
CARILON ® thermoplastic polymer was performed to provrde an aqueous

extract sample for this test.
C. R c\o&b‘} n : Qla(!ﬁ )
C. R. Crosby I : DATE

Analytical Study Director
Analytical Chemistry R&D - Polymer Analysis

cc: G. L. Taylor (WRC)
B. A. Stevens (OSP)
- L. L. Everett (WRC)
J. C. Postlewaite (BRC)
H. C. Fleming (BRC)
T. P. Fan (BRC)




D-32 (REV. 5-78)

Shell Development Company

Interoffice Memorandum
DATE: AUGUST 27, 1991
SUBJECTZ AMENDMENT # 4 TO ANALYTICAL PROTOCOL 531 |

This amendment applies to the Test Procedure section of the above protocol and is
to document a deviation from the protocol. The gel permeatxon chromatography
(GPC) test scheduled for the test material will not be done as part of this protocol.
The test sample had ‘been prevnously analyzed under the direction of the current:
Analyncal Study Director in May of 1990 using the procedure descnbed an SOPs
M018 and MO041. We will use these exnstnng results rather than repeat the test.

QLR . Coatre A2 | &l 1
C.R.Crosby IIl" . DATE
Analytical Study Director
Analytical Chemistry R&D - Polymer Analysis

cc: G. L Taylor (WRC)
B. A. Stevens (OSP)
L. L. Everett (WRC)
Author File




SD-32 (REV. 5-78)

@ Shell Development Company
A Interoffice Memorandum -
DATE: AUGUST 30 1991

SUBJECT: AMENDMENT #5 TO ANALYTICAL PROTOCOL 531 :

Th1s amendment applies to the Test Procedure section of the above protocol
and is to document a deviation from the protocol. The liquid extracts from
this protocol that were not used in the liquid scintillation counting were
to be saved for characterization of other migrants. Additional work with
the 2 and 24 hour water extracts was required which exhausted the supply of

this sample. Accordingly, the analyses for other migrants could not be
done because a full sample roster was not available. Analytical Protocol
‘Number 537 was written and performed to provide these additional samples.

~

C.R, éégtg&a e | £/24/9;
C. R. Crosby ¢II - DATE

Analytical Study Director
Ana]yt1ca1 Chem1stry R&D - Polymer Analysis

cc: G. L. Taylor (WRC)
B. A. Stevens (OSP)
L. L. Everett (WRC)
Author File
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FROM: H.C. SMITH, SENIOR RESEARCH TECHNICIAN
P.N. TUTUNJIAN, SENIOR RESEARCH CHEMIST

TO: C.R. CROSBY I, ANALYTICAL STUDY DIRECTOR

SUBJECT: CLARIFICATIONS AND CORRECTIONS TO THE FINAL DRAFT
REPORT ON ANALYSES OF CARILON THERMOPLASTIC
POLYMER BY “C NMR

REFERENCES: ANALYSIS WRC 298316 (8/9/91)-'
QUALITY ASSURANCE INSPECTION REPORT (1/29/92)

In her 1/29/92 Quality Assurance Inspection Report, L.L. Everett indicated that two
corrective actions, listed under items 3 and 4 of her report, were necessary as far as the
NMR data compiled under WRC 298316 were concerned. The following memorandum is to
be considered an addendum to the original NMR report. Its purpose is to clarify item 3 and
correct item 4.

Item 3: The reason for the difference between calculated and reported average repeat unit
numbers is due to the fact that rounding off has been applied to the computed values prior to
final reporting. Average repeat unit numbers are obtained by taking the signal representing
the internal repeat units of the polymer and dividing it by half of the intensity of all detected
endgroups. - Previous studies indicate that uncertainties on the order of 10 to 20% relative are
typical when measuring endgroup signals at these signal to noise levels. Consequently, for
this analysis, rounding off to the nearest decade is appropriate. Incidentally, the same
concept is used in reporting the rounded off values which represent the concentrations of the
various species in these samples. In this case, it is appropriate to report these values to the
first decimal place only.

No general rule for rounding off NMR data can be formulated and that is why the
‘analysts have chosen not to include specific rules for rounding off in SOP M002 Revision 2.
The extent of rounding off depends on the analysic and the nature of the quantity
derived from the NMR data. The analysts will, in future reports, explicitly point out round
off procedures, when they are used, in order to reconcile final results with preliminary
computations. ' o

Item 4: Item 4 detected an error in the calculation of the repeat unit number for the sample
referred to as Run 1 High Activity Carilon E. The reason for the incorrect number is the
inadvertent inclusion of the methanol NMR signal in the calculation for the repeat unit
number. The formula is correct and, when the methanol intensity is properly removed from
the expression for the repeat unit number, the quantity 497 (rounded off to 500) is obtained.

) VR .

HC. Smith %/29/92 P.N. Tutunjian 4 /zq/ 942




~ C. Crosby -~ - . o Aug. 9,1991
WRC 298316 T i

- . Three C labelled CARILON samples were submitted for >C NMR structural analysis.
Because ®C NMR is not generally considered sensitive enough to accurately measure the minor
‘concentrations of endgroups found in CARILON samples, the resuits are only . considered semi-
quantitative. However, because the data was acquired under quanutanve conditions, three
separate aliquots of each sample were prepared and run so thata total of nine NMR spectra were
obtained for each sample. A solvent blank was also run. : _ _ :

- The solvent blank indicates a minor broad s1gna.l in the 30 ppm reglon of the spectrum
is present. This resonance represents background noise from the probe.. A sharper resonance
located at 30.2 ppm is also present and is also thought to represent probe background noise.

The relative concentrations, reported in terms of % mole, and the : average number of
rep&t units for each: of the tnphcate runs are as follows: - - .

CARILON ,EP High Act1v1ty

CARILON P |
CARILON E 91. 91. __o1.

Ethyl Term. 0.1 0.2 | | “0;2"

Methyl Ester | 0.2 0.3 0.2

Term. - » | ' ’ —
IPA Term. - | 0.4 , 0.3 | o 0.3
Methanol . 0.3 0.1 0.1
| Repeat # | 280 |  2s0 | J  300 1




CARIION EP Low Activity

caRTLoN E__ | e2. | e2. | 2. I

H‘Ethgl Term. | 0.2 | 0.1 | = 0.1 5

Methyl Ester | 0.4 | 0.2 | 0.3 :v“
fathyl Eat . -2 | B

|  ea Tern. i 0.3 | _o.3 , | s
Methamor | ¢ | o, 1 s |
_Repeat # | 350 |

CARILON E High Activity

CARTION E _ | o9

|| CARILON P | -/ _ ' /
- ’ S
0

°
N e

Ethyl Term. 0.2

Methyl Ester 0.2

Q jo I~ jvo

zPATerm. | g/ |y 1y
Methanol 0.2 / _ 0.1
Repeat # 350 450 340

Althdug’h a minor resonance at 30 ppm generally thought to represent antioxidant is
present in the sample no attempt was made to quantify the component due to the spectral overlap
with the probe background noise. ‘

. . 3 - ’) ,;m .
#%é%ﬂoufgéﬂwLE% S umi ygﬂﬂ
Harriet Smith | Pierre Tutunjian
Senior Research Technician Senior Research Chemist




WRC 298316-Calculations C. Crosby Aug. 9, 1991

A - CARILONP= .  (218ppm+16ppm)/2

B CARILON E= [(214ppm+((36ppm-CARILON P)/2)}/2
C Ethyl Termination= ~7.3ppm

D  Methyl Ester Termination= (177.2ppm+52.9ppm)/2
E = Isopropyl Termination= 18.3ppm/2

F~ ' Methanol= | 51.0ppm

G  Antioxidant= 30.2ppm-

(A+B+C+D+E+F)=Total
(A/Total)x100=% Mole A, etc.

(A+B)/((C+D+E)/2)=average repeat units per molecule
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DSC Data File: ooww
. S0 mg PERK IN-ELMER

wcsﬁ_m Weights

‘Mon Jul 29 11,00:35 1981 7 Series q:mvan_ >3o_<mum mxmwma
. WRC298323-1 CARILON EP. HIGH ACTIVITY

sro4 T 140.733 °C
T2 231.6866 °C
22.01  Paak 219.972 °C
50,0 - Area 520.370 mJ
Delta H 86,348 J/g
18.01  Height 16.013 m¥.
la) . 03 o
2 16. 0 - u:on« 218.032 °C
¥ : 1) haeat
& 140 -
u.. Do
g 12,0 -
o
x i
10.0
8.0+
., : . ; R . . /
.04 S : s S
a.u - |
2.0 -
50.0 75.0 100.0 125.0 150.0 175.0 200.0 225.0 250.0 275.0

'RADIOACTIVE  SAMPLE . Temperature (°C) * JMD*

«_mnv 1. ,30.0C TIME & 0.0 min RATE :_ 20,0 C/min
P 2s 285.0:C' ~TIME: 2 . 0.0 min® : .




DSC Data Files car3 _ -
Sample Weights 5. 890 mg PERKIN-ELMER

Mon Jul 29 11:00: 35 1991 -7 Series q:mvsn_ >3nu<m_m mxmama
WRC208323-1 CARILON EP, HIGH ACTIVITY

24.0 .: 188. 800 .n
T2 107. 400 °C
22.0 1 = Paak - 160, 456 °C
20. 0 Araa -479,. 706 mJ ~ _ o
a'_dn . ‘/ — — T
18.0 1  ‘Height -17.838 m¥ ,
~ , : 3¢ L4
S 16.0- Onsat 175.694 °C
e , _Cooou
5 14.0-
(1
a 12.0 1
[+ ] .
10.0 4
8.0 -
6.0 -
4,0
2.0 -
0.0 - _ I | , ._ 1] | 71 7 1 |
50.0  75.0 100.0 125.0 150.0 175.0 200.0 225.0 250.0 275.0 e
RADIOACTIVE SAMPLE - : ._.o.___uo«.nwc-.n D + JMO#* |
MM nn.-" mmw.c c “m mmu m.m ﬂwﬂ n>,_.m 1 »a..a.n.\..a.u-.... S D )




umn Unwo :._m.oavm . . ,i ,
..:moaﬁ_m,‘mtmwm:f - 5.890 mg - PERKIN . ELMER

Mon Jul 20 11,00:351991 - 7 Series Thermal Analysis System
WRC298323-1 CARILON EP, HIGH ACTIVITY

, . . - ' PR ——— . i
Snpd T 114.600 °C
- T2 226. 066 °C
22,01 Peak .212.094 °C
— c 1 Area 523.285 mJ
Delta H 88. maw. J/q
18.01 Height 9. 702 mW
~ » : 7 @
£ 1504 Onset 203.577 °C
~ H 2) heat
2
9 14,0
¢ 12,0 -
b |
B :
. HQ.O -1
Ja,,ms@ 4 e e T
a0
2.0 -
0.0~ | I | I . | T ! ! !
| - 50.0 75.0  100.0 1250  150.0  175.0 200.0  225.0 250.0  275.0
RADIOACTIVE SAMPLE | Temperature (°C)  +JMOx

BB L 2UBE FMEL B8R RE N 20




cwocnan_u:mnooq,m
Sample Weight:  5..890 mg - PERKIN-ELMER

Mon Jul 29 11,00:35 1991 7 Series Thermal >3o_<mwm m<mnma
WRC298323-1 CARILON EP, HIGH ACTIVITY

54,0 - T1 169, 266 °C
T2 95.933 °C
22.0 1  Peok 149,296 °C
: -349, 190
20. 0 - ?,,mn 349. 1 mJ
Delta H -59.285 J/g
18.0 9 Height -7.377 m¥
mm 16. 0 - v.csmmﬁ 160. 489 °C
~ - 2)cool
o 140
Ll
w
8 12.0
a
H 3 ’ ) o e emme e
uccc - — . . 1 1 .L. . i i e e e i ..
o _ ] = {
8.0 1 :
6.0 -
4.0+
2.0 -
0.0 - _ . — _ P | oy
mc o . 75.0 ; ,_co. c 125.0 150.0 175.0 200.0 225.0 250.0 275.0 T
. z>c~c>n:<m m>z_u_.m - - Temperature (°C) *JMO*

MMBW me.u n._.uxm_-..;uo.aszn)#n:MQ.QO\!-J
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DATE: AUGUST 30, 1991
'SUBJECT: ARS NUMBER 302445

INTRODUCTION ‘ a '

SamplTes of radioactively labeled CARILON ® Thermoplastic polymers
designated as "low activity” and "high activity" were submitted for
limiting viscosity number (LVN) analysis in 1,1,1,3,3,3-hexafluoroisopropyl
alcohol at 35.0 °* C and subsequent conversion to the LVN in m-cresol at
60.0 * C. This work is in support of Analytical Protocols 531 and 537on
CARILON EP polymers, and is being done using GLP. The two results are:
called LVN(H) and LVN(MC), respectively, and the LVN(MC) is calculated from
the LVN(H) by a relationship g1ven in SOP M050.

RESULTS
The data and calculations are given in the attached notebook pages.

The LVN(H) for the low activity CARILON EP polymer was found to be 1.547
dl/g, and the: LYN(H) for the high activity EP polymer was found to be 1.533
d1/g. Using the relationship -given in SOP MOS0, the LVN(MC) for the Tow
activity CARILON EP polymer is 1.30 dl/g, and 1.28 dl/g for the high
activity CARILON EP polymer. These are in good agreement with the value of
1.3 d1/g given by KSLA for both samples.

The LVN(MC) can be related to the weight-average molecular weight (M )
obtained from Tow ang]e laser 1light scattering using a Mark- Houw1Hk
relationship developed in other work:

[n] = 2.72E-4 Mw°'772.

The data giving this relation is shown in Figure 1.

Application of the above relation to the LVN(MC) data gives an M, of 58.0
E3 g/mole for the low activity CARILON EP polymer, and an M of 57.0 E3
g/mole for the high activity CARILON EP polymer.

MAINTENANCE RECORDS

No maintenance of the viscometers or the viscosity bath was performed during
these tests.

~ A copy of the analytical balance calibration record during this work period

is enclosed.

C. R. Crosby III
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ATTACHMENT Il

BALANCE CALIBRATION CHECK

'BALANCE 50 NuMBer 3 b6 Jo

DATE/ STD. | FOUND | STD. FOUND | STD. | FOUND
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Ieheck if weights are not within accepted tolerances.




INTENTIONALLY LEFT BLANK




Page 44 of 48 - B
CONFIDENTIAL

Attachment 7: vExafhpiés- (_:f_Liquid Scintillation Data of Extracts

44




EP polymer assay

Eff vs. QIP
.~ -0 Regression Qutput:.
Constant

Std Exr of Y Est

R Squared

No. of Observatiomns

Degrees of Freedom

2 8 11 30 16 X Coefficient(s) 0.000124
1 2 158 Std Err of Coef. 0.000028
0 19
3 156 2000
76970 dpm/100ul
sample time GPS CPMA QIP EFF EfE QIP Diff Var.
Backgroun 1 25 5 254.52 856.4 calc’d Squared . Eff.
Standards 2 25 5 70917.5 850.8 0.9210 0.8309 9.80E-05 28798.09 -8.98E-05
3 25 5 71233.0 795.2 0.9251 0.9240 1.22E-06 13018.81 7.73E-05
4 25 5 70830.2 716.6 0.9199 0.9143 3.18E-05 1260.25 6.79E-05
5 20 4 70660.6 682 0.9177 0.9100 5.99E-05 0.81 6.69E-05
6 25 5 70240.8 649 0.9123 0.9059 4.08E-05 1030.41 6.77E-05
7 25 5 69682.2 625.8 0.9050. 0.9030 4.04E<06 3058.09 6.93E-05
8 25 5 68943.4 582.4 0.8954 0.8976 4.82E-06 9741.69 7.47E-05
g 25 5 67943.7 547 0.8824 0.8932 1.16E-04 17982.81 8.12E-05
AVG QIP-> 681.1 MSE~---> §5.95E-05 74890.96
10 ML HFIPA 15.96000
EP POLYMER 0.01028 " )
TOTAL WEIGHT 15.97028 " vz &
G POLY/G SOL 0.00064 s Wy
= veduna ASSAY  ASSAY
Samples sample time. GPS CPMA .QIP EFF solution DPM DPM/G  DPM/MG
Assay 11 25 5 37026.14 581.4 0.89747 1.4769 41228.81 43367974 43367.97
12 25 5 37963.32 574.2 0.896575 1.5183 42315.24.43297087 43297.09
13 25 5 37442.82 576.2-0.896824 1.5132 41723.14 42835124 42835.12
14 20 4 37193.4 584.25 0.897824 - 1.4954 41398.84 43008098 43008.1
15 25 5 37282.72 580.2 0.897321 1.4967 41521.6 43098164 43098.16
16 25 5 35388.32 579.8 0.897271 1.403 39412.61 43641229 43641.23
17 25 5 37060.16 578.8 0.897147 1.4861 41281.58 43154658 43154.66
18 25 5 37126.2 579.6 0.897246 1.4944 41350.61 42986735 42986.74
19 25 5 37457.36 578 0.897047 1.5102 41728.94 42926187 42926.19
20 25 5 37240.1 574.2 0.896575 . 1.5073 41508.6 42781674 Az;g;.g;
43109.
Results: ASSAY : 207.6287

sample DPM/MG Sigma
11 43367.97 42.93975
12 43297.09 43.52358
13 42835.12 43.21218
16 43008.1 43.0193
15 43098.16 43.09545
16 43641.23 41.98941
17 43154.66 42.97519
10 43926.19 45.2098
119 43.20
20 42761 82 43_iozzs R NN
3109.69 13.60085 <— (™3
~ 207.6287

Q\M/‘ﬁq_,'
R
So LTt omen)




0.82522
0.007712
10.764193
8
8

Var.

Eff.
7.48E-05
7.60E-05
7.57E-05
7 .44E-05
7.50E-05
7.51E-05
7.52E-05
7.51E-05
7.54E-05
7.60E-05

Sigma
42,.93975
43.52358
43,21218

43,0193
43.09545
41.98941
42.97519
43,00859

43.2096
43.10728
13.60085




Compiled Water Data

Compiled Results of all water data
including washings and second samplings.

Assay: 43109.69 dpm/mg
Std. 207.6287 B

Data Cylinder
File Number DPM Sigma
Watdat .wk3 84 5219.30- 30.5
"o : 5304.30- 30.9
” 5505.60~ igg )
Bottles.wk3 ﬂﬂ;}s . 633 .
HFEXT.wk3 50.34 ~ 9.5 HFIPA extract of Bottle
* 225.40 9.1 b
HFDATA.WK3 =~ 756.03~  35.8 Cylinder extraction
” 764 .48~ 35.0 "
" 262.71~ 36.4 Sample Bottle extraction
" 248,82« 36.8 "
Rebot .wk3 1112.04— 8.7 Recounted bottle data
* 1128.90- 8.7 two samples
" 2275,.51~ 14.0 shaken and
" 2273.02~  14.0 not shaken
Total DPM, sigma 27480.08 94.8
Total mg polymer, sigma 0.6374 3,78E-03
Watdat.wk3 85 5326.06 31.0
* 5494 .23~ 31.8
" 5488.87— 31.8
Bottles.wk3 1989.81 12.2
HFEXT.wk3 135.57 5.7 HFIPA extract of Bottle
" 145, 19e= 6.1 *
HFDATA.WK3”~ 1141.69™ 35.2 Cylinder extraction
* 1218.81~ 35.2 "o )
- 161.56= 36.5 Sample Bottle extraction
" 169. 85~ 36.6 "
Rebot .wk3 1379.54~ 8.9 Raecounted bottle data
" 1357.64~ 9.8 two samples
. 2095.36~ 13.2 shaken and
* 2016.39~ 12.8 not shaken
Total DPM, sigma 28121.57 94.2
Total mg polymer, sigma 0.6523 3.83E-03
Watdat .wk3 886 4926.57 28.9
" 5147.16 30.1
" 5112.96 29.9
Bottles.wk3 1754 .22 11,0
" 1746.05 10.9
1754 .22 11.0 duplication like
1746.05 10.9
1754 .22 11.0
HFEXT.wk3 273.15~ 10.7 HFIPA extract of Bottle
* 225.32" 9.1 "
HFEXT2.wk3 b 1201.55~ 41.8 Cylinder extraction
" hded 1282.53< 44.3 "
HFDATA.WK3 <~ 1217.80”  35.9 Cylinder extraction

1331.73~ 35.8
* 299.15~ 36.2 Sample Bottle extraction
" 246.97 - 36.8 *
Total DPM, sigma 27535.66 93.1
Total mg polymer, sigma 0.6387 3.76E-03 21.29116

** Not included in Totals or Sigmas.
Second assay gave slighty higher result.

Watdat .wk3 87 ~2.49 1.7
” 0.69 1.7
" 0.05 1.7
Bottles.wk3 1.32 1.2
" 0.486 1.1
HFEXT2.wk3 8.72 1 ; Cylinder extraction
" 7.72 1. *
Total DPM, sigma 16.46 4.1
Total mg polymer, sigma 3.82E-04 9.57E-05
Watdat .wk3 88 -0.55 1.7
” 2.03 1.7
" -0.09 1.7
Bottles.wk3 -0.24 1.1
" -0.86 1.1
HFEXT2.wk3 1%. 92 1.8 Cylinder extraction
* .86 1.7 "
Total DPM, sigma 21.06 4.2
Total mg polymer, sigma 4.88E-04 9.72E-05
Watdat.wk3 . 89 -1.52 1.7
" -1.57 1.7
" 0.23 1.7
Bottles.wk3 30.31 1.4
" ) -2.57 1.1
HFEXT2.wk3 7.71 1.7 Cylinder extraction
" - 10.52 1.8 " )
43.09 4.2
sigma 1.00E-03 9.79E-05




Watdgt.wk3‘ 90

Botti'l'.es -wk3
H@EXEZ.wka

Total DPM, sigma
Total mg polymer, sigma

Watdet.wkS 91

Bott&es.wk3
Hrzxgz.wka

* Total DPM, sigma
Total mg polymer, sigma

Watdgt.wkS 92

Bottles.wk3
HFEXEZ.wkS

Total DPM, sigma
Total mg polymer, sigma

Watdat .wk3 a3

Bottles.wk3

HFEXIZ.ka

Total DPM, sigma

Total mg polymer, sigma

Watdat.wk3 94

Bottles.wk3
HFEXT2.wk3

3

Total DPM, sigma
Total mg polymer, sigma

Watdat.wk3 a5

Bott%es.wka
HFEX?Z.WRS

Total DPM, sigma
Total mg polymer, sigma

‘Watdat.wk3 96

Bottles.wk3
HFEXT2.wk3

Total DPM, sigma
Total mg polymer, sigma

Watdat .wk3 97

Bott%es.wka

Total DPM, sigma
Total mg polymer, sigma

Watdat .wk3 98

4066.14
4084 .61
4089.08
1310.15
1319.20
1147.59

979.53

1699629

0.3943

4363.66
4368.82
4394 .97

1372.70

1373.37
1104.85

1086.26-

18064.63
0.4190

4339.01

4362.45

4384.00
1417.62
1408.02
1128.55

0.4261

3637.08
3669.26
3635.16
1184.24
1214.72
2026.32
1961.71
17328.49
0.4020

4287.85

0.4160

4040.81
4052.94
4079.68
1352.40
1378.90
808.98
968. 64
16682.36
0.3870

3168.91
3167.38
3289.31
1248.20
1256.49
1275.57
13415.85
0.3112

3768.43
3708.77
3754.64
1163.99
1176.15
13551.97
0.3144

3138.93
3281.64
3235.01
1122.45

1171 as

W NN
LORPBDI S>>
MRREEERER
WReLONNNO

o]
[+

2.49E-03

rw NN
Qoo
NoNNNHO

76.7

24.6
24.6
24.7

8.9

9.0

28.5
35.2
64.0
2.38E-03

20.0
20.0
20.7

8.4

8.4

45.7
58.8
2.03E-03

23.
41,

0
8
0
9
0
3
1.79E-03

N
o
NSO

Cylisdar extraction

Cylinder extraction

-Cylinder extraction

Cylinder extraction

éylindet extraction

Cylinder extraction

Cylinder extraction (one on



Wat.dst. .wk3 99

Bot.f..l._os .wk3

Total DPM, sigma
Total mg polymer, sigma

Watdat .wk3 100

Bot.t.‘l'.es wk3

Total DPM, sigma
Total mg polymer, sigma

Watdat.wk3 101

Bottles.wk3

Total DPM, sigma
Total mg polymer, sigma

Natdﬁt.wk3, 102

Botml.es .wk3

Total DPM, sigma
Total mg polymer, sigma

Watdat .wk3 103

Bottles.wk3

Total DPM, sigma
Total mg polymer, sigma

Watdat .wk3 104

Bottles.wk3

Total DPM, sigma
Total mg polymer, sigma

Watdat.wk3 105

Bot.f.i.es ~wk3

Total DPM, sigma
Total mg polymer, sigma

Watdat .wk3 106

Bottles.wk3
Rebot .wk3

"

Total DPM, sigma
Total mg polymer, sigma

Watdat .wk3 107

Bottles.wk3

Total DPM, sigma
Total mg polymer, sigma

Watdat .wk3 108

"

Bobt}es.wks

Total DPM, sigma
polymer, sigma

.1
.5
.6l
.1
.6

8.05
1.87E-04

cooww
oNooN

5.48
1.27E-04

3.82
0.09
-1.69

0.29 .

0.94

. 3.44
7.99E-0S

3143.37
3299.94

3454.06

1123.78
1136.15
12157.31
0.2820

2685.31
2821.26
2684 .73
1047.20
1039.88
10278.38

0.2384

3813.81
3999. 96
4168.48
1328.17
1314.44
14724,86

0.3416

3752.86
3762.86
3990.59
1403.64
13985.69
14305.64
0.3318

1187.03
1168.35
1178.73
369.83
359.37
375.64
389.63
383.99
5412.66
0.1256

3227.60
3212.68
3208.52
1038.15
1046.54
11733.49
0.2722

100 e b e
4

Os v o o
DME M NNN

7.86E

.o

100 b 1 b b b

O¢ ¢ o
VSN

7.81E

D)

D)

-
WE&sPWOOO
VRO NOANOWLO

7.55E-0

Recounted bottle data
two samples
shaken and
not shaken




Watdzt .wk3 108

Bottles.wk3
Rebog .wk3

"
"

Total DPM, sigma -
Total mg polymer, sigma

Hat.dgt .wk3 110

Bot.t.i.os .wk3

Total DPM, sigma
Total mg polymer, sigma

2926.30
2959.56
3015.29
1088.06

b b b

[+
@
o
.

[2}
®

w
I NORANNNOBO®

-

. .
LunvoLLLuwo®

0.3252 1.79E

3225.85 20.
3252.17 20.
3408.64 21
1178.05 8
1181.82 8
12246.53 - 7
0.2841 1.62E-

Recounted bottle data
two. samples
shaken and
not shaken
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Attachment 8: Memorandum from B. A. Stevens, HS&E - Product Safety &
Compliance, to C. R. Crosby, entitled "CARILON @ POLYMER FDA ANALYTICAL
TESTING PROGRAM" . RGO . C o
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MEMORANDUM OF DISCUSSION

PARTICIPANTS: B. A. STEVENS
M. VAN DEVERE

DATE: , MARCH 5, 1991
SUBJECT: CARILON® POLYMER - FDA ANALYTICAL TESTING PROGRAM

This summarizes my discussion this afternoon with respect to the
analytical testing for migrants in food simulating liquids.

With reference to a PROFS note of March 4, 1991 from C. R. Crosby,
it appears that the preliminary test results from the water
migration trials are about 21 ppm at 2 hours, 16 ppm at 24 to 96
hours and 12 to 17 ppm at 240 hours. This note indicates that this
is a basic polymer characteristic and one would expect the
oligomers to come out of solution and be adsorbed to the cell and
the polymer.

Since this 1is a rather basic phenomenon and nothing unique. to
CARILON® Polymer, I discussed the issue with FDA to get their
recommendations on what procedure we should follow. FDA indicated
that this is indeed quite common with migration testing on
polymers. They recommend that we analyze the food-simulating
liquids and report the results from them. There is no need to
recover the material that has reabsorbed onto the polymer surface
or test cell.

Thank you for your assistance. Please do not hesitate to contact
me 1f you have any questions.

e

BAS/krl

cc: U. Soni
i Re.. Crosby
E&EA AS (2)
PS&C D File

CX9106404
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GOOD LABORATORY PRACTICE STATEMENT
Report: RIR 531
Title: Arialyses of CARILON® Thermoplastic Polymer

The Analytical study named above was reviewed according to the Good Laboratory
Practice regulations as promulgated by the Environmental Protection Agency in 40
CFR Part 792 under the authority of the Toxic Substances Control Act. Based upon
the Quality Assurance inspection reports provided, the practices described in the
report were found to be in compliance with the above regulations with the exceptlon
of the following:

1. Data was incorrectly entered, changed, or was not signed or dated in the
laboratory record books.
2. The equation which relates the limiting viscosity number (LVN) to the raw data

is missing a closed parenthesis in the top part of the formula.

The above exceptlons to the requirements of the Good Laboratory Practice regulatlons
are judged not to impact the quality or integrity of the effected study.

C. R Coolin D SIENIRE:
C.R.Crosby Il ~ Date
Analytical Study Director

‘Analytical Chemistry R&D - WRC

Shell Development Co.
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QUALITY ASSURANCE STATEMENT

STUDY: ANALYSES OF CARILON® THERMOPLASTIC POLYMER - RIR 531

Quality assurance inspections of this study were made and reported to the
Analytical Study Director and Management as noted below: v

DATE INSPECTED ATE REPORTED

l , fOctober 29, 1990 October 31, 1990

December 3, 4, 10, 12, 13, 16, 17, 19, 1991 January 29, 1992
January 7, 8, 9, 24, 27, 1992 '

The final report accurately describes the methods and procedures used in the
study and accurately reflects the raw data obtained.

ﬂ&ééa- (/772

Date

. L. Everett ,
Good Laboratory Practice Coordinator
Analytical Chemistry R&D
Shell Development Company




Shell 0il C

1 - HS&E - Manager Products Safety & Compliance

1 - Chemicals - Performance Products:- Polyketones

1 - Administration - California - HS&E - PS&C - 0il & Chemical
Products : ’ '

RIR WRC-531







