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DEPARTMENT OF HEALTH & HUMAN SERVICES Public Health Service
Food and Drug Administration

Memorandum
Date: February 1, 2016
From: Division of Food Contact Notifications

Chemistry Review Team II
Abigail E. Miller, Ph.D.

Subject: FCN 001601: Center for Regulatory Services, Inc., on behalf of Daikin Industries, 
Ltd.; 2,3,3,4,4,5,5- heptafluoro-1-pentene polymer with ethene and 1,1,2,2-
tetrafluoroethene as a processing aid in all food-contact polymers that may contact 
all food types under Conditions of Use A-H. Submission dated 9/9/15 (initial), 
11/6/15 (substantive amendment), 11/10/15 (amendment), and 11/20/15
(amendment).

To: Division of Food Contact Notifications
Regulatory Review Team I
Attention:  A. Chang, Ph.D.

The Center for Regulatory Services, Inc., on behalf of Daikin Industries, Ltd., submitted this 
food contact notification (FCN) for the use of a food contact substance (FCS), 2,3,3,4,4,5,5-
heptafluoro-1-pentene (HFP) polymer with ethene and 1,1,2,2-tetrafluoroethene (TFE), as a 
processing aid in all food-contact polymers. The maximum use level of the FCS is 2000 ppm in 
the finished food-contact polymer. The FCS may be used in contact with all food types and 
under Conditions of Use A through H. The FCS is not intended for use in contact with infant 
formula and breast milk. 

Regulatory Background

 The FCS is not regulated for use in contact with 
food nor the subject of any effective FCN.  However, there are a number of effective FCNs for 
fluorinated polymers used as processing aids in all food-contact polymers used in contact with all 
food types under Conditions of Use A through H.

FCN 736 is effective for 1-propene,1,1,2,3,3,3-hexafluoro-polymer with 1,1-difluoroethene 
(CAS Reg. No. 9011-17-0) modified with a halogenated ethylene as described in the food 
contact notification limited to 1000 ppm in the finished food-contact polymer.

FCNs 260 and 1121 are effective for the use of tetrafluoroethylene-hexafluoropropylene-
vinylidene fluoride copolymers (CAS Reg. No. 25190-89-0) limited to 2000 ppm in the finished 
food-contact polymer. 

FCNs 1255, 1448 and 1560 are effective for vinylidene fluoride-hexafluoropropene copolymer 
(CAS Reg. No. 9011-17-0) limited to 2000 ppm in the finished food-contact polymer.

The chemistry information is contained in Form 3480 and Attachments 1-10. No information 
was initially incorporated from FCN  The notifier’s response dated November 6, 2015 

(b) (4)

(b) (4)

,.~v>"-$1AV/~,I 

(4--------

-



contains chemist1y information in Attachment 2a and the response letter. The response letter also 
referenced the residual study for 2,3,3,4,4,5,5-heptafluoro-1-pentene that is Attachment 5 in FCN 
b)(4 

Identity 

Identity information is contained in Form 3480.II.A, the proposed inventory listing and 
Attachments 1 through 3. 

Name: 2,3,3,4,4,5,5- heptafluoro-1-pentene polymer with ethene and 1,1,2,2-tetrnfluoroethene 
CAS Number: 94228-79-2 
Trade Name: (b) (4) 

Other Names: poly(l -pentene-2,3 ,3 ,4,4,5 ,5-heptafluoro-co-ethene-co-tetrafluoroethene ); 
1-Pentene, 2,3,3,4,4,5,5-heptafluoro-, polymer with ethene and tetrafluoroethene; ETFE 

Molecular weight: not provided 
LMWO: not provided 

- CF2CF2 a - CH2CH2 b-

The notifier provided in Attachment 1 the ranges of the amount of each monomer in both mole 
percent and weight percent for the FCS. There are three grades of the FCS: EP-521, EP-610 and 
EP-620. The notifier provided the amount of the monomers for each grade of the FCS in 
response to the deficiency letter ~ These are reported in Table 1 below. The 
amount of monomers used in EP~fEP~ 20 are the same; 

EP-521 has a different monomer ratio than the 
other two grades containing less HFP and TFE and more ethene than EP-610 and EP-620. 

Table 1. Amount of each monomer in the FCS Pol mer Grades 
(b) (4) 

The notifier provided a 19F NMR spectrum and an IR spectru m of the FCS in Attachment 2; the 
peak assignments for both spectra are listed in Attachment 2a in the November 6, 2015 response 
letter. The spectra and peak assignments are consistent with the structure of the FCS. 

Phvsical/Chemical Characteristics 

The physical specifications (melt flow rate, melting point, and specific gravity) and results for 
three batches of each of the three grades of the FCS are re orted in Attachment 3. EP-610 and 
EP-620 contain the same amount of monomers, 
- Therefore, it has a higher melt flow rate, which coITesponds to a lower 
~ EP-620. 

We have no questions about the identity of the FCS. 
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Manufacturing Process 

The staxting materials ax·e listed in Fonn 3480.II.B, Table 1. Manufacturing info1mation is 
contained in Attachment 4. 

We have no questions about the manufacturing process. 

Impurities 

Info1mation about the impurities is contained in Attachments 5, Sa and- Attachment 5. 
The residual levels for the impurities in the FCS are reported in Table 2 below. 

urities in the FCS 
CASRN Residual 

1547-26-8 102 
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2. 3. 3.4.4. 5. 5-heptafluoro-1-pentene (HFP) 

The notifier dete1mined the residual level of 2,3 ,3 ,4,4,5 ,5-heptafluoro-1-pentene (HFP) in the 
FCS, as repo1ted in Attachment 5 by high temperature headspace gas 
chromatography- mass spectromet1y (GC-MS) using the method of standard addition. A 1.00 ± 
0.05 g sample ofFCS pellets was placed in a sealed vial and heated at 180 °C for 60 min, which 
is well above the boiling point ofHFP of 56-58 °C, then injected into the GC-MS. The HFP was 
quantified using single ion monitoring (SIM) using the ion at m/z 95 and secondaiy ions at 196, 
69 and 51. For standard addition, 100 ~LL of standai·d solutions of HFP in dimethylacetamide 
(DMA) were added to 1.00 ± 0.05 g samples of the FCS pellets. The final quantities of each 
standard addition were 0.083, 0.16 and 0.33 µg HFP. Three batches of the FCS were tested and 
all samples were prepared in triplicate. The amount of HFP in the FCS was calculated from the 
x-intercept of the standard addition calibration. The standai·d addition calibrations have R2 of 
0.996, 0.995, and 0.995. 1 The HFP was detected in all three batches of the FCS at average values 
of 50, 49 and 51 ppb. The notifier calculated the limit of detection (LOD) from the peak size in 
unfo1tified samples as 20 ppb, and we calculated the LOD of < 40 ppb based on 3x the standard 
enor of the procedure 2. Therefore, the residual level of the HFP measured in the FCS of 51 ppb 
is above the LOD. The notifier only identified the sample in the study as DA720 and not as one 
of the specific grades listed in the identity section, EP-610, EP-620 and EP-521. A sample of EP-

1 We were unable to reproduce the R2 values exactly due to minor difference in the concentrations likely from the 
notifer 's spreadsheet rounding the input values to display only three significant figw-es . The least squares fit is 
con-ect and the variation in R2 between our values and the notifier's values is in the third significant figure, therefore 
it does not have a si ificant effect on the concentration of the HFP in the FCS. 
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610 was used in the extraction study to quantify the impurities
and in the migration study for determining migration of the low 

molecular weight oligomers.  Therefore, it is likely that the DA720 is EP-610. However, EP-521
has half the amount of HFP than EP-610 and EP-620. If EP-521 was used to determine residual 
HFP, it may underestimate the residue level of HFP by a factor of 2. To be conservative, we will 
estimate that the sample was EP-521and multiply the result by a factor of 2, which will double 
the residual level of HFP to 102 ppb.

We have no questions about the impurities in the FCS.

Intended Use and Technical Effect

Information about the intended use is contained in Attachment 6 and information about the 
technical effect is contained in Attachment 7. 

The intended use of the FCS is as a processing aid in the extrusion, blowing or injection molding 
of all polymers to form films, bottles, or molded articles for use as food packaging. The FCS is 
intended to be used at 2000 ppm for 30 minutes in the start-up stage of production and followed 
by 500 ppm for 168 hrs. The FCS will contact all food types under conditions of use A-H.

To address our question about the technical effect of the FCS in our deficiency letter for FCN 
 the notifier updated Attachment 7. Attachment 7 in this FCN contains data supporting the 

use of the FCS up to 500 ppm to (1) decrease the pressure in the die (2) eliminate the melt 
fracture, (3) reduce the formation of die build up, and (4)3 reduce haze from die build up.

While you asked the notifier multiple times about the fate of the polymer from the start-up phase 
containing 2000 ppm FCS, they never provided a clear explanation about whether it ends up in 
the finished food contact article. As it is not clear the fate of the polymer containing 2000 ppm 
FCS from the start-up stage of production, we will use 2000 ppm of the FCS to calculate 
exposure since it is possible that food contact articles would be produced with 2000 ppm of the 
FCS. However, the technical effect data only supports the use of up to 500 ppm FCS. We accept 
this as sufficient because food contact articles containing the FCS will predominately contain 
500 ppm of the FCS.

We have no questions about the intended use and technical effect of the FCS.

Stability

Stability information is contained in Attachment 8. 

Attachment 8 contains a thermogravimetric analysis (TGA) of the FCS. It demonstrates that the 
FCS is stable up to 350 oC and degrades at 370 oC.  The FCS is used as a processing aid in the 
extrusion, blowing or injection molding of polymers to form films, bottles, or molded articles for 

3 The notifier provided sufficient data for the use of “reducing haze from die building up” but the data slide is 
mistitled as “reduce the formation of die build up” on page 4 in Attachment 7.

(b) (4)

(b) (4)-



FCN1601_C_Memo - 7

use as food packaging. The notifier claims this is typically done at less than 350 oC4.

We have no questions about the stability of the FCS. 

Migration Studies & Exposure Estimates

Information about the migration studies and exposure estimates are contained in Attachments 5a, 
9, and 10.

LMWO

The recommendations in our Chemistry Guidance for an FCS that is to be used in all polymers is 
to incorporate the FCS at its maximum use level into test plaques of low density polyethylene 
(LDPE) and conduct migration experiments on these test plaques using the appropriate
conditions of use.. The notifier did not follow our Recommendations but, rather, conducted 
migration studies on the pure FCS using Condition of Use A. Typically, we would not accept 
these migration studies as the migration properties of PTFE polymers are significantly different 
than hydrocarbon based polymers.  However, the mechanism of action of a fluoropolymer used 
as a processing aid in extrusion, molding, and blowing is that the fluoropolymer blooms to the 
surface of the base polymer so that the interfacial properties of the fluoropolymer prevent 
polymer building up in the die and hazing of the finished product.5 Because the FCS blooms to 
the surface, the FCS is essentially forming a coating on the surface of the base polymer.
Therefore, migration of the low molecular weight oligomers (LMWO) and other impurities 
would best be represented by conducting migration experiments on the pure FCS rather than on a 
base polymer such as LDPE.

To determine the level of migration of the LMWO, the notifier measured the total nonvolatile 
extractives (TNEs) from the pure powdered FCS (EP-610) into the food simulants under
simulated condition of use A (121oC for 2 hrs followed by 238 hrs at 40 oC) as described in 
Attachment 9 of the FCN. The food simulants used are 10% ethanol (EtOH) for aqueous and 
acidic foods, 50% EtOH for alcoholic foods and 95% EtOH for fatty foods. A 5 g sample of the 
FCS was placed in a sealed container with 100 mL of food simulant. The extracts were collected 
at 2, 24, 96 and 240 hrs and evaporated to dryness. The mass of the TNEs was determined 
gravimetrically; therefore, there is no calibration curve. The limit of detection (LOD) is the 
fluctuation from analytical operation of the balance of 0.5 mg, which corresponds to 100 mg

4 The extrusion, blow molding or injection molding of polymers must be done above or near the melting point of the 
base polymer but below the degradation or decomposition temperature. For example, polyethylene (LLDPE, LDPE, 
HDPE) melt around 120-140 oC, and polypropylene melts around 160 oC; PET melts around 250 oC but it degrades 
at 350 oC. The melt and decomposition temperatures are from the Kirk-Othmer Encyclopedia of Chemical 
Technology (1992) , 4th edition entries for “Polyesters” by A. J. East,, M. Golden, and S. Makhija, Vol. 19 pp609-
652,“ “Polyethylene” by Y. V. Kissin Vol. 17, pp702-784, and “Polypropylene” by R. B. Lieberman Vol.17 pp784-
819.
5 C. Dubrocq-Baritaud1, E. Darque-Ceretti, B. Vergnes “Fluoropolymer processing aids in linear-low density 
polyethylene extrusion: How to improve their efficiency?” Journal of Non-Newtonian Fluid Mechanics, 208-209, 
June-July 2015, p42-53; C. Dubrocq-Baritaud1, E. Darque-Ceretti, B. Vergnes “Multi-scale phenomena induced by 
fluoropolymer processing aids during the extrusion of linear-low density polyethylene”, Journal of Non-Newtonian 
Fluid Mechanics, 166, January 2011, p1-11
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LMWO/kg FCS. All measurements were conducted in triplicate and the results summarized in 
Table 3, below.

Table 3. Migration of LMWO of the FCS
Food Simulant TNEs
10% ethanol 120 ppm
50% ethanol < 100 ppm
95% ethanol 440 ppm

The notifier characterized the TNEs by IR spectroscopy and gel permeation chromatography 
(GPC). The TNEs in the 10 % EtOH was predominately inorganic whereas the TNEs in the 50 % 
and 95 % EtOH were oligomers. The notifier, while they did provide the GPC calibration, did 
not provide slice tables for the GPC measurements of the TNEs and only characterized the 
oligomers as above or below 1000 Da. However, since the FCS is a fluorinated substance a 1000
Da threshold is not sufficient for fluorinated LMWO6. Because we are unable to determine the 
quantity of LMWO from the GPC data, we will use the TNE value in our exposure estimates.
This is a conservative estimation of the LMWO since the IR characterization demonstrates that 
some of the TNEs are inorganic substances.

The notifier’s migration calculations in Attachment 10 are correct except they used the average 
residual levels, not the maximum residue levels when calculating the dietary concentrations 
(DCs) for the impurities. To calculate the exposure to the LMWO of the FCS, we utilized the 
migration results above and the following information: (1) a typical thickness of the food-contact 
article of 0.02 inches (= 0.5 mm) as provided by the notifier, (2) the typical density of a food-
contact polymer of 1.5 g/cm3 as provided by the notifier, (3) the maximum level of the FCS in 
the food-contact polymer of 2000 ppm and (4) our standard assumption that 10 grams of food 
contacts each square inch of the polymer. Thus, the concentration in aqueous and acidic food 
(M10%EtOH) of the LMWO of the FCS is:   M  = 0.02 in x .      x ( .  )  x .      x   LMWO    x     =0.0118      =  11.8 ppb LMWO
Similarly, the M50%EtOH and M95%EtOH were calculated to be 9.8 ppb and 43.3 ppb, respectively. 
Using a consumption factor (CF) of 0.4 for all polymers7 and a combined food-type distribution 
factor of 0.65 for aqueous and acidic foods, of 0.01 for alcoholic foods, and of 0.34 for fatty 
foods, the dietary concentration (DC) of the LMWO of the FCS from the proposed use of the 
FCS is:

6 Several previous chemistry memoranda contain discussions of the LMWO molecular-weight threshold for 
fluorinated polymers. In the chemistry memorandum for FCN 599 (K. Paquette to P. Honigfort, dated May 31, 
2006) the threshold was 2400 Da, and in the chemistry memorandum the FCN 885 (S. Elyashiv-Barad to P. 
Honigfort, dated May 14, 2009) the threshold was 2000 Da. The chemistry memorandum for FCN 933 (S. Elyashiv-
Barad to K. Randoph, dated December 1, 2009) contains a detailed discussion on determining the LMWO threshold 
of the FCS from a comparison of the solvent exclusion volume and molecular mass of the perfluorohexylethyl 
acrylate to its hydrocarbon equivalent to determine the scaling factor of 1.87.
7 The use of a CF of 0.4 excludes the use of the FCS in polymers used to coat metal and paper.
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DC = 0.4 [(0.65 x 11.8 ppb) + (0.01 x 9.8 ppb) + (0.34 x 43.3 ppb)]
DC = 0.4 = 0.4 x 22.5 ppb = 9 ppb LMWO

Using our standard assumption that a person consumes 3000 g food/day, the estimated daily 
intake (EDI) of the LMWO is 27 μg LMWO/p/d.

Impurities

Exposure to the impurities is calculated assuming 100% migration of the impurities from the 
food contact article to food. The notifier’s calculations in Attachment 5a are correct except they 
used the average residual levels, not the maximum residual levels when calculating the DCs for 
the impurities.8 To calculate the average migration, <M>, for the impurities we used the 
following information, as provided by the notifier: (1) a typical thickness of the food-contact 
article of 0.02 in (= 0.5 mm), (2) a typical density of a food-contact polymer of 1.5 g/cm3, (3) the 
maximum level of the FCS in the food-contact polymer of 2000 ppm, (4) the maximum residual 
level of the impurities in the FCS, and (5) our standard assumption that 10 grams of food 
contacts each square inch of food-contact polymer.  Thus, the average migration, <M>, of 

from the proposed use of the FCS is:< M >  =  0.02 in x .      x ( .  )  x .      x       x     =.00049     =  0.49 ppb 
Using a CF of 0.4, the DC of from the propose use of the FCS is 0.4 x 0.49 ppb = 0.197
ppb. With a daily diet of 3000 g food/person/day, the estimated daily intake (EDI) of  is 
0.6 μg /p/d. The other impurities were calculated in the same manner, and their average 
migration, DCs and EDIs are listed below in Table 3.

Table 3. Exposure Estimates for the FCS and its Impurities
Impurity <M> (ppb) DC (ppb) EDI (μg/p/d)

LMWO 22.5 9 27
2,3,3,4,4,5,5-heptafluoro-1-pentene 0.010 0.004 0.012

0.020 0.008 0.024
0.010 0.004 0.012
1.082 0.433 1.3
0.492 0.197 0.6

We have no questions about the migration and exposure estimates for the FCS and its impurities.

Cumulative Exposures

2,3,3,4,4,5,5-heptafluoro-1-pentene is a new substance. We have no record of it used in any other 
FCNs or regulations.  Therefore the EDI presented in Table 3 is its current cumulative estimated 

8 It also does not include an exposure estimate for HFP. The notifier includes the DC for HFP, calculated from a 
residual level of 51 ppb, in their November 6th, 2015 response letter.

(b) (4)

(b) 
(4)

(b) (4) (b) (4)

(b) 

(b) (4)
(b) (4)

(b) (4)

(b) (4)
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daily intake (CEDI). 

Notification Language 

The notification language as written in the December 15, 2015 acknowledgement letter, while 
likely sufficient, has some ambiguity. We recommend using the limitation language in FCN 736 
as a model because it clearly indicates that the limitations are for the FCS rather than the 
polymer containing the FCS. The limitation language in FCN 726 is "The FCS may be used at 
levels up to l00Oppm in the finished polymer...The FCS will be used in contact with all food 
types and under Conditions of Use A through H, as described in Table 2." 

Conclusions 

We have no questions. 

HFS-275 (R/F) 

Abigail E. 
Miller -5 

Digitally signed by Abigail E. Miller -S 

ON: c=US, o=U.S. Government, ou=HHS, 
ou=FDA, ou=People, 
0.9.2342.19200300.100.1.1 =2001635697, 

cn=Abigail E. Miller -S 
Date: 2016.02.01 10:01:37-05'00' 

Abigail E. Miller, Ph.D. 

HFS-275:AEMiller: 240-402-1224:FCN00160l_C_memo.doc:AEM:Draft 1/4/16, 1/29/16 
Init: K.Arvidson: 2/ 1/2016 
Final: AEM: 2/ 1/2016 
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DEPARTMENT OF HEALTH & HUMAN SERVICES Public Health Service
Food and Drug Administration

Memorandum
Date: January 19, 2016

From: Division of Food Contact Notifications (DFCN) 
Toxicology Group 2 (HFS-275)
Tsu-Fan Cheng, Ph.D.

Subject: Acceptance of the final three Technical Data Evaluation Reports ( Task Order No. 
2015-27; dated December 18, 2015) prepared by Toxicology and Hazard Assessment 
Group, Environmental Sciences Division, Oak Ridge National Laboratory (ORNL). 

To: Administrative Files of FCN 1601

Genetic Toxicity Studies

The notifier for FCN 1601 submitted three genotoxicity studies: (1) Reverse mutation assay 
“Ames test” using Salmonella typhimurium and Escherichia coli / SPL Project No. 
(2) Chromosomal aberration test of 2,3,3,4,4,5,5-heptafluoro-1-pentene in cultured mammalian 
cells / Japan Bioassay Laboratory Study number  and (3) Combination Study of 
Micronucleus Test and Comet Assay in Rats Treated with H2Pentene / LSI Medience 
Corporation Study No. The ORNL contract reviewers performed the primary review, 
and this reviewer performed the secondary review. The Technical Data Evaluation Reports
(TDERs) of these reports are attached to this memorandum.

The test article, 2,3,3,4,4,5,5-heptafluoro-1-pentene (CASRN: 1547-26-8), is the monomer used 
in the production of the polymer that is the FCS for FCN 1601.1 The three studies reviewed 
herein were received on November 6, 2015 as supplemental information in response to the 
deficiency letter dated October 23, 2015. 

In the first bacterial reverse gene mutation assay (SPL Project No.  S. typhimurium
TA98, TA100, TA1535, and TA1537 and E. coli WP2(uvrA) were treated with H2Pentene 
(99.9% pure) in DMSO with or without metabolic activation (S9). This is a GLP study with both 
signed and dated GLP and QA statements. The assay constituted a preliminary cytotoxicity test, a 
range-finding test, a main study and a confirmatory study (pre-incubation method and only 
TA100 + S9). No cytotoxicity or precipitation of the test article was observed when cells were 
tested up to 5000 g/plate. A dose-dependent increase in the number of TA100 revertant colonies 
at doses g/plate was constantly reported in all 4 experiments in the presence of S9. No
increase in the number of revertant colonies was reported for any other tester strains. The positive 

1 FCN 1601: The use of 2,3,3,4,4,5,5-heptafluoro-1-pentene polymer with ethene and tetrafluoroethene for the 
property improvement in extrusion process of all polymers for food packaging, except for use in contact with infant 
formula and breast milk.

(b) (4)

(b) (4)

(b) (4)(b) (4)

(b) (4)(b) (4)
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and negative concurrent controls produced colony counts that were within or very near the 
respective historical control values. Toxicology concurred with the contract reviewer that the test 
article, 2,3,3,4,4,5,5-heptafluoro-1-pentene, is mutagenic under the test conditions. In addition, 
the TDER also noted that due to high volatility of the test substance, the concentration that 
caused the positive response could not be confirmed. 

In the second in vitro chromosomal aberration test, Chinese hamster lung (CHL) cells were 
exposed to H2Pentene (99.2% pure) in 1% carboxymethylcellulose (CMC) in the presence and 
absence of S9 metabolic activation. This is a GLP study with both signed and dated GLP and QA 
statements. The study consisted of a preliminary cytotoxicity/cytogenetic test and a main 
cytogenetic test. The positive control agents were mitomycin C (- S9) and benzo(a)pyrene (+ S9). 
The cells were exposed to the test article for 24 and 48 hours without S9, and 6 hours with or 
without S9. Colcemid was added to the treated cultures 2 hours before harvest. One hundred and 
two hundred metaphase cells were evaluated for aberrant chromosomes for the preliminary and 
the main tests, respectively. For both tests, a dose-dependent increase in the incidence of 
structural chromosomal aberrations at doses mg/ml was observed in the presence of S9, but 
not in its absence. Polyploidy was not increased (±S9).  The positive and negative controls 
yielded appropriate results. The ORNL reviewer mistakenly stated that the short-term (6 hours) 
treatment was conducted only in the presence of S9 and not in its absence. Toxicology 
considered this oversight does not affect the overall assessment of the study since no increase of 
structural or numerical aberration was reported for CHL cells treated with H2Pentene for 6 hours 
without S9. The contract reviewer concluded, and Toxicology concurred, that H2Pentene induced
a dose-dependent increase in structural chromosomal aberrations in CHL cells under the test 
conditions (in the presence of S9). In addition, the TDER also noted that due to high volatility of 
the test substance, the concentration that caused the positive response could not be confirmed. 
Toxicology concurred. 

In the third combination study of micronucleus test and comet assay in rats treated with 
H2Pentene, 5 – 7 male Crl:CD (SD) rats/dose were treated with H2Pentene (purity not given) in 
olive oil via oral gavage at nominal doses of 0, 250, 500, and 1000 mg/kg/day at 48, 24 and 3 
hours before sacrifice. Analysis showed that the formulations were unstable, and the respective 
mean concentrations administered to the animals were 191-208, 375-467 and 719-859
mg/kg/day. Ethyl methanesulfonate (200 mg/kg) was the positive control for both assays, and 
was administered by gavage on the same schedule. Bone marrow cells were harvested from the 
right femur after sacrifice, and 2000 immature erythrocytes (IMEs) per dose, per rat, were 
evaluated for the presence of micronuclei. The liver, glandular stomach and kidneys were 
collected from the same animals, and single cell preparations were made by homogenization and 
evaluated for DNA damage via the Comet assay. Gross necropsy of the liver, glandular stomach
and kidneys revealed no treatment-related findings.

H2Pentene did not increase the incidence of micronucleated immature erythrocytes (MNIME) at 
any test dose, and all test and control mean values were within the laboratory’s historical 
negative control range. H2Pentene was cytotoxic to the bone marrow at all test doses, based on 
the significantly (p<0.05) decreased immature: mature erythrocyte ratio. This suggests that bone 
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marrow cells were well exposed to H2Pentene during the test. The positive control induced a 
significant increase in micronucleated IMEs and was cytotoxic to the bone marrow. 

The Comet assay using liver, glandular stomach and kidney cells showed no significant 
differences between control and H2Pentene-treated groups in the tail length, tail moment, or % 
tail DNA.  Mean values for all Comet parameters were within or comparable to historical 
negative control ranges for the vehicle control and H2Pentene-treated groups.  The fraction of 

4.0% in all test groups for all three organs, indicating a lack of severe 
cytotoxic effects on these tissues. The positive control values yielded appropriate results.
Systemic absorption and distribution of the test article was indicated by clinical signs of toxicity 
and decreased body weight gain at 1000 mg/kg/day, and bone marrow toxicity at 250, 500, and 
1000 mg/kg/day; gavage dosing ensured exposure of the glandular stomach.  

Several deficiencies were identified for the study: (1) the test compound purity was not stated; 
(2) the preliminary study did not include treated females, and it is unknown whether females may 
be more susceptible to H2Pentene toxicity than males; and (3) the historical control data for the 
Comet assay using kidney cells were limited. These deficiencies were considered not to impact 
the conclusion of the study. The contract reviewer concluded and Toxicology concurred, that
H2Pentene was not clastogenic and does not induce DNA damage indicative of being non-
mutagenic and non-clastogenic under the in vivo test conditions.

These TDERs are acceptable as finals. 

Tsu-Fan Cheng, Ph.D.

Tsu-fan 
Cheng -S

Digitally signed by Tsu-fan Cheng -S 
DN: c=US, o=U.S. Government, 
ou=HHS, ou=FDA, ou=People, 
cn=Tsu-fan Cheng -S, 
0.9.2342.19200300.100.1.1=00130404
08 
Date: 2016.03.10 13:29:20 -05'00'

(b) (5)
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DEPARTMENT OF HEALTH & HUMAN SERVICES Public Health Service
Food and Drug Administration

Memorandum
Date: February 02, 2016

From: Division of Food Contact Notifications (DFCN) 
Toxicology Group 2 (HFS-275)
Tsu-Fan Cheng, Ph.D.

Subject: Toxicology Memorandum for FCN 1601: The use of 2,3,3,4,4,5,5-heptafluoro-1-
pentene polymer with ethene and tetrafluoroethene (CAS Registry No. 94228-79-2) 
as a polymer additive for property improvement in extrusion process of all polymers 
for food packaging.

To: Regulatory Group 1, DFCN
ATTN: Huichen  Chang, Ph.D. (HFS-275) 

INTRODUCTION:
This Food Contact Notification (FCN) is submitted by Center for Regulatory Services, Inc., on 
behalf of Daikin Industries, Ltd., for the use of the Food Contact Substance (FCS), 2,3,3,4,4,5,5-
heptafluoro-1-pentene polymer with ethene and tetrafluoroethene (CAS Registry No. 94228-79-
2) as a polymer additive for property improvement in extrusion process of all polymers for food 
packaging. . The 
notifier updated the exposure estimates for the current FCN and re-submitted the 3 genotoxicity 
studies already submitted  to support the safe use of the FCS polymer. These 3 
genotoxicity studies contain the same original data but with an amendment that updated the 
solubility of the testing article in acetone but did not provide information of why solubility would 
change from the  to this current one. In addition, substantive supplemental information 
was received on 11/06/2015 which contained 3 genotoxicity studies that addressed the safety of 
the FCS monomer (2,3,3,4,4,5,5-heptafluoro-1-pentene). The FCS may be used in contact with 
all food types and under Conditions of Use A through H. The FCS is not intended for use in 
contact with infant formula and breast milk.

FOOD CONTACT SUBSTANCE (FCS):
CAS Name: 2,3,3,4,4,5,5-Heptafluoro-1-pentene polymer with ethene and 

tetrafluoroethene
CAS Number: 94228-79-2
Trade Name:

ESTIMATED EXPOSURE:
The following dietary concentrations (DCs) of the FCS low-molecular-weight-oligomer 
(LMWO) and impurities are provided in the Chemistry note (Miller/Chang, 02/01/2016). The 
estimated exposure for LMWO is based on migration studies, and the exposure estimates for 
impurities were based on 100% migration of the residual levels.

(b) (4)

(b) (4)

(b) (4)

(b) (4)
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with or without the metabolic activation (S9), and continuous (24 and 48 hr) treatments
without S9. Acetone was the vehicle control, and mitomycin C (-S9) and benzo(a)pyrene 
(+S9) were used as positive controls. Duplicate cultures were treated and 300 cells were 
counted for every dose tested. Two hours prior to harvest, colcemid was added to cultures 
to obtain metaphase cells. Both vehicle and positive controls produced expected results, 
and no statistically significant increase of cells with aberrant chromosomes was reported 
when treated with Acetone was used as the solvent but precipitation 
was observed at every dose tested. Toxicology considered that  is not 
clastogenic in CHL/IU cells in vitro, but the confidence of this conclusion was decreased 
due to precipitation reported at every dose tested. 

(2) Mutagenic potential of  in the mouse lymphoma TK assay (Study 
number: )

This is a GLP-compliant study with both signed and dated GLP and QA statements. The 
mutagenicity potential of  (CASRN: 94228-79-2) was tested in the 
mouse lymphoma L5178Y cell TK assay. The assay was carried out in the 96-microwell 
plate with or without S9, and comprised of dose range-finding studies, short-term studies 
(3 hrs exposure +/- S9) and one long-term study (24 hrs exposure -S9). Methyl 
methanesulfonate (-S9) and cyclophosphamide (+S9) were the positive control agents. 
Acetone was the vehicle control. The test article was tested in the soluble form at several 
lower doses (before precipitation appeared) in both 3hr and 24 hr treatment without S9, 
precipitation was observed for every testing dose in the 3hr treatment with S9. No dose-
related, statistically significant increase in mutation frequency was observed. Toxicology 
considered that  did not induce mutations in the mouse lymphoma TK
locus assay using L5178Y cells under the test conditions, but several deficiencies had 
decreased the confidence in this conclusion: (1) an insufficient number of six 
concentrations were tested per assay with single cultures, whereas Redbook 2000 
guidelines call for at least 8 analyzable test concentrations with single cultures. (2) The 
lowest Relative Total Growth percentage (% RTG) in the 24-hour assay was 39%.  Per 
Redbook 2000 guidelines, there should be at least one data point between 10 and 20% 
RTG unless the test material is clearly mutagenic. In addition, precipitation was observed 
at every dose tested when cells were exposed for 3 hours with S9.

(3) Bacterial reverse mutation test of (Study number: 

This is a GLP-compliant study with both signed and dated GLP and QA statements. The 
mutagenicity potential of  (CASRN: 94228-79-2) was tested in a 
bacterial reverse mutation test using pre-incubation method with or without S9. Four 
tester strains of Salmonella typhimurium, TA100, TA1535, TA98, TA 1537, and E.coli
WP2uvrA were employed in the assay. A dose range-finding study was first conducted 
where precipitation was observed at 5000 g/plate. Two independent assays were 
subsequently conducted from 156 ~ 5000 g/plate where precipitation was observed at 

(b) (4)
(b) (4)

(b) (4)

(b) (4)

(b) (4)

(b) (4)

(b) (4)

(b) (4)

(b) (4)
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2500 and 5000 g/plate (+/- S9), and cytotoxicity was observed at 5000 g/plate (-S9). 
All testing was done in triplicate and acetone was used as the solvent and vehicle control. 
All positive controls produced significant increase in the number of revertant colonies, 
and none of the testing dose produces statistically significant increase in the revertant 
colonies as compared to the vehicle control. 2-Aminoanthracene was used as the sole 
positive control agent in the presence of S9, which is considered as a deficiency 
according to Redbook 2000.2 Toxicology considered that  was not 
mutagenic under the test conditions.

A preliminary QSAR analysis was conducted by the QSAR Team in DFCN for the 
withdrawn  The results indicated that the LMWO is not likely to be mutagenic or 
carcinogenic (Arvidson/Cheng, personal communication). No alerting structural feature can 
be identified from the LMWO, Toxicology has no safety concerns at the proposed exposure 
of 9 ppb.

2. 2,3,3,4,4,5,5-Heptafluoro-1-pentene (H2Pentene; CASRN: 1547-26-8; DC: 4 pptr)
The notifier submitted three genotoxicity studies for this monomer as supplemental 
information on 11/06/2015. The studies are (1) Ames assay, (2) in vitro chromosomal 
aberration assay, and (3) Combination study of micronucleus test and comet assay in rats.
These studies were primary reviewed by ORNL contract reviewer and secondary reviewed by
Toxicology. The studies are summarized as follows: 

(1) H2Pentene: Reverse Mutation Assay "Ames Test" using Salmonella Typhimurium And 
Escherichia Coli (SPL PROJECT NUMBER: 

This is a GLP-compliant study with both signed and dated GLP and QA statements. 
Salmonella typhimurium tester strains TA1535, TA1537, TA98 and TA100 and 
Escherichia coli strain WP2uvrA- were treated with the test article up to five dose levels 
in triplicate, both with and without the addition of metabolic activation (S9). The study 
consisted of the range-finding experiment, a main experiment using the plate 
incorporation method, and the confirmatory experiment using the pre-incubation method.
Dimethyl sulphoxide (DMSO) was used as the vehicle control. No cytotoxicity and 
precipitation was reported at the top dose of 5000 g/plate.

The test article induced statistically significant (p , dose-related and reproducible 
increases in the number of revertant colonies only in the tester strain TA100 with S9 at 
and above 500 g/plate in both the range-finding and the main experiment using the plate 
incorporation method. To confirm this result, the third confirmatory experiment using the 
pre-incubation method was carried out using only the tester strain TA100 with S9 and a 
more closely spaced dose levels (0, 2000, 3000, 4000 and 5000 g/plate). Statistically 
significant increases in the number of revertant colonies were again observed in the 

2http://www fda.gov/Food/GuidanceRegulation/GuidanceDocumentsRegulatoryInformation/IngredientsAdditivesGR
ASPackaging/ucm078330 htm

(b) (4)

(b) (4)

(b) (4)
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confirmatory test. Toxicology considered the testing article, H2Pentene, is mutagenic 
under the test conditions. 

(2) Chromosomal Aberration Test of 2,3,3,4,4,5,5-Heptafluoro-1-Pentene in Cultured 
Mammalian Cells (Study Number 

This is a GLP-compliant study with both signed and dated GLP and QA statements. 
2,3,3,4,4,5,5-Heptafluoro-1-pentene was tested in a chromosomal aberration assay using 
Chinese hamster lung cells (CHL) with a short-term treatment (6 hrs) with and without 
metabolic activation (S9), or continuous treatments (24 or 48 hrs) without S9. 1% 
Solution of carboxymethyl cellulose (CMC) sodium salt was the vehicle control, and 
Mitomycin C and benzo(a)pyrene were used as the positive controls without and with 
metabolic activation, respectively.

200 cells were scored for aberrant chromosomes, and increased chromosomal aberrations 
were observed between 0.1 mg/ml and 0.4 mg/ml after 6 hours treatment in the presence 
of the S9. No induction of chromosomal aberration was observed in the absence of 
metabolic activation. Toxicology considered that the test article induced structural 
chromosomal aberrations in CHL cells under the test conditions. 

(3) Combination Study of Micronucleus Test and Comet Assay in Rats Treated with 
H2Pentene (Study No.: 

This is a GLP-compliant study with both signed and dated GLP and QA statements. Male 
Crl:CD(SD) rats were dosed via gastric tube at 0, 250, 500 or 1000 mg/kg bw/day at 48, 
24 or 3 hr before sacrifice. Seven animals were allocated for the top group and 5 animals 
were allocated for the rest of the groups. Ethyl methanesulfonate (EMS) was used as the 
positive control agent and was administered by gavage at 200 mg/kg/day. Bone marrow 
cells were harvested from the right femur after sacrifice, and 2000 immature erythrocytes 
(IMEs) per dose, per rat, were evaluated for the presence of micronuclei. The liver, 
glandular stomach, and kidneys were collected from the same animals, and single cell 
preparations were made and evaluated for DNA damage via the Comet assay. Gross 
necropsy of the liver, glandular stomach, and kidneys revealed no treatment-related 
findings. H2Pentene did not increase the incidence of micronucleated immature 
erythrocytes (MNIME) at any test dose, and all test and control mean values were within 
the laboratory’s historical negative control range.  H2Pentene was cytotoxic to the bone 
marrow at all test doses, based on the significantly (p<0.05) decreased immature: mature 
erythrocyte ratio. The positive control induced a significant increase in micronucleated 
IMEs, and was cytotoxic to the bone marrow.  

The Comet assay using liver, glandular stomach, and kidney cells showed no significant 
differences between control and H2Pentene-treated groups in the tail length, tail moment, 
or % tail DNA.  Mean values for all Comet parameters were within or comparable to 
historical negative control ranges for the vehicle control and H2Pentene-treated groups. 

(b) (4)

(b) (4)
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concerns regarding the proposed use of the FCS, based on the exposure estimates and the 
toxicological evaluation of the available data as indicated above.

Tsu-Fan Cheng, Ph.D.

Tsu-fan 
Cheng -S

Digitally signed by Tsu-fan Cheng -S 
DN: c=US, o=U.S. Government, 
ou=HHS, ou=FDA, ou=People, 
cn=Tsu-fan Cheng -S, 
0.9.2342.19200300.100.1.1=00130404
08 
Date: 2016.02.02 10:11:57 -05'00'
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Date: December 16, 2015 
 
From: Biologist, Environmental Review Team, Division of Biotechnology and GRAS Notice 

Review (HFS-255)  
 
Subject:  FCN 1601 (2,3,3,4,4,5,5-Heptafluoro-1-pentene polymer with ethene and 

tetrafluoroethene, CAS Reg. No. 94228-79-2) Categorical Exclusion Memorandum  
 
Notifier: Center for Regulatory Services, Inc. on behalf of Daikin Industries, Ltd. 
 
To: Anita Chang, Ph.D., Consumer Safety Officer, Division of Food Contact Notification (HFS-

275) 
 
Through: Suzanne Hill, Environmental Team Supervisor, Office of Food Additive Safety (HFS-255) 

 
 
 

This memorandum explains how the Food and Drug Administration Center for Food Safety and Applied 
Nutrition (FDA CFSAN) has met the requirements under the National Environmental Policy Act (NEPA) for 
the food contact substance (FCS) notification 1601 (FCN 1601).  
 
The FCS that is the subject of FCN 1601 is 2,3,3,4,4,5,5-Heptafluoro-1-pentene polymer with ethene and 
tetrafluoroethene (CAS Reg. No. 94228-79-2). The FCS is intended to be used for the property 
improvement in extrusion process of all polymers for food-packaging. Specifically, the FCS is intended to 
be used at levels up to 2000 ppm in all polymers that contact all food types under conditions of use A-H, as 
described in Tables 1 and 2.1 The finished product is not for use in contact with infant formula and breast 
milk. Such uses are not included as part of the intended use of the substance in the FCN. 
 
We reviewed the notifier’s claim of categorical exclusion under 21 CFR 25.32(i) for FCN 1601 and 
concluded that the categorical exclusion is warranted. The claim of categorical exclusion cites the section, 
21 CFR 25.32(i), under which the categorical exclusion is warranted, states compliance with the categorical 
exclusion criteria, and states that no extraordinary circumstances exist that require the submission of an 
environmental assessment (EA).  
 
As a part of our review, we confirmed the criteria for a categorical exclusion under 21 CFR 25.32(i) were 
met, which include that the FCS will be used in finished food-packaging material, the use level is less than 
5% by weight, and the FCS will remain with the food-packaging through use by the consumer. We also 
confirmed that to the best of our knowledge there are no extraordinary circumstances associated with the 
effective notification of FCN 1601 that would require the preparation of an EA under NEPA. In particular, 
we identified no extraordinary circumstance involving greenhouse gas emissions (as estimated emissions 

                                                 
1 http://www.fda.gov/Food/IngredientsPackagingLabeling/PackagingFCS/FoodTypesConditionsofUse/default.htm  

http://www.fda.gov/Food/IngredientsPackagingLabeling/PackagingFCS/FoodTypesConditionsofUse/default.htm
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are below those that require quantitative disclosure as outlined in the Council on Environmental Quality’s 
Revised Draft Guidance for Greenhouse Gas Emissions and Climate Change Impacts2). 
 

Please let us know if there is any change in the identity or use of the FCS. 

 

Sarah C. Winfield 

 

 

cc:        HFS-255  Winfield 

File:  FCN No. 1601 

                                                 
2 The Council on Environmental Quality (2014), Revised Draft Guidance for Greenhouse Gas Emissions and Climate 
Change Impacts, 
https://www.whitehouse.gov/sites/default/files/docs/nepa_revised_draft_ghg_guidance_searchable.pdf 

https://www.whitehouse.gov/sites/default/files/docs/nepa_revised_draft_ghg_guidance_searchable.pdf


DEPARTMENT OF HEALTH & HUMAN SERVICES Public Health Service

Food and Drug Administration
College Park, MD  20740

Date: July 07, 2015

From: Kelly Randolph, D.V.M, M.P.H.

Subject: FCN 001560: Vinylidene fluoride-hexafluoropropene copolymer (CAS Reg. No 
9011-17-0)

To: Administrative File, Food Contact Substance Notification (FCN) No. 001560

This memorandum is in reference to FCN 001560 received May 21, 2015, submitted on behalf 
of Arkema, Inc., in accordance with section 409(h) of the Federal Food, Drug, and Cosmetic Act 
(FFDCA)(21 U.S.C. 348(h)).

Technical Review Team

Consumer Safety Officer:  Kelly Randolph, D.V.M, M.P.H.
Chemist:                             Daniel Chan, Ph.D.
Toxicologist:                      William Roth, Ph.D.
Environmental Scientist:    Leah Proffitt

Background

GRAS Associates LLC, on behalf of Arkema, Inc., submitted this FCN for the use of a food 
contact substance (FCS) described as vinylidene fluoride-hexafluoropropene (VDF-HFP) 
copolymer (CAS Reg. No. 9011-17-0).  The FCS, marketed under the name  is 
intended for use as a processing aid for food-contact polymers at levels not t ppm 
in all polymers with a maximum thickness of 10 mils in contact with all food types under
conditions of use A-H.  The FCS is not for use in contact with infant formula and breast milk and 
such use was not included as part of the intended use of the substance in the FCN.

Regulatory Status 

VDF-HFP copolymers for food contact use are authorized under 21 CFR 177.1350 (Ethylene-
vinyl acetate copolymers) and 177.1520 (Olefin polymers), and as the base elastomer under
177.2600 (Rubber articles intended for repeated use).  These copolymers are also the subject of 
FCN 736.  The most relevant authorizations are in FAP 9B4169 and FCN 1448.  

(b) (4)

(b) (4)
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Chemistry 

Identity 
CAS Nam e: 1-Propene, 1,1,2,3,3,3-hexafluoro-, polymer with 1,1-difluoroethene 
CAS Number: 9011-17-0 <---~~~---
Trade Name: b) 4 
Other Names: Poly(vinylidene fluoride-hexafluoropropylene) copolymer 

VDF/HFP copolymer 

Structure: - - - -
H F F F 

R .;F3 
m n - - - -

Characterization: In attachment 2 of the submission, the notifier provided an 1H-NMR, 19F-NMR 
and an IR that adequately characterize the FCS. These were previously reviewed and accepted in 
our review of FCN 14482

. 

While the FCS is essentially identical to that described in FCN 1448, the notifier requests a 
change in the composition of the FCS from a maximum of 16% hexafluoropropene to a 
maximum of 19% hexafluoropropene. 

Manufacture 

The manufacturing process is the same as described in FCN 1448, which was reviewed 
previously1

. The notifier refers to two patents D) 4 to describe the 
manufacturing process. A synopsis of the process, including percentages of each reagent, is 
found in attachment 5. Ce1i ificates of analyses are provided for all reagents including the two 
monomers and the catalyst. 

Intended Use/Technical Effect 

Data to suppo1i the FCS use level and technical effect are listed in Attachments 20-21 of the 
submission. The FCS is intended for use as a processing aid for all polymers with a maximum 
thickness of 10 mils at a maximum level of 2000 ppm for all food types under conditions of use 
A-H. The FCS eliminates melt fracture (shark skin) and reduces gels. Additionally, it improves 
film tJ.·ansparency, smoothness and surface aspect, product appearance, and mechanical 
prope1iies. 

2 See our summary memorandum on FCN 1448 dated 07-29-2014; M. Swain. 
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We have no questions on the use and technical effects of the FCS. 

Stability 

Aging data, color and prope1iy retention data (attachment 22) along with the1mogravimetric 
analysis data from F AP 9B4 169 indicate appropriate stability of resins containing the FCS. 
fuitial the1mal decomposition of the FCS described in F AP 9B4169, which is similar to the 
subject FCS, occurs above 375 °C in air. Attachment 22 is the same attachment that was 
provided in FCN 1448. 

We have no questions regarding the stability of the FCS. 

Migration and Consumer Exposure 

As the manufacture of the FCS is essentially identical to that described in FCN 1448, except for 
a slight increase in hexafluoropropene incorporation from b 4 we expect that there 
would be little change in the properties of the FCS and its impurity profile from that described in 
FCN 1448. Additionally, GPC data shows the percentage ofLMWO < E ~ Daltons in the FCS 
is lower than in the representative batch of polymer used in FCN 1448. Therefore, we would 
expect the exposure to the FCS and its impurities to be no greater than those calculated in FCN 
1448. 

fu the summa1y memorandum on FCN 14481
, we note that a consumption factor 9f .bJ <4J should 

be used for these types of perfluorinated additives in place of the notifier 's CF of' b '''I As such, 
exposure to LMWO was recalculated to be 2.08 ppb. However, we note that the table of 
exposure estimates provided in the summary memorandum on FCN _1448 is incon ect in that it 
does not contain the exposure values recalculated by FDA using the bTT4JI consumption factor; it 
only reproduces the notifier 's estimates. We have recalculated the exposure values to the FCS 
and its impurities using the appropriate consumption factor of"bJ <4JJ and summarized those values 
in Table 1. 

Table 1. Exposure estimates for the constituents/impurities of the FCS 

Chemical/Common Name CAS Reg. No. DC /ppb EDI/(µg/p/d) 
LMWO < 2500 Daltons 2.08 6.24 
Vinylidene fluoride 75-38-7 Essentially zero 
Hexafluoropropene 116-15-4 Essentially zero 

(b) (4) 0.006 0.018 
1.07 3.21 
0.36 1.08 
0.18 0.54 

I Fluoride I 16984-48-8 0 001 0 003 

(b) (4) 7 
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Toxicology 

Toxicity of FCS: 
Previous reviews of this polymer in F AP 9B4 l 69 and FCN 260 found no concern as 
oligomers of the FCS were negative in genetic toxicity studies and no information was found 
indicating other toxic or carcinogenic activity. 

Constituents / Impurities 

A list of expected migrating constituents and impurities was provided by the notifier. 
All of these chemicals are authorized for use in foods at levels well above 
the expected incremental dietaiy concentrations from the proposed use. 

Toxicity Info1mation Provided 

The notifier included a safety nairntive and Comprehensive Toxicology Profile for all 
constituents and im urities. All ai·e authorized for multi le uses. (b) (4) 

There are no safety concerns with this FCN . 

Environmental 

In the FCN submission, the notifier makes a claim of categorical exclusion under 21 CFR 
25.32(i), non-coating use of the FCS. In this notification the maximum use level of the FCS in 
the finished food-contact aiticle is 2000 ppm (0.2 w1°/o), which meets the use limit criterion of 
"not greater than 5 percent-by-weight" specified in the categorical exclusion. 

The Environmental Review Team has reviewed the claim of categorical exclusion for the above 
referenced notification and has concluded that it is wa1rnnted. The notifier cites the section under 
which the categorical exclusion is applicable, states compliance with the criteria for the 
categorical exclusion, and states that no extraordinaiy circumstances exist that require the 
submission of an environmental assessment. Attached is a memorandum for categorical 
exclusion for this FCN (L.Proffitt to K. Randolph, 07/01/2015) (Attachment 1). 

Environmental has no concerns regai·ding the notified use of this FCS. 

Conclusion 
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FDA has evaluated data in the FCN 001560, and other relevant material.  Based on this 
information, FDA has concluded that the proposed use of the food contact substance is 
acceptable subject to the following conditions:  

Food Contact Substance 
(FCS)

Intended Use Limitations/Specifications

Vinylidene fluoride-
hexafluoroprpene copolymer 
(CAS Reg. No. 9011-17-0)

As a processing aid for 
food contact polymers, 
except for use in contact 
with infant formula and 
breast milk (see 
Limitations/Specifications)

For use at levels not to exceed 2000 
ppm in all polymers with a 
maximum thickness of 10 mils in 
contact with all food types (I-IX) 
under conditions of use A-H, as 
defined in Tables 1 and 2, 
respectively (see Attachment 1).  
The FCS is not for use in contact
with infant formula and breast milk.  
Such use was not included as part 
of the intended use of the substance 
in the FCN.  

Effective Date:  This notification will become effective on September 18, 2015.

Kelly Randolph, D.V.M, M.P.H.

Attachment(s):  Categorical Exclusion Memorandum for FCN 1560 dated 

cc: HFS-275    FCN 001560
FileName: F001560summary memo
R/D:HFS-275:KMRandolph 06/23/15
INIT:ALipman:HFS-275:07/01/15
DChan:HFS-275:06/25/15
WRoth:HFS-275::06/23/15
LProffitt:HFS-246:06/29/15

Kelly M. Randolph -A
Dig tal y signed by Ke ly M  Randolph A 
DN  c=US  o=U S  Government  ou=HHS  ou=FDA  ou=People  
0 9 2342 19200300 100 1 1=1300159205  cn=Kelly M  Rando ph A 
Date  2015 07 07 08 48 55 04'00'



 
 

 
 

DEPARTMENT OF HEALTH & HUMAN SERVICES  Public Health Service 

Food and Drug Administration 
College Park, MD  20740 

 
Date:  July 29, 2014 
 
From:  Marla D. Swain, Ph.D. 
  
Subject: FCN 001448:  Vinylidene fluoride-hexafluoropropene copolymer (CAS Reg. No 

9011-17-0) 
 
To:  Administrative File, Food Contact Substance Notification (FCN) No. 001448 
 
This memorandum is in reference to FCN 001448 received April 30, 2014 submitted by GRAS 
Associates, LLC, on behalf of Arkema, Inc., in accordance with section 409(h) of the Federal 
Food, Drug, and Cosmetic Act (FFDCA)(21 U.S.C. 348(h)). 
 
Technical Review Team 
 
Consumer Safety Officer:  Marla D. Swain, Ph.D. 
Chemist:                             Michael C. VanDerveer, Ph.D. 
Toxicologist:                      Adejoke Ogungbesan, Ph.D. 
Environmental Scientist:    Mariellen Pfeil 
 
Background 
 
GRAS Associates, LLC, on behalf of Arkema, Inc., submitted this FCN for the use of a food 
contact substance (FCS) described as vinylidene fluoride-hexafluoropropene (VDF-HFP) 
copolymer (CAS Reg. No. 9011-17-0).  The FCS, marketed under the name , is 
intended for use as a processing aid for food-contact polymers at levels not to exceed 2000 ppm 
in all polymers with a maximum thickness of 10 mils in contact with all food types under 
conditions of use A-H.  The FCS is not for use in contact with infant formula and breast milk and 
such use was not included as part of the intended use of the substance in the FCN. 
 
Regulatory Status  
 
VDF-HFP copolymers for food contact use are authorized under 21 CFR 177.1350 (Ethylene-
vinyl acetate copolymers) and 177.1520 (Olefin polymers), and as the base elastomer under 
177.2600 (Rubber articles intended for repeated use).  These copolymers are also the subject of 
FCN 736.  The specifications for currently authorized VDF-HFP copolymers compared to those 
of the subject FCS are summarized in the table below: 

 
Table 1.  Specifications for currently authorized VDF-HFP copolymers with this FCS 

Sample Composition (ratio in 
percent weight) 

Mn 

Authorized uses VDF: HFP
FCN 1448 VDF:HFP   

(b) (4)

(b) (4)
(b) (4)
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Food Contact Substance 
(FCS) 

Intended Use Limitations/Specifications 

Vinylidene fluoride-
hexafluoropropene 
copolymer (CAS Reg. No. 
9011-17-0) 

As a processing aid for 
food contact polymers, 
except for use in contact 
with infant formula and 
breast milk (see 
Limitations/Specifications) 

For use at levels not to exceed 
2000 ppm in all polymers with a 
maximum thickness of 10 mils in 
contact with all food types (I-IX) 
under conditions of use A-H, as 
defined in Tables 1 and 2, 
respectively (see Attachment 1).  
The FCS is not for use in contact 
with infant formula and breast 
milk.  Such use was not included 
as part of the intended use of the 
substance in the FCN. 

 
Therefore, the agency does not object, under Section 409(h)(2)(b) of the Federal Food, Drug and 
Cosmetic Act, to the marketing of the FCS described above, manufactured by Arkema,Inc., as a 
processing aid for food contact polymers. 
 
This notification will become effective on August 28, 2014. 
 
 

 
  Marla D. Swain, Ph.D. 

 
 
 
Attachment(s): Categorical Exclusion Memorandum for FCN 1448 dated June 24, 2014 
 
 
 
Attachment (1) 
cc: HFS-275 FCN 001448 
FileName: FCN 1448_Summary Memo 
R/D: MSwain: HFS-275: 07/15/2014 
INIT: ALipman: HFS-275: 07/28/2014 
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DEPARTMENT OF HEALTH & HUMAN SERVICES Public Health Service
Food and Drug Administration

Memorandum
Date: March 18, 2013 
From: Division of Food Contact Notification

Chemistry Review Group II
Jeannie Jeong-Im, Ph.D.

Subject: FCN 1255: Intertek on behalf of 3M for the use of vinylidene fluoride and hexafluoride 
copolymers as a process aid in all polymers.  Submissions dated 12/10/12 (initial) and 1/31/13
(amendment with chemistry).

To: Division of Food Contact Notifications
Regulatory Team II
Attn: Kenneth McAdams

Intertek has submitted FCN 1255 on behalf of 3M for the use of vinylidene fluoride (VDF, a.k.a. 
1,1-difluoroethene, 60 wt.-% or 80 mole-%) and hexafluoropropene (HFP, 40 wt.-% or 20 mole-
%) copolymer (CAS Reg. No. 9011-17-0) as a process aid at levels up to 2000 ppm in all 
polymers (excluding metal and paper coatings) in contact with all food types under Conditions of 
Use A-H.

HFP-VDF copolymers were the subject of FCN 736 and are currently regulated under §177.1350
(Ethylene-vinyl acetate copolymers) and §177.1520 (Olefin polymers), and as the base elastomer 
under §177.2600 (Rubber articles intended for repeated use). The specifications for each 
copolymer are summarized in Table 1.

Table 1.  Specifications of HFP-VDF Copolymers

Sample Composition of FCS
(ratio in wt.-%)

Mooney 
Viscosity Mn Use

FCN 1255
(this FCN)

HFP/VDF 
(20:80 to 40:60)

73,490-
81,550

2000 ppm in all polymers 
(excluding metal and paper 
coatings) under Conditions 

of Use A-H

FCN 7361

HFP/VDF 
(40:60 to 42:58) and 

<0.5% 
bromodifluoroethylene

1000 ppm in all polymers 
under Conditions of Use A-

H

1 Although the FCS contains the , the majority of the FCS is structurally similar 
to other HFP/VDF copolymers.  See FCN 736 (effective 10/26/07) was submitted by Ciba Expert Services (Ciba), 
on behalf of Dyneon (a 3M Company).  See Chemistry memorandum dated 10/15/07 on FCN 736 (S. Elyashiv-
Barad to V. Gilliam).

(b) (4)

(b) (4)

(b) (4)
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§177.15202 HFP/VDF 
(36:64 to 50:50)a

64,000 -
78.000

2000 ppm in olefin 
polymers under Conditions 

of use B-H

§177.15203 HFP/VDF 
(13:87 to 0:100) -- b -- c

10000 ppm in olefin 
polymers under Conditions 

of use B-H

§177.13504 HFP/VDF 
(36:64 to 50:50)a

64,000 -
78.000

2000 ppm in ethylene-vinyl 
acetate copolymers

§177.26005 HFP/VDF 
(30:70 to 5:95) -- rubber articles intended for 

repeat use
a The regulation states the VDF/HFP copolymer should have a fluorine content of 65-71% F, 

which corresponds to HFP content ranging from 36 to 50 wt.-%.
b Specification list a melt viscosity of 12 to 27 kilopoise at a shear rate of 100 s-1 at 232 °C.
c The copolymer is not completely soluble in typical solvents; therefore, size exclusion

chromatography and other solution techniques were unable to determine molecular weight.

This notification is also related to tetrafluoroethylene (TFE)-HFP-VDF copolymers that were 
subject of FCN 260 and FCN 1121. Dyneon’s FCN 260 (effective October 3, 2002) is for use of 
TFE-HFP-VDF copolymers as a processing additive at levels up to 2000 ppm in food-contact 
polyolefins in contact with all food types under Conditions of Use B through H.6 FCN 1121 
(effective 1/17/12) submitted by 3M expanded the use of the TFE-HFP-VDF copolymer 
described in FCN 260 to all polymers (excluding paper and metal coatings), at levels not to 
exceed 2000 ppm in the finished polymer under the Conditions of Use A-H.7

This notification is similar to the HFP/VDF copolymers described in Table 1, but the intended 
use is the same as FCN 1121.

Organization of the FCN
Chemistry information is contained in Form 3480, Part II, and in Attachments 1-13 as follows:  
1) Identity of the FCS; 2) IR and NMR spectra of FCS; 3) Manufacturing Process; 4) GC/MS of 
Monomers; 5) GPC of Oligomers <2500 Daltons; 6) TGA spectra; 7) Migration and Exposure 
Calculations of FCS; 8) Size Exclusion Chromatography (SEC) Analysis of Total Non-Volatile 
Extractives (TNE); 9) Protocol for SEC Assay; 10) TNE Study; 11) Fluorine Assay of 95% 

2 Chemistry memorandum dated 12/4/85 on FAP6B3902 (M. Flood to V. Anand) and Chemistry memorandum dated 
8/11/89 on FAP 9B4129 (L. Borodinsky to G. Robert-Baldo).

3 Memoranda on FAP9B4169 dated:  11/3/87 (L. Borodinsky to M.Mack ); 12/20/89 (L. Borodinsky to R. White); 
and 1/23/90 (K. P. Misra to R. White)

4 Memorandum dated 8/11/89 on FAP9B4154 (L. Borodinsky to Indirect Additives Branch)
5 (a) Memorandum of Conference dated 9/25/67 on FAP5B1794 (A. Holtz to Randolph); and  (b) Memorandum 

dated 10/3/67 on FAP 5B1794 (K.P. Misra and J. McLaughlin to PCB).
6 FCS contains TFE (52 ±13 wt.-%), HFP (19 ± 3 wt.-%), and VDF (28 ± 13 wt.-%). See Chemistry memorandum 

dated 9/19/02 on FCN 260 (S. Elyashiv-Barad to V. Gilliam).
7 FCS contains TFE (52 ±13 wt.-%), HFP (19 ± 3 wt.-%), and VDF (28 ± 13 wt.-%), which is the same as the FCS in 

FCN 260.  See Chemistry memorandum dated 12/1/11 on FCN 1121 (R. Costantino to A. Chang).
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EtOH Sample 1; 12) Fluorine Assay of 95% EtOH Sample 2; and 13) Fluorine Assay of 10% 
EtOH Samples. In response to our 1/22/13 deficiency letter, an amendment dated 1/31/13 was 
submitted containing new Attachments 1 that contains a revised copolymer manufacturing 
process.

Identity
CAS Reg Name: copolymer of vinylidene fluoride and hexafluoropropene
CAS Reg. No.:  9011-17-0
Trade Name: vinylidene fluoride-hexafluoropropene copolymer 
Density = 

Fluorine Content =
Mw = 237,300 – 719,900
Mn = 73,490 – 81,550
LMWO <2500 =

Structure CF3
|

(CF-CF2)n(CF2-CH2)m

The FCS is a random copolymer, with the values of m and n by weight and mole percent as
follows:

By weight: n = 40 weight % m = 60 weight %
By mole:    n = 22 mol %           m = 78 mol %

The identity of the FCS was confirmed by FT-IR and 1H- and 19F-NMR spectra in Attachment 2.

Intended Use
The FCS is intended for use as a process aid at levels up to 2000 ppm in all polymers (except 
metal and paper coatings).9 The FCS is intended to contact all food types under Conditions of 
Use A-H.  The intended technical effect is to decrease surface defects and the cost associated 
with the manufacturing process, as well as improve the efficiency of the extrusion process.

Stability
Thermogravematric analyses (TGA) spectra were provided on the FCS in Attachment 6.  The 
FCS begins to degrade around 400 ºC.  Thus, the FCS is not expected to degrade under the 
expected Conditions of Use.

8 A graph relating the Mooney Viscosity to Mn provided in FAP 9B4129 (page 000078) and FAP6B3902 (page 
000058) show that a Mooney viscosity of 25 has an Mn of 62,000, which is similar to the Mn of 64,000 of the
regulated material under §177.1520 as a result of FAPs 9B4129 and 6B3902.  Also, the Mn for this notification is 
73,490 to 81,550.  Therefore, a

9 In the 1/31/13 response letter, the notifier confirmed the intended use of the FCS similar to FCN 1121 and it is not 
intended to be used in paper and metal coatings.

(b) 
(4) (b) (4)

(b) (4)

(b) (4)

(b) 
(4)
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Manufacturing
The manufacturing of the FCS was outlined in Attachment 3.  A more detailed description in 
FAP6B3902 was referenced by the notifier.  In FAP 6B3902 the notifier listed the use of  

 
 

 

 In the 1/31/13 response letter, the notifier confirmed that the manufacturing 
procedure in this notification and and provided a more 
detailed manufacturing description in Attachment 1. The batches range from 
gallons.

Table 2. Typical Batch Recipe for 2000 gallons of FCS

Reagent CAS Reg. No. Role Amount (lbs)

VDF 75-38-7 monomer

HFP 116-15-4 monomer

water 7732-18-5 solvent

(b) 
(4)

(b) (4)
(b) (4)

(b) (4)

(b) (4)

(b) (4)

(b) (4)

(b) (4)
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Impurities

 which would be 
removed during the wash step. ould be removed from the FCS during the 
drying step The only expected impurities from the FCS 
are the VDF and HFP monomers, as discussed below.

Monomers
In lieu of migration studies, the notifier analyzed three samples of the FCS by headspace GC/MS.
Due to the volatility of VDF (b.p. is -29 ºC) and HFP (b.p. is -84 ºC), this method would 
accurately determine the levels of the monomers in the FCS. Each sample was assayed in 
triplicate.  Sealed vials containing samples were heated to 200 ºC for 30 min before analysis of 
headspace.  

VDF was not detected above the limit of quantitation (LOQ) of 0  ppm.  The calibration 
curve shows good linearity and acceptable.  The spiked amount was described as 0.025 mL, 0.05 
mL, and high spike.  The actual amounts are unclear.  The spike recoveries were in the range of 
101-115%.  Since the boiling point of VDF is -29 ºC and VDF was not detected above the LOQ, 
this validation is acceptable for this notification.  Furthermore, any residual VDF in the FCS is 
expected to be removed during the drying step of the final food-contact article.  Exposure to VDF 
monomer would be “essentially zero.”  

HFP was detected in two samples at  and one at .  The LOQ described as the 
lowest standard measured; however, the actual amount was not mentioned.  Two calibration 
curves were provided with points that surround the two detected amounts of HFP.  Recoveries 
for a 0.025 mL low spike was 71-229%, 0.05 mL low spike was 100-139%, and high spike was 
109-113%.  Although the analyses for HFP was not appropriately validated, the boiling point of 
HFP is -84 ºC and is not expected to be in the final food contact article for the same reasons as 
VDF.  Therefore, exposure to HFP is expected to be “essentially zero.” 

Total Non-Volatile Extractives
Total Non-Volatile Extractives (TNE) are typically determined by an exhaustive extraction (i.e. 
Soxhlet extraction) of the FCS, which would represent the worst-case exposure to the FCS.  In 
lieu of an exhaustive extraction, the notifier extracted four samples of “raw” FCS10

(approximately 11 g) with 10% EtOH and 95% EtOH using a  
as described in Attachment 10.   

 
.  The last extract for each of the 

analyses showed that minute amounts were still being extracted from the FCS.  As such, this is 
not truly an exhaustive extraction. Considering that each FCS was extracted eight times for 2 h 

10 In the 1/31/13 response letter, the notifier clarified that the extraction samples were pure FCS, which they referred 
to as “raw”.  The samples did not contain other FDA compliant components  

.

(b) (4) (b) (4)

(b) (4)
(b) (4)

(b) 
(4)

(b) (4) (b) (4)

(b) (4)

(b) (4)
(b) (4)
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at 120 ºC at 1500 psig and the majority of the migrants were extracted in the first few extractions, 
this method is sufficiently exhaustive to represent the TNE. After transfer and evaporating to 
dryness, the samples were weighed.  The residues were dissolved in THF.  The THF solution was 
removed from each sample and sent for SEC analyses (Attachment 8 & 9) and fluoride content 
(Attachment 11-13).   The remaining non-THF soluble residues were dried and weighed. Most 
of the 10% EtOH extracts (35 mg) were not soluble in THF. The insoluble THF compounds 
from the 10% EtOH extraction are expected to be contaminates from the filter paper used during 
the extractions. Furthermore, the detected amount from samples were below the blank (52 mg).
The residue from the 95% EtOH extracts completely dissolved in THF.  Therefore, there is no 
significant exposure from the THF insoluble extracts.  The total residual weights from the THF 
soluble extracts are summaries in Table 3. These values represent the total potential migration 
from the FCS, including monomers and LMWO.

Table 3.  TNE Extraction of FCS

Sample 10% EtOH, THF Soluble 
(g)

95% EtOH, THF Soluble 
(g)

Blank

Sample 1
Sample 2

Fluorine Detection
The fluoride content of the THF soluble portions of the TNEs were analyzed by  

 
as described in Attachments 11-13.  Fluorine was not 

detected above the limit of quantitation (LOQ) in the 10% EtOH extracts of . Therefore, 
the 10% EtOH extracts does not appear to have any fluorinated compounds.  Fluorine was 
detected in all the 95% EtOH extracts.  The 95% EtOH extracts were submitted for LMWO 
determination.

Low Molecular Weight Oligomer (LMWO)
The THF soluble portion of the 95% EtOH TNEs was analyzed for LMWO < 2500.  The SEC 
protocol was described in Attachment 9 and results of the analysis is provided in Attachment 8.  
The MW values were determined by calibrating the system against narrow molecular weight 
polystyrene standards.  Most LMWO migration was seen in the first few extractions.  A smaller 
amount was detected in extraction 8.  Since all of the TNE 95% EtOH extracts contained 
fluorinated compounds, we assume the TNE below 2500 Daltons represents the LMWO for the 
FCS. The total LMWO extracted from 11.3 g of Sample 1 is 0  g, as summarized in Table 4.
Therefore, the wt.-% of LMWO in sample 1 is /11.3g x 100% =  wt.-%.

(b) (4)

(b) 
(4)

(b) (4)

(b) 
(4)(b) (4) (b) 

(4)
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Table 4.  Amount of LMWO in Sample 1

Extraction # TNE Amount (g) Wt.-%<2500 LMWO (g)

1

2

3

4

5

6

7

8

Sum

The total LMWO extracted from 11.2 g of Sample 2 is , as summarized in Table 5.  
Therefore, the wt.-% of LMWO in sample 2 is /11.2 g x 100% = wt.-%.

Table 5.  Amount of LMWO in Sample 2

Extraction # Extracted 
Amount (g)

Wt.-%<2500 LMWO (g)

1

2

3

4

5

6

7

8

Sum

Therefore, the average LMWO <2500 is % of the FCS  in 95% EtOH.  In Attachment 5, 
the notifier provided a SEC analysis on six samples.  The wt.-% <2500 Daltons ranged from 

.  It is unclear why more LMWO was detected from the extraction assays.  As the 
worst-case scenario, the value from the extraction studies of t.-% will be used to calculate 
exposure to LMWO, which is the same value the notifier used in their exposure calculations.

(b) (4)

(b) (4)

(b) (4) (b) 
(4)

(b) (4)

(b) (4)

(b) (4)
(b) (4)
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Exposure
To calculate exposure to the FCS, the notifier used a CF of 0.017 based on information they had 
provided in FCN 1121 on percent of fluorinated polymers used in all polymers (excluding metal 
and paper coatings) globally in 2010.  Instead of 0.017, the number was rounded up and a revised 
CF of 0.02 was used to calculate in FCN 1121.11 To be consistent with FCN 1121, a CF of 0.02 
will also be used in this this since notification is for the same use.  Exposure to LMWO was 
calculated using the following assumptions:

100% migration of LMWO
Polymer thickness is 0.01 in
Density of polymer is 1 g/cm3

10 g of food contacts 1 in2 of film
Consumption Factor (CF) is 0.02
Amount of FCS added to polymer is 0.2 wt.-% or 2000 ppm
Average person consumes 3000 g of food per day

kg/p/d3  x ppbEDI

ppbppb x02.0M x CFDC

ppb
foodg10

polymerin1in x0.01x
in

cm16.4x
cm
polymerg1x

polymerg100
FCSg2.0x

FCg100
LMWOgM

2

3

3

3S

The LMWO exposure was calculated using only the TNE in 95% EtOH.  This value is 
conservative considering: 1) fluorinated compounds were not detected above the calibration 
limits in the 10% ethanol TNE experiment; 2) the extractions were conducted on the FCS and not 
a polymer containing the FCS; and 3) less LMWO were detected in the SEC of the FCS as 
described in Attachment 5.  Thus, the DC of pb and EDI of g/p/d for the LMWO are 
conservative.

Cumulative Exposure
The current cumulative DC (CDC) for HFP/VDF copolymers (CAS Reg. No. 9011-17-0) is 5.7 
ppb, corresponding to a cumulative EDI (CEDI) of 0.017 mg/p/d.12,13 The LMWO of the subject 

11 Chemistry Memorandum concerning FCN 1121, dated 12/1/12, R. Costantino to A. Chang.  In FCN 1121 FDA 
used the CF for all polymers of 0.4, which does not include the use of the additive in polymer coatings for metal 
substrates or paper.  FDA then utilized maket information that demonstrates that only 4.2 % of polymers utilized 
perfluorinated processing aids (0.4 * 4.2% = ~ 0.02).
12 Memorandum concerning cumulative exposure estimates for vinylidene fluoride-hexafluoropropene copolymers, 

vinylidene fluoride, and hexafluoropropene, dated 2/29/00, R. A. Bailey to M. Cheeseman.  

(b) (4)

(b) 
(4)

(b) 
(4)

(b) 
(4)

(b) 
(4)

(b) 
(4)

(b) 
(4)

(b) (4)

(b) 
(4)
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FCS are structurally similar to the LMWO from other HFP/VDF copolymers.  There is no 
increase in the cumulative exposure to HFP/VDF copolymers as a result of this notification.  The 
exposure to VDF and HFP monomers are expected to be “essentially zero.”   
 
Notification Language 
 
The language contained in the acknowledgement letter dated February 19, 2013 is adequate. 
 
Summary 
 
We have no comments. 
 
 
 
 

Jeannie Jeong-Im, Ph.D. 
 
HFS-275 (R/F) 
HFS-275:JJeong-Im:240-402-1228:FCN1255_c_memo.pdf:JJI:3/12/13 
Init:KHatwell:3/15/13 
Final:JJI:3/18/13 
                                                                                                                                                             
13 There was no increase in the cumulative to HFP/VDF copolymers as a result of FCN 736. 
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DEPARTMENT OF HEALTH & HUMAN SERVICES Public Health Service
Food and Drug Administration

 
Memorandum

 

 
Date: March 21, 2013

 
From: Toxicology Group 2, Division of Food Contact Notifications (DFCN) 

Dan D Levy, Ph.D. (HFS-275)
 

Subject: Toxicology Review of FCN 001255: Copolymer of vinylidene fluoride (VDF)1 and 
hexafluoropropene (HFP) for use in all polymers in contact with all food types and 
temperature conditions of use A through H. Submission dated December 10, 2012 as ammeded 
on by the notifier on 1/31/13.

 
 

To: Regulatory Group 2, DFCN 
Attn: Kenneth McAdams

 
FOOD CONTACT NOTIFICATION (FCN) 001255 Intertek

1060 Holland Drive Suite G
Boca Raton, Florida  33487
On behalf of:

Dyneon, A 3M Co.l,
3M Center, Building 236-1B-10
St. Paul, Minnesota  55144.
T: 651-737 8557
F: 651-737-9909.

 
I. RELATED DOCUMENTS
FCN 000736: Dyneon LLC through Ciba Expert Services for the use of 1-Propene 1,1,2,3,3,3-
hexafluoro-polymer with 1,1-difluoroethene (CAS# 901 1-17-0) as a polymer processing aid at 
levels not to exceed 0.1% all polymers in contact with all food types and under Temperature
Conditions of Use A through H, as described in 21 CFR 176 170. Effective October 26, 2007.
FCN 000260: Dyneon LLC through Keller and Heckmann for the use of tetrafluoroethylene-
hexafluoropropylene-vinylidene fluoride copolymers as a processing additive at levels up to 
2000 parts per million (ppm) for polyolefins for use in contact with food under Conditions of 
Use B through H and . in accordance with food additive regulations and effective notifications 
which incorporate by reference materials cleared in 21 CFR 177.1520 Effective October 3, 2002.
FAP 6B3902 3M Company petitioned to allow elastomeric VDF-HFP copolymer as a 
processing aid for olefin polymers.  21 CFR 177.1520 published in FR 12/1/1986
FAP 9B4169: Pennwalt Corporation petitioned to allow Poly(VDF-HFP) copolymer (CAS No. 
901 1-1 7-0) resins as adjuvants in olefin polymers. Modified 21 CFR 177.1520 increase the 

                                                           
1 Abbreviations used in this document:  HFP, hexafluoropropene; VDF, vinylidene fluoride; LMWO low molecular weight 
oligomers 
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weight percent of the copolymer used in olefin polymers and to provide for VDF monopolymer. 
Published in FR 5/9/1990
FAP 9B4129 3M Company petitioned for revisions of 177.1520 be amended with revised 
specifications for fluorine content and mooney viscosity and to modify use conditions to increase 
the level permitted from 0.1 to 0.2 % and to allow use in a wider variety of methods of producing 
olefin articles.  New exposure calculations but no new toxicology data or information submitted.  
Published in FR 5/3/1990
FAP 9B4154 3M company petitioned for ethylene-vinyl acetate copolymers modified to allow 
VDP and HFP co-polymers containing 85-71 percent fluorine and having a Mooney viscosity of 
at least 28 for use as a processing aid at a level not to exceed 0.2 percent by weight of elthylene-
vinylacetete copoloymers. CFR 177.1350 published 5/3/90
FAP 5B1794: E I Dupont De Nemours & Co. Rubber articles intended for repeated use. 21 CFR
177.2600.  FR January 9, 1968 Safety based on presumed lack of migration and no specific 
safety data.
FCN 001255: Chemistry Review Memorandum, Jeong-Im/McAdams 3/18/13

Environmental Review Memorandum, Lindheimer/McAdams 2/20/13.
 
 
II. INTRODUCTION

Dyneon, a 3M Company, through Intertek, has submitted this notification (FCN) for a 
copolymer of vinylidene fluoride (VDF; a.k.a. 1,1- difluoroethene, 60 wt.-% or 80 mole-%) and 
hexafluoropropene (HFP, 40 wt.-% or 20 mole-%) (CAS Reg. No. 9011-17-0) as a process aid 
at levels up to 2000 ppm in all polymers (excluding metal and paper coatings) in contact with all 
food types.  Polymers containing the FCS are expected to be used in contact with all food types 
and under temperature conditions of use A through H, as described in CFSAN’s website at 
http://www.fda.gov/Food/FoodIngredientsPackaging/FoodContactSubstancesFCS/ucm109358.h
tm. This notification seeks to expand the use conditions of this polymer by removing the 
limitations on the types of polymers in which the FCS will be used and by adding use condition 
A (High temperature heat-sterilized (e.g., over 212 deg. F))

III. IDENTITY OF FOOD CONTACT SUBSTANCE (FCS)

CAS Name: 1,1,2,3,3,3-hexafluoro-, polymer with 1,1-difluoroethene
CAS Registry Number: 9011-17-0
Trade or Common Names: None listed in this notification
Other Names: 1,1,2,3,3,3-hexafloropropylene, polymer with vinylidene fluoride; HFP/VDF/; 
Structure:

CF3

(CF-CF2)n(CF2-CH2)m

where m = 60 weight-% (78 mole-%) and n = 40 weight.-% (22 mole-%)

The FCS is a random copolymer with the above stated ratios of the two monomers:
Vinylidene fluoride (VDF)  CAS Registry Number 75-38-7
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CF2=CH2

Hexachloropropene (HFP) CAS Registry Number 116-15-4

CF3-CF-CF2

 
V. EXPOSURE ESTIMATES
 
The notifier  conducted migration studies using 95% and 10% ethanol for extraction.  No fluoropolymer was 
detected using 10% ethanol.  Chemistry calculated exposure of Low Molecular Weight Oligomers (LMWO 
<2500 Daltons) conservatively to result in a dietary concentration of  ppb resulting in an estimated daily 
intake of g/p/d.  HFP?VDF are already regulated and Chemistry states that the current 
cumulative dietary concentration of 5.7 ppb, corresponding to a cumulative estimated daily intake 
of 17 g/p/d will not increase as a result of this notification.  Chemistry states that exposure to VDF 
and HFP monomers to be “essentially zero”.  

 
VI. TOXICOLOGY
 
The notifier addressed the safety of the monomers and other impurities of the FCS in a safety 
narrative (SN) in the notification (Attachment 14).
 
 
A. The FCS: copolymer of VDF and HFP (high molecular weight)

The copolymer has several regulatory uses2.  Searches through OFAS databases by this reviewer 
found the polymers with the same monomers and similar but not identical specifications, 
manufacturing and use conditions described in petitions FAP 6B3902, FAP 9B4169, FAP 5B1794, 
FAP 9B415421 which resulted in the regulations cited above.  The same search identified less similar 
copolymers in FCN 260 and FCN 736 (the FCS used in FCN 260 contained tetrafluoroethylene as a 
third monomer whereas the FCS for FCN 736 contained the same monomers but a brominated
branching aid and both FCNs described different specifications and processing aids not described in 
the current notification.  Data, information and FDA Toxicology memoranda for these notifications 
and petitions and relevant published literature were reviewed.  The data, information and toxicology 
comments relevant to the FCS, including contaminants and processing aids, are summarized here and 
in the following sections. 

FAP 6B3902 contains a report of a GLP single dose acute toxicity (“LD-50”) study of the entire 
polymer which had been ground up and suspended in cottonseed oil.  Review of the report and related 
material by the Additives Evaluation Branch resulted in a recommendation that the proposal was 
suitable for regulation (K.P. Misra to V Anand 7/17/1986)

This reviewer surveyed published literature by reviewing Pubmed, DART, TOXLINE, IRIS and 
GENETOX with particular focus on the period after the 2007 submission of FCN 000736 and found 
no published information relevant to the safety of the polymer other than the studies of the monomers 
as described below.

                                                           
2 21 CFR 177.1350, 177.1520 & 177.2600 

(b) 
(4)(b) 

(4)■ 
■ 
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B. LMWO (MW<2,500 Daltons) of the FCS

The notifier states that toxicity testing is not available for oligomers.  The notifier states that the 
safety of the oligomers is a function of the low DC and the lack of toxicity of the monomers, 
together with an evaluation conducted using the open source TOXTREE3 model.  The evaluation 
was not provided but was said to indicate lack of structural alerts for mutagenicity or 
carcinogenicity. 
 
FCN 260 contained data from a bacterial mutagenicity test of two ethanol extracts of that FCS.  This 
extract would have LMWOs that are different from those extractable from the current FCS due to 
the use of a third monomer not used in the current FCS.  However, because some of the oligomers 
are likely to have some polymer termini similar to those in the current FCS and those termini are the 
most likely source of toxicity, a negative finding in that study is relevant to the safety of the current 
FCS.  The toxicology memorandum (Twaroski/Gilliam, 10/01/2002) indicated that extracts of the 
polymer tested were reported negative in the bacterial mutagenicity assay, that review of the report 
by K. Sullivan and K. Altshuler at ICF under contract to FDA resulted in concurrence by the
reviewers with the conclusions of the report authors, and that since the oligomers of that FCS did not 
induce genetic damage under the conditions tested and since no information was found indicating 
toxic or carcinogenic activity for this compound and that Toxicology had no concerns regarding that 
FCS of its intended use under its associated exposure as described in FCN 260.

There might be some concern about potential carcinogenicity of the LMWO oligomers due to the 
genotoxicity of the monomer HFP and the carcinogenicity of tetrafluoroethene, a structural analog of 
HFP (see HFP section below).  However, there is data on analogs of both of these compounds that 
lack the double bond (i.e. various isomers of hexafluoropropane and of tetrafluoroethane, the 
“saturated analogs”).  Genetox studies on the saturated analogs are uniformly negative.  Thus while 
HFP is geneotoxic, incorporation of HFP into a monomer converts it to a form which is closer to the 
non-genotoxic hexafluoropropane and tetrafluoroethane than to the original monomer.  Thus it is 
unlikely that the genetoxic properties of HFP monomer are relevant to a safety assessment of the 
oligomers or other polymers made from the monomer. As a result, Toxicology has no questions 
about the safety of the LMWO under the exposures conditions for this FCS. 
 
C. VDF monomer

Data and Information in the Notification: 

The notifier cites and relies heavily on a toxicological assessment of VDF in a Screening Information 
Dataset (SIDS)  Initial Assessment Report published in 2001.  The report was prepared by the US 
EPA and the American Chemistry Council and was produced under the auspices of the OECD SIDS 
program for assessment of high production volume industrial chemicals.  The report is included as 
attachment 14-1 to the notification.  

The notifier describes the Genetic Toxicology information contained in the SIDS report.  It describes 

                                                           
3 R. Benigni, R., C. Bossa, N. Jeliazkova, T. Netzeva and A. Worth. The Benigni / Bossa rulebase
for mutagenicity and carcinogenicity – a module of Toxtree. 2008. 68 pp. EUR – Scientific and
Technical Research series – ISSN 1018-5593. 
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an “Ames” (bacterial mutagenicity test) (Russel, 1979)4 in which gas phase exposure to 4 S. 
typhimurium strains were exposed to gas phase VDF.  A 2.6 fold increase in stain TA 1535 in the 
presence of metabolic activation and at concentration greater than 10% VDF was described as the 
only significant increase.  A second Ames study (Bartsch, 1979), also in gas phase and also at high 
concentrations reported non significant increases in the presence of metabolic activation.

An HGPRT test in Chinese hamster ovary cells (CHO) exposed in gas phase reported in 1986 was 
described.  The test report was said to conclude that no mutant increase was observed at any 
concentration (Rickard, 1986)

A separate report of a chromosome aberrations study in CHO cells (Rickard 1986) following exposure 
in gas phase  was said to report no toxicity or chromosome aberrations at any concentration.

Mutagenic effects were said to be found in other in vitro-tests but these results were discounted 
because the tests were characterized by the notifier and by the SIDS Assessment Report as “older” 
and” not as adequately detailed” and “not as reliable” as the newer studies.

In vivo micronucleus test in male and female mice was said to show that VDF was not toxic to bone 
marrow nor to increase the incidence of micronuclei at any of the gas phase concentrations tested 
(Hodson-Walker, 1988).  A Sex Linked Recessive Lethal test in D. melanogaster was said not to 
demonstrate a significant difference in lethality of progeny between exposed and non-exposed males 
and thus reported not to be mutagenic to the X chromosome in that test (Serneau, 1988).

The SIDS report states that from all the presented tests it can be concluded the VDF does not 
significantly interfere with the genome of organism.  It concludes that the marginal but positive 
findings in the Ames test may indicate that some metabolite of VDF “may interfere directly or 
indirectly with the genomic integrity of some selected protocaryotic (sic) organisms.  The notifier 
concludes that “[o]verall the results suggest that VDF does not present a genotoxic hazard to man.  

The SIDS report also describes two carcinogenicity bioassays in rats and mice, respectively.  In 
Sprague Dawley rats inhaling VDF at concentration up to 10,000 ppm for 104 weeks there was 
decreased food consumption  and changes in relative organ weights but no treatment related effects on 
the incidence of benign or malignant tumors, total number of tumors or total number of tumor bearing 
animals (Arts 1991).  In the mouse study treatment using inhaled concentrations up to 10,000 ppm 
produced no toxicity or carcinogenicity (Newton 1991).    The SIDS report also describes a one year 
carcinogenicity study in Sprague-Dawley rats gavaged with 0, 4.12 and 8.25 mg/kg BW VDF in corn 
oil over 52 weeks reported lipoma and liposarcoms (Maltoni 1979).  An EPA evaluation was said to 
note significant deviation from currently prescribed guidelines, noted that the study was not reported 
in great detail which impedes proper result interpretation and concludes that the study was reported in 
insufficient detail for proper evaluation.  

The notifier also describes the SIDS report evaluation of subchronic inhalation studies in rats and 
mice.  The LOEC of 500 ppm (13,000 mg/m3) was identified in both species based on body, organ 
weight and clinical chemistry changes in the absence of histopathological changes.  A NOEC of 250 
ppm was identified in rats.  Toxicity occurred in kidney, spleen and testes.  The notifier also evaluated 
summary reports of teratogenic and embryo-fetal toxicity effects in developmental toxicity studies in 
rats exposed to top to 10,000 ppm during gestation days 6-15 concluding that the NOEL for 
reproductive effects is >7000 ppm in rats.

                                                           
4 Full citations are contained in the notification.  None of these reports have been submitted to FDA for evaluation in this 
notification or in previous notifications or petitions.  With the exception of Bartsch 1979, the reports are all laboratory 
reports that do not appear to have been published.
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The notifier concludes that the chronic toxicity and carcinogenicity studies are the key studies for the 
evaluation of VDF and quotes the conclusions of the SIDS evaluation: “These two studies were 
performed according to currently accepted guidelines and GLP standards. Since they are lifetime 
studies which are reported in great detail, they were considered as the most reliable representation of 
the toxicological effects of VDF in animals.” In view of the available toxicity data and the very low 
dietary exposures (  ppt) related to the present FCN, the risk of adverse human health effects is 
considered by the notifier to be negligible.  

Previous evaluations by FDA.

Evaluation by this reviewer of the above cited Food Additive Petitions submitted for VDV/HFP 
polymers determined that toxicity of the monomers was not addressed by petitioners or during FDA 
review.  FCN 260 contained brief descriptions of the genetic toxicology and the carcinogenicity 
studies described in the SIDS review.  Toxicology reviewed that information (M.L. Tworoski to V 
Gilliam, October 1, 2002), as well as two IARC reviews that found inadequate evidence for 
carcinogenicity of VDF based on review of the oral study described above.  Toxicology considered 
that several mutagenicity assays showed predominantly negative findings and the low (<50 ppt) 
exposure, concluding that there is no positive indication of carcinogenicity by oral exposure for this 
compound based on the information currently available.  FCN 736 incorporated by reference the 
genetic toxicology information in FCN 260 and cited the conclusions of safety in that FCN.  
Toxicology considered and concurred with that conclusion (A.O. Adejoke to V. Gilliam  October 22, 
2007)

Additional available data and information.

This reviewer has searched PUBMED and TOXLINE and found that the SIDS evaluation contained a 
thorough evaluation of those and other sources of data on the compound up to the time of its 
publication.  This reviewer also found no references relative to the safety of VDP published after the 
SIDS evaluation was written.  Most toxicology information regarding this compound was collected via 
gas phase/inhalation exposure due to concerns about its toxicity to workers during manufacturing 
operations.  While extrapolation from inhalation to oral exposure introduces some uncertainty, the 
lack of reproductive toxicity, the relative lack of toxicity including carcinogenicity in two well 
conducted chronic inhalation studies, and the lack of activity in both in vitro and in vivo genetic 
toxicity assays gives a high degree of confidence in the notifier’s conclusion of safety for low level 
exposure to the monomers or monomer analogues at the ends of LMWO of the FCS.

Conclusion:  VDP  has been tested and is not genotoxic nor is it a rodent carcinogen under the 
conditions of the tests.  Chemistry states that exposure to this monomer will be ‘essentially zero”.  
Toxicology has no questions about the safety of the monomer under the exposure conditions for this 
FCS.
 

 
D. HFP monomer

Data and Information in the Notification

The notification contains portions of a Chemical Safety Report (CSR) for HFP.  The report is dated 
August 17, 2010 and was said to have been submitted to the European Chemicals Agency (ECHA) as 

(b) (4)-
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part of the ongoing REACH initiative.  The submitter is not identified in the portions of the report 
supplied with the notification and ECHA does not make CSRs public.  

The notifier attached test reports for two mammalian cell mutagenicity studies in which Chinese 
Hamster ovary cells (CHO) were exposed to HFP in the gas phase and evaluated for mutation in the 
HPRT gene locus.  The test report concludes that the test article did not induce an increase mutations 
at the target locus under the conditions of the test. At least 4 concentrations were tested with and 
without metabolic activation and at the highest concentrations used the treatment was cytotoxic to the 
cells.  The notifier cites the conclusions of the test report that there were no significant increases in 
mutant frequency at any of the HFP concentrations tested and no positive linear dose-response 
relationships.  HFP was subsequently re-tested with metabolic activation by  the same laboratory.  The 
test report explains that the repeat test was conducted because some of the primary data from the first 
experiment was not found during the GLP quality control review.  The notifier cites the conclusion of 
the test report that there were no significant increases in mutant frequency at any of the HFP 
concentrations tested and no positive linear dose-response relationships and concludes that HFP is not 
mutagenic in the CHO/HPRT Gene Mutation Assay when tested wit and without an activation system.
An EPA evaluation of the test report included in the notification concludes that the result is equivocal 
or that the test article is at most a weak clastogen.
The notifier describes a mouse micronucleus assay of HFP in male and female mice.  A copy of the 
test report is not included in the notification.  According to the notification, “[t]his study showed weak 
positive results.”  The notifier describes a supplemental test report for this mouse micronucleus assay 
and included a copy of the supplemental test report in the notification.  In the supplemental test, slides
from the original test were rescored such that, where possible, a total of 10,000 polycromatic 
erythrocytes (PCSs) obtained from bone marrow of the male mice were scored per dose group instead 
of the 1,000 PCEs scored in the initial study. The notifier cites the conclusions of the authors of the 
test report that there were statistically significant increases in micronucleated PCEs in the high dose 
males at all three sampling times (24, 48 and 72 hrs post exposure) and their conclusion that HFP 
induced micronuclei in bone marrow cells of make mice. The notifier attached  a memorandum from 
EPA containing a review of this micronucleus study.  The notifier reports the observation of the author 
of the EPA memorandum that the frequencies of micronucleated PCEs in the HFP-treated males are 
within the range of spontaneous frequencies in the literature….” and goes on to quote the conclusion 
drawn by the author of the EPA memorandum that HFP is at most “a weak mutagen in the 
micronucleus assay …[and that]… micronucleus data on HFP do not contribute to the weight of 
evidence that it m ay be a potential human or animal carcinogen.”

The notification describes an unpublished dominant lethal assay in rats uncovered using a search of 
the TOXNET database.  The notification outlines the conditions of the study, indicating that 20 male 
Sprague Dawley rats received whole body inhalation exposure prior to mating with female rats.  The 
treatment was described has having no adverse effects on male rat mortality or fertility or mating 
indices nor on pregnancy rates or pre- or post-implantation in the dams.  The notifier concludes that 
the treatment did not increase the frequency of dominant lethal mutations, indicating that the test 
compound was not mutagenic to germ cells in the male rat under the conditions of the assay.

The notification also cites from the ECHA CSR a table indicating that the compound was not 
mutagenic in a bacterial reverse mutation assay conducted in 2010 and an unscheduled DHA synthesis 
assay in the liver of male rats.   

The notification includes a description from the ECHA CSR of 90 day inhalation studies with mice 
and rats.  The notification does not include a copy of the test reports.  Four groups of 25 male and 25 
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female Crl: CD-1(ICR) mice were exposed to 1, 10, 50 or 150 ppm HDP for 6 hours per day, for 5 
days per week.  The no-observed effect level was 10 ppm both with and without a 28 day recovery 
period.  Toxicity noted at higher concentrations included a variety of kidney lesions such as tubular 
epithelial necrosis and blue skin color.  In rats subjected to the same exposure the males at the 150 
ppm dose were described as exhibiting a low mean lymphocyte count which was not observed 
following 28 days of recovery nor was it associated with additional hematology or pathology findings.  
The notification, citing the CSR summary, describes as non-adverse or non-biologically significant 
urinary changes (increased fluoride, increased volume, decreased osmolality) as well as increased 
water consumption and serum sodium in males exposed to 50 or 150 ppm HFP.

In addition to the studies cited by the notifier, the ECHA CSR report describes several acute toxicity 
studies conducted in rodents and a study of absorption, metabolism, distribution and elimination in 
female rats. No studies in humans and chronic or carcinogenicity studies in animals were located or 
described.

The notifier concludes that “[t]he weight of available evidence supports the conclusion that HFP has a 
low potential for genotoxic effects. In view of the available toxicity data and the low dietary exposures 
( ) related to the present FCN, the risk of adverse human health effects is considered 
negligible.

Previous evaluations by FDA.

Evaluation of the above cited Food Additive Petitions submitted for VDV/HFP polymers by this 
reviewer determined that toxicity of the monomers was not addressed by petitioners or during FDA 
review.  

FCN 260 contained a literature search of the genetic toxicology studies described in the literature, 
concluding that HFP was negative in the Ames, CHO/HPRT and dominant lethal inhalation studies 
described above and that it was weakly positive in the mouse micronucleus assay described above and 
positive for chromosomal aberrations under conditions of metabolic activations in a study not 
addressed in FCN 1255.  Toxicology reviewed that information (M.L. Tworoski to V Gilliam, October 
1, 2002) and had no questions “based on [the] associated exposure of “essentially zero”.  FCN 736 
incorporated by reference the genetic toxicology information in FCN 260 and cited the conclusions of 
safety in that FCN.  Toxicology considered and concurred with that conclusion (A.O. Adejoke to V. 
Gilliam 2007 October 22, 2007)

Additional available data and information.

This reviewer has searched PUBMED and TOXLINE and found that the notification and the ECHA 
report failed to describe three relevant reports of in vitro chromosome aberrations studies in CHO cells 
which found HFP to increase the number of cells with chromosome aberrations under conditions of 
metabolic activation.  These reports are described in TOXLINE and were mentioned in FCN 260 and 
thus considered previously by FDA in the context of the use of this monomer in similar polymers.  
This literature search also uncovered an evaluation of HFP by the European Center for Ecotoxicology 
and Toxicology of Chemicals (ECETOC)5.  The ECETOC report describes the studies discussed 
above, including the in vitro chromosome aberrations study as well as a bacterial mutagenicity study 

                                                           
5 Hexafluoroproplye (CAS No. 116-15-4) JACC Report No. 48 (Brussels, 2005)  

(b) (4)
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conducted on cysteine conjugates of HFP.  The conjugates were studied based on their role as the 
principle metabolites of HFP and concern based on their presence in urine and possible role in 
nephrotoxicity, the most prominent toxicological concern in the subchronic inhalation studies.  An 
examination of the study6 by this reviewer indicates that unlike hexachlorobutatdiene, 
trichloroethylene and perchloroethylene, synthesized cysteine conjugates of tetrafluroethylene and 
HFP were not mutagenic in the Ames assay with or without metabolic activation by rat kidney S9.  
There are no reports of chronic toxicity studies, including carcinogenicity studies, for HFP. The 
ECETOC report notes the similarities in structure, metabolism and nephrotoxicity between HFP and 
tetrafluoroethylene, that the latter compound exhibited chronic toxicity (including cancer) under 
rel
compounds might indicate the possibility of carcinogenicity.  The carcinogenicity of 
tetrafluoroethylene has been previously considered by DFCN and unit cancer risks calculated to be 
0.0492 mg/kg-bw/day7.

Review of an update to the ECETOC report on tetrafluoroethylene8 indicates cause for caution in 
applying these results to an evaluation of dietary exposure HFP.  The nephrotoxicity and the 
carcinogenicity of tetrafluroethylene were attributed to glutathione and cysteine conjugates formed 
through metabolism in the kidney and livers of both rats and mice.  In addition, the positive genetic 
toxicity findings for HFP (a clear response of clastogenicity in the presence of metabolic activation in 
vitro reinforced by a weak clastogenic response in vivo) were not found when tetrafluoroethylene was 
tested using the in vitro chromosome aberrations assay (by the same laboratory that conducted that test 
for HFP) or using the mouse micronucleus assay (when tested by the National Toxicology Program), 
suggesting that the carcinogenicity of tetrafluoroethylene is not related to the genotoxicity of HFP.   
Thus, significant exposure to the HFP monomer would require a detailed safety analysis.  However, 
Chemistry as reviewed the data and information presented regarding exposure to HFP from use of the 
FCS and concluded that the exposure would be “essentially zero”.  In the absence of significant 
exposure Toxicology has no questions or concerns regarding HFP monomer in this FCS.

A second potential toxicological concern might arise from polymerized HFP monomer in the FCS, 
particularly in LMWO that migrate into food. The form of this monomer, once polymerized in the 
FCS, is chemically modified by, among other things, saturation of the double bond9.  Thus an 
appropriate model compound for assessing the genotoxicity of polymerized HFP is 
hexafluoropropane, a compound lacking the double bond.  Genetic toxicology test data for two 
isomers of this compound are available in the published literature.  1,1,1,3,3,3-hexafluoropropane 
(CAS# 690-39-1), and 1,1,1,2,3,3-hexachloropropane (CAS 431-63-0) were studied under OECD and EPA 
GLP and test guidelines by the Dupont Haskell laboratories and the results published10.  While the 
journal article does not contain the detail that would be present in a full laboratory report, data tables 
are presented for a bacterial mutagenicity study using Salmonella typhimurium strains TA97, 98, 100 
and 1535 and E. coli WP2uvrA (pKM101), a study of induction of chromosome aberrations in 
lymphocytes freshly obtained from peripheral blood of human volunteers, and a study of induction of 
micronuclei in erythrocytes obtained from bone marrow of male and female mice.  In each case the

                                                           
6 T. Green and J Odum Structure/activity studies of the nephrotoxic and mutagenic action of cysteine conjugates of chloro-
and fluoroalkenes. Chem Biol Interactions 54: 15-31, 1985
7 Unit Cancer Risk calculation from Michelle Twoarowski, DFCN to file FCN 260 through David Hattan, April 16, 2003.  
8 Corrigendum to JACC no 42 issued 15, December 2004 and Tetrafluroethylene (CAS No. 116-14-3) JACC Report No. 
42 (Brussels, 2003)   
9 Personal communication  Jeannie H. Jeong-Im to Dan D. Levy 13 March 2013. 
10 W.J. Brock, DP Kelly, SM Munley, KS Bentley, KM McGown and R Valentine. Inhalation Toxicity and Genotixicty of 
Hydrofluorocarbon (HFC)-236fa and HFC 236ea.  International Journal of Toxicology 19: 69-83 (2000). 



test aiiicles were administered in gas phase. Summaiy data presented in tables in the publication 
suppo1i the conclusions of the authors that the test aiiicles did not induce a positive response in any of 
the three genetox assays. The results of these repo1is in which the aiiicles were tested under GLP 
using contempora1y test guidelines strongly support the hypothesis that elimination of the double 
bond, which occurs during polymerization of HFP, reduces the potential for genotoxicity as measured 
by standard genotoxicity assays. Both isomers of tetrafluoroethane (1,1,2,2-also called FC134 and 
1,1,1,2-also called FC134a) have also been tested for genotoxicity. A bacterial mutagenesis assay 
using Salmonella typhimurium TA1535, TA1538, TA98 and TAl 00 has been published 11 . The 
bacteria were exposed to test aiiicle in the gas phase both with and without metabolic activation using 
an S9 mix prepared from livers of Arochlor 1254-induced male Sprague-Dawley rats. Details of the 
data are absent but the compounds were said to be non-mutagenic. No other relevant literature was 
found in Pubmed or Toxline and neither compound was found in seai·ches ofIRIS, GENETOX, 
CCRIS or CERES databases . 

HFP and analogues which lack the double bond (saturated analogues): 

Unsaturated 
F F F 
I I t 

F-C-C= C (hexafluoropropene) 

I ' 
F F genotoxic 

F F 
\ I 

C==C 
I \ 

F F 

( tetrafluoroethene) 

rodent carcinogen 

Saturated 
F F F 

I I 
H-C-C-C-H (hexafluoropropane) 

I I I 
F F F not genotoxic 

F F 
I I 

H-C-C-H ( tetrafluoroethane) 
I 

F F not genotoxic 

Conclusion: There is evidence that HFP is genotoxic. Tetrafluoroethene, a close analogue, is a rodent 
carcinogen. Chemistiy states that exposure to HFP monomer is "essentially zero". Toxicology has no 
questions about the safety of the monomer under the exposure conditions for this FCS. 

E. Catalysts and processing aids 

• ----------------=-- . Chemistiy notes that this potential 
impurity will be removed during the wash step of manufacturing . 

• 

Chemistiy notes that b) (4 ) and will be ---------- ---------------removed in manufacturing during the diying step .. 
• 4 , used as a , is regulated under as a ------- ------
11 

E. Longstaff, M Robinson, C. Bradbrook, J.A. Styles and I.F.H. Purchase. Genotoxicity and Carcinogenicity of 
Fluorocarbons: Assessment by Short-Term in Vitro Tests and Chronic Exposure in Rats Toxicology and Appl ied 
Pharmacology 72: 15-3 1 (1984) 
1217r-r-,....,.-...::..:...----=---'-------, 



(J5) (4) - "--- -~--Chemistry notes that it would be expected to _ ......,(D__..~_~..__4 ...... ~­
which wojuld be removed during the wash step. -------

• (b (4 ----~"-- --"--.---.--.- -.-e::-=""!!"""-=-=------=---
are mentioned in the original FCN. However, the January 

31 , 2013 response to the deficiency letter sent by DFCN on Janmuy 22 clarifies that these are added 
to polymers along with the FCS and therefore are not pali of the FCS which is the subject of this 
notification. Each of these ingredients can be appropriate for incmporation into an FCS under suitable 
conditions so their mention in this notification does not raise any safety concerns. 

Toxicology has no questions about catalysts and processing aids used to manufacture the FCS. 

CONCLUSION(S) 

Dyneon, a 3M Company, through fute1tek, has notified for a copolymer ofvinylidene fluoride and 
hexafluoropropene (CAS Reg. No. 9011-17-0) as a process aid at levels up to 2000 ppm in all 
polymers (excluding metal and paper coatings) in contact with all food types conditions of use A 
through H. Toxicology has no questions regarding the safety of the proposed FCS based on the 
exposure estimates and the toxicological evaluation of the available data as detailed in this 
memorandum. 

DanD. Levy, Ph.D. 

HFS-275:DDLevy: FCN1255 Tox memo.pdf:DDL: 3/20/13 
fuit: YGu: 3/21/13 
Final: DDL: 3/21/13 
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DEPARTMENT OF HEALTH & HUMAN SERVICES Public Health Service 

Memorandum 
Food and Drug Administration 
College Park, MD 20740 

Date: 	February 20, 2013 

From: Biologist, Regulatory Team 2, Division of Biotechnology and GRAS Notice 
Review (HFS-255) 

Subject: FCN No. 1255 - Copolymer of vinylidene fluoride (VDF) (CAS No. 75-38-7) and 
hexafluoropropene (HFP) (CAS Reg. No. 116-15-4) as identified by CAS Reg. No. 9011-17-0, 
intended for use as a processing aid at levels up to 2,000 ppm by weight in all polymers 
(excluding polymers used in metal and paper coatings). The FCS is intended to contact all food 
types under Conditions of Use A through H. 

Notifier: Intertek c/o 3M 

To: Kenneth McAdams, Division of Food Contact Notifications (HFS-275) 

Through: Annette M. McCarthy, Ph.D, Senior Science and Policy Staff  f •P  1  

We have reviewed the claim of categorical exclusion for the above referenced notification and 

have concluded that the categorical exclusion is warranted. The claim of categorical exclusion 

cites the section, 21 CFR 25.32 (i), under which categorical exclusion is warranted, states 

compliance with the categorical exclusion criteria, and states that no extraordinary circumstances 

exist that require the submission of an environmental assessment. 

Please let us know if there is any change in the identity or use of the food-contact substance. 

Talia A. Lindheimer 

CC: 

BIFS-255 	Lindheimer 
File: FCN No. 1255 

















    DEPARTMENT OF HEALTH & HUMAN SERVICES Public Health Service

Food and Drug Administration

    
Memorandum

Date January 10th, 2012

From Division of Food Contact Notifications (DFCN)

Subject Toxicology Review of -"Tetrafluoroethylene (TFE)-Hexafluoropropylene (HFP)-

Vinylidene Fluoride (VDF) Copolymers as a processing additive for all polymers"

To Anita Chang, Ph.D., CSO,  Regulatory Group 2, DFCN

FCN 1121 Dyneon / 3M  Co.

3M Center, Building 236

Saint Paul, MN 55144

I.  INTRODUCTION 

Dyneon / 3M Corporation submitted the current Notification to allow modification of the

synthesis of the perfluoropolymer used in FCN 260 with a new fluorochemical 

The manufacture of  has been modified such that the  

Currently, the FCS is regulated under 21 CFR 177.2600 (Rubber articles intended for repeated

use, FAP 5B1794).  Related FCNs are listed below.

II.  NOTIFICATION STATUS 

SUBMITTED: September 19th, 2011

ACKNOWLEDGED: November 30th, 2011

III.  INTENDED USE

Conditions of use A-H has been proposed to replace the original B-H designation.

The FCS may be used at levels up 2000 ppm in food-contact polymers.

IV.  IDENTITY OF THE FOOD CONTACT  SUBSTANCE 

Chemical Abstracts Name: Ethylene, tetrafluoro-, polymer with 1 , 1 -difluoroethylene and

hexafluoropropene

C.A.S. Registry # : 25190-89-0

Other Names: (See Attachment for structures) 

Trade Name: Dynamar™ 

V . RELATED NOTIFICATIONS / PETITIONS

FCN 127 (Ausimont), FCN 260, FCN 1065 (Crowell & Moring)

1

(b) (4) (b) (4)
(b) (4)

(b) (4)

(b) (4)
(b) (4)



2

(b) (4)



VI.  EXPOSURE ESTIMATES   

Oligomers (FCS): The Notifier has computed the exposure estimates from FCN 260

obtaining an almost unchanged value, DC  0.50 ppb, versus 0.45 ppb in

the FCN 260.  FDA’s chemist computed a lower number, 0.37 ppb using

standard use and consumption parameters.

Constituents and Impurities:

VII.(a)  TOXICOLOGY SUMMARY FOR THE FOOD CONTACT SUBSTANCE

1.  - PNC , cited in this FCN, included a new safety narrative, which refers to

genotoxicity studies conducted on the polymer and submitted with FCN 260.

The polymer is similar to other regulated (§ 177.2400) poly(tetrafluoroethylene)

elastomers and presents no new toxicity concerns.

VII.(b)  TOXICOLOGY SUMMARY FOR Constituents and Impurities

3

(b) (4)

(b) 

(b) (4)



(b) (4)



(b) (4)



(b) (4)



William L. Roth, Ph.D.

Init:  Chingju W. Sheu, Ph.D. : 1/10/2012

attachments (references, study reviews)

7

Date: 
2012.01.11 
10:11:43 -05'00'

(b) (4)



References

8

(b) (4)



9

(b) (4)
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(b) (4)



FDA FCN 1121 - Individual Toxicity Study Reviews

The unpublished studies listed under “References” have all undergone at least cursory reviews.

The attachments which follow contain the individual study reviews completed by FDA or

TDERs completed by Oak Ridge with secondary review by FDA.
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DEPARTMENT OF HEALTH & HUMAN SERVICES	 Public Health Service 
Food and Drug Administration 

Memorandum 
Date:	June 20, 2012 

From:	Biologist, Regulatory Team 2, Division of Biotechnology and GRAS Notice Review 
Office of Food Additive Safety (HFS-255) 

Subject: FCN No. 1121 — Tetrafluoroethylene-hexafluoropropylene- 	 3M 
vinylidene fluoride copolymers as a processing additive for all 	 3M Center, 236-1B-10 
polymers (excluding polymers used in metal and paper coatings). 	 St. Paul, MN 55125 

Division of Food Contact Notifications (HFS-275) 
Attention: Anita Chang, Ph.D. 
Through: Annette M. McCarthy, Ph.D., Lead Environmental Review Scientist,  -7A kV  

This memo supercedes the memo dated November 15, 2011 which incorrectly referenced FCN 

1126. 

We have reviewed the claim of categorical exclusion for the above referenced notification and 

have concluded that the categorical exclusion is warranted. The claim of categorical exclusion 

cites the section, 21 CFR 25.32 (i), under which categorical exclusion is warranted, states 

compliance with the categorical exclusion criteria, and states that no extraordinary circumstances 

exist that require the submission of an environmental assessment. 

Please let us know if there is any change in the identity or use of the food-contact substance. 

At 4,, 
Hoshing W. Chang, Ph.D. 

CC: 

HFS-255	 Chang 
File: FCN No.1121 

To:



 
   DEPARTMENT OF HEALTH & HUMAN SERVICES Public Health Service 
 Food and Drug Administration 
 
 

   Memorandum 
 

Date: October 15, 2007 

From: Division of Food Contact Notifications, HFS-275 
Chemistry Team 1 
Sharon Elyashiv-Barad, Ph.D. 

Subject: FCN 736:  Ciba Expert Services (Ciba), on behalf of Dyneon (a 3M Company).  Copolymer of 
hexafluoropropylene (HFP), vinylidene fluoride (VDF), and bromodifluoroethylene (BDFE) as a 
polymer processing aid.  Submissions dated April 27, 2007 (initial submission), June 7, 2007 
(question regarding low molecular weight oligomers), June 13, 2007 (response to deficiencies), 
and June 28, 2007 (teleconference and second response to deficiencies). 

To: Division of Food Contact Notifications, HFS-275 
Regulatory Team 2 

 Attention: V. Gilliam  
  

FCN 736 was submitted by Ciba Expert Services (Ciba), on behalf of Dyneon (a 3M Company), for 
a copolymer of hexafluoropropylene (HFP), vinylidene fluoride (VDF, a.k.a. 1,1-difluoroethene), 
and bromodifluoroethylene (BDFE) intended to function as a processing aid in all polymers, at 
levels not to exceed 1000 ppm in the finished polymer.  The FCS is a major component of a 
polymer processing additive (PPA) marketed as .  Polymers containing the FCS 
will be used in contact with all foods under Conditions of Use A through H as described on our 
website. 
 
Background 
 
The FCS is not currently regulated in 21 CFR 170-199, nor is it the subject of any effective FCNs.  
The FCS was the subject    
 
HFP-VDF copolymers are currently regulated as processing aids, at levels not to exceed 0.2 wt.-%, 
under §177.1350 (Ethylene-vinyl acetate copolymers) and §177.1520 (Olefin polymers), and as the 
base elastomer under §177.2600 (Rubber articles intended for repeated use).   
 
Dyneon’s FCN 2601 (effective October 3, 2002) was for the terpolymer of tetrafluoroethylene 
(TFE), HFP, and VDF intended for use as a processing additive at levels up to 2000 ppm in food-
contact polyolefins.  Polyolefins containing that FCS may be used in contact with all food types 
under Conditions of Use B through H. 
 
Other fluorinated polymers, structurally related to the FCS, are listed under §177.2400 
(Perfluorcarbon cured elastomers) and §177.2600, or are the subject of several effective FCNs 
(FCN 17, Greene, Tweed and Company, Inc.; FCN 101, DuPont Dow Elastomers; FCNs 126-129, 
Ausimont).  
                                                 
1 Chemistry memorandum for FCN 260 dated September 19, 2002 (S. Elyashiv-Barad to V. Gilliam). 

(b) (4)

(b) (4)



 
Chemistry information is contained in FDA Form 3480 and Attachments 1-9 as follows:  1 
(structure and MSDS), 2 (IR, DSC, TGA), 3 (manufacture), 4 (monomer content), 5 (intrinsic 
viscosity), 6 (molecular weight distribution data), 7 (technical data sheet), 8 (migration study) and 
9 (maximum extractability report).  Additional data is contained in the June 13 and June 28, 2007 
submissions addressing deficiencies outlined in your June 4 and June 22, 2007 letters, respectively.  
 
Identity of the FCS 
 
Information on the identity of the FCS is contained in FDA Form 3480, Section II.A, Section II.C, 
Attachments 1, 2, 5, and 6, the June 13, 2007 submission (Item 2), and the June 28, 2007 
submission (Item 1). 
 
The FCS is a random copolymer of HFP and VDF  
BDFE.  As per our recommendations in the June 4, 2007  deficiency letter, the notifier modified the 
description of the FCS to:  1-propene, 1,1,2,3,3,3-hexafluoro-, polymer with 1,1-difluoroethene 
(CAS Reg. No. 9011-17-0) modified with a halogenated ethylene as described in the food contact 
notification (see Item 1 in the June 28, 2007 submission).  This language was used in the 
notification letters. 
 
Name:  1,1,2,3,3,3-hexafluoropropene, polymer with 1,1-difluoroethene (CAS Reg. No. 

9011-17-0) modified with 2-bromo-1,1-difluoroethylene 
 

Other names: ----------------------------------------------- ----------------------------------- ---- ied 
-------------- --------------------------- --------------------------------- ------------  

 
Structure: Attachment 1 contains structures of the two primary monomers HFP and VDF. 

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

------ --------- -------- - ------------- - ---- ---- - ------------------------------- 
 
 
 
FCS Properties 
 
Properties (color, density, viscosity, and form) are provided in Form 3480, Section II.C, and the 

                                             

 - 
2  The FCS is also referred to as -------- - --------- --------- 

(b)(4)

(b)(4)
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the reported results.  
 
Under the polymerization reaction conditions described above, the low boiling points of HFP (bp of 
-84°C), VDF (bp of -29°C), and BDFE (bp of 6°C) would ensure that they would be completely 
volatilized and removed from the FCS.  Therefore, we would expect that exposure to HFP, VDF 
and BDFE would be “essentially zero.”  
 
We have no questions on the manufacture of and impurities in the FCS.  
 
Intended Use and Technical Effect 
 
Information on the proposed use and technical effect are contained in FDA Form, 3480, Section 
II.D, and Attachment 7.    
 
The FCS is intended for use as a processing additive, at levels up to 1000 ppm, in food-contact 
polymers.  Polymers containing the FCS may be used in contact with all foods under Conditions of 
Use A through H depending on the permitted food-types and condition of use of the base polymer. 
 
The FCS is a free-flowing fluoropolymer-based processing additive intended to improve the 
processing of thermoplastics.  A technical data sheet is provided in Attachment 7.  The FCS would 
function in a manner similar to other HFP/VDF copolymers listed under §177.1350, §177.1520, 
and FCN 260. 
 
We have no questions on the intended use and technical effect of the FCS. 
 
Stability 
 
In Form 3480, Section II.E, the notifier indicated that the FCS is not expected to degrade during the 
intended use.  The DSC and TGA scans in Attachments 2B and 2C, respectively, indicated that the 
FCS is stable at temperature in excess of 200ºC.  We expect the stability of the FCS to be similar to 
other related and permitted FCSs.   
 
We have no questions on the stability of the FCS. 
 
Migrant Levels in Food 
 
Migration studies are summarized in Form 3480, Section II.F, with the full reports contained in 
Attachments 8 and 9.  Additional information is contained in the June 13 and June 28, 2007 
submissions.  
 
Attachment 8 contains a migration study report conducted by Ciba on behalf of Dyneon.  The 
report contains nine attachments, denoted as Attachments I through IX, containing the following:  I 
(method for determining the FCS in simulants), II and V (calibration curves), III, IV, VI and VII 
(representative chromatograms) and VIII and IX (validation). 
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residue analysis, the actual LOD for the method would be expected to be lower than the LOQ.  The 
GPC method was validated using separate, 10 day extracts (100°C for 2 hr followed by 40°C for 10 
days) in which the polymer was removed and the simulants fortified at the LOQ.  Acceptable 
recoveries were reported.  Ciba submitted representative chromatograms and calibration curves 
supporting the reported migration and validation results. 
  
Fluorine Analysis (Attachment 9b) 
Attachment 9b contained the results of analysis of 12 extracts for total fluorine (test samples and 
controls, 3 replicates, 10 days, both simulants).  The 10% ethanol samples were reported as 8 ppb 
to food, while the 95% ethanol samples were reported as 11, 11 and 27 ppb to food. 
 
As per your deficiency letter, Ciba clarified that the fluorine analysis described in Attachment 9b 
was conducted on the extracts from the migration study rather than those obtained from the 
exhaustive study (see below).  Dried extract from the migration study was sent to Dyneon for total 
fluorine analysis.  Dyneon reconstituted the migration residue in ethanol (1 mL) and measured total 
fluorine in ppm.  Since the value indicated total fluorine, division by 0.66 (amount of fluorine in 
the FCS is equal to 66%) gave a value in units of µg/mL FCS.  Ciba then multiplied by the total 
volume (1 mL) to arrive at µg FCS in the migration residue, followed by dividing by 4 in2 (plaques 
were 1x2 inch and 40 mil thickness, considering doubled sided, therefore 4 in2) to derive a value in 
units of µg FCS/in2.  Ciba then assumed that 10 g food comes into contact with 1 in2, to get a value 
in food which was then converted to ppb.  A sample calculation is shown below. 
   

0.7 µg/mL total fluorine ÷ 0.66 (amount of fluorine in FCS) = 1.06 µg FCS/mL  
 
1.06 µg/mL (1 mL total volume) = 1.06 µg FCS/4 in2 = 0.27µg FCS/in2  
 
0.27 µg FCS/in2  x 1 in2/10 g food x 1000 g food/kg food = 27 µg FCS/kg food (or ppb) 
 

Table 2 of Attachment 9b indicated that the 95% ethanol controls contained 4-8 ppb while the test 
sample contained 11-27 ppb.  The controls and test sample for 10% ethanol were about 8 ppb.  Ciba 
did not account for the controls in previous calculations.  Therefore, the 27 ppb value (95% 
ethanol) was corrected for controls by taking the average values for the three replicates (16.3 ppb) 
and subtracting the average of the controls (6.7 ppb) to give 9.6 ppb in food.  The 10% FCS values 
were equal to the 10% control values; therefore Ciba did not correct for the blanks, and used 8 ppb 
in food.  
 
Extract Analysis (Attachment 9a) 
 
Attachment 9a (initial submission) contained a study on the exhaustive extraction of the FCS with 
10% ethanol and 95% ethanol at 250°F (121°C) for a total of 21 hours (3 times at 7 hours each).  
The extracts were evaporated to dryness and analyzed gravimetrically.  The residues for 10% 
ethanol were about 1 mg each time, while those for 95% ethanol were about 75 mg, 17 mg and 7 
mg for the three extraction sequences.  The first 95% ethanol sample (75 mg) was taken up in 
chloroform and determined to be 65 mg (insoluble portion) and 10 mg (soluble portion).  This 
chloroform-soluble fraction (residue) was analyzed by NMR (proton), X-ray and GPC.  Proton 









 
   DEPARTMENT OF HEALTH & HUMAN SERVICES Public Health Service 
  Food and Drug Administration 
 

 Memorandum 
 

October 22, 2007 Date: 

From: Toxicology Group 1, Division of Food Contact Notifications (DFCN) 
Adejoke O. Ogungbesan, Ph.D. (HFS-275)  

Subject: FCN 000736:  Dyneon, A 3M Co.:  Copolymer of hexafluoropropylene (HFP), vinylidene 
fluoride (VDF), and bromodifluoroethylene (BDFE) as a polymer processing aid. Submissions 
dated April 27, 2007 and updates of 06/07/2007, 06/13/2007 and 06/28/2007. 
 

To: Regulatory Group 2, DFCN 
Attn: Vivian Gilliam 
 
FOOD CONTACT NOTIFICATION (FCN) 000736 Dyneon, A 3M Co.l, 
        3M Center, Building 236-1B-10 
        St. Paul, MN 55144. 
                                                                                                T: 651-737-8557 
                                                                                                F: 651-737-9909.       
       
RELATED DOCUMENTS 

FCN 000260: Dyneon LLC through Keller and Heckmann for the use of tetrafluoroethylene-
hexafluoropropylene-vinylidene fluoride copolymers as a processing additive for polyolefins for 
use in contact with food. Effective October 16, 2007. 
FCN 000127: Ausimont, Inc. Use of terpolymer of vinylidenefluoride, tetrafluoroethylene and 
hexafluoropropylene as a gasket or seal in food processing equipment. Effective July 21, 2001. 
FAP 9B4169: Pennwalt Corporation. Poly(viny1idene fluoride-hexafluoropropylene) copolymer 
(CAS No. 901 1-1 7-0) resins as adjuvants in olefin polymers. 21 CFR I 77.1520 
FAP 5B1794: E I Dupont De Nemours & Co. Rubber articles intended for repeated use. 21 CFR 
177.2600. 
FCN 000736: Chemistry Review Memorandum, Elyashiv-Barad/Gilliam, 10/15/2007. 
                       Environmental Review Memorandum, Lamont/Gilliam, 08/13/2007. 
 
INTRODUCTION   
 
Dyneon, a 3M Company, through Ciba Expert Services submitted this notification (FCN) for a 
copolymer of hexafluoropropylene (HFP) and vinylidene fluoride (VDF; a.k.a. 1,1-
difluoroethene), and bromodifluoroethylene (BDFE), intended to function as a processing aid in 

                                                 
1 Abbreviations used in this memorandum include Food Additive Petition (FAP), Prenotification consultation (PNC), 
Developmental and Reproductive Toxicology (DART), Hazardous Substances Data Bank (HSDB), Integrated Risk 
Information System (IRIS), Chemical Carcinogenesis Research Information System (CCRIS), International Agency 
for Research on Cancer (IARC), Hypoxanthine-guanine phosphoribosyltransferase (HPRT), Generally recognized as 
safe (GRAS), National Toxicology Program (NTP)  

(b) (4)



all polymers, at levels not exceeding 1000 ppm in the finished p------ ------------------ a major 
component of a polymer processing additive (PPA) marketed as--------- - -------------  Polymers 
containing the FCS are expected to be used in contact with all food types and under temperature 
conditions of use A through H, as described in CFSAN’s website at 
http://www.cfsan.fda.gov/~rdb/opa-fcn3.html.   
 
As indicated by Chemistry , this compound is not currently regulated in 21 
CFR, nor is it the subject of any effective FCNs.  However, this FCS is related to several other 
fluorinated polymers which were the subjects of petitions or notifications (see page 1 of 
Chemistry’s memorandum for a detail discussion). 
  
IDENTITY OF FOOD CONTACT SUBSTANCE (FCS) 
 
CAS Name: 1,1,2,3,3,3-hexafluoro-, polymer with 1,1-difluoroethene modified with 2-bromo-

1,1-difluoroethylene. 
CAS Registry Number: 90------------ --------------------------- 
Trade or Common Names
Other Names: 1,1,2,3,3,3--------------------------------- --- -----------------------------  modified with 2-

bromo-1,1-difluoroethylene; HFP/VDF/BDFE terpolymer; D2598. 
Structure:   
 

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

 
Formulation: -------- - ------------- - --------- - ------------------------------- 
MW Distribut------------------------------ ----- ------- -- ----------------------------------------------------- 

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

 
EXPOSURE ESTIMATES 
 
Chemistry indicated that dietary exposure to the monomers of the FCS (HFP, VDF, and BDFE) 
listed below (Table 1) would be “essentially zero”. The DC of the low molecular weight 
oligomers (LMWO) of the FCS  was estimated to be 0.09 ppb. 
According to Chemistry, in previous submissions regarding other types of polymers, the safety 
evaluation of only the fraction of LMWO  was considered. However, in 
consultation with toxicology it was determined that in the case of perfluoro-compounds, certain 
properties of the substances (such as spatial size and MW) involved in transport/systemic 
                                                 

 2
2  The FCS is also referred to as Dynamar . 
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LMWO  of the FCS (DC of 0.4 ppb) 
The notifier stated that searches through several databases including TOXLINE, DART, HSDB, 
IRIS, GENETOX, and CCRIS, did not reveal any data indicating genotoxicity or 
carcinogenicity. According to the notifier, the VDF/HFP copolymer has little potential to cross 
cell membranes and is not expected to be of a safety concern since it has an average molecular 
weight  
 
The copolymer has several regulatory uses3. Searches through OFAS databases and literature 
searches by this reviewer revealed the last review of a similar copolymer for FCN 260 
(difference being the FCS used in FCN 260 contained tetrafluoroethylene whereas this FCS 
contains DBFE).  Toxicology (Twaroski/Gilliam, 10/01/2002) indicated that extracts of the 
polymer tested were reported negative in the Ames assay.  In the review of the subject of FAP 
6B3902 Toxicology (Misra/Anand, 07/17/1986) indicated that an acute oral toxicity data with 
LD50 of > 5g/kg was submitted by the petitioner.  
 
Chemistry indicated that the exposure to the HFP/VDF LMWOs would for the most part be 
substitutional with only a small portion of the exposure to LMWO  

would not be substitutional.  Accordingly, Toxicology’s focus in 
evaluating the safety of the FCS is on the unique portion of the LWMO, the BFDE.  We note that 
although the BDFE is reportedly related to substances that have mixed results in mutagenicity 
assays (see below), the structure of the FCS provided does not contain any double bonds, which 
may be a factor in the weakly mutagenic findings of the compounds structurally related to the 
monomer.  
 
Data on the Monomers of the FCS (essentially zero) 
Although the exposures to the monomers of the FCS are essentially zero, their toxicity may be 
relevant to examining the toxicity of the LMWO.  Accordingly, the available data is summarized 
as follows: 
 
HFP 
In the SN, the notifier cited the mixed results obtained from several genetic toxicity studies on 
HFP and concluded that HFP “has not been determined to be carcinogenic by IARC, NTP or any 
other responsible authority”.   
  
HFP has several regulatory uses4. The data on HFP were summarized in the review of FCN 
000260 (Twaroski/Gilliam, 10/01/2002), indicating reported negative results in Ames assay, 
Chinese Hamster Ovary (CHO)/HPRT assay, and a dominant inhalation study in rats; weakly 
positive results in mouse micronucleus assay and positive results for chromosomal aberrations in 
CHO cell (+S9); no data indicating carcinogenicity.  Other data were indicated as available 
including a mutation assay in CHO/HGPRT in  and 
various data at EPA.  No tests for carcinogenicity were located. 

 
3 21 CFR 177.1350, 177.1520 & 177.2600. 
4 21 CFR 177.1350, 177.1550 & 177.2600. 

(b) (4)

(b) (4)

(b) (4)

(b) (4)
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Catalysts and processing aids (no exposure) 
 
Data provided on the catalysts and processing aids, for which no exposure was calculated, are 
included for completeness of record.  

Since no dietary exposure to the catalysts and processing aids is expected in the use of the FCS,  
Toxicology has no questions. 
 
CONCLUSION(S) 
 
Toxicology has no questions regarding the proposed use of the FCS, 1,1,2,3,3,3-hexafluoro-, 
polymer with 1,1-difluoroethene modified with 2-bromo-1,1-difluoroethylene, or its 
impurities/constituents as described in this notification based on the dietary exposure estimates 
and the toxicological evaluation of the available data as described above. 
 
 
  
   
                                                                                              Adejoke O. Ogungbesan, Ph.D. 
 
 
INIT: M. Twaroski (HFS 275) 10/22/2007 
 
 

 
921 CFR 172.210, 172.820, 173.310, 173.340, 175.105, 175.300, 176.180, 178.3750 & 73.1. 
10 21 CFR 172.892, 175.105, 177.1200, &178.3520 

(b) (4)





 
   DEPARTMENT OF HEALTH & HUMAN SERVICES Public Health Service 
  Food and Drug Administration 
 

 Memorandum 
 

Date: August 13, 2007 
From: Chemist, Environmental Review Team (ERT) 

Office of Food Additive Safety (HFS-246) 
Subject: FCN No. 736 – Fluorinated polymer for use as a processing additive for 

all polymers for use in contact with food. 
Dyneon LLC

3M Center, Bldg 236-1B-10
St. Paul, MN 55144

To: Division of Food Contact Notifications (HFS-275) 
Attention: Vivian Gilliam  
Through: Layla I. Batarseh, Ph.D., Supervisor, ERT _____  

 
 
 

The food contact substance for this notification is 1-propene, 1,1,2,3,3,3-hexafluoro-, polymer 

with 1,1-difluoroethene modified with a halogenated ethylene. We have reviewed the claim of 

categorical exclusion for the above referenced notification and have concluded that categorical 

exclusion is warranted. The claim of categorical exclusion cites the section under which 

categorical exclusion is warranted, 21 CFR 25.32 (i), states compliance with the categorical 

exclusion criteria, and states that no extraordinary circumstances exist that require the submission 

of an environmental assessment. 

 

Please let us know if there is any change in the identity or use of the food-contact substance. 

 

William H. Lamont 

 

cc: 

HFS-246 Lamont 
  File: FCN No. 736 
 
HFS-246:WHLamont:whl:7/31/07 H:\FCN\FCN736_E_CatEx.doc 
FT:WHLamont:whl:8/13/07  P:\EIS Documents\MEMO\FCN736_E_CatEx.doc 
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DEPARTMENT OF HEALTH & HUMAN SERVICES Public Health Service l #  Food and Drug Administration 

Memorandum 
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m e :  August 13, 2007 
From: Chemist, Environmental Review Team (ERT) 

Office of Food Additive Safety (HFS-246) 
Subject: FCN No. 736 - FIuorinated polymer for use as a processing additive for 

all polymers for use in contact with food. 

Division of Food Contact Notifications (HFS-275) 
Attention: Vivian Gilliam 
Through: Layla I. Batarseh, Ph.D., Supervisor, ERT A,/& 

Dyneon LLC 
3M Center, Bldg 236-1B-10 

St. Paul, MN 55144 
To: 

The food contact substance for this notification is 1-propene, 1,1,2,3,3,3-hexafluoro-, polymer 

with 1,l-difluoroethene modified with a halogenated ethylene. We have reviewed the claim of 

categorical exclusion for the above referenced notification and have concluded that categorical 

exclusion is warranted. The claim of categorical exclusion cites the section under which 

categorical exclusion is warranted, 21 CFR 25.32 (i), states compliance with the categorical 

exclusion criteria, and states that no extraordinary circumstances exist that require the submission 

--- of an environmental assessment. 

Please let us know if there is any change in the identity or use of the food-contact substance. 

d ~ ~ ( & / % - & A - - -  
William H. Lamont 

cc: 

HFS-246 Lamont 
File: FCN No. 736 

HFS-246:WHLamont:whl:7/3 1/07 H:\FCN\FCN736-E-CatEx.doc 
FT:WHLamont:whl: 8/13/07 P:EIS Documents\MEMOWCN736~E~CatEx.doc 



Date: 

From: 

Subject: 

To: 

DEPARTMENT OF HEALTH & HUMAN SERVICES 
. l AD I IRIHH 1111 

Public Heallli Service 
Food and Drug Administration 

Memorandum 

September 19, 2002 

Division of Food Contact Notification, Chemistry Review Group 1 

FCN 260: Keller and Heckman LLP, on behalf of Dyneon LLC. 
Tetrafluoroethylene-hexafluoropropylene-vinylidene fluoride (TFE-HFP-VDF) terpolymer 
as processing additives for polyolefins. Submissions dating June 4, 2002 (initial 
submission) and July 18, 2002. 

Division of Food Contact Notification, Regulatory Group 2 
Attention: Vivian Gilliam 

Keller and Heckman LLP (K&H), on behalf of Dyneon LLC, submitted this food contact 
notification (FCN) for the fluorinated polymer TFE-HFP-VDF produced by the terpolymerization 
of tetrafluoroethylene (TFE), hexafluoropropylene (HFP) and vinylidene fluoride (VDF). The food 
contact substance (FCS) 1 is intended for use as a processing additive at levels up to 2000 ppm in 
food-contact polyolefins. Polyolefins containing the FCS will be used in contact with all food types 
under conditions of use B-H as described in Tables land 2, respectively, of 21 CPR 176.170(c) 
(Components of paper and paperboard in contact with aqueous and fatty foods). The fluoro-based 
terpolymer is not intended to have a technical effect in food. 

Background 

The FCS is currently regulated under § 177 .2600 (Rubber articles intended for repeated use) as a 
result of one food additive petition, F AP 5B 1794. The FCS is also the subject of one effective FCN 
(the FCS is the base polymer in FCN 1272, effective date 7/21/01), 2' 

a request for a cumulative estimated daily intake 
(CEDn and an acceptable daily intake (ADI) for oligomers ofTFE-HFP-VDF terpolymer, (o) (4) 
___ 116 4) submitted for toxicology concerns. 

Other fluorinated polymers related to the FCS are listed under § 177.1520 (Olefin polymers), 
§ 177 .2400 (Perfluorcarbon cured elastomers) and § 177 .2600, or are the subject of several effective 
FCNs (FCN 17, Greene, Tweed and Company, fuc.; FCN 101, DuPont Dow Elastomers; FCNs 
126-129, Ausimont). These are shown in Attachment 1 to this chemistry memorandum. 

Identity 

Information on the identity of the FCS is contained in Section C, and several Appendices (I-ill, VII 
and X) in the initial submission. 

1 The terms FCS, terpolymer and (o I are used throughout this chemistry memorandum to describe the food 
contact substance. 
2(Chemistry Memorandum on FCN 127 d-ated June 4, 2001; A. B. Bailey to V. Gilham. 
3b 
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CAS name: 

CAS Reg. No.: 

Trade name: 

Other names: 

Structure: 

Ethylene, tetrafluoro-, polymer with I, 1-difluoroethylene and hexafluoro­
propene 

25190-89-0 

Tetrafluoroethylene-hexafluoropropylene-vinylidene fluoride copolymer; 
Tetrafluoroethylene-hexafluoropropylene-vinylidene fluoride terpolymer; 
l-Propene,l ,l,2,3,3,3-hexafluoro-, polymer with 1,1-difluoroethene and 
tetrafluoroethene 

(b) (4) 

Molecular weight: - • 

The molecular weigbt of the fluorinated terpolymer was determined by melt 
rheometry. This procedure is described in Appendix ID of the submission 
dated June 4, 2002 and in Attachment 3 of the submission dated July 18, 
2002. 

Polymer characterization 
The notifier has provided an infrared spectrum (Appendix m that adequately identifies the FCS. 

Polymer specifications 
The following specifications were provided by the notifier (Section C and Appendices I, VII-VIII): 

Melting point (°C) 
Melt flow index (g/10 min) 
Specific gravity, 25°C/25°C, (glee) 

(6 (4 

(b} (4) 

· is intended to collect1vely refer to both J :itJ in this memorandum. --- --------
2 

001.944 



Three Certificates of Analysis of the FCS are provided in Appendix VID5 of the initial 
submission. 

"End-test" extractions (Appendix X) 
The notifier conducted "end-test" extractions (in triplicate) for total nonvolatile extractives (TNE) 
using water and n-hexane at reflux (for 7 hours followed by an additional 2 hours) in accordance 
with subparagraphs (e) and (f) of §177.2600. For the reflux extractions, glass resin kettles were 
used for the extraction cells. The FCS meets all extractive limitations as shown below (see Tables 9 
and 10 in Appendix X). 

Table I: Extraction test results 

Solvent Time Mean TNE• Limitations 
(hr) (mg/in2) (mg/in2) 

Water 7 0.0117 20.0 
+2 0.0044 1.0 

n-Hexane 7 0.0270 175.0 
+2 0.0083 4.0 

* Test samples were corrected for the solvent blank residue weights. 

Inspection of Tables 9 and 10 indicate that the reported masses for three out of the four solvent 
blank weights are reasonable, and therefore, the results reported for mean TNE (above) were 
corrected for the solvent blank. The solvent blank mass used in the extraction with water (7 hour 
reflux) was especially high (i.e. the solvent blank mass was approximately equal to the mass of the 
extracted sample). The uncorrected mean TNE for water (7 hours) would be 0.0419 mg/in2. 

We have no questions on the identity of the FCS . 

Manufacture 

Information on the manufacture of the FCS is described in the June 4, 2002 submission (Section C 
and Appendix N) and the 7/18/02 submission (Attachment 1). Raw material specification sheets 
are provided in Appendix V of the initial submission. 

(6 
) 

5 The notifier notes that the Certificates of Analysis include a specification for particle size. This is a customer­
specific specification that has no beanng on the either the chemical or physical properties of the FCS. Furthermore, 
these specifications may vary as per customer needs. Particle size has therefore, not been included as a general 
specification for the FCS. 
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Table II: I (6 ) I 
(15} (4) 

I 

Impurities 
The terpolymer was analyzed for 6 4 and the raw materials TFE, HFP and VDF {Appendix VI, 
June 4, 2002 submission; and Attachment 2, July 18, 2002 submission). Several unidentified 
substances were also identified as potential impurities (discussed below). 

Five samples of the FCS were submitted for analysis to determine the concentration of (6 {4) 
(1:5 :iJ was determined as (o) (4) anion, 0 4J anion, using big -
performance liquid chromatography (HPLC) coupled to electrospray mass spectrometry. The 
samples were cryoground to a fine powder, and 1 gram was mixed with 5 mL of acetonitrile and 
shaken for ~ 18 hours to extract the impurity. After the sample extracts settled, a portion of each 
extract was centrifuged and analyzed. The average ( (4) concentration was ( ~ . and 

(b) (4) 

4 
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maximum was l:5 c,l ppm in the FCS.7 The maximum b 4 level was therefore stated to be 
0 in the FCS. t.A\ 

la.A 

TFE, HFP and VDF 
Four samples of the PCS were analyzed twice for the residual fluoromonomers TFE, HFP and VDF 
using headspace gas chromatography (GC) with FID detection. No monomers were detected at the 
following reported limits of detection (LOD): 10 µg/kg TFE, 50 µg/kg HFP, and 10 µg/kg VDF. 

Unidentified impurities 
The GC chromatograms of the four samples analyzed for the residual fluoromonomers showed the 
presence of additional peaks, which were not identified by the notifier. (We have provided an 
exposure estimate to the collective "unidentified impurities" described above, in the Exposure 
section of this memorandum). 

{6 4) 

We have no questions on the manufacture of the FCS. 

Intended Use and Technical Effect 

I 

Dyneon LLC intends to incorporate the terpolymer as a polymer-processing additive (PPA), at 
levels up to 2000 ppm, in food-contact polyolefins. Polyolefins containing the FCS will be used in 
contact with all food types (types I-IX) under conditions of use B-H as described fa Tables I and 2 
of §l 76.170(c), respectively. The FCS may be used in accordance with food additive regulations 
and effective notifications, which incorporate, by reference olefin polymers permitted in § 177 .1520. 
The FCS is not intended to have a technical effect in food. 

The subject FCS will be used to improve polymer extrusion. Specifically, the FCS will help 
eliminate melt fracture and reduce die build-up. Keller and Heckman provided sufficient data to 
support the improvement of polymer extrusion (Appendix IX, initial submission) with levels up to 
I 000 ppm of the PCS. Graphs demonstrating the increased productivity in blow molding of bottles 
(50 mL), the reduction and/or elimination of external die build, the reduction in the formation of 
gels during blow film extrusion, and the improvement in surface and gloss of bottles, i.e. the 
reduction of melt fracture, were presented and adequately explained. 

We have no questions about the intended use and technical effect of the PCS. 

8 (b) (4) 
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Migration Studies 

Migration studies are summarized in Section D and in Appendix X of the initial submission. 

Migration studies were performed on test samples o {6 plaques (greater than 25 mils thick 
and approximately 4 inches wide, total 2-sided surface area of 193 in2) using 10% and 95% ethanol 
at 100°C for 240 hours (the migration protocol used in these studies is more rigorous than what we 
normally recommend for single-service articles use according to conditions of use A). The tests 
were conducted in triplicate using two-sided extraction cells, both sides of the cell being exposed to 
the solvent. Controls consisted of solvent blanks. The samples were analyzed for TNE and 
chloroform-soluble extractives (CHCh-soluble TNE) at 2 hours and 240 hours. The test solutions 
were evaporated to dryness and the residues were determined gravimetrically. Migration results 
were taken from Tables 1 and 2 (TNE), and Tables 5 and 6 (CHCh-soluble TNE) in Appendix X, 
and tabulated below (columns 4 in both tables). 

Table III: Migration results for TNE 

Solvent Temp Time MeanTNE: Mean TNE: 
(°C) (hr) corrected a uncorrectedb 

(mg/in2) (mg/in2) 

10 % ethanol 100 2 0.0173 0.0276 
100 240 0.0366 0.0550 

95 % ethanol 100 2 0.0830 0.0953 
100 240 0.1940 0.2460 

a Test samples were corrected for the solvent blank residue weights. 
b Test samples were not corrected for the solvent blank residue weights. 

Table IV: Migration results for CHCIJ•soluble TNE 

Solvent Temp Time Mean CHCb-soluble Mean CHCl3-soluble 
(OC) {hr) TNE: correcteda TNE: uncorrectedb 

(mg/in2) (m2/in2) 

10 % ethanol 100 2 0.0024 0.0029 
100 240 0.0029 0.0024 

95 % ethanol 100 2 0.0223 0.0311 
100 240 0.0992 0.1437 

a Test samples were corrected for the solvent blank residue weights. 
b Test samples were not corrected for the solvent blank residue weights. 

Inspection of Tables 1, 2, 5, and 6 show that the blank solvent residues do not appear to be 
excessively high except with the following samples: Table I (TNE: 10% ethanol at 100°C for 2 
hours), Table 2 (TNE: 10% ethanol at 100°C for 240 hours) and Table 6 (CHCh-soluble TNE: 
95% ethanol at 100°C for 240 hours). Therefore, we reported both corrected (column 4) and 
uncorrected (column 5) migration results in Tables III and IV, above. 
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We have no questions about the migration studies performed on the FCS. 

Exposure 

FCS 
Notifier' approach: 
The notifier determined a dietary concentration (DC) of 0.45 µg/kg (EDI of 1.35 µg/person/day) to 
low molecular-weight oligomers (LMWO) as follows: 

1. Extracted plaque mass (assuming a polymer density of 1.9 g/cm3, a thickness of 25 mil, and a 
surface area of 193 in2, extracted on both sides): 

E d l 25 "[ 1.9 g polyolefin 0.001 in (2.54 Cm ) 3 193 in 2 75 l xtracte p aque mass = mi x 3 x x x = . g 
cm I mil I in 2 

2. Mean weight of TNE extracted from the polymer using the mean TNE corrected for 95% ethanol 
from Table III (0.1940 mg/in2) and a 2-sided surface area ( 193 in2): 

Mean weight TNE from polymer= 

mean weight TNE = 0.0375 g = 500 µg TNE or 0_5 µg 

weight of plaque 75.1 g g mg 

3. Maximum concentration of FCS in food ( assuming 100% migration into food, a polymer density 
of 0.92 g/cm3, a thickness of 10 mil, and an FCS maximum use level of 2000 ppm): 

Max cone of FCS in food = 

lQ mil X 0.92 g polyolefin X 0.001 in x(2.54 cm )3 
X 2000 µg FCS X 1 in 2 = 30 µg FCS = 30 mg 

cm 3 1 mil 1 in g po/yo/efin 10 g food g food kg 

4. Maximum migration of LMWO into food (<M>): 

. . 0.5 µg TNE 30 mg FCS µg TNE 
< M Fcs >=mean weight TNE x max cone of FCS m food = ----x----= 15--

5. DC and EDI: 

DC= CF x <M Fcs> = 0.03 x 15 µg/kg = 0.45 µg/kg 

EDI= DC x 3 kg/person/day= 1.35 µg/p/d 

mg FCS kg food kg food 

The notifier used a refined consumption factor (CF) of 0.03, determined by multiplying the 
polyolefin consumption factor (CFpolyolefin = 0.35) by the % fluoro-polymer based processing 

7 

001949 



additives (PPA) used in polyolefin resins globa11y (6.3% )9 (Appendix XI of the initial submission). 
The value obtained (0.022) was rounded to 0.03. 

Our approach: 
We determined a DC of 0.07 µg/kg (EDI of 0.2 µg/person/day) to LMWO using the uncorrected 
CHCh-soluble TNE migration values, at l00°C for 240 hours using 10% ethanol (0.0024 mg/in2) 

and 95% ethanol (0.1437 mg/in2) as provided in Table IV, our default assumption that 10 g food 
contacts l in2 surface area. and an average use level of the FCS in polyolefins, 750 ppm: 10 

0.0024 mg 1in2 1 g 750 µg µg µg 
M 10% E1hanol = 2 X ---X---"--X - --= 0.18 X 10-3 - = 0.18 -

in 10 g food 1000 mg g g kg 

0.1437 mg l in 2 1 g 150 µg µg µg 
M95%Ethanol = 2 x---x---x---= 10.8x10-3-= 10.8-

in 10 g food 1000 mg g g kg 

Using these migration values, a refined CF of 0.02 and food-type distribution factors from the 
polyolefins packaging category (where faq,acid = 0.68 for aqueous and acidic foods, andfa1+fauy = 0.32 
for alcoholic and fatty foods), gives a DC of 0.07 µg/kg and an EDI of 0.2 µg/person/day. 

DC= CF X [(faqueous + fac1d1c)(M10% ethanoV + (fa1cohol + frany)(M9s%e1hano1)] 

= 0.022 X [(0.68)(0.18 µg/kg) + (0.32)(10.8 µg/kg)] 

=0.07 µg/kg 

EDI= DC x 3 kg/person/day = 0.23 µg/person/day 

A CEDiof0.75 µg/person/day was established for the terpolymer in our March 19, 2002 chemistry 
memorandum for ( (A. Bailey to W. Trotter). Thus, the revised CEDI is 0.95 µg,'person/day. 

9 The% fl uoro-polymer based processing additives (PPA) used in polyolefin (PO) resins globally was estimated by 
Dyneon (infonnat10n used to support this was provided m Appendix XI): typical use level of a PPA = 750 ppm, 
global polyolefin market= 120 billion lbs, total global fluoropolymer-based PPA market= 5.7 million lbs. 

5.7 x 106 lb fluoropolymer -based PPA 
% Fluoro - PPA used in PO resins globally = -------------x 100 = 6.3% 

750xI0- 6 JbPPA ( 9 ) 
------x \120 x 10 lbs PO 

lb PO 

1° CHClrsoluble TNE oligomer migratlon values in 10% and 95% ethanol were detennined for the polyolefin 
plaque. To obtain migration values more applicable to use in polyolefins , the reported average use level of the FCS 
in polyolefins was taken into account. 
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The notifier determined a DC of 90 pg/kg (EDI of 0.27 ng/person/day) to (o using the 
maximum concentration of the PCS in food assuming 100% migration (30 mg/kg, from above), the 
residual level of {o ~ in the FCS (0.1 mg/kg), and a CF of (o 

1--A \ 

We determined a DC of 66 pg/kg (EDI of 0.2 ng/person/day) to 6 4J using a CF of ( (rather 
than 05) ~) ,__,. ' 

TFE, HFP and VDF 
The notifier calculated upper-bound exposure limits to the fluoromonomers based on the reported 
LODs (10 µg/kg TFE, 50 µg/kg HFP, and 10 µg/kg VDF), a CF of (b) and the assumption of 
100% migration into food. ,A, 

Above, we concluded that the starting monomers (TFE, HFP and VDF) would not be present in the 
FCS. Therefore, we conclude that exposure to TFE, HFP and VDF would be "essentially zero". 

Unidentified impurities 
The GC chromatograms used for the analysis of the fluoromonomers TFE, HFP and VDF showed 
the presence of 3-4 additional peaks that were not identified by the notifier. An upper-bound limit 
to the DC for these impurities may be determined by comparing the peak areas of the 
fluoromonomers to the peak areas of the unknown impurities. Based on this comparison, we 
conclude that the DC for the unidentified peaks will not exceed 50 ng/kg. 

Notification Language 

The language in the acknowledgement letter dated August 22, 2002 is appropriate. 

Conclusion 

We have no questions on this FCN. 

~ ffjJ-~aJ. 
Sharon Elyashiv-Barad, Ph.D. 

HFS-205 (Kuznesof), 245 (Begley), Chemistry Reading File 
HFS-275:SElyashiv-Barad:418-3145:seb:09-19-02 (FC 260_C_memo.doc) 
RDinit: ABBailey, 09-19-02 
Final: seb, 09-19-02 

9 

001951 



.• 

Attachment 1: Fluorinated polymers in regulations and notifications 

§177.1520(b} 

1. Poly(vinylidene fluoride) homopolymer (CAS Reg. No. 24937-79-9), having a melt viscosity of 
6 to 37 kilopoise at a shear rate of 100¥1 seconds at 232 °C ... using a capillary of 15:1 UD ... 

2. Vinylidene fluoride-hexafluoropropene copolymer (CAS Reg. No. 9011-17--0) having a fluorine 
content of 65 to 71 percent and a Mooney viscosity of at least 28 ... 

3. Vinylidene fluoride-hexafluoropropene copolymer (CAS Reg.No. 9011-17--0), having a 
vinylidene fluoride content of not less than 87 percent but less than 100 percent by weight 
and a melt viscosity of 12 to 27 kilopoise at a shear rate of 100¥1 seconds at 232 °C ... using a 
capillary of 15: 1 UD ... 

§177.2400{a) 

.... perfluorocarbon-cured elastomers are produced by terpolymerizing tetrafluorethylene (CAS 
Reg. No. 116-14-3), perfluoromethyl vinyl ether (CAS Reg. No. 1187-93-5), and perfluoro-2-
phenoxypropyl vinyl ether (CAS Reg. No. 24520-19-2) and subsequent curing of the terpolymer 
(CAS Reg. No. 26658-70-8) using the crosslinking agent, phenol, 4,4'-[2,2,2-trifluoro-1-
(trifluoromethyl) ethylidene] bis-, dipotassium salt (CAS Reg. No. 25088-69-1) and accelerator, 
1,4,7,10,13,16-hexaoxacyclooctadecane (CAS Reg. No. 17455-13-9). 

§ 177 .2600(c)( 4){i) 

1. Chlorotrifluoroethylene-vinylidene fluoride copolymer. 

2. Vinylidene fluoride-hexafluoropropylene copolymers (minimum number average molecular 
weight 70,000 as determined by osmotic pressure in methyl ethyl ketone). 

3. Vinylidene fluoride-hexafluoropropylene-tetrafluoroethylene copolymers (minimum number 
average molecular weight 100,000 as determined by osmotic pressure in methyl ethyl ketone). 

FCN17 

A perfluorocarbon-cured elastomer (PCE) produced by terpolymerizing tetrafluoroethylene (CAS 
Registry No. 116-14-3), perfluoro(2,5-dimethyl-3,6-dioxanone vinyl ether) (CAS Registry No. 
2599-84-0) and perfluoro(6,6-dihydro-6-iodo-3-oxa-1-hexene) (CAS Registry No. 106108-22-9) 
and subsequent curing of the terpolymer (CAS Registry No. 106108-23-0) by crosslinking with 
triallylcyanurate (CAS Registry No. 101-37-1) and vulcanizing with 2,5-dimethyl-2,5-di(t­
butylperoxy)hexane (CAS Registry No. 78-63-7), as a 68% dispersion on finely divided silica. 

10 
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FCN 101 

Perfluorocarbon cured elastomers produced by polymerizing perfluoro(methyl vinyl ether) (CAS 
Reg. No. 1187-93-5) with tetrafluoroethylene (CAS Reg. No. 116-14-3) and perfluoro(8-cyano-5-
methyl-3,6-dioxa-1-octene) (CAS Reg. No. 69804-19-9), followed by curing with trimethylallyl 
isocyanurate (CAS Reg. No. 6291-95-8) and/or triallyl isocyanurate (CAS Reg. No. 1025-15-6), 
and with 2,5-dimethyl-2,5-di(t-butylperoxy) hexane (CAS Reg. No. 78-63-7) and as further 
described in this notification. 

FCN 126 

1,9-Decadiene,3,3,4,4,5,5,6,6,7,7,8,8-dodecafluoro-, polymer with tetrafluoroethene and 
trifluoro(trifluoromethoxy)ethene (CAS Reg. No. 190062-24-9), manufactured and characterized as 
further described in the notification. 

FCN 127 

11. 1-Propene, 1, 1,2,3,3,3-hexafluoro-, polymer with 1, 1-difluoroethene and tetrafluoroethene (CAS 
Reg. No. 25190-89-0) modified with triallyl isocyanurate and 3,3,4,4,5,5,6,6,7,7,8,8-dodecafluoro-
1,9-diene, manufactured and characterized as further described in the notification. 

FCN 128 

A copolymer of tetrafluoroethylene (TFE) and perfluoromethylvinyl ether (PFMVE) (CAS Reg. 
No. 26425-79-6) modified with 1,3,5-triallyl isocyanurate (TAIC) and 3,3,4,4,5,5,6,6,7,7,8,8-
dodecafluoro-1,9-diene, manufactured and characterized as further described in the notification. 

FCN 129 

Ethene, tetrafluoro-, polymer with 1,1-difluoroethene and trifluoro(trifluoromethoxy)ethene (CAS 
Reg. No. 56357-87-0) modified with 1,3,5-triallyl isocyanurate (TAIC) and 3,3,4,4,5,5,6,6,7,7,8,8-
dodecafluoro-1,9-diene, manufactured and characterized as further described in the notification. 
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DEPARTMENT OF HEALTH & HUMAN SERVI~ES 
., 

US Food and Drug Adm1q1strat1on,'s100 Pamt Branch Parkway, College Park MD 20740 

Memorandum 

Date September 4, 2002 

From Toxicology Group 2, D1v1s1on of Food Contact Substance Not1ficat1on Review {DFCSNR) 

SubJect FCN 260, Use of tetrafluorethylene-hexafluoropropylene-vinylidene fluoride copolymers as a processing 
additive for polyolefins 

To FCN 260 File 

Through Chingju W Sheu, Ph.D. fk. rJJ -~ 
Supervisor, DFCSNR, Toxicology Group 2 

FOOD CONTACT NOTIFICATION No. 260 Dyneon LLC 
67 44 33rd Street north 
Oakdale, Minnesota 55128 
651 737 8557 (T) 651 .737 9909 (F) 

Submitted via: John B. Dubeck 
Keller and Heckman LLP 
1001 G Street N.W., Suite 500 West 
Washington, D.C 20001 
(T) 202 434.4125 {F) 202 434.4646 

Toxicology studies submitted in support of FCN 260 and reviewed by ICF [Contract No. 223-00-2450, Work 
Assignment No. 2002-29 (ICF 029)] were· 

Task 1 
Mutagenic1ty study on THV Oligomers , ethanol extracts of (b) (4) (b) (4) 

• Salmonella typhimurium and Eschenchia coli reverse mutation assay ..._ __ _. - ISO 
• The study report is contained m FCN 260 on pages numbered 182 - 203 
• Tox1kon Corporation, Bedford, MA (6J J conducted the study In 2001 . 
• Kate Sulhvan and Kara Altshuler, Ph.D reviewed the study at ICF 

001804 
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The TDERs are acceptable as final. 
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DEPARTMENT OF HEAL TH & HUMAN SERVICES Public Health Service 

U.S. Food and Drug Adm1nistrat1on, 5100 Paint Branch Parkway, College Park MD 20740 

Memorandum . . 

l AO 11111111111111111111 
Date October 1 • 2002 

From Division of Food Contact Substance Notification Review (DFCSNR) 

Subiect FCN 260, Use of tetrafluorethylene-hexafluoropropylene-vinylldene fluoride copolymers as a processing 
additive for polyoleflns 

To Regulatory Group 1-DFCSNR 
Attn : Vivian Gilliam 

Through ChingJu W . Sheu, Ph.D. --~"'""""---'-;;;.;...Jq. ,....· -~11-.J•~-~..,.___,'-"-="""""---------­
Superv1sor, DFCSNR, Toxicology Group 2 

FOOD CONTACT NOTIFICATION No. 260 Dyneon LLC 
67 44 33rd Street North 
Oakdale, Minnesota 55128 
651 .737 8557 (T) 651.737.9909 (F) 

Submitted via John B. Dubeck 
Keller and Heckman LLP 
1001 G. Street NW., Suite 500 West 
Washington, D.C. 20001 
(T) 202.434.4125 (F) 202 434.4646 

RELATED PETITIONS/NOTIFICATIONS 

FAP 9B4169 

FAP 581794 

PROPOSED USE 

(6 ) FCN 260 
Ose of1erpolymer of vinyhdenefluoride, tetrafluoroethylene and hexafluoropropylene as a 
gasket or seal in food processing equipment. Ausimont, Inc. 
Poyl(vinylidene fluoride-hexafluoropropylene) copolymer (CAS No. 9011-17-0} resins as 
adjuvants in olefin polymers Pennwalt Corporation . 21CFR§177.1520 
Rubber articles intended for repeated use. E I Dupont De Nemours & Co. 21 CFR§177.2600 

Dyneon LLC proposes to use tetraffuorethylene-hexafluoropropylene-vinylrdene fluonde copolymers (referred to 
hereafter as the "FCS") as a processing additive for polyolefins used in food contact applications . The FCS will 
be used at levels up to 2000 ppm in food-contact polyolefrns with all food types under cond1t1ons of use B - H 
(borling water stenlized - frozen or refrigerated storage) of 21 CFR§176.170(c) Tables 1 and 2, respectively. 

FOOD CONT ACT SUBSTANCE 

1. Name. Tetrafluoroethylene-hexafluoropropylene-v1nyhdene fl uonde copolymers 
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2. Trade Name(s): 
3. CAS Name: 
4. CAS No.: 
5. 
6. 
7. 

Chemical Formula: 
MW: 
Structure. 

(b) (4) 
Ethylene, tetrafluoro-, polymer with 1, 1-difluoroethylene and hexafluoropropene 
25190-89-0 

--(CF2CF2)n --(CF-CF2)m--(CF2CH2 )p --

1 
CF3 

Manufacturing process: l:i 4 

8. Impurities: Several impurities were listed in the FCN and Dr. Elyashiv-Barad's memo {Elyashiv-Barad /Gilliam, 
09/19/2002, RE FCN 260). The names, CAS No., and maximum residual levels are included in the table below 
as well as any regulatory information. 

CHEMICAL NAME CAS NO. MAX. RESIDUAL REGULATORY STATUS 
CONCENTRATION 

Tetrafluoroethvlene CTFE) 116-14-3 <10 uo/kg 21CFR§177.1520 (adjuvants in 
Hexafluorooroovlene (HFP) 116-15-4 < 50 µg/kg olefin polymers) 
Vinylidene fluoride (VDF) 75-38-7 < 10 µg/kg 21CFR§177.2400 (perfluorocarbon 

cured elastomers) 
21CFR§177.2600 (rubber articles 

(o (4J 
intended for repeat use) 

....._ -
9. Technical Effect: According to the manufacturer, the FCS is used to improve polymer extrusion . Data 

provided in Appendix IX·of FCN 260 indicate that the FCS helps eliminate melt fracture and reduces die build 
up. 

CURRENT USE AND CUMULATIVE ESTIMAEO DAILY INTAKE (EDI) 

Dyneon LLC submitted migration studies on the FCS. Studies were reviewed and detailed by Chemistry (Elyashiv­
Barad /Gill iam, 09/19/2002, RE FCN 260). Briefly, oligomers of the FCS were extracted using either 10% or 95% 
ethanol as food simulants with an extraction at 1 OOC for 10 days. Following extraction total nonvolatile extractives 
(TNE) and CHCh-soluble extractives were determined. 
FCS: The estimated daily intake (EDI) of the oligomers of the FCS (designated by the notifier as "THV 
oligomers") is 0.23 µg/p/d (dietary concentration of 0.07 ppb, Elyashiv-Barad /Gilliam, 09/19/2002, RE FCN 260). 
The current cEDI for THV oligomers is 0. 75 µg/p/d. The new cEDI for THV ollgomers will be 0.95 µg/p/d (dietary 
concentration of 0.32 ppb, Elyashiv-Barad /Gilliam, 09/19/2002, RE FCN 260). 

1 According to Chemistry, contain (b) (4) tetrafluoroethylene, (ti 
(6 

260). 
(Elyashiv-Barad /Gilliam, 09/19/2002, RE 
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Impurities: EDls for the impurities were estimated based on 100% migration (Elyashiv-Barad /Gilliam, 09/19/2002, 
RE FCN 260). The following table lists the Impurities, their EDls, and DCs. 

IMPURITY 
TFE 
HFP 
VDF 

CURRENT ACCEPTABLE DAILY INTAKE (ADI) AND BASIS 

No AD I is available for the FCS 

TOXICOLOGY 

DC EDI 
"essentially zero" 

Food Contact Substance: For the proposed use of the FCS, Dyneon LLC submitted one mutagenicity study in the 
original submission: Mutagenicity study on THV Oligomers 6) 4 , ethanol extracts of (t5 ~} wt -% 
tetrafluoroethylene, (6 (4) hexafluoropropylene, and b) (4) vinylidene fluoride)]: 
• Salmonella typhimurium and Escherichia coli reverse mutation assay 6 )- ISO 

• The study report Is contained in FCN 260 on pages numbered 182 - 203. 
• Toxikon Corporation, Bedford, MA (study number {t5 2'l ) conducted the study in 2001 . 
• Kate Sullivan and Kara Altshuler, PhD reviewed the study at ICF [Contract No (6 , Work 

• 
Assignment (b) (4) 

Conclusion: "The study author concluded that the test article, 
in this microbial mutagenicity assay. Our reviewers agree wit 

was not mutagenic 
onclusions." 

In an update dated 07/18/2002, Dyneon LLC provided the following: 
• American National Standard "Biological evaluation of medical devices-Part 3: Tests for genotoxic1ty, 

carcinogenicity and reproductive toxicity". 1993. 

• International Standard (ISO 10993-12) "Biological evaluation of medical devices-Part 12: Sample 
preparation and reference materials". 

• Toxikon test protocol FDA GLP guidelines fi le copy: Salmonella typhimurium and Escherichia coli 
reverse mutation assay- ISO 

This information was submitted to clarify the actual concentration of test substance used in the Ames assay. In 
the letter accompanying the protocols the notifier indicates that 4 g of ground polymer were extracted in 20 ml of 
95% ethanol or 5% ethanol for 72 hours at SOC. For the tests, 25 µI of this extract was used. No indication of the 
concentration 1s given. 

Literature searches in SIREN/FARM produced a citation for FCN 127, Use of terpolymer of vinylidenefluoride, 
tetrafluoroethylene and hexafluoropropylene as a gasket or seal in food processing equipment; however no 
relevant toxicology information was present in the FCN. A search of ChemlOplus (contains ToxUne) and TSCAT 
did not result in additional information. 

In summary, the oligomers of the FCS did not induce genetic damage under the conditions tested and no 
information was found indicating toxic or carcinogenic activity for this compound. Accordingly, Toxicology has no 
concerns regarding the FCS for the intended use and its associated exposure (<0.5 ppb) as described in FCN 260. 

Impurities: Dyneon LLC submitted a safety analysis on the impurities TFE, HFP, VDF, ancf(6) based on their 
associated exposures as constituents of the FCS. According to Chemistry, exposures to TFE. HFP and VDF are 
"essentially zero" (Elyashiv-Barad /Gilliam, 09/19/2002, RE FCN 260). Conversely, ( ) 4) has a calculated EDI of 
0.2 ng/p/d and the t5) have an EDI of :5 0.15 µg/p/d (Elyashiv-Barad Gilliam, 09/19/2002, RE 
FCN 260). 
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• TFE: The carcinogenicity of TFE was addressed by the notifier m their ,;Comprehensive Toxicology Profile" 
and supporting documentation consisting of a literature search and risk assessment were submitted in 
Appendix XIV of FCN 260. The risk assessment was conducted using the National Toxicology Program 
(NTP), "Toxicology and Carcinogenesis Studies of Tetrafluoroethylene (CAS No. 116-14-3) m F344 Rats and 
86C3F1 Mice (Inhalation Studiest·, reported in 6 4J The unit cancer risk calculated by the notifier is 
0.0536 (mg/kg bw/day)"1 based on statistically s1gnif1cant find ings in the female mouse of hepatocellular 
adenomas or carcinomas, hemangiosarcomas, renal tubule adenomas or carcinomas, mononuclear cell 
leukemia, and histiocyt1c sarcomas (all organs). 
The NTP study cited in the risk assessment was contract reviewed in FCN 101 . The contract review of this 
study was conducted by S. G. Donkin, Ph.D. and J. Liccione, Ph.D. at Sciences International, Inc. (Contract 

work assignment number o ) and is located in FCN 000101 on pages 00184 - 00213. 
Tne TDER:~w- a_s_s ... econdary reviewed and accepted as final by A. Chang, Ph.D. (Chang/Zajac, 12/14/2000, RE 
FCN101 ), however, due to the conclusion by Chemistry that TFE was not hkely to be present in the FCS, no 
unit cancer risk was calculated. As in FCN 101, Chemistry has determined that TFE is not likely to be 
present in the FCS in FCN 260; accordingly, the calculation of the unit cancer risk and worst-case lifetime 
cancer risk is unwarranted. 

• HFP: The mutagenicity and carcinogenicity of HFP was addressed by the not1f1er m their "Comprehensive 
Toxicology Profile" and supporting documentation cons1stmg of a literature search was submitted in Appendix 
XIV of FCN 260. According to the safety narrative, HFP was negative in Ames, CHO/HPRT, and a dominant 
lethal inhalation study in rats. HFP was weakly positive for clastogenicity in the mouse micronucleus assay 
and positive for chromosomal aberrations under conditions of metabolic activation in CHO cells. According to 
the not1f1er, HFP has not been tested for carcinogenicity. 

Literature searc es conducted in SIREN/FARM produced a citation for a mutation assay (CHO/HGPRT) in 
D 4) _,,--~-----In addition, searches in Chem/Oplus and TSCAT produced 

numerous citations for LD50, 90 day, and mutagenicity studies. In agreement with the notifier's conclusion, 
HFP does not appear to have been tested for carcinogenicity. 

• VDF: The mutagenic1ty and carcinogenicity of VDF was addressed by the notifier in their ~comprehensive 
Toxicology Profile" and supporting documentation of a literature search was submitted in Appendix XIV of the 
submission. According to the safety narrative, VDF was negative in the CHO/HPRT assay, the in vitro 
chromosome aberration assay using CHO cells, the mouse micronucleus assay, and the sex-linked recessive 
lethal assay in Drosophila. VDF was negative in one Ames assay and positive in another. An IARC summary 
report (1985, 1998) was included in the submission. According to the report, there is "inadequate evidence" 
of carcinogenicity for VDF. 

Literature searches conducted in SIREN/FARM produced a carcinogenicity citation in FAP 9B4169. 
According to the petitioner (Pennwalt Corporation), rats were dosed with VF2 (VDF) dissolved in olive oil at 
4 .1 and 8.3 mg/kg for one year followed by an additional year of observation. After which, according to the 
notifier, the authors incorrectly combined tumor types and tumor sites concluding that there was evidence for 
carcinogenicity. The citation for the study was Maltoni C and Tovoli D. First experimental evidence of the 
carcinogenic effects of vinylidene fluoride; long-term bioassays on Sprague-Dawley rats by oral 
administration. Med Lav 1979 Sep-Oct;70(5):363-84. This study was reviewed by IARC. The endpoint of 
concern was liposarcomas. Additional searches of Chem/Dplus and TSCAT resulted 1n c1tat1ons for several 
mutagenicity and 90-day studies. A bioassay citation was found in TSCAT: Chronic toxicity/carcinogenicity 
inhalation study of vinyhdene fluoride vapour in rats {6 I. With regard to the 
additional carcinogenicity study found concerning VDF, ARC has reviewed the data of vinylidene fluoride, 
twice, and determined both times that there is inadequate evidence for carcinogenicity. Although IARC did 
not review the bioassay submitted to EPA, it was determined at the Phase 1 meeting to be unwarranted due 

3 National Toxicology Program. P.O. Box 12233 Research Triangle Park, NC 27709, April 1997. Toxicology and 
Carcinogenesis Studies of Tetrafluoroethylene (CAS No. 116-14-3) 1n F344 Rats and 86C3F1 Mice (Inhalation 
Studies), (6 (4 . 
4 This study was apparently republished in 1982 in Ann. N. Y. Acad. Sci. 381 :216-249, and is listed as negative in 
a Chem/Dplus citation . 
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to the fact that a) the study 1s an inhalation study and the previously reviewed oral study was considered to 
lack evidence by IARC, b) several mutagenicity assays showed predominantly negative findings, and c) the 
exposure was expected to be low(< 50 ppt). In conclusion, we have found no positive indication of 
carcinogenicity by oral exposure for this compound based on the information currently available. 

• Unidentified impurities: No information was included in ~he notification on the (b) (4) ", nor was 
there any way for Toxicology to ascertain the toxicology of theses impurities by searching databases. A quick 
search of the other starting materials, not listed as impurities, (o (4) ) and 

(6) (~) does not indicate a concern . 

Toxicology has no questions regarding the exposure to TFE, HFP and VDF as constituents of the FCS based on 
their associated exposure of "essentially zero". In addition , Toxicology has no questions regarding the safety of the 
"unidentified impunt,es" based on their exposure estimate of s 0.05 ppb and the lack of information indicating that 
they have been tested for carcinogenesis . 

• (6 4) For the proposed use of the FCS, Dyneon LLC submitted two muta enic1t studies and two bioassays 
on (b) (4 In addition, Dyneon LLC submitted four mutagenicity studies o 
- Dyneon LLC submitted a risk assesement for (b (4l determining e uni cancer ns o be 
~w/day}"1. Literature searches conducted in SIREN/FARM, Chem/Dplus, and 
TSCAT produced numerous citations for _____ , .---.... and other less pivotal toxicology 
studies (epidemiology studies, LD50, and enzyme analysis). T e conclusions of the submitted studies are 
provided be!ow. 

Mutagenic1ty studies concerning 1:5) 

(1:5)(4} 

(15) (4) 
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In summary (o 4 is assumed to be a carcinogen with a uri it cancer risk of 0.020 (mg/kg bw/dayr 1. Based on the 
EDI of 0.2 n~a. t e worst-case lifetime cancer risk from exposure to from its presence as a constituent of 
the FCS is 6.67 x 10"11• Toxicology considers this risk to be of low concern 6ased on the historically acceptable 
levels of cancer risk. Accordingly, Toxicology has no questions regarding the presence of ti 4 in the FCS being 
notified for based on its associated exposure and the calculated cancer risk. 

CONCLUSION(S) 

Dyneon LLC proposes to use tetrafluorethylene-hexafluoropropylene-vinylidene fluoride copolymers as a 
processing additive for polyolefins used in food contact appl ications. The FCS will be used at levels up to 2000 
ppm in food-contact polyolefins with all food types under conditions of use B - H {boiling water sterilized - frozen 
or refrigerated storage) of 21CFR§176.170(c) Tables 1 and 2, respectively. Based on the EDI of 0.23 
µg/person/day (which corresponds to a dietary concentration of 0.07 ppb) for the ohgomers of the FCS, the 
negative results of one genetic toxicology study and the lack of data indicating carcinogenic concerns for the FCS 
as well as an acceptable level of carcinogenic risk for the constituent 6 Toxicology has no objection to the 
proposed use of the FCS as described in FCN 260. 

Miehe e L. Twaros , Ph.D. 
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Memorandum 

AD 11111111111111111111 

FOOD CONTACT NOTIFICATION No, 260 Dyneon LLC 

INTRODUCTION 

67 44 33rd Street North 
Oakdale, Minnesota 55128 
651.737 8557 (T ) 651 737 9909 (F) 

Submitted v,a John B Dubeck 
Keller and Heckman LLP 
1001 G Street NW . Suite 500 West 
Washington , 0 C 20001 
(T) 202 434 4125 (F) 202 434 4646 

This memorandum calculates the worst-case unit cancer nsk for tetrafluoroethylene (TFE, CAS No 116-14-3) 
using the most potent estimate derived from the review of two b1oassays on TFE The bioassays conducted by 
the National Toxicology Program (NTP), "Toxicology and Carcinogenesis Studies of Tetrafluoroethylene (GAS 
No 116-14-3) in F344 Rats and B6C3F1 Mice {Inhalation Stud1es)1" , were reported in TR-450 This data was 
previously submitted m FCN 000101. The contract review of this study was conducted by S G Donkin, Ph O , 
and J. Liccione, Ph 0 . , at Sciences International, Inc (Contract No (bl <4l work assignment number (bl 

and 1s located in FCN 000101 on pages 00184 - 00213 The TDER was secondary reviewed and accepM~ 
as final by A Chang, PhD (Chang/Zajac, 12/14/2000, RE FCN101 ), however, due to the conclusion by 
Chemistry that TFE was not likely to be present in the FCS, no unit cancer risk was calculated Again , in FCN 
000260, use of tetrafluoroethylene-hexafluoropropylene-vinylidene fluoride copolymers as a processing add1t1ve 
for polyolefins for use in contact with food, TFE was concluded to be "essentially zero" (Elyash1v-Barad /Gilliam, 
09/19/2002, RE FCN 260) For the reason that the data have been reviewed and the unit cancer risk (UCR) 
calculated, this memorandum is being finalized to the file 

001993 

1 National Toxicology Program PO Box 12233 Research Triangle Park, NC 27709, Apnl 1997 Toxicology and Carcmogenes1s Studies of 
Tetrafluoroethylene (CAS No 116-14-3) 1n F344 Rats and B6C3F 1 Mtce (Inhalation Studies), TR-450 
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MUTAGENICITY 

According to the NTP homepage, TFE tested negative in the micronucleus assay (male and female) and is 
currently the subject of an Ames assay using Salmonella2• 

CARCINOGENICITY 

Rat Bioassay 

In the NTP rat study, 60 F344N rats/group/sex were administered TFE at 0, 156,312, and 625 ppm (males) or 0, 
312, 625, and 1,250 ppm (females) via inhalation. Animals were exposed for 6 hours per day, 5 days per week, 
for 104 weeks and were observed for 11 days following the final exposure. According to NTP's classification 
system, there was "clear evidence" for carcinogenesis in male and female rats exposed to TFE. The authors of 
the study reported that long-term inhalation of TFE caused significant increases in renal tubule adenomas or 
carcinomas (combined) and hepatocellular adenomas or carcinomas (combined) in male and female rats. The 
incidence of mononuclear cell leukemia was increased in both sexes, while the incidence of hemangiosarcomas 
was increased in females treated with TFE. The neoplastic incidence data and the calculated unit cancer risk 
derived from this data are detailed below. 

Male Rats 

LESION MALES 
0 156 312 625 

Renal tubule, adenoma or carcinoma (single and step sections combinedt"" 3/50 5/50 9/50 13/50* 
Hepatocellular adenoma or carcinoma (overall rate)" 
Mononuclear cell leukemia (all organs)" 
Testis, interstitial cell adenoma' 

*Statistically significant at ps0 05 

Female Rats 

LESION 

Renal Tubule, adenoma or carcinoma (single and step combined)"-0 

Hepatocellular adenoma or carcinoma (overall rate)" 
Hemangiosarcoma (overall rate)" 
Mononuclear cell leukemia (all organs)" 

*Statistically significant at ps0.05 

2 http.//ntp-server.nlehs nih gov/cgi/iH_lndexes/Res_Stal/1H_Res_Stat_Frames html 

4/50 7/50 15/50* 8/50 
34/50 43/50* 38/50 31/50 
39/50 40/50 48/50* 47/50* 

FEMALES 
0 312 625 1250 

0/50 3/50 3/50 10/50* 
0/50 7/50* 12/50* 8/50* 
0/50 0/50 5/50* 1/50 
16/50 31/50* 23/50* 36/50* 

3 Renal tubule, adenoma or carcinoma (single) was not significantly positive, but the author's conclusion is the compound Is a renal 
carcinogen 
4 Incidence data for the "Single Sections or Standard Evaluation• for males and females can be found in the TDER on page 16, Table 2, 
however, the "Single and Step Sections (Combined)" are not summarized in the NDER These data are summarized for males on page 45, 
Table 9 and for females on page 46, Table 9 of the NTP report The NTP report table contains details of the statistical analysis results 
5 Incidence data can be found in the TDER on page 18, Table 3 and on page 48, Table 10 (males) and page 49, Table 10 (females) of the 
NTP report The NTP report table contains details of the statistical analysis results 
6 The incidence of mononuclear cell leukemia is discussed in the TDER on page 19 Tabulated incidence data for males and females are 
~resented in the NTP report on page 51, Table 11 The NTP report table contains details of the statIstIcal analysis results 

The 1nc1dence of interstitial cell adenoma of the testes is discussed in the TDER on page 19 and in the NTP report on page 71 Incidence 
data are presented on page 11 of the NTP report and discussed on page 71. 
8 Renal tubule, adenoma or carcinoma (single) was significantly pos1t1ve for high dose females, but was counted in the single and step 
combined data 
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In the absence of scientific data that suggests a more appropriate approach, the following assumptions have 
,..-..... been made in order to calculate a unit cancer risk for TFE based on the NTP study in rats: 1} the UCR Is defined 

as the slope of the dose-response curve drawn from the lowest apparent effect dose of TFE to zero; 2) that 
tumors arising at multiple sites or from different tissues at the same site are independent of each other and are 
additive in calculating the UCR; 3) the lowest dose at which the incidence of neoplastic effects was significant Is 
used to calculate the UCR; and 4) the following assumptions are acceptable to use in converting ppm to mg/kg 
bw/day9· 

• The molecular weight of TFE is 100 0156 
• Doses are converted from ppm (administered) to mg/m3 (absorbed) using the following equation. (molecular 

weight/24.45) x ppm, assuming standard temperature (25C) and pressure (760 mm Hg) 
• Rat alveolar ventilation rate is 52 9 ml/min/100 g equivalent to 8 Uhour/rat for 250 g rat (assumed average)10-

11 

• The alveolar absorption of TFE is 10% 12 

For example, based on the above-mentioned assumptions, the mg/kg bw/day of a rat on this study treated with 
156 ppm of TFE would be: 

mg/m3/hour absorbed: 
(156 ppm)*(100.0156/24.45) = 638.1363 mg/m3 

Adjusted for exposure duration: 
(638.1363 mg/m3}*(6 hours/24 hours)*(5 days/7 days) = 113 9529 mg/m3/hour 

Adjusted for absorption: 
(113.9529 mg/m3}*(10%) = 11.3953 mg/ m3/hour 

mg/m3/hour converted to mg/day/rat: 
[(11.3953 mg/m3}/{m3/1000 L}]*(8 L/hour/rat)*(24 hours/day) = 2.1879 mg/rat/day 

mg/rat/day converted to mg/kg bw/day: 
(2.1879 mg/rat/day}/(0 250 kg bw/rat) = 8. 7516 mg/kg bw/day 

Accordingly, the converted doses are as follows. 

156 312 625 1250 
8.75 17.50 35.06 70.12 

Unit cancer riskma1es = ((13/50-3/50)/35.06)+((15/50-4/50)/17.50)+((43/50-34/50)/8 75)+((48/50-39/50)/17.50) 
= 0.0057 + 0.0126 + 0.0206 + 0.0103 
= 0.0492 (mg/kg bw/day)"1 

Unit cancer riskremales = ((10/50-0/50)/70 12) + ((7/50-0/50)/17 50) + ((5/50-0/50)/35.06) + ((31/50-16/50)/17 50) 
= 0.0028 + 0.0080 + 0.0028 + 0.0171 
= 0.0307 (mg/kg bw/day)"1 

9 Model used for calculation Is that for 1,3-butadiene detailed m Ekelman/Lorentzen, 03/03/2000, RE worst-case estimate of human cancer 
risk for 1,3-butadiene .. 
10 Brown RP, Delp MD, Lindstedt SL, Rhomberg IR and Beliles RP (1997). Phys1ologIcal parameter values for physiologically based 
pharmacok1netic models. Texico/ Ind Health 13(4) 407-484. 

1 8Uhour/rat represents the rate for males, however this number can be used for both sexes due to the fact that both body weight and 
breathing rate are lower m females 
12 10% Is the lower bound of the range for rats and rabbits based on conclusions drawn by William L Roth, Ph D , DABT (Attachment­
Roth/Twaroski, 04/02/03, RE Absorption, Distnbubon, Metabolism and Elimination offluoroethanes) which considered the study cited NTP 
TR-450 on page 16: Ding, X Z, Yu, HT, Hu, M., Liu, CF., and Ko, F.Z. (1980) Studies on the absorption, distribution, and ehmmatIon of four 
organofluonne compounds in rabbits. Chung Hua Yu Fang I Hsueh Tsa Ch1h 14, 39-42 The NTP cited study indicated 6 76% absorpbon for 
TFE m rabbits. 
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Mouse Bioassay 

Briefly, 58 B6C3F1 mice/group/sex were administered TFE at 0, 312, 625, and 1,250 ppm via inhalation Animals 
were exposed for 6 hours per day, 5 days per week, for 95 to 96 weeks. Due lo decreased survival, the study 
was terminated during week 96. According to NTP's classification system, there was "clear evidence" for 
carcinogenesis in male and female mice exposed to TFE. The authors noted that long-term inhalation of TFE 
caused an increase incidence in histiocytic sarcomas and hepatic (adenomas, carcinomas, hemangiomas, and 
hemangiosarcomas) lesions in male and female mice. The neoplastic incidence data and the calculated unit 
cancer risk derived from this data are detailed below. 

Male Mice 

LESION PPM 
0 312 625 1250 

Hemangioma or hemang1osarcoma ,~ 0/48 26/48* 30/48* 38/48* 
Hepatocellular adenoma or carcinoma ,ci 26/48 34/48* 39/48* 35/48* 
Histiocytic sarcoma (overall rate, all organs)14 0/48 12/48* 7/48* 7/48* 

*Stat1sttcally s1grnf1cant at p::50 05. 

Female Mice 

LESION PPM 
0 312 625 1250 

Hemangioma or hemangiosarcoma ,ci 0/48 31/48* 28/47* 35/47* 
Hepatocellular adenoma or carcinoma,~ 17/48 33/48* 29/47* 28/47* 
H1stiocytic sarcoma (overall rate, all organs)14 1/48 21/48* 19/47* 18/48* 

*Statistically significant at ps0 05. 

In the absence of sc1ent1f1c data that suggests a more appropriate approach, the following assumptions have 
been made in order to calculate a unit cancer risk for TFE based on the NTP study in mice: 1) the UCR 1s defined 
as the slope of the dose-response curve drawn from the lowest apparent effect dose of TFE to zero; 2) that 
tumors arising at multiple sites or from different tissues at the same site are independent of each other and are 
additive in calculating the UCR; 3) the lowest dose at which the incidence of neoplastic effects was significant is 
used to calculate the UCR; and 4) the following assumptions are acceptable to use in converting ppm to mg/kg 
bw/day15: 

• The molecular weight of TFE is (bl (4) 

• Doses are converted from ppm (administered) to mg/m3 (absorbed) using the following equation . (molecular 
weight/24.45) x ppm, assuming standard temperature (25C) and pressure (760 mm Hg) 

• Mouse alveolar ventilation rate is 116.5 ml/min/100 g equivalent to 2. 1 L/hour/mouse for 30 g mouse 
(assumed average) 1s-17 

• The alveolar absorption of TFE 1s 10% 18 

I ) Incidence data can be found in the TOER on page 25-26, Table 6 and on page 62, Table 19 (males) and page 63, Table 19 (females) of the 
NTP report. The NTP report table contains details of the statistical analysis results 
1• H1sbocybc sarcoma 1s discussed on page 26 on the TDER. Table 20 on page 65 of the NTP report contains the tabulated 1nc1dence data. 
The NTP report table contains details of the statistical analysis results 
15 Model used for calculabon ,s that tor 1,3-butad,ene detailed in Ekelman/Lorenlzen, 03/0312000, RE worst-case estimate of human cancer 
nsk for 1,3-butadiene . 
16 Brown RP, Delp MD, Lindstedt SL, Rhomberg 1R and Beliles RP (1997) Phys1olog1cal parameter values for physiologically based 
pharmacokmet1c models Toxtco/ Ind Health 13(4) 407-484 
17 2 1 Uhourlmouse represents the rate for males, however this number can be used for both sexes due to the fact that both body weight and 
breathing rate are lower 1n females 
18 10% is the lower bound of the range for rats and rabbits based on conclusions drawn by W1ll1am L. Roth, Ph D , DABT (Attachment· 
Roth/Twarosk1, 04/02/03, RE Absorption, D1stnbut1on. Metabolism and Ehmmallon of fluoroethanes) which considered the study cited NTP 
TR-450 on page 16 Ding, X z., Yu, HT, Hu, M, Lru, C.F., and Ko, F Z (1980) Srudies on the absorption, distribubon, and ehmrnat,on of four 
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For example, based on the above-mentioned assumptions, the mg/kg bw/day of a mouse on this study treated 
with 312 ppm of TFE would be 

mg/m3/hour absorbed 
(312 ppm}*(100 0156/24 45) = 1276 2727 mg/m3 

AdJusted for exposure duration 
(1276 2727 mg/m3)*(6 hours/24 hourst(5 days/7 days)= 227 9058 mg/m3/hour 

AdJusted for absorption 
{227 9058 mg/m3)"'(10%) = 22 7906 mg/ m3/hour 

mg/m3/hour converted to mg/day/mouse 
[(22 7906 mg/m3)/(m3/1000 L)J*(2 1 L/hour/mouse)*(24 hours/day)= 1 1486 mg/mouse/day 

mg/mouse/day converted to mg/kg bw/day 
(1 1486 mg/mouse/day)/(0 030 kg bw/mouse) = 38 29 mg/kg bw/day 

Accordingly, the converted doses are as follows 

312 625 1250 
bw/da 3829 76 70 153 40 

Urnt cancer nskmafe = ({26/48-0/48)/38 29) + ((34/48-26/48)/38 29) + ((12/48-0/48)/38 29) 
= 0 0141 + 0 0044 + 0 0065 
= o 0250 (mg/kg bw/day)"1 

Unit cancer risktemale = {{31/48-0/48)/38 29) + ((33/48-17/48)/38 29) + ((21 /48-1 /48)/38 29) 
= 0 0169 + 0 008 7 + 0 0109 
= 0 0365 {mg/kg bw/dayr 1 

For this urnt cancer risk calculation, the test substance (TFE) 1s assumed to be a carcinogen and the sex, species 
and study that results m the highest unit cancer risk for the test substance 1s used in future nsk assessments for 
that chemical B1oassays rn rats and mice have been reviewed and both species show potentially pos1t1ve tumor 
responses to TFE and are of suitable quality for use 1n a quantitative nsk assessment The urnt cancer nsks 
derived from the rat data are 0 0492 and 0 0307 (mg/kg bw/day)"1 m males and females, respectively The unit 
cancer rrsks derived from the mice data are 0 0250 and O 0365 (mg/kg bw/day)"1 in males and females, 
respectively Therefore, the worst-case unit cancer risk for TFE 1s 0 0492 (mg/kg bw/dayr1 

CONCLUSION 

This memorandum summanzes the neoplastic findings from NTP b1oassays on TFE, an 1mpurrty of the FCS being 
notified for 1n FCN 260, and the calculated unit cancer risks derived from these studies The umt cancer nsk 
derived from this analysis 1s based upon the conservative but unproven assumption that TFE 1s a carcinogen and 
that data denved from the rodent studies on TFE summarized herein can be used to estimate human cancer nsk 
from exposure to TFE This est1mat1on of the unit cancer nsk associated with TFE does not constitute a Center or 
Agency decision that the chemical 1s a carcinogen and data contained herein should be used for the sole purpose 
of est1mat1ng risk and not as supporting data for the development of policy or modeling of carcinogenic chemicals 

00:1997 

organofluonne compounds rn rabbits Chung Hua Yu Fang I Hsueh Tsa Ch1h 14, 39-42 The NTP cited study indicated 6 76% absorption for 
TFE in rabbits 
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We ask your concurrence wrth the method used to calculate the unit cancer risk for TFE and the resulting 
- conclusions 

001998 
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DEPARTMENT OF HEALTH & HUMAN SERVICES 

£"'\. Date April 2nd, 2003 

From Division of Food Contact Notifications (DFCN) 

To Michelle Twaroski, Ph.D., DFCN 
Primary Reviewer, FCN 260 

Through Chingju Sheu, Ph.D. e_j._,;. W. ~ 
Group Leader, Toxicology Group 2, DFC 

(b) (4) 

Public Health Service 
Food and Drug Admm1strabon 

Memorandum 



William L. Roth , Ph.D., D.A.B.T. 

cc: Yan Gu, Ph.D., DFCN 
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