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7 April., 1978 

Petitions Control Branch 
Food and Drug Administration 
Department of Health, Education & Welfare 
Washington, D. C. 20204 

Dear Sirs , 
' The undersigned, Union Carbide Corporation, submits this 

petition pursuant to Section 409(6)(1) of the Federal Food, Drug, 
and Cosmetic Act with respect to Fluorinated Polyethylene as food' 
contact.and/or,storage items. - 5 1  f.'. . 

*. 
Attached hereto, in triplicate, and constituting a part of 

\ 
this petition are the following: 

A. 

B. 

C. 

D. 

E. 

F. 

G. 

H. 

I. . 
9. _. 

Identity, composition and properties of indirect food 
additive . c 

Amount of indirect food additive proposed for use. 

Intended physical or technical effect. 

Description of practicable extraction methods. 

Safety of indirect food additive. 

Proposed tolerance. 

Amendment. 

Environmental Impact Statement. 
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SUMMARY 

This report is a presentation of data and associated discussion 
of Union Carbide Corporation's current technology position in the area 
of polymer surface niodification with fluorine gas. Yh5s instrument is 
specific to such modification by exposure of the polymer polyethylene, 
as a formed article, to gaseous fluorine under designated conditions of 
time and temperature to yield polymer with a less permeable surface. 
This unique property enhancement affords use of this so-changed polymer 
surface in application areas generally prohibitive for unmodified poly- 

ethylene. 
ability) properties in the areas of use as food containers, especially 
where it contacts fats, oils, hydrocarbons, etc. 

This is because of polyethylene's low barrier (high perme- 

In the effort towards this petition, we've done substantial 
testing dealing primarily with discerning the nature and amount of 
extractables from the container into its contents, as it would be used 
in contact with food.. . I .  

\ 

Data gathered to date, imply that while we improve properties, r 

we minimally, if at all, alter the nature of these extractables from 
those of basic polyethylene under conditions of proposed use. 

0 

, 



INTRODUCTION 

Union Carbide Corporation has developed a process wherein greatly 

,.nprovec barrier properties are imparted to processed (molded) polyethylene 

by exposure to fluorine gas at various concentrations in an inert gas, such 
as nitrogen, for varied treatment times and temperatures. This process as 

referred to in this petition, included such treatment on both polyethyl- 
ene bottles that had been irradiated to improve mechanical properties 

_I_ 

- 

for pressurized aerosol applications, and light weight-non irradiated 
polyethylene,bottles for non pressure applications. 
fluorination on film form polyethylene and other type containers and 

articles is also within the technology. 

However,.such 

Basically we have a polymer substrate generally accepted for 

food and drug packaging applications on which only the surface character 
is changed to uniquely improve its utility. 

layer is an integral part of the base polymer but leaves the polymer's 
bulk unaltered, i. e .  still existing as polyethylene: 

Such fluorinated surface 

\ 

0 
Because of this uniqueness, we sought to determine the appro- 

priate regulation' applicable to products materially modified similarly 

as fluorinated'polyethylene for food contact applications. 

An intensive search of Title 21-Food and Drugs of the Code of 
Federal Regulations yielded evidence of no situation specific to our product. 
Consequently weive perfotmed numerous tests to determine the nature and . 
amount of material-extractable from our: fluorinated polyethylene.according 

to several-Food and Drug Administration procedures for polyethylene, as 

well as some tests devised at Union Carbide to simulate extreme condi- 

tions of extraction. 
according to FDA Guidelines for Indirect Food Additive Petitions. 

In addition, we've performed a series of tests 

.From all the data presented here, we believe that the max- 

imum levels of migrant, measured as ionic fluoride are at safe con- 
centrations. 
- 

See figures 1 and 2. 
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DISCUSSION 

A. 

e 

0 

a 

l 

i 

IDENTIFICATION OF ?!ATERIALS 

Polyethylene is an olefinic polymer of general structure 
(HzC:CH& andits general acceptance for use in application areas where 

it may contact food or drugs for human consumption is well establfshed. 

Such general.acceptance is acknowledged by specific citings in Food and 

Drug Administration (F&DA) Code of Federal Regulations such as,  but not 

limited to, Title 21 sections 177.1520 and 175.300. 

Fluorine is a nonmetallic halogen element of atomic number 9 
and atomic weight 18.998. It exists, under conditions of our use, as 

a pale yellow diatomic gas (Fz) and is of pungent odor. 
the most electronegative element and is highly reactive forming fluo- 

ridesi.with all elements except helium, neon and argon. 

fluorine as a gas ?re its high toxicity and its activity as a strong 
corrosive irritant along with its flammability. Gaseous fluorine has 
a tolerance level of 1 p.p.m. in air’and is, with the existence of these 
cited properties, used and accepted in the manufacture of food and drug 

contact appliances and materials, e.g. fluorocarbon polymers. 

Fluorine is 

The hazards of 

The free fluorine gas is not an integral part of the articles 

resultant of our process but rather, because of its cited reactivity, 
exists as a fluoride chemically bonded to the polyethylene material. All 
excess “free gas” is removed from the process system prior to removing the 

treated articles for use and/or further processing, e.g. sterilization. 

Nitrogen gas is the only other ingredient in this process of 
surface modification and is used as an inert diluent for the fluorine 

gas. 

Typical concentrations for this gaseous treatment of polyethyl- 

ene on a volume basis are  for treatment of pressurized use 

aooool containers and  for non pressurized applications. 
. .  

r’ 

Condensed Chemical. Dictionary - Ninth Edition, Van Norstrand/Reinhold 
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' 3. USAGE 

1. The proposed usage of our fluorination process, where it pertains 

to food and drug end use applications, is t o  so modify containers and/or 

articles of polyethylene construction for single use applications, inlHcon-. 

tact with the following food types: 
! 

a. Nonacid (pH above 5.0) aqueous products possibly containing 

salt and/or sugar, and including oil in water emulsions or 

low or high fat content 

, 
b. Acidic (pH 5.0or below) aqueous products possibly containing 

salt and/or sugar including oil in water emulsions of high 

or low fat content 
e 

c. Aqueous acid or nonacid products containing free oil or fat 

possibly also containing salt and including water in oil 
emulsions of low or high fat content 

d. Dairy products and modifications 
1. Water in oil emulsion, high or low fat 
2. Oil in water emulsion, high or low fat 

e. Low moisture fats and oils 

f. Beverages - alcoholic and nonalcoholic 

g. Bakery products 

h. Dry solids 

2. kximum Temperature and Time of Storage for Packaged Food 

This petition does not include a proposal for cooking food in 
the package described in this writing, but does include processing upon 
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packaging where such processing is a normal part of the manufacturing oper- 

ation. Thus, the theorized maximum temperature would be that of high tem- 
perature sterilization, i.e. 250"F, during such processing. Time and tem- 

perature of normal storage is proposed to be that of duration of current, 
ordinary, competitive packaging materials for the markets of interest at 

temperatures ranging to theoretical maximum room temperature of 120'F. 

3.  Maxinum Use Level.of Additive and Maximum Thickness 

0 

0 

In the strict sense of interpretation our'process does not result 
in a coating as referenced in this category. 
our fluorination process yields a moderate chemistry alteration on the sur- 
face of polyethylene as an integrally bound surface layer. 
generated layer of fluorinated species affords the major barrier improve- 

ment to polyethylene even though this surface is of minimal thickness. 

Rather, as earlier stated, 

This so- 

4 .  Minimum Contents (Container Volume) 
\ 

L 

To respond to this point, we would currently propose no minimum 
. container size except that limited by the dictates of practicality of the 

individual markets of use. 

Refer to F i g .  3 
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Included in the series of tests we've done were.solvent extrac- 
tions of containers of size 12 ounce capacity down to a 4 ounce volume. 

The smallest size ( 4  0 2 . )  run in this series with the five solvents (deion- 

ized water, n-heptane, 50/50 ethanol-deionized water, 5/95 acetic acid- 

deionized water, and 50/50 ethanol-benzene) for 40 hour periods at reflux, yield- 

ed data, listed in Table 3 ,  showing fluoride'release level (measured as F-) to 

be well within what we believe to be safe limits in all cases (see Table IT). 
The maximum level obtained in this extraction series was with water as the 
extracting agent, the values of fluoride ion measurable in the other ex- 

tracting solvents were considerably lower. 
that if any criteria were established for minimum container size (surface/ 

volume), they would have to follow the dictate of end use conditions, e.g. 

food type and processing conditions. 

Therefore we restate our belief , 

6. INTENDED PHYSICAL AND TECHNICAL EFFECTS 

Polyethylene as it's normally manufactured for use has certain 
\ 

inherent limitations for food and drug applications. Among those limita-, 

tions are its large permeability values to materials such as fluorocarbon 
and hydrocarbon propellents, aromatic and nonaromatic hydrocarbons, and 
fats and oils. These limitations prohibit the relatively inexpensive 

polyethylene polymer from use in many markets where its contents would be 
food and/or drugs. 

Application areas, where these or similar materials are among the 
,contents and polyethylene is otherwise desirable, .are generally obliged to 

be satisfied by more expensive resins (e.g;golyethylene terephthalate), less 

aesthetically pleasing (e.g.meta1 cans) or less safe, breakable materials 
(e.g.glass).This is despite the fact that polyethylene is an accepted, 
FDA sanctioned material. 

Union Carbide's fluorination process does much to overcome these 

limitations by creation of a thin surface layer that serves as an effective, 
permeation and solvent resistant barrier. 

.h' 

Data as included in Table 3are typical of the kinds of permeation 

'Fluoride release monitored6p: i o n  probe and neutron activation analyses as 

ppm fluoride ion concentration in solvent after extraction. 
-6 - 



loss results we obtain on comparison of our fluorinated polyethylene versus 

nontreated polyethylena. In this table are listed data on permeation of 

various materials as contents of polyethylene containers. In each case 

containers of the same resin and size are compared, with the only differ,- 

ence being the presence of a fluorinated layer in the treated (non control) 
group. Among the chemical materials compared here as contents of the two 

container types are several used extensively in the food industry as flavor- 
ing agents as well as other chemical (nonfood) types. The data here show 

the polymer improvement by fluorination to be substantial. 

TableIV of this section echoes this major improvement in the com- 
parison data of treated and nontreated aerosol type polyethylene bottles 

with more expensive, competitive-materials. Similar comparison data for non- 

aerosol applications are also presented in this table. 
To date, no tests have been done with actual food items 

as contents of fluorinated containers. However, the data presented in 

these tables on some food components as well as other data including many 
extractant studies in food simulating and other solvents (presented in a 

later section) make it apparent that major improvement is afforded to 
polyethylene by our process of modification. 

D. EXTRACTION METHODOLOGY 

1. Among the extensive testing we've done on fluorinated polyethyl- 

ene, extractions by a number of methods and solvents were included. 

In the early phase of these studies,,we at first attempted to 

establish a practical method of analysis and a range of extractable fluo- 
ride from bottles treated by our process. Data in Table I show the re- 
sults of one such test wherein some fluorinated and control polyethylene 
bottles were extracted for a.period of forty hours at reflux in solvents 

and solvent mixes. These results show that Neutron Activation Analysis, 
as used in the test, is not a sensitive enough analytical tool to accu- 

rately monitor the low levels of fluoride extracted from treated bottles. 

Essentially NAA could not distinguish between treated and nontreated 
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bottle extracts. You'll note in Table I also, that FLUORIDE I O N  probe 
measurements, which do show a distinction between the two extract types, 

show a maximum of 1.3 ppm fluoride ion despite the severity of the extrac- 

tion conditions (all subsequent analyses are ,FLUORIDE ION probe). Even in 

ithis early stage, these data compare favorably with information on Table 11, 
Fluoride Concentration Allowances. This list represents information from 

all sources we've gotten to date on acceptable fluoride concentration levels. 

%* 

Tables Vthrough:.VIIareinformational to show some of the kinds 
of things we've done in attempting to determine the maximum extractable 

f1uorid.e and the technique for such extractions; Data in these tables 
show that, even when subjected to extraction conditions of impractical 

severity, our fluoride migration levels remain low. a . i- .- - 

In the progression to our most recent extraction tests, the 
prime object of this petition, some specific testing was done according 
to methods outlined,in Title 21 of the Code of Federa1,Regulations. 
methods were so chosen because of certain character similarities of 

our material to some materials for which regulations currently exist. 

The 

0 

One such series was according to CFR-175.300 of Title 21 which 

is concerned with extractable residue from resinous coatings. 
throughXClist some data gained of this testing. These tables clearly 

show thateven though our material is not classed under this category, 
the residue extracted from the polymer easily meets the requirements for 

residue from polyethylene as food container coatings. 
from these tables, that surface fluorination actually yields a reduction 

in extractable residue from the amount removed from nontreated (control) 

polyethylene. 
the solvents and conditions of CFR-175.300. 

Tables VI11 

* 
It should be noted 

This result is significantly apparent in each case involving 

A modification of this regulation's requirements was our meas- 

urement of ionic fluoride removed from the containers during the extrac- 
tion periods. Of significant importance from these fluoride ion meas- 

urements is that in cases involving all solvents of the required series, 
,mi 
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except that involving 250'F water, concentration levels of less than lppm 
are measured. 

only 3.47ppm ionic fluoride is obtained. 

single value represents the highest we've been able to extract from our 

treated material under any conditions of temperature, duration, or solvent 

In the case involving the 250'F water extraction, a value of 

In all tests done to date this 
.1). 

I 

I extraction. 

TableXIIlistsdata for similar extractions on containers for 

non-pressure applications. In this case, the treated bottle residue 

levels are generally higher than those for their irradiated aerosol count- 

erparts, however, the numbers are still well within the, regulated limits 

for polyethylene. Of major significance here though, is that the extract- 
able fluoride ion values range only to a ppm level of 1.33 as a maximum 
for the 250'F water extraction from a minimum of 0.1 for the extraction 
in n-heptane. 

Further testing in this intensive effort to determine the 
\ 

degree to which the extractable character of polyethylene is altered by 

our method of surface modification, involved a study according to CE'R 

177.1520. 

0 
This regulation deals with olefin polymers as containers or 

. components thereof as they might become additives from contact with food. 
This testing was done with our awareness that no statement of application 

to modified polyethylene was intended in this regulation. Specifications 
of this regulation, where it concerns polyethylene, call for refluxing 

separate samples for two (2) hours in the solvents hexane and xylene. 

The hexane extractable portion is measured as weight percent soluble 
portion in the boiling hexane of the original sample weight. 

to the procedure this extracted amount should not exceed 5.5%. 
xylene solubles are that portion remaining in solution at 25OC and should 

* 
According 

The 

not exceed 11.3% of the original sample weight. 
1; 
1, 
1 Table X f I I  showsthe results of the study and it is apparent that 

we meet these criteria easily. Under the guidelines of this regulation 
11 no identification of the extractant is required. However infrared analysis 

'I;,, ,e A&- 
of the xylene extracts from the polyethylene and fluorinated polyethylene 

samples show essentially the same material spectra, i.e. no IR detectable 
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fluorinated species is removed as a xylene soluble (see figures 4 - 6 )  
._ 

In addition to the aforementioned testing progressing to our 
most recent studies, we included examination of our material according to. 

an existing regulation for perfluorocarbons. The regulation applicable to 

this completely fluorinated polymer, but not to our surface fluorinated I 

polyethylene, is CFR 177.1550. 

Our tests according to this regulation were purely investiga- 

tional to establish comparison data to this FDA accepted fluorinated 
polymer. 

Testing in the case of 177.1550 involved refluxing a given amount 
of material for 2 hour periods separately in the four solvents; distilled 

water, SO percent ethanol and water, n-heptane, and ethyl acetate; with 
total. extractives not to exceed 0.2 mg per square inch of material and 
total fluoride 'removed not to exceed 0.03 mg per square inch. The data 
inTable XIV show our partially fluorinated polyethylene to be strikingly 

. close to meeting these criteria in the area of total extractables and to 
meet total 'removable fluoride limit. This is despite the 'fact that radically 

different processes are involved in the production of these two materials. 

We reiterate that we make no claim to having created a perfluorocarbon 

by our process but rather, we've made a technological advance in the area 
of surface character alteration. 

The thrust of this writing is to petition for a new regulation 2 .#+; 

I < :  

A: 
$! 

* .  
h F "  or amendment 

Fluorinated Polyethylene-. To this end we've performed still additional ;. 

of an existing regulation specifically dealing with Surface 
1 

., c 

. . p  

extraction studies according to FDA Guidelines for Chemistry and Technology 
Requirements of Indirect Food Additive Petitions, March, n 1976 edition. 

* 
L .  

10% 
'In this phase of testing we used fluorinated containers of 

similar sizes and resins as used in the three immediately aforementiond 
studies (i.e.CER 175.300, 177.1520, 177,15503 along _.- with appropriate 

control containers. 

tive food simulating solvents (distilled water, 50;: ethanol in water, 

All samples were sterilized in each of their respec- 
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heptane, and 3% acetic acid) for the 2 hour period and at the 'temperatures 

suggested. Separate samples were monitored at the end of this period and 
thmen after 72 hours at reduced temperature2. 
used for further monitoring to a period of 168 hours. 
arethose suggested in the FDA guidelinescited, except i n  the cases where 

n-heptane is the solvent where the minimum suggested times are exceeded, 

enhancing that extraction's severity. 

Intervals of 24 hours were 

Selected time periods 

In this, as in the other testing procedures we'd done previously, 
fluoride ion was the extractant monitored in the solvents. 

The data in table mare the average equilibrium values of fluor- 
ide ion extractant at the time periods specified. 

It should be noted in this table, that the extractable fluoride 
values listed when n-heptane is the extracting solvent are not divided 

by five (5) as suggested but are the actual average values-found. 

Examination of these data shows that most values for extract- 

able fluoride in all solvents are essentially lppm or less. The excep- 
tions are with the irradiated-fluorinated aerosol type containers where 
water, 50% ethanol in water, or 3% acetic acid is used as the solvent. 

In this case, a maximum equilibrium value of approximately 2.3ppm is 
yielded with distilled water as the solvent. 

Further examination of this table shows that equilibrium ex-' 
tracted fluoride for all samples is reached bX 72 hours. It should " 

also be noted, from this table, that n-heptane is the solvent extract- 

ing the minimum amount of fluoride ion. 

Complete data for these tests are presented in tablesXVI 

through XXIII~hthese tables,. of significance is the observation that 
the solvents extracting the largest fluoride amounts, (>lppm) cited earlier, 
extract nearly their equilibrium values during the sterilization periods. 

Sterilization temperatures: FJater-250"FY ,Acetic Acid-212"F, Ethanol/Water- 
160"F, Heptane-150°F 

2Equilibrium temperature : All solvent - -  s-120°F 000015  
-11- 
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It is acknowledged that among th data are xtract ble fluorid 
\ 

I \  

concentration levels above the lppmlevel cited in table11 for the fluor- 
', 

I 
ide concentration allowance in potable water. In that same table is list- 
ed the large, American -*IuI1". Dental ..--.. A s s o 5 E i o n  --' accepted, -*-...1ŷ --"uW."u,- level of u - ~ % -  1000 ppm avail-' --N3. 

c"; 

' *! 
L .  * . b  

. .  
able fluoride ion for inclusion in toothpastes. This high level is the 
.-Lwn*.,ll " --"- -.-.1*b ---..,-.-.. ---ylC-prI 

commonly included concentration in most commercial brands. With tooth- 
-- pastes being a commodity item used several times per day almost universal- 

ly for the lifetimes of individuals, our maximum extracted level of fluor- 
ide of '2.3 ppm, by food simulating solvents, appears minor. 
position because it's unreasonable to assume that the degree of commercial 

acceptance or need for our proposed single use fluorinated polyethylene 

container would even remotely approach the universality of fluoride in- 
corporated toothpaste. 

We hold this 

If, however we were to assume a 100% market penetration and 
all food consumed by humans were from fluorinated polyethylene contain- 
ers and we were in addition to take our worst case, that of aqueous, ster- 

ilized foods, and askumed further that the average 1500 gm/day diet were 
totally aqueous, then the maximum daily consumption of fluoride as an 

indirect food additive would be approximately 31ppmper day. 

If, however we were to divide the average daily diet into its 
gm each of aqueous 

. 
standard proportions of 133 gn fatty food and 683.5 
arid acidic food components, we would have a dramatically different ' 

picture. 
gram per day diet, with component division, the amount of fluoride con- 

sumed would be on the order of 7.Oppm. Both the above stated figures are 
based on the maximum extractable fluoride by each of the appropriate sol- 

vents and are for the containers used in this study which have an approx- 
imate internal surface area of 37.986 inches square. 

Assuming again, exclusive usage of our containers for a 1500 

Again, even at these theoretical 100% market penetration levels, 
the available fluoride amount is relatively small, especially when compared 

to the non-theoretical, but. actual, toothpaste concentration. 
* 

It would appear obvious that markets of interest do not incorporate 

fe Refer to Appendix, Table I. 

-12- 



0 , 

all normal food applications. 

aged consumer food items would be contained in fluorinated polyethylene is 

probably more reasonable, but is nonetheless presumptuous. 

A contention on our part of 10% of all pack- 

However if we 

were able to gain that degree of penetration, the consumed fluoride levels 
would then decline to 3.1 ppm for a totally aqueous diet and 0.70 ppm for 
the average diversified diet. 

To determine the nature of the removed fluoride and other extract- 
ables, chemical analysis of the residue from the water sterilization was 

done by an independent laboratory. This analysis showed that all (total) 

fluoride removed from the treated polymer is ionic, i.e. no detectable poly- 

merically bound fluoride is removed.’ Other material coming off during this 
extraction process is believed to be essentially fragmented polyethylene as 

is normal with this polymer&J That is, the analysis showed other materials 

present to be carbon, hydrogen and some traces of nitrogen. 

2. Analytical Methodology 
‘w : 1% 

The analytical method used predominantly to obtain the fluoride ion 6 
‘k \ 

<* 

concentration values reported in this petition, involved potentiometric deter- 

mination using an ion probe specific for fluorine. A complete description of ; 

this method is included as Appendix 1. 
0 

Other fluoride analyses were done by an outside, independent ana- 
lytical serv~ice organization. l 

Used in all of the extraction studies described in this document, 

were samples as+bottles containing their volume of the respective solvents. 

A s  such, the analyses were done on volumes of fluoride solutions equivalent 
to the container’s capacity. Consequently, all numbers of fluoride concen- 
.tration as found are in terms of container contents. 

To validate the reliability of the tests performed and the ana- . 
@Cu 

lytical methods thereof, samples of known concentrations of fluoride ion 

in water were run via two methods. 

In the first case, we wished t o  monitor the extent of fluoride 
, .  
L. , 

migratfon, during the extractions, into any glass which may be a part of . (7.4 ( 
.(’. p.$ 

r‘$ 

’ Schwarzkopf Microanalytical Laboratories, 56-19 37th Ave. , Woodside,N.Y. 113771:,&-’ 
Y ---I----------------- 
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the extraction apparatus. This information was necessary, we felt, for 

instances where the samples may have plastic pieces as non-containers and 

glass kettles are used as the containing vessel for the solvent and the 
fluorinated polyethylene pieces. In this study, hydrofluoric acid was add- 
ed in four concentration levels to water. The fluoride concentrations 
of these solutions were measured by ion probe tkfration then the Sam-1 

ples were refluxed. At the end of a forty ( 4 0 )  hour period, the sol- 

tions were cooled and again monitored for fluoride ion concentration. The 
results of this study are shown in Table XXIV and reveal that the fluoride 
ion concentration does diminish during the act of refluxing in contact with 
glass and the fluoride source is hydrofluoric acid. It should be stated 

here that in the extraction tests as described earlier in this writing, the 
samples were plastic bottles of the type for which the petition is submitted 
with the extracting solvents contained therein. 

The second effort to determine ion probe analytical reliability 
and ionic fluoridemaintenance ability during the extraction period involved < 

placing known concentrations of ionic fluoride in some aerosol and non- 

aerosol plastic containers (non-fluorinated) of the type used in this study 
overall. 

concentrations of the same fluoride solution and included in this study. 

The fluoride source in this study was sodium fluoride. All samples were 
analyzed before and after sterilizing in water at 250'F for 2 hours and 
allowing equilibrium extraction at 120°F to 168 hours. 

Some similar sized glass containers were also filled with known 9 

The data from this investigation are presented in Table XXV and 
show no detectable loss in any of the samples tested by this method. 

E. SAFETY OF THE FOOD ADDITIVE 
(See Section A - Identity of Food Additives - Fluorine) 

Even though the airborne and skin contact tolerance of gaseous 
fluorine is but a few ppm, many of its fluorides for the most part are appar- 
ently considered much less dangerous. This is *de obvious by the generally 
sanctioned, widespread usage in national and municipal programs where fluo- 
rides are deliberately added to water for human ingestion. Further support 

of this belief is gained by the high level accepted by the ADA for continual 



oral ingestion via toothpaste and other dentifrice incorporation. 
other data as listed in Table I1 are generally in or exceeding the range of 

fluoride extractable as a result of our treatment on polyethylene. The 're- 

These and 

latively low maximum levels of fluoride we were able to extract from our 
fluorinated polyethylene, even under the most severe conditions of extraction, 
we feel, place us well within safe limits if we are to judge data from this 

table as valid criteria f o r  safe limits. A Division of Toxicology review of 
these levels of fluoride should determine if these common use allowances are 
within safe limits. 

-11 
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. F-G PROPOSE3 TOLERANCE 
,,a. . .  

To propose'a tolerance level for extractable fluoride from fluo- 
J 

. I  

, I I  rine treated polyethylene we'd have to follow the guidelines of currently 
? allowable limits of.fluoride in consumable articles. Even with the exclu-. - 

' sion of the high ADA fluoride acceptance level (1000ppm F-) the extract- 
. able level of fluoride from.fluorinated polyethylene is generally within the 

range of the other listed concentration allowances in Table 11. Where we 
venture outside this range, we do so only minimally.and only in the cases 
involving distilled water at 250°F and ethanol/water at 212OF. , In these 
cases we achieve a high value of Q2ppm F-, a.value only slightly outside 
the lowest levels of the allowance limits listed in Table 11. Considering 

, 

once again the projected limited consumption of food items' from containers 

produced of this technology, (see pages12-13)a relative small effect, if 

any, from this allowance level would result. 
levels of fluoride taken in in the normal course of oral hygiene, per in- 
dividual per day, it's suggested that no adverse effect would be felt from 
these amounts. 

Taking into account the high 

We do not propose unlimited allowable fluoride extractive nor 
even the 1OOOppm F- accepted value for oral hygiene items. bat rather limita- 
tions commensurate with good manufacturing processes. 
advantage nor is it our desire to include in our process technique, amounts 

of fluorine in the treatment greatly in excess of that needed to achieve the 

I 

It's neither to our 

intended technical effect. That effect is to create barrier properties on 
polymers. In the same.vein, allowing such loose parametric control of our 
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process so as to yield excessive extractants as fluoride and or residue would 
be counterproductive. 

--- s =  

With this in mind we would propose a regulation and/or amendment 
to read somewhat as follows: 

Fluorinated Polyethylene - where polyethylene articles are surface 
modified by action of fluorine gas in combination with other gases 
as inert diluentswithsuch action leaving the polymer's bulk un- 
changed. 
cess of amounts necessary to achieve the intended technical effect 
in the food or drug contact article and yielding extractable residue 
not in excess of that of basic polyethylene when extracted by food 
simulating solvents under the prescribed conditions (e.g. condi- 

Fluorine gas shall be used in concentrations not in ex- 

tions of 177.1520 and 175.300) and not to have extracted from its 
surface fluoride ion in excess of 5ppm based on container contents. 

\ , 
n 

H. ENVIROM.IENTAL IMPACT ANALYSIS I 

- 
No environmental impact study has been made as such. However it - 

= -  - would seem likely that no impact greater than ordinary for single use con- ~_ - - - -  -- -~ _ _ ~  tainers would result from use of containers of fluorinated polyethylene. 
This position is advanced in that no greater technology would be involved in' 
disposal of this so produced container than other polymeric single use con- 
tainers. 
disposal routes as ordinary polyethylene such as regrinding, land fill use, 
fuel (energy) recovery, etc. 

--- 

That is, fluorinated polyethylene should be amenable to all normal 

The process of manufacturing fluorinated polyethylene involves 
formed articles (film, bottles, etc.) of polyethylene and exposing them to 
fluorine gas mixed with an inert diluent gas of various concentrations for 
specified times and at specified temperatures. All fluorine gas and other 
gases used in our process of said production, are handled and transferred 

h in a closed system. This is inclusive of all gaseous by-products. The 
. .  

current design of our system is of such efficiency that only a small percent- 
age of the reactive gas mix is used per treatment.   

-16- 

(b) (4)



 

  

  

 

Thus it's our belief that the adverse environmental impact of the 

process would be nil or minimal, having no free fluorine loosed to the atmos- 
phere and no other deleterious gases evolved to human exposure conditions. 

In addition, the fact that waste is transformed to an easily handled condition 
without manual manipulation and before *remova-l: from the system supports this 

position. 

-17- 000826  
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Table I 

v '. 
Extraction Results on Fluorinated 4-02. Rainville 

Aerosols and Controls Refluxed for 40 Hours 

Solution 

Deionized Water 

n-Heptane 

50 /50  ETOH/D. I. Water 

5/95 Acetic AcidlD.1. Water 
\ 

50/$0 ETOEf/Benzene. 

Parts per ni 
~ A . A .  N.A.A?* F- electrode F' electroden*. - 

Con tr ol Tr ea 1 Control Treat.ed ted. 

(a) Values based on bottle contents. 

** Treated"e 
For discussion of this table see pages 6, 7, 8. 

0 0 0 0 2 3  -18- 

(b) (4)
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Source 

Table I1 

FLUORIDE CONCENTRATION ALLOTJANCES 

Threshold Limit Value’ 
(TLV) 

Home and Industrial 
Water Fluoridation Level 

Bottled Water Level ’ 

(Potable) 

Concentration Detected As 

3 PP* HF 

FDA-177.1550 ‘Section 21 
Extractable Fluoride 
from Perfluorocarbons 

Amqrican Dental Assoc. 
‘ , AFcepted L’evel,.(Toothpaste) 

) , ‘  
_ .  

- I , .  
, .. ”, .- - _  

Threshold Limit Value (TLV) 
to cause skin irritation, 

F- 

F- 

1.3 ppm2 F- 

. .  

- 
1000 ppm F-. 
.. - 

- Atmosphere concentration level sufficient 

* 1.3 ppm based on use of bottle of 236.8 cc interior volume. 

For discussion of this table see pages 6 ,  12, 15. 
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Table I11 

BOTTLES 
Wheaton 
LDPE 

11 

11 

11 . :Eton 
11 

11 

11 

11 

11 

Irradiated 

PERMEATION DATA FOR VARIOUS MATERIALS 
As Contents of Fluorinated and Control 

Polyethylene Bottles 

CONTENTS 

Hexane 

11 

Xylene 

11 

Hexane 

11 

Xylene 

11 

Octyl Acetate 

n-Butyl Acetate 

Butyl/Benzoate 

Men t ho 1 

Amyl Acetate 

8::oz Captive 30/70. Ucon 12/11 
HDPE Aerosol 

Butane I 1  

A-4 6 11 

TRTMT TEST 
NUMBER TEMP - 
1 

1 

1 

1 

1 

1 

1 

1 

2 

2 

2 

2 

2 

3 

3 

3 

Ambient 

120'F 

Ambient 

120°F 

Ambient 

120'F 

Ambient 

120°F 

120°F 

120°F 

120'F 

120'F 

120'F 

130°F 

130'F 

130'F 

TIME ON 
TEST 

3 months 

3 months 

3 months 

3 months 

3 months 

3 months 

3 months 

3 months 

1 month 

1 month 

1 month 

1 month 

1 month 

.

1 month 

1 month 

1 month 

LOSSES %- ' 

CONTROL TREATED 

TREATMENTS : 
#1 -
#2 -
113 -

.e * Failed = Lost all contents. 
For discussion of this table see page 6. 

-20- 0 0 0 0 2 5  

(b) (4)

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

(b) (4)



Table IV 

COMPARISON PERMEATION DATA OF FLUORINATED AND 
NON-FLUORINATED POLYETHYLENE TO CONPETITIVE BARRIER MATERIALS 

- PRESSURIZED APPLICATIONS - 
CONTAINER HATERIAL PERMEANT TBPERATURE 

Non-fluorinated HDPE* Low Pressure 
' Fluorocarbon Mixture 

I t  High Pressure 
Fluorocarbon Mixture 

Fluorinated HDPE* Low Pressure 

I t  

Cel c on** 

Valox*** 

0 Oriented Polypropylene 

11 I 1  

Propylene 

Fluorocarbon Mixture 

High Pressure 
Fluorocarbon Mixture 

Low Pressure 
Fluorocarbon Mixture 

High Pressure 
Fluorocarbon Mixture 

Low Pressure 
Fluorocarbon Mixture 

High Pressure 
Fluorocarbon Mixture 

- NON-PRESSURIZED APPLICATIONS 
Hexane 

Xylene 

Hexane 

11 Xylene 

Polyvinyl Chloride 

I I  11 

Hexane 

Xylene 

Fluorinated HDPE Hexane 

I t  I t  Xylene 

J; HDPE = High Density Polyethylene - ** Celcon = Trademark for copolymerized acetal resin *** Valox = Polybutylene Terephthalate 

130°F 

130°F 

130°F 

130°F 

130°F 

130°F 

130°F 

130°F 

- 
Ambient 

Ambient 

Ambient 

Ambient 

Ambient 

Ambient 

Ambient 

Ambient 

For discussion of this table see page 7. 
-21- 

TEST 
TIME 

1 month 

- 

1 month 

1 month 

1 month 

1 month 

1 month 

1 month 

1 month 

1 month 

,1 month 

1 month 

1 month 

1 month 

1 month 

l'month

1 month 

LOSS - 

000826 

(b) (4)



Table V 

40 Hour Refluxing of Deionized Water 

on 8-02. Consupak Bottles for Extractables 
Measured by F- Probe 

Sample 

Control Bottle 

Deionized Water -. 

Parts Per Million Fluoride 4 d  

(a*

For discussion of this table see page 8. 
-22- 

(b) (4)

(b) (4)

(b) (4)

(b) (4)



Table VI 

40 Hour Reflux Extractions of Treated, Then Cut Ue 
8-02. Consupak Bottles , Using Various Solvents 

Measured by F- Probe 

Solvent 

n-Hep tane 

50/50 ETOH/Deionized Water 

5/95 Acetic AcidjDeionized Water 
- \ .  

8/92 ETOH/Deionized Water 

Deionized Water 

(a) . . Parts Per Million Fluoride 

(a) Values based on bottle contents. 
* . 

, For discusqion of this table see page 8. 
. .* 

‘-23- 
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(b) (4)

(b) (4)

(b) (4)

(b) (4)



8 

0 

Table VI1 

40 Hour Refluxing of 8% ETOH Solutions On . 

8-02. Consupak Bottles Using Varying Techniques for Extractables 
Measured by F- Probe 

Sample 

Fluorinated* first many small 
pieces 

Many small pieces first, then 
fluorinated* 

Fluorinated* first, €ew large pieces 

Cut up, non-fluorinated 
\ '  

Parts Per Million Fluoride (a) 

(a) Values based on bottle contents. 
* 

.For discuss ion of t h i s  tab le  see page 8.  
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(b) (4)

(b) (4)
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e 
Table V I S  

Extract ions of Treat e$ Aerosol Bottles 

Using Deionized Water at 250'F for 2 Hours 

Control 

Irradiated Only 

Irradiated First, Then Fluorinated 

Fluorinated Only 

Fluorinated First. Then Irradiated 

(4 Free Fluoride Ion in p.p.m.** 
(a) Residue in p.p.m. 

. Measured by F- Probe - : 

, Note: According to FDA procedures, < 50 ppm is an acceptable figure f o r  polyethylene 
residue. - 

(a) Values based on bottle contents. 

*5
w Average of three samples. 

, For discussion of this table see pages 8, 9. 
-25- 
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(b) (4)

(b) (4)



0 

a * 
Extractions of Treated Aerosol Bot t les  

Using 5% Acetic Acid Solution a t  150°F f o r  2 Hours 

Residue i n  p.p.m. 

W r r a d i a t e d  F i r s t ,  Then Fluorinated 

Fluorinated Only 

Fluorinated. F i r s t ,  Then I r rad ia ted  
\ 

Control . 

I r r ad ia t ed  Only 

Note: According to FDA procedures, < 50 ppm i s  an acceptable 
residue. 

(a) Values based on b o t t l e  contents. 

(4 
Free Fluoride. fori i n  pap.m. * 

Measured by F- Probe 

Average of th ree  samples 

=: N o  Detection 

For discussion of t h i s  table  see pages 8, 9. 
-26- 

f igure  for polyethylene. 

. .  

0 0 0 8 3 1  

(b) (4)

(b) (4)



Table X 

EXTRACTION OF TREATED AEROSOL BOTTLES 
US*XNG 8% ETHANOL SOLUTION AT 150°F FOR 2 HOURS 

Residue i n  p.p.m.' Free  Fluoride Ion 5n p.p.m. '* 
Measured by F- Probe ' 

Irradiated Only 

Irradiated first, ,then fluor+nated 
. .  . .  

.~ 

Fluorinated Only 

Fluorinated first,. then irradiated 

. 

Residue: < 50 ppm is an acceptable value for  polyethylene residue according 
to FDA procedures. 

Values based OR b o t t l e  contents. 

Jx Average of three samples. 

For discuss ion of t h i s  table see page 8, 9. 
-27- 
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Table X I  

EXTRACTION OF TREATED AEROSOL BOTTLES. 

USING, n-KEPTANE AT 150°F FOR 2 HOURS 

Residue in p.p.m. ’ Free Fluoride Ton in p.p‘;m,’* 
Measured by F- Probe 

Irradiated Only 

J 
Irradiated first, then fluor$nated e . .  

Fluorinated Only 

. .  . _  
Fluorinated first, then irradiated 

. .  

Residue: < 50 ppm is an acceptable value for polyethylene residue accordins 
to FDA procedures. 

Values based on bottle contents- ’ 
* Average of three samples 
. 

ND = none detectable 

For discussion of t h i s  t a b l e  see pages 8, 9. 

0 0 0 0 3 3  
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(b) (4)

(b) (4)



. .  

Residue and F' Determination for 8-02. Non-Aero'sol Polyethylene Bottles 
~ .... 

.. 

Solvent 

Deionized Water 

Deionized Water 

Deionized Water 

8% ETOH Solution 

I .  I -  

5% Acetic Acid Solution 

n-Hep tane 

Temp 1 
' O F  - 
250 

212 

150 

150 

. 150 

150 

Control F2 Treated' 
Duration - F- Residue . -  F' Residue 

(PPd (PPd 

2 Hours' 

30 Minutes 

2 Hours 

2 Hours 

2 Hours 

2 Hours 

0 
0 
0 
0 

0 

(b) (4)

(b) (4)



0 

a 
TABLE XI11 

HEXANE AND XYLENE 
' EXTRACTABLES FRO14 POLYETHYLENE ACCORDING TO CRF-177.1520 

CONTAINER 

t Control High Density Polyethylene 
Aerosol Type 

t Fluorina t ed'/Irradia t ed HDPE 
Aerosol Type 

Fluor inat ed'/ Irradiated2HDPE 
Aerosol Type 

Irradiated3 HDPE 
Aerosol Type 

\ 

IrradiatedYFluorinateb HDPE 
Aerosol Type 

Irradiated' HDPE 
Aerosol! Type , 

Irradiated$'Fluorinafed HDPE 
Aerosol Type 

XYLENE** 
SOLUBLES (%) SOLUBLES 

000035 
For discussion of this table see page 9. 

' 000035 
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(b) (4)

(b) (4)



, _  Sample 

Table XIV 

Solvent Extraction Per FDA 177.1550 

8-02. Non-Aerosol Control 

8-02, Non-Aerosol - F2 Treated’ 

8-02. Irradiated Aerosol (Control) 

8-02. Irradiated/Fluorinated Aerosol2

For d i scuss ion  of this table see page 10. 
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(b) (4)
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TABLE XV 

EQUILIBRIUI! FLUORIDE CONCENTRATIONS FRO14 FOOD 

SIMULATING SOLVENT EXTRACTIONS OF FLUORINATED POLYETHYLENE 
(All ppm F- values based on bottle contents) 

SOLVENT EQUILIBRIUM 
F- CONCENTRATION (pprn) 
Measured by F- Probe 

Bottle Type 
2 3 .  4 Contr ol Fluorinated Control Fluorinated 
non-aerosol non-aerosol aerosol aerosol 

Distilled Water 5 

50% Ethanol/Water

3% Acetic Acid 

6 N-Hep tane 

TIME TO 
EQUILIBRIUM 

72 hrs. 

72 hrs. 

72 hrs. 

72 hrs, 

\ 

1 Samples sterilized 2 hrs. - Distilled water in container @ 250"F/2 hrs. 
- 50% ethanol/water in container @ 160°F/2 hrs. 

- 3% acetic acid in containers @ 212"F/2hrs. 

- Heptane in containers @ 15O0F/2hrs. 
After sterilization all temperatures are reduced to 120°F for duration 

of test. 
All samples used in this test are 8 oz .  polyethylene bottles of two wall 
thicknesses and shapes, .both howeverareof 'L37.99 inches square internal 

For discussion of this table see pages 10, 11. 
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(b) (4)
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Table XVI 

SOLVENT EXT?lA-CTION STUDIES FOR DETERMINATION OF CO?PLIANCE WITH 

"REQUIREMENTS OF INDIRECT FOOD ADDITIVES" 

SAKPLE TYPE: Thin IJalled Capt ive - Non Aerosol  

SOLVENT: D i s t i l l e d  H2O 

NEASURED EXTRACTANT: F l u o r i d e  Ion  (F-) - Measured by F- Probe 

TIME ON TEST 

S t e r i l i z a t i o n  
onlly 

S t e r i l i z a t i o n  
. only 

72 hrs. 

72 hrs. 

96 hrs. 
96 hrs. 

120 hrs. 
120 h r s .  

144 hrs. 

144 hrs. , 

168 hr s . 
168 hrs. 

CONTROL 

PPM F- PPM F'$ 
P o s t  NaOH wash extraction 

FLUORINATED CONTROL . FLUORINATED 

Jt ND = None Detec tab le  (< 0.025 ppm F-) - 

For d i sduss ion  of this t a b l e  see pages 10, 11. 
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Table XVII 

SOLVENT EXTRACTION STUDIES FOR DETERMINATION OF CONPLIANCE WITH 

" R E Q U I m E N T S  OF INDIRECT FOOD ADDITIVES" 

SAT.PLE TYPE: I r r a d i a t e d  Aerosol  

SOLVENT: D i s t i l l e d  H2O 

PIEAS;URED EXTRACTANT: F l u o r i d e  Ion  (F') - k a s u r e d  by F- Prc,e 

TIME ON TEST PPPf F- PP F- P o s t  NaOH wa& extraction 
CONTROL FLUORINATED COXTROL FLUORINATED 

S t e r i l i z a t i o n  
only 

S t e r i l i z a t i o n  
only 

72 h r s .  

72 h r s .  

96 h r s .  

96 h r s .  

120 h r s .  

120 hrs. 

144 h r s .  

144 h r s .  

168 h r  s . 
168 h r s  

fc ND = None Detectdble e 0 . 0 2 5  ppm F-) 

For d i s c u s s i o n  of t h i s  t a b l e  see pages 10,:.11. 
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, .  

0 
Table XVIII 

SOLVENT EXTMCTION STUDIES FOR DETERMINATION OF CONPLIANCE W I T H  

"REQUIRENENTS OF INDIRECT FOOD ADDITIVES" 

SAE.TPLE, TYPE: Thin Walled Captive - Non Aerosol 

S O L ~ I J T :  3% Acetic Acid 

PmSURED EXTRACTANT: Fluoride Ion (F-) - Measured by F- Probe 

TDlE ON TEST 

Sterilization 
only 

Sterilization 
only 

72 hrs. 
72 hrs. 

96 hrs. 
96 hrs. 

0 

120 hrs. 
120 hrs. 

144 hr s . 
144 hrs. . 

CONTROL 

PPI4 F- 
FLUORINATED 

PPM F- 
Post  NaOH wash extraction 
CONTROL FLUORINATED 

*ND = None Detectable (<0.05 - ppm F-) 

For discussion of this table see pages 10, 11. 

000048 
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Table XIX 

SOLVENT EXTRACTION STUDIES FOR DETERMINATION'OF CONPLIANCE WITH 
"REQUIREMENTS OF INDIPZCT FOOD ADDITIVES" 

SAMPLE TYPE: Ikradiated Captive Aerosol 

SOLVEI~T: 3% Acetic Acid 

MEASURED EXTRACTANT: Fluoride Ion (P') - Measured by F- Probe 

TIME ON TEST 

Sterilization 
only 

Sterilization 
only 

72 hrs. 
72 hrs. 

96 hrs. 
96, hrs. 

120 hrs. 
120 hrs. 

144 hrs. 
144 hrs. 

168 hrs. 
168 hrs. 

PPM F- 

CONTROL FLUORINATED 

PPI4 P- 
Post NaOH wash extraction 
CONTROL FLUORINATED 

*ND = None Detectable (<0.05 ppm F-) - 

For discussion of this table see pages 10, 11. 
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PPI4 F-' 
212'F steriliz- 
ation - 

8011841 

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



Table XX 

SOLVENT ~ T F W X ' I O N  STUDIES FOR DETERKCNATION OF CONPLIANCE WITH 

"REQUIRB!fENTS OF INDIRECT FOOD ADDITIVES" 

sA$PLE TYPE: Thin Walled Capt ive - N o n  Aerosol  

SOLVENT: 50% Ethanol / \Jater  

EIEASURED EXTRACTANT: F l u o r i d e  Ion (F-) - Measured by F- Probe 

TIME .ON TEST 

S t e r i l i z a t i o n  
on ly  

S t e r i l i z a t i o n  
o n l y  

72 h r s .  

72 h r s .  

96 h r s .  

96 h r s .  

120 h r s .  

1 2 0  h r s .  

144 h r s .  

144 h r s .  

168 h r s .  

168 h r s .  

CONTROL 

PPM F:, 

FLUORINATED 

*MI = None De tec t ab le  '(<0.025 ppm F-) - 

PPM F;: P o s t  NaOH wash e x t r a c t i o n  
CONTROL FLUORINATED 

For d i scuss ion  of t h i s  t ab le  see pages 10, 11. . ' 
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Table XXI 

SOLVENT EXTl#!!CTION STUDIES FOR DETEEMINATION OF COKPLIANCE WITH 
"REQUIREMENTS OF INDIRECT FOOD ADDITIVES" 

0 
SM.PLE TYPE: Irradiated Aerosols 

- 
B ~ s U R E D  EXTRACTANT: Fluoride Ion (F ) - Measured by F- Probe 

PPM F- Post NaOH wash extraction TIFIE ON TEST PPN Fs- 
CONTROL 

Sterilization 
FLUORINATED COHTROL FLUORINATED . 

only 
Sterilization 
only 

72 hrs. 
0 72 hrs. 

96 hrs. 
96 hrs. 

0 120 hrs. 
120 hrs. 

144 hrs. 
144 hrs. 

168 hrs. 
168 hrs. 

 

0. *ND - None Detectable (c0.025 - ppm' F-) 

For discussion of this table see pages 10,ll. 
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Table XXII 

SOLVENT EXTRACTION STUDIES FOR DETEFMINATION OF CONPLIANCE W I T H  

"REQUIREMENTS OF INDIRECT FOOD ADDITIVES" 

S & . ~ L E  TYPE: Thin Walled Captive - Non Aerosol 

TIME ON TEST 

S t e r i l i z a t i o n  
only 

S t e r i l i z a t i o n  
.only 

72 h r s .  

72 hrs .  

96 hrs.  

96 hrs.  

120 hrs. 

120 h r s .  

CONTROL 

*ND = None Detectable (<0.01 ppm F-) - 

- 
PPPI F '1, 

FLUORINATED 

PPM F- Post NaOH wash e x t r a c t i o n  
COXTROL FLUORINATED 

For discuss ion  of this table.  see pages 10, 11. 
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Table XI11 

SOLVENT EXTRACTION STUDIES FOR DETEDIINATION OF CONPLIANCE WITH 
"REQUIREMENTS OF INDIRECT FOOD ADDITIVES'' 

S M . ~ L E  TYPE: Irradiated Aerosols 

MEASURED EXTRACTANT: Fluoride Ion (F-) - Measured by F- Probe . 

TUG ON TEST 

Sterilization 
only 

Sterilization 
only 

72 hrs. 
72 hrs. 

CONTROL 
PPH ,P1 PPM .FA Post NaOH wash extraction 

FLUORINATED COXTROL FLUORINATED 

96 hrs. 
96 hrs. 

120 hrs. 
120 hrs. 

144 hrs. 
144 hrs. 

168 hrs. 
168 hrs. 

* ND = None Detectable ( e  - 0.01 ppm F-) 

For Discussion of this Table, see Pages 10, 11 

-40- 000045  
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Table XXIV 

40 Hour Reflux of Hydrofluoric Acid Solutions in Gla s Kettl - .  
To Check Migration of Fluoride Into Glass Wall 

Calculated and measured parts per million using the F- ion electrode- 

F- Ion Electrode 
%A After Boiling - Sample Calculated Before Boiling 

A 

B 

C 

D 

Deionized Water 

For Discussion of this Table, see Pages 13, 14 
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e Table XXV 

EFFICIENCY STUDY 

OF 

FLUORIDE I O N  LOST DURI-NG EXTRACTION 
Measured by F Probe 

!P 
- 

SAMPLE ID-  CONTENTS CONTAINER TYPE TINE ON TEST PPM F :  I 
I '  

I' 

I 

I 

A l l  samples are s o l u t i o n s  i n  d i s t i l l e d  w a t e r .  
Condi t ions  f o r  study are 25O0F/2hrs, t hen  120°F f o r  a l l  a d d i t i o n a l  t i m e .  

For Discuss ion  of t h i s  Table ,  see Page 1 4  
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0 

8 
h 

Q 
A 
cg 

Transmission Infra Red Spectrum 
of Fluorinated High Density Polyethylene 

[Reference Spectrum/of Non-Treated,HDPE Film in Appendix Figure 13 

(For discussion of this figure see-page 5) 
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(b) (4)



Surface (ATR) Infra Red Spectrum of 
Fluorinated High Density Polyethylene Film 

(For discussion of this figure see page 5) 
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Typical SEM p i c t u r e  of non-fluorinated 
polyethylene (NOTE: absence of t reatment  
l a y e r ) .  

Typical  SEM p i c t u r e ' o f  f l u o r i n a t e d  
polyethylene f i l m  showing d i s t i n c t  
t r e a t e d  su r face  l aye r .  

Scanning Elec t ron  Miscroscope Photographs 
( f o r  d i scuss ion  of t h i s  figure, see Page 5) 
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e .  a,. 0 

1

Infra 'Red Spectrum of 
Xylene Extract from Low Density Polyethylene 

 

(For discussion of this figure see page 9) 
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(b) (4)

(b) (4)



r ,  

Infra Red Spectrum of 
Xylene Extract .from-Irradiated High Density .Polyethylene 

  

(For discussion of this figure see page 9) 
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(b) (4)

(b) 
(4)



(I 

Infra Red Spectrum of 
Xylene Extract from Irradiated-Fluorinated High Density Polyethylene 

(For discussion of this figure see page 9) 

-48- 

(b) (4)

(b) (4)



L 

0 0 0 0 5 5  



0 

i, 

I 

0 

I 

I 

APPENDIX 1 

Analy t ica l  - (Ref. Page 

Following i s  a r e p r i n t  of t h e  general  procedure f o r  potentio- 

m e t r i c , f l u o r i d e  a n a l y s i s  as published by the  manufacturer of the  a n a l y t i c a l  

equipment used. 

Spec i f i c  t o  our types of ana lyses ,  however, t he  procedure as 

out l ined  below i s  used: 

Basic Analysis: 

Samples are d i l u t e d ,  1:1, with  TISABml and t h e  e l e c t r i c a l  p o t e n t i a l  

i s  measured. The F' value  i s  then obtained by comparison t o  a standard 

curve prepared from s o l u t i o n s  of NaF i n  deionized water which,were d i l u t e d  

with TISABml and run i n  t h e  same manner as t h e  samples. 

Standards Prepara t ion :  

1. 

2 .  

3. 

Samples i n  D i l u t e  Acetic Acid Solu t ion .  Standards are made 

up t o  conta in  similar amounts of acetic ac id  as t h e  samples. 
--------------------_______^__________ 

Samples i n  Ethanol. 

amounts of e thanol  as t h e  samples. 

Standards are made up t o  conta in  s i m i l a r  --- -------------- 

Samples i n  0.1 N o r  More D i l u t e  Caustic (NaOH o r  KOH). 
are made up t o  conta in  s i m i l a r  amodnts of c a u s t i c  as t h e  samples. 

The pH of t h e  s o l u t i o n  is checked a f t e r  mixing 

and i f  no t  between 5-7 e i t h e r  more of t h e  buffer1 is  needed o r  

t h e  same buf fe r  t o  which acetic ac id  has been added. 

Standards 
------------------____________^________^------------ 

with TISAB@l 

(a) Samples with Caustic Concentration >0.1 N. These samples 
------I------------------------------ 

need t o  be e i t h e r  d i l u t e d  o r  neu t r a l i zed  before  proceeding. 

Appropriate standards are then run. 

'Tlsm@ - Trademark f o r  Orion Corporation's To ta l  Ion ic  Strength Buffer. 
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(b) Samples High in F- Concentration. Samples should be 
neutralized then titiated with La(NO3)6 solution 
(described in the following reprint). 

---^---------------------------- 

(a) Evaporated samples in presence of known amount of caustic 
(e.g., 5 ml of 0.1 N) until all organic solvent has 
evolved. 
for 0.1 N caustic samples. For standards, evaporate so 

prepared standards in the same manner and run similarly 
as samples. 

Dilute remaining material and proceed as above 

' (b) An alternate method to (a) (above) is to extract volumes 
of samples with 0.1 N caustic and run as for previously 
described 0.1 N caustic samples. Standards for 0.1 N 
caustic should, in this case, be shaken with same organic 
present in samples and run. 

-50-, 000057 
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figure 1 

tonic activity coefficient of fluoride as a function of 
total ionic strength. Data below IO-' M are calculated 
from the Debye-Htckel theory, using the values of 
Kielland, J.A.C.S., 59, 1675 (1937). The values be- 
tween lo-' M and, l M are estimated from electrode 
measurements. 

The total fluoride concentration i s  given by the 
following equation: 

1) ct = Cf + c, 

where: Ct = total fluoride concentration 
Cf = free fluoride concentration 
Cb = concentration of bound and com- 

plexed fluoride 

. .* 
The following relationship exists between the free 
fluoride ion concentration and the fluoride ion 
activity: . 

where: A = fluoride ion activity 
y = fluoride ion activity coefficient 
cf = free fluoride ion concentration 

6. 
The fluoride activity coefficient (r) depends on the 
solution total ionic strength. Figure 1,shows the ac- 
tivity coefficient for fluoride ion as a function of total 
ionic strength. I f  the approximate sample composition 
is known, the total ionic strength can be estimated as 
shown in Appendix I .  

effect of hydrogen ion 

In acid solutions, hydrogen ion forms complexes with 
fluoride ion, such as the undissociated acid HF -and 
the ion HFz-. Figure 2 shows the  proportion of free 
fluoride ion in acid solutions. Note that hydrogen 
complexing i s  negligible above pH 5. 

effect of polyvalent cations 

Polyvalent cations such as Sic4, A P ,  and Few will 
complex fluoride ion. The extent to which complexa- 
tion takes place depends on the solution pH and the 
relative levels of the fluoride and the complexing 
species. In basic solutions, where potyvalent cations 
complex hydroxide, there will be less fluoride com- 
plexation. 

5 
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glassware 

Since f luoride is adsorbed by glass, standardizing SO- 

lutions should always be stored in plastic containers. 
For dilutesolutions ( M or below in f luoride ion), 
plastic beakers f o r  holding solutions during measure- 
ment are recommended. 

- 
0- 

figure 2 

fraction of free f luoride as a funct ion of solut ion pH, 
where hydrogen ion, is the only complexing species 

.. 
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fluoride measurements 
general procedure 

1. Insert the reference electrode connector into the 
reference electrode input on  the Specific I o n  Meter 
or pH meter. Make sure the rubber band or p lug  
used to cover the electrolyte f i l l ing hole has been 
removed. 

2. Insert the specific ion electrode connector into the  
electrode input jack. 

3. Place both electrodes in appropriate standardizing 
solutions and record the readings. Wipe the  elec- 
trodes between solutions t o  prevent sample carry- 
over. Stirr ing of both samples and standards i s  
recommended. 

Always blot water from the sensing element with a 
soft tissue. Never wipe the sensing element except 
to remove adherent deposits. Scratches on the sen- 
sing element w i l l  cause slow response to changes in 
ion level. 

4. If a Specific I on  Meter is used, calibrate as recom- 
mended in the instrument instruction manual. 

If a pH meter is used in the expanded mi l l ivol t  
mode, plot the potential readings on the linear axis 
of a piece of semilogarithmic graph paper. The  
values of the standardizing solutions are plot ted on 
the  log axis. . 
NOTE': Certain types of expanded scale pH meters 
use ih&@pH calibration control on the mi l l i vo l t  
ranges'as well as in the pH mode. Th is  can cause 
coniiderable confusion unless the meter is zero 
calibrated. This is done by inserting a shorting lead 
between the glass electrode input jack and the  re- 
ference electrode jack. and setting the calibration 
control  so tha t  the meter reads zero in the milli- 
vo l t  mpde. Now readings taken on the positive and 
negative mi l l ivol t  ranges should agree. 

5. Place both electrodes in the unknown solution, 
Read the value of the unknown on the direct read- 
ing specific ion  scale on the Specific Ion Meter. 

' W i th  a pH meter, convert the mi l l ivol t  reading to 
sample activity or concentration using the calibra- 
tion curve. 

' . .  'i 
.? 
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figure 3 . 

typical calibration curves electrode potential versus 
activi ty (so18id line) and concentration (broken line) 

0 
0 
F( + 

8 

Samples and standards should be a t  the same tem- 
perature. 

' 6. After use, t h e  electrode may be stored upr ight  in 
air or in a standardizing solution. 

determining fluoride ion activity 

The fluoride electrode develops a potential propor- 
tional t o  the logarithm of the  activity o f  the f luoride 
ion in the sample. At  25'C, the  electrode exhibits a 
59.16 m v  change in potential for each tenfold change 
in fluoride ion activity. Potentials are increasingly 
negative in more concentrated solutions; increasingly 
positive in more di lute solutions. Figure 3 shows the 
potential response of the electrode to changes in 
fluoride ion activity. 

When the electrode is  used w i t h  the  Model 90-01 
Reference Electrode and the 90-00-01 fi l l ing solut ion 
(which matches the characteristics o f  the  conventional 
calomel electrode), the meter should read approxi- 
mately 0 mv in a M (19 ppm) f luoride ion solu- 
tion. This reading can vary by as much as t 2 0 m v ,  
depending on the. particular reference electrode and 
the solution temperature. ' -  

Electrode potentials developed in the same standard- 
izing solution can vary by several mil l ivolts per day. 
For accurate measurements, the electrodes should be 
restandardized several times a day, just as is done in 
precision pH measurements. 

Once calibrated in standardizing solutions of known 
f luoride ion  activity, the electrodes respond direct ly 
to f luoride ion activity, without regard to sample ionic 
composition or to ta l  ionic strength. 

-4, 

d 

+ 
' . _  

activity standards 
For actiyity measurements, standardizing solutions of 
known concentrations must be assigned their proper 
activity values. Table 1 gives f luoride ion activities for 
sodium f luoride standardizing solutions. 

I 
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table 1 
single ion f luor ide activities in pure NaF soht ions 

(25OC) 

NaF concentration 
(moles/liter) 

lo-* 
1 o-2 
1 o - ~  
1 o4 
1 o-s 
1 o-6 

f luoride i o n  activity 
(mo!es/iiter) 

-- 

0.77 x lo-' , 

0.97 x 
0.91 x lo-* 

I 0-4 

1 o - ~  
I o4 

estimating concentration from 
activity measurements 
The activi ty coefficient of f luoride i o n  depends 
on the total  ionic strength of the solution. If the 
approximate sample composition i s  known, the total  
ionic strength can be estimated as shown in Appendix 
1. (Ionic strength can also be estimated f rom conduc- 
t i v i t y  measurements, asexplained in Appendix IV). By 
using Figure 1 to find the activity coefficient which 
corresponds to the sample total  ionic strength, act ivi ty 
values can be  converted to concentration values. 

Example: What is the concentration of f luoride in a 
sample which has a fluoride activi ty o f  0.038 M and 
is known to have a total  ionic strength of approxi- 
mately 0.2 M? 

From Figure 1, the total  ionic strength gives an acti- 
v i t y  coefficient of about 0.70. Therefore: 

Therefore, the to ta l  concentration o f  fluoride in the 
sample can be estimated from the activity, provided 
al l  the f luoride present is unbound and uncomplexed. 
Such estimates can be made only i f  the sample pH is 
in the weakly acid to weakly basic range, and if com- 
pfexing species such as aluminum are absent. 

..%_ 2 I. 

. . . . . . . . . . . . . . . .  , . _._ _." *. . 
, .  
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determining fluoride'ion concentration 
(no complexes present) 
In samples where complexes are absent, f luor ide ion 
concentration is determined in the same manner as 
fluoride ion activity, except that  the electrode is cali- 
brated in standardizing solutions of known fluoride 
ion concentration (rather than activity). When making 
a calibration curve, it will be noted that t he  concen- 
trat ion curve is not necessarily a straight l ine and does 
no t  necessarily have the same slope as the  activity 
curve. Electrode response as a function of the con. 
centration of pure sodium fluoride is shown as a 
broken line in Figure 3. 

In order to measure fluoride ion concentration in sam- 
ples that d o  n o t  have complexes, one of the fol lowing 
methods, depending o n  the type of sample, is  recom- 
mended: 

1. If unknowns are a) essentially pure solutions o f  
fluoride, and b) have the same relative cationic 
composition f rom sample to sample, the elec- 
trodes can t3e calibrated on standards of l ike 
composition. 

For  example, i f  the f luoride level is to be  meas- 
ured in solutions of essentially pure lithium 
fluoride, then a calibration curve is drawn (or 
the Specific Ion Meter calibrated) with pure 
lithium fluoride standards. 

2. If unknowns havea high but essentially constant 
level o f  ions other than fluoride, then standards 
of similar composition can be used to standard- 
ize the electrodes in terms of concentration. 
(That is, standards are used which have the same 
total  ionic strength as the unknowns.) 
Wi th  samples below M in total  ionic 
strength, differences in total  ionic strength be- 
tween samples and standards may be  as large as 
a factor of f ive w i thout  resulting in serious 
errors. In the ionic strength range M t o  

M, the to ta l  ionic strength of the standards 
must be within 550% of the samples for concen- 
trat ion measurements accurate to 52%. For the 
range lo-' M t o  lo-* M, samples and standards 
must be within +20% for a +2% accuracy. 

, 

. 
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3. I f  unknowns vary considerably in overall com- 
position, an Ionic Strength Adjustor (ISA) is 
added to both samples and standardizing solu- 
tions so that samples and standards are made to 
have about the same total ionic strength. 

It i s  assumed that the final ionic strength is due 
essentially to the ISA, and not to the original 
level of ions found in the unknowns and stan- 
dards. For samples up to 0.5 M in total ionic 
strength, an ISA of 2 M KN03 is recommended. 
9 parts of ISA are mixed with 1 part of sample. 

When ISA is  used, the activity coefficient of the 
fluoride ion is  held constant, so the electrode 
exhibits the Nernst slope of 59 mv for a tenfold 
change of the level of fluoride ion. 

j 0 
fluoride ion concentrations measurements 
(complexes present) 
When complexing agents are present, total fluoride 
ion concentration can be measured only by destroying 
the complexes and adjusting the  sample solution to 

1. When the cornplexing agent is hydrogen (Le., 
the pH is below 5), the solution pH i s  adjusted 
to the neutral range. 

2. When the complexing agent is ferric ion, alu- 
minum ion, etc., the complexing agent is  tied 
up with a polyvalent anion, such as citrate, to 
release the bound fluoride. 

These methods are discussed in detail in the sections 
on determination of fluoride in drinking water, deter- 
mination of fluoride in acid solutions, and determina- 
of fluoride in alkaline solutions. 

' a fixed total ionic strength. . 

I 

I 

fluoride titrations 
The fluoride electrode makes a highly sensitive end 
point detector for titration of fluoride with lanthanum 
nitrate.' Titrations always measure concentration. 
They areslower but more precise than direct electrode 
measurement; precision as high as +-0.2% has been 
reported. 

' Lingane, J.J.,A?zal. C k m ,  39 (8), 881-87 (1967) 
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The method outlined below gives sharp end points in 
solutions which are above lo-' M in fluoride, and 
which do not contain more than 1% (based on total 
fluoride) of species which complex fluoridq such as 
trivalent chromium, iron, or aluminum, or which com- 
plex lanthanum, such as citrate or phosphate. 

I f  thesolution to be titrated is in the range 3 x lW3 M 
to 3 x M in fluoride, distilled water should not 
be added to the sample in Step 3 betow. A larger vol- 
ume of sample (on the order of 75 ml.) i s  used. Good 
end points on solutions as low as lo4 M in fluoride 
can be obtained i f  ethanol, rather than distilled water, 
isadded to the sample, because the electrode's limit of 
detection i s  about tenfold lower in ethanol solutions? 

The electrode can also be used to detect end points in 
titrations of aluminum, thorium, etc. with fluoride. 

typical procedure 

This procedure is suitable for unknowns in the 0.1 M 
fluoride range. For more dilute unknowns, the lantha- 
num nitrate and sodium fluoride solutions should be 
correspondingly dilute. 

), 
:i 

1. Prepare 0.1 M lanthanum nitrate solution. Dis- 
solve 43 gm. of 'high purity' La(N03)3-6H20 in 
distilled water. 

2. Standardize the lanthanum nitrate solution by 
t i t rat ing against Orion's 94-09-06 NaF stan- 
dard. Use the millivolt scale on the Specific Ion 
Meter or the expanded millivolt scale on a pH 
meter. 

Pipet exactly 25 ml. of the NaF standard inio a 
beaker and add about 50 mi. distilled water. 
Using a buret, add increments of about 0.5 to 
1 .O ml. of lanthanum nitrate in the beginning of 
the titration;about 0.1 to 0.25 ml. in the region 
of the end point. Continue the titration 3-4 rnl. 
past the end point. Stir throughout the titration. 

Locate the end point by plotting, on standard 
coordinate graph paper, milliliters of lanthanum 
nitrate solution added versus observed millivolt 
readings. The point of greatest inflection is taken 
as the end point. 

1 
I! 

h 

' Ibid. 
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figure 4 

titration of 0.114 M F- with 0.100 M La(N03), 

Lanthanum Nitrate Added (Milliliters) 

3. Titrate unknowns. Pipet exactly 25 ml. of the 
unknown into a beaker and add about 50 ml. 
distilled water. Adjust the pH to 4.5-7 with HCI 
or NaOH if necessary. Titrate with the standard 
lanthanum nitrate solution and determine the 
end ,point as above. 

4. Calculate the unknown fluoride molarity from 
the eauation: 

where: MF = molarity of F in unknown . 

M: 

v:a = unknown titration end point volume 
,>pa = standardization titration end point 

= molarity of NaF standard 

, volume 

\V; = volumeunknown 
v; - = volume of NaF standard used in 

standardization titration 

14 

determination of fluoride in drinking water 
Fluoride in drinking water is expressed as parts per 
million total fluoride concentration. Since the elec- 
trode responds to free fluoride ion, samples must be 
treated to unbind fluoride i f  aluminum or iron is  pre- 
sent. If the pH i s  above 9, it must be adjusted to avoid 
hydroxide ion interference. The total ionic strength of 
samples and standards must also be held constant for 
accurate measurements. 

All of these problems are eliminated if samples and 
standards are diluted ‘I:? with 0rion”s Total Ionic 
Strength Adjustment Buffer (TISAB, 94-09-09). 
TISAB buffers the solution to pH 5 to pH 6, avoiding 
hydroxide ion interference, and preferentially com- 
plexes any aluminum or iron present. TISAB also pro- 
vides a high total ionic strength beckground, swamping 
out variations in total ionic strength between samples 
and standards. Calibrated in TiSAB-diluted standards, 
the electrode reports sample fluoride concentration 
independent of the level or kind of dissolved minerals. 

procedure 

1. Dilute all standardsand samples 1:1 with TISAB. 
Use original values of standards in calibrating 
the electrodes. 

2. Calibrate the electrodes with 1 ppm and 2 ppm 
standards, following the instructions in the sec- 
tion on general procedure. Use 0.5 ppm, 1 ppm, 
and 2 ppm standards if a calibration curve and 
an expanded scale pH meter are used. 

-3. Determine the fluoride content of unknowns 
following the general procedure. 

f l  TISAB . ,  

TISAB may be purchased as a prepared solution 
(Orion 94-09-09), or it may be prepared as follows: 

Place approximately 500ml. of distilled water in a 1 liter 
beaker. Add 57 rnl. of glacial acetic acid, 58 gm. of NaCI, and 
0.30 gm. of sodium citrate. Stir to dissolve. Place beaker in a 
water bath (for cooling), inseit a calibrated pH electrode into 
the solution, and slowly add approximately 5 M NaOH until 
the pH is between 5.0 and 5.5. Cool to room temperature. 
Pour into a 1 liter flask, and add distilled water to the mark 

I 
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determination, of fluoride in acid solutions 
In solutions with a pH below 5, hydrogen ion com- 
plexes a portion of the fluoride ion, forming HF or 
HF2-, which cannot be detected by the electrode. To 
free the complexed fluoride, the pH8 of the solution 
rnu'st be adjusted into the weakly acidic to weakly 
basic region before making the determination, A 
strong base, such as sodium hydroxide, should not be 
used for pM adjustment, since the total ionic strength 
of the adjusted' samples and' standards will vary ac- 
cording to the original solu,tion pH. (Variations in 
total ionic strength affect the accuracy of concentra- 
tion' measurements.) Dilution with a large excess of 
sodiu,m acetate, on the other hand, buffers the pH to 
above 5 and helps to fix the total ionic strength of 
samples and standards to the same level. 

! 

' 

! 

1 ,  

i 

procedure 

1. Prepare 15% sodium acetate. Dissolve reagent 
grade sodium acetate (CH3COONa) in distilled 
water. Prepare in sufficiently large quantities to 
dilute al l  samples and standards. 

2. Prepare a background solution containing al l  
components except fluoride. Use this solution 
to prepare standards. 

3. Prepare standards in the concentration range of 

ground solutions. I f  a Specific Ion Meter is  used, 
two standards are needed. (See Appendix V.) 
I f  a calibration curve is to be drawn, three stan- 
dards should be prepared. 

Dilute each standard 1O:l with the sodium 
acetate solution (9 parts sodium acetate and 1 
part standard). Prepare fresh standards every 
two weeks if standards contain less than 10 ppm 
fluoride. 

- 0 

I 

I 
< the unknowns by adding fluoride t o  the back- 

4. Calibrate the electrodes, following the instruc- 
tions in the section on general procedure. 

3. Measure unknowns. Dilute each unknown 1O:l 
with sodium acetate before performing the de- 
termination. 

t 
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NOTE: In many cases standards need not be prepared 
from background solutions. I f  a standard prepared 
from the background solution gives the same reading 
(after dilution with sodium acetate) as a standard pre- 
pared from pure sodium fluoride, then the use of the 

determination of fluoride in alkaline solutions 
In basic solutions with a low fluoride content (less 
than M a t  a pH of 9.5 or above), the electrode 
responds to hydroxide ion as well as to  fluoride ion. 
The potential reading, caused by the concentration of 
both hydroxide and fluoride ion, is  higher than it 
would be i f  fluoride alone were present. (Pages 19 and 
20 discuss the levels of fluoride and pH values where 
hydroxide interference occurs.) 

Adjusting the pH to  between 5 and 6 with a 4 M buf- 
fered potassium acetate solution eliminates any hy- 
droxide error and raises the total ionic strength of 
both samples and standards to the same valua. After 
both samples and standards are diluted 10:l with the 
buffer solution, the fluoride ion concentration can be 

. 

. background solution is unnecessary. 

determined in the usual manner, . -_ 
&procedure 

> 
$ 
% 

$ 

1. Prepare 4 M buffered potassium acetate solution. 
Dilute 2 parts 6 M acetic acid (CH3COOH) with 
1 part distilled water, surrounding the reaction 
with a water bath. Add 50% KOH solution to 
the acetic acid slowly, stirring constantly, until 
a pH of 5 is reached. Prepare in sufficiently 
large quantities to dilute al l  samples and stan- 
dards 1O:l. 

2. Prepare standards, calibrate the electrodes, and 
measure unknowns as described in the section 
on determination of fluoride in acid solutions. 

*9. 
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Appendix Figure L 

Transmission Infra Red Spectrum of High Density Polyethylene 
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Appendix Table I 

CALCULATED F- INTAKE AMOUNTS 

FOR 

STANDAIZT) FLUORINATED TOOTHPASTE VERSUS* FLUORINATED CONTAINERS 

Toothpaste allowance per tube (F-) 

Size tube used in test 199 gm (Family size) 

Wt available F-/ tube 

Length toothbrush in test 31 mm (bristle length) 

Wt toothpaste/brush length 

1000 ppm 

199 mg 

1.85 gm favg. of 5 measurements) 

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

CWt f luorfde/brushing 

Wt fluoride/ 3 brushings (recommended 
daily level) 

\ 

Fluorinated Containers 
lOOW Market Penetration for totally 

100% Market Penetration for diverse 
aqueous diet (1500gm/day) 

diet (1500gm/day) 

10% Market Penetration for totally 

10% Market Penetration for diverse 
aqueous diet (1500g~dday) 

diet (1500gm/day) 

1.85 mg F- (taken into mouth/ 

5.55 mg F- (taken into mouth/ 

brushing 1 

day) 

46.5 mg F-/day 

11.2 mg F-/day 

4.65mg F-/day 

1.12mg F-/day 

* Maximum extracted F- values used for each case of appropriate solvent. 
f These values assume full coverage of brush length with toothpaste. 
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"WMORANDUM DEPARTMENT OF HEALTH, EDUCATION, AND WELFARE 
PUBLIC HEALTH SERVICE 

FOOD AND DRUG ADMINISTRATION 

Petitions Control Branch, HFF-334 
Attention : Julius 'Ski th 

Chief, Environmental and Economic Impact Staff 
- 

FAP 8B3394- Environmental Assessment 

I have reviewed the "Environmental Impact Analysis" submitted by the 
pe&%iner ahd have determined the proposed action is not exempt pur- 
suant to 25.l(f) and therefore an EIAR will be required in the format 
specified in 25.1(j). 

I have attached for your information a copy of the Environmental Impact 
Operational Directive of June 1977. 
which describe the type of information that should be included in an 
EIAR. You may want to provide a copy to the petitioner to assist in 
preparing an adequate EIAR. 

Note particularly pages 8-17, 

Please let me know if I can be of further assistance. 
/ 

Attachment 

(b) (5)
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ia,EMORANDUM * I  PUBLIC HEALTH SERVICE 
DEPARTMENT OF HEALTH, EDUCATION, AND WELFARE 

FOOD AND DRUG ADMINISTRATION 

' Petitions Control Branch, HFF-334 TO 

Attn.: J. Smith 
June 7, 1978 DATE: 

' Residue Analysis & 'Methods Investigation Branch, HFF-144 

FAP 8B3394 - Union Carbi'de Corp. SUBJECT: 

The petitioner requests an amendment to 8177.1520 (Olefin polymers) 
to include the following: 

Polyethylene described in paragraph (a) (2) of this section may 
be surface modified by the action of fluorine gas in combination 
with other gases as inert diluents, such action leaving the bulk 
of the polymer unchanged. Fluorine gas shall be used in con-' 
centrations not in excess of amounts necessary to achieve the 
intended technical effect. Maximum extractable fractions and 
max5mum _1--_. sofuble _- fractions shall not exceed those of-polyethylene. -_ 
exceed 5 ppm, 

The above is our interpretati 
we will base our evaluation on this interpretation, However, the 
petitioner should be r e q u 9 d  to submit a complete proDosed 

L- - Fluoride ion -ZFtrzttl'ves-Ero I 

I 

,?\J 9 3-- regula t i qn . T---- 
c A .  Identity BEST ~~~~~~~ fJf-j;$ 

- 
The subject resin is a surface modified polyethylene whkch is \~ 

produced by treatment of polyethylene, in the 5orm.of molded 
containers, with a mixture of fluorine ad nitrogen gases. Th'is 
treatment results in a chemical alteration of the surface of the 
polymer i.e. it creates a modified, integrally bound surface 
layer. This surface layer has not been characterized chemically. - 
No information is given on how much fluorine actually becomes 
bonded to the polyethylene. An IR spectrum of a sample of 
fluorinated high density polyethylene was provided. 
reaction conditions (time, temperature, Fercent of fluorine in the 
gas mixture) for this sample should be provided. 

J The exact 

No details are given on the manufacturing process. Information 
should be provided on how the containers are treated. Are both 
surfaces of the container treated or only the inside? The con- ' 
centration of fluorine in the gas mixture and the time/temperature 
conditions of treatment for each type of container to be covered 
in the proposed regulation should be clearly spelled out. 
other inert gases are to be used besides nitrogen, they should 
be sgecif ied. 

If 

0 0 8 0 7 2  
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B. & C. Use &.Intended Technical Effect 

The fluorination process is intended to improve the barrier 
properties of molded polyethylene containers. 
have been provided to show that the surface modified poly- 
ethylene accomplishes its intended technkl effect. 

Permeation data 

The surface modified polyethylene is intended for use with all 
types of foods. In addition to room temperature applications, 
their intended uses will include applications where the con- 
tainer will be processed at sterilization temperatures. The 
approximate maximum thickness of the fluorinated surface layer in 
containers anticipated for use should be provided.. 

D. Migrati’on 

Equilibrium extraction studies were performed on 8 oz. poly- 
ethylene bottles each of which had 37.99 sq.in. of internal 
surface area. %o types of containers were tested. One was an 
irradiated polyethylene bottle for pressurized (aerosol) applications 
and the other a polyethylene bottle which was not irradiated and 

or atmospheric pressure applications.  

holds approx. 230 cc of a given solvent) and subjected to the 
fdlowing conditions to simulate sterilization: distilled water - 
250°F/2 hrs; 50% aq. ethanol - 1600F/2 hrs; 3% aq. acetic acid - 
2120F/2 hrs; heptane - 1500F/2 hrs. This was followed in each 
case with continued extraction at 120° to equilibrium. In a l l  
cases, equilibrium was reached within 72 hours. 

The amount of fluoride ion (F-) in the extracts was detwllined by .~ 
potentiometric fluoride ion analysis (F’ probe technique). The- 
limit of detection of this method in their experiments was 0.025 
ppm of F’. The values obtained are given in the following table: 

F- Concentration (ppm) 

Solvent -Irradiated Container Nan-Irradiated Container 

distilled water 
50% ethanol/water 
3% acetic acid/water 
n- hep tane 

The wall thickness of the containers used in these experiments 
and the approximate thickness of the modified surface layer in 
each case should be provided. 0 0 0 0 ? 3  

(b) (4)

(b) (4)

(b) (4)

(b) (4)

(b) (4)
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0 

An analysis of the total extractives (with water as the food- 
simulating solvent unger sterilization conditions) was made by an 
independent laboratory. This analysis showed that all fluoride 
extracted from the polymer was F' and no polymerically bound 
fluoride was detected. The data from this analysis should be 
provided as well as the exact time and temperature conditions 
under which this particular extraction was run. 

Concerning the values in the table above the petitioner suggests 
that we evaluate them in light of the allowable limits for fluoride 
ion in residental and industrial water supplies (1 ppm) and in 
bottled water (1 ppm). 

Conclusions 

We do not recommend filing this petition until the following data 
are provided: 

1. A complete proposed regulation. 5, BEST ORIGjNAL CO!P\T 
2. 
layer and on how much fluorine actually becomes bonded to the 
polyethylene. 

Information on the chemical nature of the modified surface . 

3 .  
fluorine in the gas mixture for the sample on which the IR spectrum 
was run. 

The time and temperature of treatment and the percent of . 

- 

4.  Details on the manufacturing process (Are both surfaces 
treated or only the inside of the container?). 

temperature conditions of treatment for each type of container to 
be covered in the proposed regulation. 
N2 are to be used they should be specified., 

* 5 .  The concentration of fluorine in the gas mixture and the time/ 

If other inert gases besides 

6. The approx. maximum thickness of the fluorinated surface layer 
in containers anticipated for use; the wall thickness and approx. fp' 

fluorinated surface layer thickness in the containers used for the 
equilibrium extraction studies. 

/L 

7. 
dependent laboratory. 

Data from the analysis of the total extractives by an in- 

51 

Patricia S. Schwartz, Ph.D. 
(b) (5)





1 . _ I  , I  ' .  . 

. *  

I

(b) (5)



MNUON CARBODE ~ ~ ~ ~ ~ ~ A ~ U ~ ~  
TARRYTOWN TECWMBCAL CENTER 
OLD SAW MILL RIVER ROAD, TARRYTOWN, MEW YORK 10591 

CHEMICALS A N D  PLASTICS 

RESEARCH A N D  DEVELOPMENT 

20 October , 1978 

I 

M r .  Jul ius  Smith 
Department of Health, Education, and Welfare 
Food and Drug Administration 
Peti t ions Control Branch 
Bureau of Foods 
200 C Street ,  SouthWest 
Washington, D.C. 20204 

HFF 334 
0 

Re: Pet i t ion Mo. 8B3394 (Indirect  Food Additive) 

Dear M r .  Smith; 

Enclosed. a re  copies of the  correspondence t h a t  I had mailed 

to the Food and Drug Administration i n  September. 

T h a t  mailing was responsive t o  your l e t t e r  of 20 August c i t ing  deficien- 

c ies  i n  the pe t i t ion  referenced above. I regret  t h a t  the or iginal  m a i l -  

ing d id  not reach your desk. 

Eopefullybthe information I am here submitting does i n  f a c t  reach you 

and satifies the comments raised i n  your l e t te r  concerning the submitted 

pet it ion. 

RSP/lb 

Encls . j *- d ' 

000077  
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UNION CARBIDE CORPORATION 
MEDICAL PRODUCTS DIVISION 
P.O. BOX 324. TUXEDO, N E W  YORK 10987 

TELEPHONE: 914-351-2131 

September 14, 1978 

Mr. Julius Smith 
Dept. of Health, Education 

Pub1 ic Health Service 
Food and Drug Administration 
Petitions Control Branch, HFF-334 
Div. of Food and Color Additives 
Bureau of Foods 
Washing ton, DC 20204 

RE: Food Additive Petition No. 883354 

and We1 fare 

Dear Mr. Smith: 

*+ This letter 1s written responsive to your correspondence of July 20, 1978 
citing "deficiencies" noted in the above referenced petition. I offer 
the following comments and references for Union Carbide Corporation. 

Generally, the deficiencies cited with the exception of points (f) (9) , 
and (h) of your letter are not In fact deficiencies but are particularly 
noted in the petition as submitted. ! will, however, here respond on a 
point by point basis. 

(a) "Information on the chemical nature of the modified surface 
layer and how much fluorine actually becomes bonded to the 

' .  polyethylene should be submitted." 

In response to this noted "deficiency" B refer you to Page 5 ,  Part 8 ,  
Section 3 where this point is specifically addressed. A copy of this 
reference i s  attached and labeled "Exhibit A" with the specific 
response noted with brackets. 

(b) "An IR spectrum of fluorina.ted h i g h  density polyethylene was 
provided. However, the exact reaction conditions (time, temp- 
erature, percent of fluorine in the gas mixture) for this 
sample should also be submitted." 

The spectrum as referenced here and depicted in Figures 1 and 2 does 
contain information as to the concentration of fluorine in the gas 

(b) (4)
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M r .  Ju l i us  Smith -2 - September 14, 1978 

J" (c) "No d e t a i l s  are given on the manufacturing process. 
in format ion should be provided on how the conta iners. .  
a re  t reated. 
t rea ted  or on ly  the inside?) 'v 

(Are both surfaces o f  the containers 

The manufacturing process i s  a l luded t o  b r i e f l y  i n  the  summary o f  
the p e t i t i o n  and general ly described i n  the Environmental lrnpact 
sect ion (P16) o f  the same instrument. I am, however, here submit- 
t i n g  a copy o f  our U.S. Patent #3,998,180 conta in ing a complete 
descr ip t ion  of the  process .and marked "Exhib i t  C". 

In the normal operat ion o f  such manufactur ing_er_o_ccas~s-~o~~h~n~t.e.m_al 
and ex terna l  surfaces of the  polymer a r t i c l e  are t reated. 
not  €6 imply t h a t  i t i s  not  w i t h I ~ ~ ~ - t h ~ l ~ ~ ~ - c a p a b i - r i t i e s  to  
t r e a t  one surface p r e f e r e n t i a l l y .  
the need f o r  such s ing le  s ide treatment, the maintenance o f  f i n a l  
product proper t ies,  th,e economics, and the  end-use o f  a such 
t rea t ed con t a  i ne r 

"------ This i s  
L - -. 

The l i m i t i n g  fac to rs  would be 
. 

(d)  "The concentrat ion of  f l u o r i n e  i n  the gas mix tu re  and the  
time/ternperature condi t ions o f  treatment f o r  each type o f  
conta.iner t o  be covered i n  the  proposed regu la t ion  should 
be c l e a r l y  spel led out. I f  o ther  i n e r t  gases besides 
n i t rogen  a r e  to be used, they should be speci f ied."  

To c l a r i f y  these points ,  I r e f e r  you t o  Page 3 o f  t h e  submitted 
p e t i t i o n ,  Par t  A, Paragraphs 4 and 5. 
your comment (d),  i t  i s  s ta ted i n  Paragraph 4 tha t  "ni t rogen gas 
is  the on ly  o ther  ingredient used i n  t h i s  process o f  surface 

Answering the  l a s t  p a r t  of  .- . modi f i ca t ion  and i s  used as an i n e r t  d i l u e n t  f o r  the f l u o r i n e  gas". 

As t o  the  comments on gas concentrat ions, t h i s  again is  s p e c i f i c a l l y  
' addressed on t h a t  same page i n  Paragraph 5. That paragraph states; 

"Typical concentrat ions f o r  t h i s  gaseous treatment of polyethylene on 
a volume basis  are   f o r  treatment o f  pressur ized use 
containers and   f o r  non-pressurized appl icat ions". 

The values are  c i t e d  repeatedly i n  the tables such as Tables V l t  and 
VI11. Noted copies from the o r i g i n a l  p e t i t i o n  are included w i t h  t h i s  
response. and are  co l  l e c t i v e l y  "Exhib i t  Dtl. 

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

(b) (4)
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1 

(e) ."The approximate maximum thickness of the fluorinated 
surface layer in containers anticipated for use shou'ld be 
provided, including the wall thickness and approximate 

for the equilibrium extraction studies." 
! fluorinated surface layer thickness in the containers used 
i 

I 

I the petition Part B (Usage), Section 3 (Maximum Use Level of 
I I Additive and Haximum Thickness), Page 5. Here cited in some 

detail is the information you seek. It is stated that the measure- 
I ment of the fl!uorinated surface layer on bottle samples as treated* 
I for use "are at best difficult to determine accurately on bottlesItf 

because o f  the surface layer thinness. However, some polyethylene 
f i l m  treated under more exaggerated conditions yields a maximum 

I I n  responding to this point, I call your attention to the body of 

I 

l 

thickness deposit ion of about  . It would be expect- 
ed, therefore, that as stated, the significantly less severely 

a 
treated bottles or commercially processed items would yield a 
substantially thinner surface layer. 

The wall thicknesses o f  bottles used in preparation of the petition 
were approximately  for the aerosol type and approximate- 
ly  for the non-aerosol type bottles. 

Mr. Julius Smith 

, I  (9) "We would suggest that a complete proposed regulation be 
submitted. The proposed regulation should be more specific 
than the one mentioned on Page 15 of the pet i t ion . "  

.,: .....!.-.--..~-~~,-...*.,.--,~.- S i r r h  rt=,<irhmi<<inn n f '  nrnnnqpri rpnit lat inn 1.annrianp 1 %  here included .. 

* '- 000.080 
, . .  

-3 - September 14, 1978 

(f) "An analysis of the total extractives (with water as the food 
simulating solvent under steri 1 ization conditions) was made by 
an independent laboratory. The data from this analysis should 
be provided as well as the exact time and temperature conditions 

1 under whic'h this particular extraction was run. 

The extraction from sterilization discussed here i s  done according to 
the Food and Drug Administration Guidelines for Requirements of 
Indirect Food Additives and is so pointed out on Page 10, Paragraph 4 
of the petition. On Page 10 also, Paragraph 5, and footnote 9 on 
Page 1.1 is given exact time and temperature conditions for this extrac- 

of two (2) hours and is at a temperature of Z5OOF, 
! tion, It is stated here that the sterilization is for a time duration 

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

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



Mr. Julius Smith -4- I September 14, 1978 

(h) "Our review of the environmental impact analysis submitted 

exempt pursuant to §25.1(f) and therefore, an EBAR will. be 
required in the format specified in §25 .1 ( j ) .  

. In the petition indicates that the proposed action I-s not 

. 

/ 
Much of the information to be included in this required EIAR i s  
included in the patent (U.S. 3,998,180) which 1 have previously 
referred you to and which i's included and here again cited. tn 
addition, a rewritten EIAR i s  also included with this correspon- 
dence and is so marked. 

I f  any further questions arise or you feel the need to contact me, t am 
now located at: Union Carbide Corp., Tarrytown Technical Center, Route 
IOOC, Saw Mill River Rd., Tarrytown, New York 10591. 
this new location is (914) 345-2207. 

My phone number at 

Enc. 
(b) (5)



packaging where such processing is a normal part of the manufacturing oper- 

ation. Thus, the theorized maximum temperature would be that of high tem- 
perature sterilization, i.e. 250°F, during such processing. Time and tem- 
perature of normal storage is proposed to be that of duration of current, 

ordinary, competitive packaging materials for the 'markets of interest at 
temperatures ranging to theoretical maximum room temperature of 120°F. 

j ~ j p p T  (-J&Jr-J&A& $-vJpl\y 
. -- 

_ .  . .  ._ lkixirnum' Use Level of Additive and Maximum Thickness 

6 

OH 
'- 

In the strict sense of interpretation our process does not result 
2 
a 

CI 

in a coating as.referenced in this category. 

our fluorination process yields a moderate chemistry alteration on the sur- 
fkce of polyethylene as an integrally bound surface layer. 

Rather, as earlier stated, 

= :  
b ,  

This so- - --I_ _-- 

ment to polyethylene even though this surface is of minimal thickness. 
 

- 

" 4 2  Minimum Contents (Container Volume) 

To respond to this point, we would currently propose no minimum 
container size except that limited by the dictates of practicality of the 
individual. markets. . . . of. . . . use; . . . . . .  _ _  _ _  ..- 

8 431 (I 63-43 2 " ' Refer t o  Fig. 3 8. ~ 

-5- 

(b) (4)

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

(b) (4)

(b) (4)

(b) (4)
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Letter of deficienci FOOD ADDITIVE P E T I T I O N  N o .  8B3394 

EXCERPIED FROM FOOD ADDITIVES '  P E T I T I O N  No. 8B3394 
' 

i -I 

Figure 2 

Surface (ATR) Infra Red Spectrum of 
Fluorinated High Density Polyethylene Film 

(For discussion of this  figure see page 5) 

. 
* .  
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1571 ABSTRACT 
An apparatus and process Zre provided for L?C d e ,  
economic and pollution-free exposure of addes to 
reactive gueous-fluids to alter h i r  surface character- 
istics. The articles are exposed to one or more fluids 
which are transferred back and forth from a reaction 
chamber to a holding chamber. As the fluids are trans- 
ferred they pass through a trap designed to remove 
reaction-by-products without affecting valuable reac- 
tant fluids. Since the fluids can be transferred under 
vacuum and the overal1 reaction can take place at rela- 
. tiveIy low temperatures. the process provides a conve- 
nient and safe method for handling reactive fluids. Ihe 
process is particularly useful for the halogenation, for 
example fluorination, of a variety of articles, s ~ c h  as 
plvtic contunen, aerosol bottles and films to improve 
their bam'er resistance to solvents and gases. 

5 Claims, 3 Drawing Fipres 
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3,993,l SO 
I 2 

Extensive chemical literature also exists on chfon'oa- 
1'M'OR DEPOSITION APPARATUS ISCLUDIKG , tion znd, more generally halogenation of polynen. 

FLUD TRAXSFCR hLEANS Most is addressed to thorough chlorination of finely 
divided rcsin to produce clilon'nated polyethylcne or 

In its broad aspect this invention relates to an appara- 5 chlorinated polyvinyl chloride resin. Gzs phasc fluid- 
t U S  for exposing a van'el). of articles to reactive fluids to ized bed and liquid phase reactions are common. A free 
alter their surface charscteristics. In one aspect, this 
invention is directed to an appuatus for the halogena- ,Since the aim of the chlorination reactions is differ- 
tion of a van'ety of articles which is safe, economic and ent, the apparatus and process do not correspond to 
pllution-free. In a further aspect, this invention relates 10 that uscd for surface fl uon'nation as hcrehafrer de- 
to the fluorination Of pbStiC containers, aero.=] botda'  scribed. , 

and films to hprove their bamer resistance to solvents Sever4 U.S. patents have been granted on technol- . 
andgases. . ogy for treating plastic containers with SO3 to reduce 

A van'ety of processes and processing equipment are perneation of orgmic liquids through the .*al!s. For ' 

dklosed in *e iitemtt~re re1atirigto the exposure of 15 example, see U.S. Pat. Nos. 2,532,699; 2,937,066; 
compositions and articles to reactive fluids whereby 3,542,746; 3,586,569; 3,592,724; and 3,613,957. 
their physical and/or chemical propedes are ,altered. n e  apparatus of this invention provide numerous 

, .  
' 

. radical iniBator or UV Jight is often added. 

For directftabPation, Particularly fluo- advantages Over f ie conventional approaches'to direct 
*2Gon, of polymers and @j'meriC a d d s  is h o w .  described in fie ijtemmre for flow- 
BY direct fluorination m e a t  of objects to 20 *roue$ and single tank V ~ C U U ~  procc-es. Jn a flow- 

nuorination 

fIuorine gas, either pure or diluted with inert or reac- through apparatus, such as that bfthe type disclosed by 
tive difuents and additives. In contrast, thcre is exten- the aforementioned ~~z~~ patenS the to be 

the rerction of materials with fluorinating agents which 25 is displaced to the desired percentage by inbducing 
do hot contain ekmental fluorine such as ,hydrogen the surface treatment gas to the of the reaction fluoride, s u I h  tetrafluoride, and the like. The litera-. Since is done by the replacement 

such 25 halogenation equipment and its fabrication as face treatment gas, the object must be exposed to in- well as a wide variety of chemical processes 30 creasing percentages of surface treating gases in com- 

merhods.'In the first, the object, or chamber containing I 

the objcct. is full of one gas and that gas is gradually a quvltity of treating gas will be wasted,in flushing out 
. some of the gas in the chamber. In this case, atmo- - displaced by pvsing in fluorine. In the second general spheric air must be acceptable as W i g  present during method, the chamber or object is evacuated then flu+ 

,jne is bled in gradua[fy. Both are disclosed in 35 the treating cycle. If all air is to be excluded, then large 
US. Pat. No. 2,511,468 which issued Oct. 29, 1957 to quantities Of treating gas must be used to purge the &r 
S. p. Joffre. In either me&&, the fluorine which p m s  from the appaFent that the Objects to be 
through or remains aer reaction is flus$& out Io an treated tend to be exposed to lamh~ar flow of the treat- 
absorber or scrubber for disposal. There are no provi- ' ing gas- 
sions for recycling and reusing valuable unreacted fl uo- 40 by means Of 

fine, nor provisions for removing hydrogen fluoride or a to a predetermined Pressure- In One p r e  ' 

reac&n-by-pro&cb from the fluorine during re,--- . ferred condition ?.his k about 1 Torr absolute pressure, 
but the pressure is not narrowly critical. cling. 

Among the types of apparatus disclosed for &,&a- 
' 

The surface treating gas, contained %%hiin a holding 
eon is fiat i]]usmted in Pinsky et al. hgodern Packag- 45 Cha.mber Separate from the reaction chamber and com- 
ing, 33, P. I30  ( 1  960). This reference shows two tanks . posed of the desired percentages of treating gases can 
which a x  used bdcpendendy a flow-though or 25 a now be introduced into the reaction chamber through 
one-mk va,-UUm apparatus. nuorine 5 not transferred controlled means So that the reaction chamber C= 

b2ck and forth in the apparaks disclosed. be pressurized in a desired and controlled manner. R e  
In hother  Iitenture article by G. C. S h t y  and R 50 pressure conditions are a function of the volume of She 

Prydz, Rev. Sci. Insirurn., 41 (X), 1223-7 ( 1  970). there heating g G  holding tank, and the initid presjure in the 
is described an apparatus for accurate measurements of reaction Chamber- Lf it is desired (for safety) L!at the 
pressure-terripenture-volu~e behavior of fluorine. pressure never exceed I atmosphere in both the hold- 
Fluorine. gas is transferred bzck and forth between ing chamber and the reaction chamber, then the hold- 
compzrtments by conventional vacuum line techniques 55 ing chamber and reaction chamber are made to be of 
using liquid nitrogen cooling to create suction. Since essentially q u i d  volumes. Pressure between the two 
the intent of the study is to determine pressure-temper- 'chunbers is then equalized by means of vacuum pump- 
atore-volume redtionships of fluorine, no provision kg: Also the holding bnk can be lowered to a low 
was made for canying out "Ry reaction in the appara- absohte pressure for later transfer of the gas back fiom 
tus. Indeed, every attempt was made to avoid reaction. 60 the reaction chamber to the holding chamber. ContJct 

Several other references disclose fluorination appa- . between the treating gas and object is easily made tur- 
r3tus. In general, however, these are devices for con- buknt,  permitting bener contzct of the entering reac- 
tacting hydrogen fluoride or fluorine with nuclear fuels tants with d1 surfaces of the objects to be treated. 
to dkwlvc them, or  for reacting uranium with fluorine A fu r i c r  disxivmntqge for the fTdw--housh systems 
io m3ke uranium h,e.uaffuoride gas. Liquid or fluidized 65 described in the literature is b a t  the exact desired time 
bed flow-through units are common; however, fluorine of exposure to a prefeired rniVture can be achieved 
consumption is large and no recycle systems were dis- only with diEculty. For instance, good mixing during 
closed. ' , , dispkement of air with a reactive g3s could bc pre- 

si'*e art On Of non-PIYmem* surfice treated are placed in a closed reaction cham- 
such %, organic comp5itiom9 mcMs 2nd the like, or ber, containing a 2  at atmospheric pressure and the & 

'Oven and of ~r within the reaction chamber by pr,esu&ed sur- 

Direct *uon'nation is camed Out by two . ing to the preferred percentage, It is also apparent fiat 

It 

In = tank system & is 

. 
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ven:ed if objects are in the chamber. In c o n k s ,  in the sure and which minimizes the dilution of the reactive 
prcscnt process atmospheric nir is rcrnoved by mems gx mixture nit& residual air normally contained within 
of a vacuum piimp lo a known pressure. Treating gas the molded object. A still further object k io provide an 
mi\tu,rcs, prepared in advance and kept in Lfe holding apparatus for vacuum evacuation of large molded arti- 
Gnk, can now be prrciscly introduced into ~c reaction s cles pn'or to exposure to a reactive fluid without col- 
chamber permitting controlled and determined reac- lapse of the large article. Another object of this inven- 
tion times. Since little gas remains to be displaced, tion is to provide an apparaius for containing a reactive 
there are no mixing pioblems. fluid, such as fluorine gas, within the apparatus and 

Another d-udvantagz of the 4low-tf;rough system is thereby minimizing the possibility of the escaps of the 
that aD gases pass to a disposal unit. Either they must be 10 gas to the atmosphere. A further object is to provide an 
discharged wit\ no recovery or absorbed or chemically apparatus whereby pressure build up by inadvertent 
altcrrd so thzt the desired gases can be recovered by rapid or violent reaction is safely released by pvsing 
regeneration or chcnical treatment. the vented g a s  through scrubbers to render them 
ib described in this' invenrion treating gases are re- non-hazardous These and other objects wili become 

moved from the rcaclion chamber to rhe'holding cham- IS apparent to those skilled in the art in the light of the 
bcr for lzter use. The surface-treating-gas-mixturc can teachings herein set fort)t. 
be brought to a desired vacuum in the reaction cham- In its broad aspect, tfiis invention is directed to an 
ber sb that the residual gas in the reaction chamber is at apparatus for exposing article to reactive fl uids to aJter 
alow level. , their surfzce characteristics The apparatus 's com- 

ination of by-produc&. If by-products of ihe reaction . a. a sealed holdig chamber having canduit means 
are built up in the treating fluid, they may interfire with connected to' at levt one suurce of fluid, and cption- 
some part of the process. A "scrubber" or "trap", dIy, a c e s  m e w  for the introduction and removal of 
selective for by-products, can be installed in the trans- articles, 
fer line between the chambers. Thus, the transfer step 25 b. a sealed reaction chamber having sealable acccss 
may include a "purification" step. An alternate con- ' means for the introduction and removal of articles, 
cept may have the trap in a side "loop" through which c. second conduit means connecting the holding 
reaction gases are circulated. Although this dternative chamber and the reaction chamber, and 
is more complicated, and requires additional appara- d. transfer means disposed in the second conduit 
tus, it may be desired in some circumstances. 30 means and capable of creating a pressure differential 
Both the flow-firough system and the vacuum s p e m  between the hoIdiig chavber and the reaction cham- 

can be purged with air or inert gas to permit d e  access , ber. The 2ppuatus can also be quipped wih pressure 
to interior of the reaction chamber. The waste E Z S ~ S  control means. means for monitoring the concenb-ation 
and purge gases from 211 systems flow to an absorber or of rezctive components, and separation means of reac- . 
scrubber a'med at rendering them harmless bfore 35 tion-by-products. 
release to the environment, however, the use of a hold- The appvatus of this invention 'is-conve&onally 
hg. chamber in the two tank vacuum transfer system employed for dtering the surface characterktic of a d -  
means that the exhaust gas scrubber need not treat 50 des by exposing them to a fluid at an essentially pre- 
much gas as in the other approach. Thus, a smzller, determined composition, wherein the fluid is corn- 
more economical unit may be uwd. This feature aIso 40 ,prised of, or contains, one or more components which 
'makes it much easier to w u r e  that the waste gves are reactive with the surface of the articles In BSence, 
emitted to the environment meet emissions standards. the process comprises the steps of: 

It is therefore an object of this invention to provide a. admitting to an apparatus comprised o f a t l w t  one 
an apparatus for the exposure of a variety of articles to holding chzmber, and at Iwt  one reaction chamber, a' 
reactive fluids whereby their surface characteristics are 45 fluid comprised of a known concentration of one or 
dtered. Another object of this invention is to provide more components, 
an apparatus and process which is d e ,  economic and b. admitting to a reaction chamber which hs fluid - 
pollution-free. A further object i s  to provide an appara- transfer means to and from said holding chamber, one 
t u s  for the halogenation of a variety of articles. A still or more of the articles to be treated, 
further object is to provide an apparatus wherein the 50 c. adjusting the pressures in at Ieast one of the hold- 
rczctant ffuids are transferred to and from the rezciion ing and rextion chambers so that the pressure in the 
cham'tjer by vacuum means. Another object of this holding chamber is greater than the pressure in the 
invention is to provide an apparatus which transfers reaction chmber; 
reactants by means of a vacuum technique in which . d. allowing the pressure to equalize between the 
substantially elevated pressures of dangerous materkls 5s holding and reaction chambers by the transfer means 
are never attained. Another object of this invention is and whereby ffuid is transferred from the holding 
to provide an apparatus wherein reaction-by-products chamber to the readon chamber, 
are removed and expensive reactant ff uids are con- e. optionally, adjusting the pressure in at Ieast one of 
served. A further object is to provide an apparatus for the holding aid reaction chambers 53 that the pressure 
the Ruorination of pkstic containers, aerosol bottles, 60 in the reaction chamber is greater than the pressure in 
fifms and the like. the holding chamber, 

Another object of this invention is to provide an f. allowing the components to react with &e articks, 
apptratus for introducing reactive gas mixtures from a g. optionally, do\cing the piessure to q u a k e  be- 
holding chamber to a reaction chamber in a manner ween the holding and reaction chamber by the transfer 
whith'controls pressure 2nd volume. A further object % 65 means and whereby the fluid is transferred to tk hold- 
to provide an  apparatus for injecting, reactive gas mix- ing chamber fro= the reaction chamber, 
turcs,dircct:y to tl;e interior of largc molded o5jects 50 h. adjusting the prcssure in at Jeast one of theholding 
that rhe reaction is at subslantially atmospheric pres- ' and reaction chmben 50 that the reaction chamber is: ,'- 

. 

An important part of the two chamber system is elim- 20 pn'sed oE 
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less than th? pressure ,,in the holding chamber, and conuincd in the exhaust sascs prior to venting to the 
thereafter, --..I am'bsphere. Vacuum pump 20 aids in trznsferriog the 

i. removing said articles from said reaction chamber. .gases to and from reaction chamber 10 and can be . 
A better understanding of the invention' will be had comprised of. for insbnce, a combination of a piston- 

by,refem'ng to the following description and changes 5 type pump and a Rootcs-type blower as hcreinaf'ter . 
whcrein: described. Valves 22,24,26,28,30,32 and 31 control 
FIG. .I isa schematic diagram ofthe a p p a r k  of this the flow of the 'gases to  and from holding chamber, 

invention. reaction chzrnber, traps and scrubber. Valves 36, 38 
FIG. 2 Is 8 schematic diagram of a production scale and 40 control the cntry of reactive and inert gases. 

treating unit. 10 Valves 42 2nd 41 permit monitoring of the gases irP the 
FlG.'3 3 a schematic diagram of a production scale reaction chamber. Additional monitoring vaIves, not 

unit usefu1;for treatment of the interior of large objects. shown, are also present to monitor the holding cham- 
With reference to the drawings FIG. 1 is a schematic ber. Gauges 46 and 45 monitor pressurn within the 

diagam of a simpJilied .version of the apparatus of the reaction and holding chamber. 
When fluorine or certain other components are the 

Reaction chamber 10 is a cylindrical stainleis steel reactive fluid to be used in the process of this invention, 
vessel of approximately i 6 inches inside diameter and it is necessary to*'prlSSivate'* the apparatus. Psivation 
24 hches inside length. One end is closed by a circular can be accomplishcd by the usual method known to 
door with a rubber sealing gasket. The chamber has a those skilled in handling fluorine. That is, a smaU 
water jacket permitting heating or cooling of the cham- 20 amount of fluorine at a low ffow rate can bc introduced 
berwalls. . into the apparatus and all surfaces exposed $ gradually 

Holding chamber 12 h a stainless steel cylinder of increasing concentration of fluorine until it ceases to 
approximately the same size as reaction chamber 10. In react with thesurfaces afid passes through the appara- 
the examples it was chosen to be about IO percent tus unchanged. 
Iarger than the reaction chamber. Thus, when gas was 2s Jn order to demonstrate the operation of the unit for 
initially transferred and. pumped into the reaction. one parlicuIar sequence of steps which can be em- 
chamber, the holding chamber did not have to be evac- ployed, C h q  A below show ihe positioning of the 
uated to near I Torr. Instead, it had only to be evacu- valves. The sequence of operations described in Chart 

. ' atedto approximately 70 Torr while the reaction cham- A is that normally used to operate the simplified zppa- 
ber was pumped to 1 atmosphere. This procedure has 30 ratus shown in FIG. 1. Consideration of that drawing 
the, advantage that the vacuum pump is itot pumping in WiII reveal that alternate ways of canying out the pro- 
its slowest, least efficient, low prcssure range; 2s a re- cess are embodied in the apparatus. For instance, pres- 

* sult, the reaction chamber can be brought to 1 atmo- . sure equaliition (Steps 6 and 9) could be carried out 
, sphere of reactive gas more quick1y- . through valves 22 ,and 24 if desired, or through the 
. I *  ,When the reactive gas is fluorine one or more traps 35 vacuum pump. Thus, the process of using the apparatus 

are employed to absorb hydrogen fluoride and by-pro- is not to be limited by the specific series of steps shown 
ducts of the reaction. Hydrogen fluoride trap 14 can be in Chart A, but rather, is illustrative of the process of 
Iocated at one or more positions as indicated by 140, the invention. Also, during normal operation, Steps 3 
14b and 14c and is a stainless stee1 cylinder approxi- through 14 may be repeated several: times. If desired, 
mately 5 inches in diameter and IS inches long. It was 40 samples of the reaction mixture may be taken a t  a 
filled with pellets of sodium bfluoride, activated by m p h g  manifold attached to the reaction and/or 
heating with a nitrogen purge. It is thus apparent that holding chamber. It is atso evident from a consideration 
several alternative locations for trap 14 are possible. of Chart A and FIG. 1 that in this particular simplified 
For example, the trap can be located between chamber ' apparatus, in which the HF trap + Iocated at 14a, HF 
1G and vdve 28 as indieted by I&- It is only important 45 and by-products are scrubbed from the gas mixtwe as 

: that the trap be situatcd sa that t??e reactive fluid con- the mixture p a s s  from the holding chamber to the 
W i g  by-products can flow through the trap. reaction chamber rather than the reverse. It is apparent 
. Effluent scrubber 16 is a vertical stainless steel cylh- that eiiher procedure is feasible and the invention is not 
der approx'mateIy 6% inches in diameter and 48 inches limited !O either one. 
high. It contu'ns circdating aqueous 20 percent potas- SO In Chart A below the vacuum pump is on at all times 
sium hydroxide solution through which the exhaust during which the unit is operating. "C" indiczta that 
gases are passed. Drop catcher 18 removes droplets .the particular valve is closed and "0" that fhe valve is 
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VALVE LOGIC DIAGRAM FOR SURFACE T R E A T M E N T A P P A R A W  
RCXZiOl3 

. ,  PorXon of Vatves and Door Chamber 
Operation Valve: 22 24 26 28 30 32 34 b n  

1. Evacuate Holding Chamber- c c o c o o o  C c , c  c c c c c C 
3. Load Reaction Chmbecr c c c c c c c  0 
4. Evacuate Rwcrhn Chrmber c c o o c o o  C c c c c C " C  c C 

c c c o o c c  C 
0 c c c 0 0 . 0  C 

'. O o r C  c c c c c c C 
O o r C  c C '  0 0 C C C 

. c  c c c c c c  C c c . 0 0 c 0 c . c  

. 2, 23: Holding Chamber h m  Fa and HI aupptio 

5. Prepare to cqwlizc preJsurc LSroupb HF Lap 
6. EqualiY Prruure 
7. Pump Fx mixture inlo Reaction Chamber 
8. Carry out Reaction 
9. Equalize Prc~urc 

10. Pump p x s  rrom R e a d o r ,  Chamkr  to 

I f .  FilJ Reaction Chamber wirh N, 
' , (OptionJSc~ngs) 

Hdding Chamber c o c o c o o  c .  

. . ? 
' 1  , 

0 0 0 0 9 1  I 
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CHART A-continued 

- -  ~~ -- 
VALVE LOGIC DIAGRAM FOR SURFACE TRF G $ E X T  A P P W  

. ... Reaction 
Chamkr. PorXon of Val*es and Door 

Operalion Valve: 22 24 . 26 28 30 32 34 Doon 

; 8 2 .  Pubp Reaction Chamber Contents through 

13. Fill Reacljon Chamber NI 
Scrubber -."c c b ' o  c 0 0 C 

c c c . c  c c c C 
C ' C  c c c c c 0 ' Id. Remove Treated Objects . .  . .  

. .- 
In practice, the process can be effected over a wide be generally useful for other fluids but m3y vary in 

range of conditions. Although, for the most part. the some cases, depending'on the rezctivity of the ffuid. 
operating conditions are not criiical, care should be The temperature range is not narrowly criticd and 
taken since the process involves the use of reactive and 15 will be lirriitzd by th= tendency toward excessive r e x -  
toxic gases. tion at high temperature, and of slow reaction or con- 
Ihe amount of reactive fluid, such as fluorine, em- densation or freezing of &e reactive fluid at low tem- 

perature. 
largely a factor of the article being treated. Hence, The desired treatment h e  at the aforementioned 
most any concentration of fluorine gar or other reac- 20 temperatures is not narrowly critical. For treatments 
tive fluid in another gas may, be used provided the with fluorine 2s shown in exampIes, times from 0.5 to 
mixture can be safely prepared. Normally, a range of 50 minutes are preferred. If extensive fl uorhation reac- 
from 1 to 100 percent by volume has k e n  found to be tion is desired, hours or days may be used. Conversely 
wcful. However, the most preferred portion of this for "light" treabnents, a few seconds of exposure or 
range for some processes is 5 to 80 percent Under 25 even fractions of a second may be sufficient These 
some circumstances, where "light" exposure is desired, treatment times C ~ R  include the time required to adjust 
concentrations as Iow as 0.001 percent fluorine (or the reaction chamber to a.constant pressure. However, 
other gas) or even lower may be desirable. The ff uorine. in the examples the times indicated refer only to the 
may be dihted with essentially i n e r t g z s  such as nitro- time at which the reaction chamber is at the constant 
gen or helium. At higher concentrations of fluorine or 30 pressure. 
other reactive fluids, reactions tend to be more violent Ar hereinbefore indicated the apparatus of thii in- 
and the apparatus may erode or react, so tha: where vention can be utilized for the treatment of a wide 

. possible, lower. concentrations are preferred. vm'ety of articIes. For example, articles comprised in 
A reactive gas such ds fluorin2 may be mixed with whole or in part of inorgrnic, or organic materials or 

one or more inert or reactive diluents. For example, 35 combinations thereof can be treated by the proccss and 
fluorine can be mixed with oxygen, sufwdioxide, chlo- in the apparatus of this invention. The apparatus can, 
sine, bromine. nitrous oxide, a mixtttre of chlorine and for example, be uszd to "passivate" metal tubing be- 
oxygen, certain organic monorntrs 2nd the like. AI- fore installing the tubing in other fluorination appara- 
though, the materials of construction may vary depend- tus. 

. ing upon the gases employed, the overall process is the 40 In a preferred embodiment the 'invention is directed 
same. . to an apparatus for treating plastic vticles with ele- . Although 1 Torr is prefembly the level to which the mental ffuorine, and inert or reacrive diluents. for the 
chamber is evacuated, the pressure fs not narrowly . purpose cf altering their surface characteEstics. The 
critical., It is chosen by considering safety and eco- invention is p3iticularly applicable to articles com- 
nomic factors such as the amount of residual gases 45 prised of, in whole or in part, polymeric organic com- 
,released when the door is opened, or the amount of positions. For example, containers of high 2nd low 
residual gas Ieft to mix with the treating gas. For espe- . density polyethylene. polypropylene, polybutyIene, 
cidly careful work, the chamber might be evacuated polystyrene, and a great variety of other organic poly- 
with elaborate pumping means to 0.001 Tor or less. A mers can be treated. Illustrative poIymen include 
useful upper limit is about 700 Torr. The pressure most 50 poly(viny1 chloride), cellulose acetate and even par- 
often useful is from about 0.1 to about 10 Torr. tially fluorinated materials such as poly (vinyl fluo- 
.For safety reasons it is often desirable to keep a ride): In addition to plastic bottles and containers, films 

chamber containing reactive gases at less than I atmo- (rolled or fiat), plaques, tanks, drums, aerosol contain- 
sphere pressure so that any leaks are inward. Thus, use ers, extruded solid shapes. doves. tires, fibers and other 
of vacuum & a gas'transfer means is a particularly 55 plastic articles c2n be treated. Ah, textiles, fabn'cs, 
attractive safety feature. However, to accelerate the clothing. pzper, cardboard and the like can 2150 be 
reaction, pressure may be raised to 25 high as 600 psig treated to aker their properties, in particular, surface 
(of fluorine) or higher, with some risk of excessively characteristics. 
.violent reactions. The preferred range is from about 0.1 
to about 2 atmospheres. 60 (from mild to severe) to suit the aiicle being treated 

Preferrcd temperature conditions for conducting the and properties desired, drnost any solid composition 
proccss (when the reactive fluid k fluorine gas) are such =S plastic, metal, papcr, f2bric, and thc iike and 
within the range of from about 0" to zbout 100" C. some liquid compositions niny bc treated by the q p a -  
Higher temperatures might be used for artides such as ratus of this invention. Limitations on substances or 
those composed of graphite, whcrein tcrnpcr3tures as 65 artides would include dificult handing  duc to fluidity, 
high 2s 7GO" or 800" C. codd be used: A particularly vapor prcssurc (cvaporatjon during cvacuztion would 
preferred tcmpedurc'range for plastic arricles is froni be undcsirsblz) and the like. Ifowcver, it k the major 
about room temperature to about 60°C.'This range wilt purpose 10 treat organic suIiCsinJ poIyrneric =!ids. 
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ployed can vary over a reiatively wide range and is .. - 
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It $ d S 0  apparent from considemtion of ;hc.inven- ber are automatic doors *.vhkh at the proper tirne open 
tion that very large or very small objects of a van'ety of to permit objects to enter and leave. lfie doors Eire 
shes and shapes might be treated. To further visualize arranged to pennit the chamber to go to 1 Torr, and the 
the treatment of such objects, FIGS. 2 and 3 depict preferred maximum operating pressure is one a t m e  
other embodimcnts of this invention. 5 sphere, but approximately 2-3 atvospheres ( 147-29.4 

FIG. 2 b a schematic diagram for a production scale psig) may be. used. One reason for operating zt pres- 
treating unit. To start the operation the air in g s  mix- sures down to 1 Torr is that only a sniall amount of 
'ture holding chamber 50 is evacuated by vacuum pump ff uorine or hydrogen fluoride need b: removed in  a 
52 through valve 54 and to atmosphere throuih the purge step. 
scrubber column 56. Fluorine and nitrogen are then IO As with all hardware items in the apparatus, the suit- 
expanded intoholdiq chamber 50 from known volume able materials of construction a're not narrowly critical. ' 
cytinders; The gas mixture is anz?pzed by ,fnstrumcnt As is we11 known to these skilled in the art, exposure of 
58, and the chamber50 is now at atmospheric pressure. many metals to gradually increasing levels of F2 con- 

The objects to be fluorinated are in position of the ' centration "passivates" the m e d  surfaces making 
transfer device ready to move into the reaction chain- IS them resistant to further readon with fluorine. Thus, 
ber 60, and the unit is now in the ready position. To metal hems may be iron. steel, aluminum, copper, 
load chamber 60 door 62 opens to admit new product brus, or stainTeS steel. Where high-temperatures arc 
and door 64 'opens to pernit the treated objects to ,expected (over 100-2OO0C), monel metal, nickel or 
leave. These doors are interlocked 50 that pump 66, high nickel content alloys are preferred. 
blower 68 and fan 70 mbst be running before the doors 20 Flexible gaskets can be made of rubbers or  of fluori-. 
czn be opened ?he transfer device now loads new nated elastomers such as WTON"' O~ 'FLL?OIIEL~~-  
objects into reaction chamber 60 and unloads treated Plastic parts are frequently made of TEFLON or 
objects to wash chamber 72. The transfer device may KEL-F plastics. Only where factors other than fl uorke 
include hand loading. Contact must be considered must other. limitations be 

Air is now evacuated fiom chamber 60 through the 25 made on materials. For instance, a liquid scrubber for 
proper sequence of valves and by vacuum pump 66. . HF and F,, mentioned below, wouId not be made of a 
Thii'air evacuation sequence continues until the pres- material that reacts with alkali such as aluminum 
sure in chamber 60 is lowered to approximately 1 Torr. Wash Chamber 72 is an adjunct to the main part of 
At the end of this period the proper valves open and the . &'le invention and may not be ziways needed. In FIG. 2, 
gas mixture contained in.chamber 50 enters chamber 30 it is immediatery behind and adjacent to chamber 60. In 
60 so that both chamber 50 and chamber 60 are at. f s  . i& the product is water-washed for a period of several 

minutes to remove traces of fluorine or HF. ?his cham- atmospheric pressure. 
'. During the ne- sequence and' througi the proper ber also can be traversed by ul indexing conveyor 

valves the atmosphere in chamber 50 is transferred to which at the end of the cycle t h e  can move the prod- 
chamber 60 so that 60 is a t  atmospheric pressure and 35 uct out of the wash chamber t a b e  phced in inventory. , 

chamber 50 is under vacuum. Pump 52 is used €or thk , Materials of construction are not narrowly critical and 
transfcr. At the end of this period the fluorine gzk mix- can be plVric or stahless steel. 
ture is allowed to dwell within chmber  60, for in- Gas Holding Chamber 50 is essentih to th; inven- 
stance, for 60 seconds. 

' tion. This is a tank designed to approximately equal the 
At the end of this dwell period, the procedure is 40 capacity of reaction chamber60. It serves 2s the hold- 

reversed w d  the fluorine atmosphere is allowed to  flow ing tank for the gas atmosphere. The atmosphere is 
back to evacuated chamber 50 through an HF hap 74 equalized when desired between chamber 60 and gas 
30 that again both 2re a t  approximately 5Fr atmospheric holding chamber 50 through appropriate vdving and 
pressure. Next the atmosphere remaining in chmber 
60 is pumped. back to chamber 50 through an HF trap 45 Materials of construction and design pressures are 
7 4 , ~  that this chamber returns to atmospheric pres- , the same 2s for the reaction chamber; no doors are 
sure and the pressure in, chamber 60 goes to appro& . needed. Alternatively, the holding chamber could re- 
mately' I Torr. . . . semb?e the reaction chamber, providing two reaction 

A final pp-iod is dlowed to continue evacuation of chambers. 
chamber 60 to the xrubbing system through the vac- 50 Vacuum pumps 66 and 52 are designed to evacuate 
uum pumps. &y.zir can be purged into the chamber to chamber 60 from atmosphen'c pressure to appro<- 
effect further dilution, of residual gas if this provesd rnately 1 Torr absolute. Various pumping times (1 
necessary. second to 30 minutes) ,may be suitabIe in particular 
As mentioned previously, th is  description is a de- cases. Any suitable means of creatbg vacuum may be 

~ ~ n ' p t i o n  of the general process. Modifications as de- 55 used, including dry or oil sealed vacuum pumps and 
scribed later wilI suit particulu objects to be fluon'- cryogenic or absorption pumps. If oil-sealed pumps are 
nated. For..exaniple, large volume items, such tanks used, a hdogenated or fluorinated pump- fluid k pre- . 
or 55 gallons drums could be treatcd by directly load- ferred. Oil sealed pumps are often not suitable because 
ing the fluorine atmosphere to,the inside of the con- of reaction between the oil and the reactive fluid. A dry 
e n e r .  Film could be treated in an essentially atmo- 60 piston pump (e.g., Corken Pump) and a Rwots-type 
spheric condis'on within the reaction chamber 60- pump are also suitable. A single pump could ais0 re- 
Small containers could be treated essentially a~ &- place pumps 66 uld 52. 
scn'bed. In a production operation all valves can be 
au1oma:icalJy sequenced so that once the process be- used. Such a tray is an ;mportmt p u t  of the invention 
gins all steps kiil  fol!ow in progrmrned steps. 65 u n k s s  t!e amoiints formed are so sma:I as not to inter- 

With further reference t o  RG. 2, reaction chamber fere with the process or apparatus. One example corn- 
60 is designed to opcrate from approximately 1 Torr mon in tie'art k a sodium bifhoridepeilet packed-bed, 
dsolute pressure to 200 psig. At each end of the cham- filled with NaF. HF which can be activated by heating , 

. 

. .  

. connecting means. . 

Any suitable means of trapping HF but not Fz may be . 
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while'bcing,pprged with %. Rerrigcrated traps may be thc chamber in order to prevent collapse of the object 
uscd. As known in the afi,  H F  &orbed by such traps due to prcssure difference. This air evxuation sc- 
can bc recovered by heating the trap. hfaterial of con- pucnce continucs until thc pressure in the largc objecb 
struction art not narrowly critical, b u t  nickcl and ifs LS IowcrcJ io about 1 Torr zbsolute. At the cnd of this 
altop 3cc prefcrred. 5 pcriod the proper valves open and the g s  mixture 
The scrubbing system 56 described in this disclosure, contained in holding chamber 76 directly enten the 

for use with the subject apparatus, is a convenient and large objects and air or another g u  enters chamber &Q 
cconomical means of disposing of the small amount of the pressure in both fiese objects and L; cham- 
objcctionable gxeous fumes kcfore emission .from the ber 76 equalizes at % atmosphen'c pressure. Durtrg the 
vacuuli.1 hi\sfer system. Such a mcms is ncc-ry for 10 next sequence and through h e  proper valves, all of the 
safe non-polluting opcratiort of.,thC invention;.however, atmosphere in cfiamkr 76 transferred to the large . 
the actual trcatncnt Of objects could be camed Out oLjec& 50 that these qbjecfi 2re now at amosphen'c 
without such a scrub'bcr if the wartes weremot toxic or pressure and chamber 76 is under vacuum. At the end 
undesirable, of this stage the fluorine gas mixture is aIlowed to dweU 

IVhile a scrubbing method is described below, it is 15 wi&in ,&e large objects for e.g., 60 %con&. DUM:: all 
obvious rha: other methods such 25 absorption, direct stages of the prwes,  fie p r s u r e  in reaction chamber 
chemical reaction, or oiher means well known to the M can be controlled to a suitabJe differen&l bewren 
art could be empJoyzd to absorb noxious wastes. itsclf and the large objects to minimize leakzge, cor- 

comprised of a.stainless scrubbing tower for scrubbing 20 
the gas with an zqueous so!ution of sodium hydroxide. versed, the proper valves open and the fluorine am& 
This solution is fed through the column through a dis- sphere &amber 

mosphere. The rczctzd stream (now containing sodium Next the atmosphere ,in the large is 

. tank containing the reservoir of sodium hydroxide. This . 

ho!ding tank is so designed that the air streams must 
enter the reservoir of sodium hydroxide. The airpasses 

After this ,stage, the objects are evacuated and gases through this solution and out to atmosphere ,&ough 
the second column which is packed with suitable pack- '30 pw to the scrubbing 5).stem *oua vacuum pump 93. 

Again suitable pressure is maintzined in chamber 84. ing. Here the  air travels countercurrent to a flow of 
sodium hyiroxide and the rczmzining traces of fl uorine The unit is now ready for the second loading operation are reacted to sodium fluoride. 0S-m bises (e.g., KOH) 

% the doors open, the treated Jvge objects move into the wili work. ' wash chamber and the second cycle begins. Since the sodium ff uoride is par&!!y soluble in water, 3 3  As previously indicated an :mprtant aspect of this a stream of the reservoir can be taken to a lime treater 
,+.here t%e sodium nuoGde is converted to cdckdm invention is to move fluorine safely and tccnomically 

the transfer must be reversed. Obviously, a pressure to wvte as a harmless salt. 
FIG. 3 is a =hematic d i a m  ofone emwm&t of equalizztion suBices far one half of the pressure 

&e apparatus and process of this invention which chuge. To pump the remaining ff uorine, an 03 sealed 
useful for treating the inner surfaces of relatively large vacuum PW of ofsevera* mechanical fy~es such . . 

&ject.s, such 2s 55 gallon dmms, gaoline tank, 2nd ' 

the like. A major difference between this embodiment 45 considered. such Pump would be suiuble if fie gas 
and those previously described is that ff uon'ne is added , to be mnsfe?ed were not so reactive as fluoMe* for 

. erectly to the interior of the object A major difference instance, air Of niQ?.a- However, even the very b e d  . 
Over Ge prevjous embodiment of RG. 2 the addition "HaIocarbon" 0% are often not suitable for fluorine 
of a vacuum pump to equalize the pressure the reac- contact in. such applications, as they decompose or 
tidn chamber to avoid collapse of the object being 50 e*FIOde- 
trerltcd. ' , .  By combining a dry (non-oily) piston-+ cornpres- 

Wr having low friction piston such 2s graphite 
follows: gas mixture holding chamber 76 is evacuated Gngs Or TEFLON rings, W i t h  a dV (non-oily) Yacuurn 
through vacuum pump 78. The fluorine and nitrogen pump, specscally a Reares-type blower the pressure 

. are then expanded into chamber 76 from known vol- 55 can be reduced to 1 Torr. BY Spetially modifying the 
ume cylinders. The gzs mixture can be analyzed by . valves, $e pkton compressor hiis been made to act as 
instrument 80, and chamber 76 is approximately at a.hig,h quality vacuum pump capable of pumping down 
atmospheric pressure. The Ixge objects 92, for in- to 25-50 Tow the Rootzs Elower in series with it cov- 
stance, polyethylene gasoline anks ,  are in position on en the remaining range and pumps down to approxi- 
the:indexing conveyor 82 and the unit  is now in the 60 mately I Torr. A Rooks bIower by itself cannot pump 
ready position. Rciction chsmkr is equipped with over the- required pressure range. Thus, depending on 
dwrs 86. These dmk are interlocked 50 that pump 58 the exact pumping characten'stk~ of the pkton pump, 
must be running before the  doors can open. The con- chamber size, pumping times, and other fictors, either 
veyor is then oprratcd w that the large object move one Rootes pump or two in series may be used togethzr 
kit0 proper position and thc Squeqce begins. Air is 65 with the piston pump. Use of d1 Rootes pumps wouid 
n,ow ev3cuated frorn the large objects through the normdly not bc pncScd or economical. At least four 
propa scqucnce valves and by vacuum pump 94. At would be needed in series and Q e  high pressure ones 
the same time vacuum pump 88 evacuates the air from must bc very large and expensive. 

. 

FIG. 2 shwxs scrubbing system 56. The system is . laapse or 
the end of dwell p6d the protedure is re- . 

allowed 'to now back to 
tn'butor plate znd news concurrendy the'ga at- 76 so that again bo& are at ?4 amosphefic pressure- 

back to c.,amkr 76, 5o that tlzis ,-hvnber . fluoride, air and sodium hydroxide) enters the holding 25 

to atmospheric the large 
are at Torr 
in chamber 84 by pump 38. 

Suitable pressure 

. 
fluoride and -&e sodium hydroxide regenemted. n e  One chmber, initidly at Or near amosPhere . . ' 

calcium fluon'& which insoluble can then passed pressure to aofiers at  or ne= 1 tOm* After beamen% ' 

sliding vane, r o w  Pston. a d  *e like could be.' 

. 

With reference to FIG. 3 the process is conducted 25 . 

, . 
, 

e 

t 
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AS previously indicated, and as sct forth in the exam- &!e chamber was filled to 'A atmosphere pressure witfi 
ples. several desirable properties can be imparted to a mixture of fluorine and nitrogen (25% Fz by volume) 
articles treated in the apparatus and by the process of by equalizing pressure with a holding tank of approxi- 

. l.his invention. For the most part, treatment of the arti- mately the same size, previously filled with approxi- 
d e s  provides .modifications in their surface properties. 5 mately 1 ztmosphere pressure of the gas mixture. Then 
For example, thesc include reduced Fermezbility'lo thc g s  mixture from the holdingtank was pumped into 
wine types of organic Iiquids such as xylene, gasoline, the trcatmcnt chzmber during about 40 seconds, rais- 
and t.!!e like. Pzrrnsahility to oxygen is also reduced. ing the prcssure to approximately I atmosphere. These 
Ability to accept printing inks can be enhznccd. Chem- transfers occurred through the HF trap. The gas mix- 
ical ca:nposilion of the surface can & altered. Other 10 ture was maintained in the treatment chamber for 1 
propedes might be conferred or removed, depending' minute, then gas ws transferred from the reaction 

chamber to the holding tank, first by equalizing pres- 
In the following examples, testing for g u  peml3tion sure Then by pumping to evacuate the reaction charn- 

rat? was camed out by a method dcsn'bcd by ]am- ber into-the holding tank. After the treatment chamber 
. baker and Kmmemeyer in Anal,Chem.,zfi, Is was evacuated to 1 Torr, (during 2 % minutes), it was 

I' 
424-426,1953,wi& fie modifications set forth below. then filled with-dr again and evacuated again. ?-he 

' . " The principle used was identical to the one cited in the were removed ,and the permeation Constants 
~ i c l e ,  that &, measuring the permeated g x  rate at were measured ;?s hereinbefore described. The results 
conditions of constant temperature and pressure, by 2o obtained on the films are set forth 
dkiplzcing a Iiquid in a capillary column. The exit end ' TABLE I 

. ,  

. ' 

' 
,:' on the objects or treatment fluids to be used. 
, 

, , 
Table I b&W: 

~ 

of the capillary column opens &to laboratory ambient 
conditions. The entrance end of the liquid filled c a d -  

PERMEATION CONSTAW To MNANE. TCHI tgraJJ 
' 

Before After 
Treatment Treatment 

283 80 

534- . .  - 24 - 

. '  

. 
lary is connected to the Iow pressure (permeate) side of 
a supported membrane or fdm. On the cther side of the 25 
membrane, a high pressure of gas, typically 100 pig, 
ranging from 40 to 200 psig, is applied from a suitable 
source such as a pressurized gas cylinder and gas pres- 
sure regulator. Under these circumstances, gas perme- 
ates through the membrane or fdm and displaces liquid 30 "Tcrmcabity constan; L e c k m J l o c . . c m . e n . H ~ ( ~  

. in the capillary tube. A calibrated pipette - volume 
. chosen to match the flow rate - is used,= the capil- 

: . lary. and the time rate of Iiquid volume displacement in 

,,,z commem;d 
LDPEt" bag film 

l . : ~ $ , ~ ~ ~ ~ ,  o-l M.,.) 
IJ HDPE" 

_ I .  , , 

86 20 (0.96 dens. 0.8 h4.I.) 

ubvDenGt~@~*Jl snc  
"'High Dcnsity ptyetbykw . 

fie .epi!lary is taken n e  high density polyethylene' bottles were also 
. formula in Bmbaker and Kwmemeyer is uxd to 35 tested to deternine changes in pemabiliq to g w  

convert permeation rate to pemcability constant. Be- line, them With 2,800 grams of 
' c a w  generally large changes perneation rate are commercial grade gaoline* them fighdY and _ .  

b ~ e  gas permeation rate. me 
. 

. 

1 caused by the process of this invention, the very small 
corrections for different b a r o m e ~ c  pres 

sura  and different room ternpera,tures on diff'erent 
days were neglected. TABLE II 

The modifications of the reference process inckded 
the use of colored water in place of mercury as the 
liquid in the capillary tube. Additionally, in place of a 
vibrator,.the capillary tube was tapped manualIy. A '' sone 

' circular test area of 25.6 square centimeters was used 

Screen or porous disk was put on the high pressure side 
of the film. Nuso the seal between the high pressure side 5o 
of the pemeab'on testing cell and the membrane was 

of thick waIJed rubber tube connected the outlet Of the 
low pressure side of the cell to the capillary tube. 

over a period of time. 

w e i ~ m g  them ~ r i ~ i c a l ~ y  wme 
kmperature. The r a d &  are S t  forth bl Table 21 below: 

stood at mom . 

GASOLINE PERMEAnON LOSSES 
Gkwline Lost ARer 26 

Days at Room Temperature 

106 g 

' Bode Treatment 

None 25% Fa in Njat room 

105 g 

and the film supported on sintered stainless steel. No ccmpcram,e, 1 minuie ' 2 1 g  
. .  

made by an 0-Ring instead of a gasket. A short length EXAMPLES2-6 . 

An additiond series of treatments were carried out in 
the sane apparatus and in a similar manner as that set 

was rnaint.&ed at a temperature of 66" C. M e r  com- 
pletion of the fluorination treatment the botdes, which 
were blow molded of high density polyethyIene, were 
filled with approximately 50 gmms of a 111 mixbre of 

60 CFzClZ and CFCI, and capped with a crimped aero=! 
bottle valve. The bottles were molded to have a wall 
thickness at the thinnest part of at I w t  0.065 at the 

, 

. foIIowing the weight loss of 2 tightly capped container 
Liquid permeation rates were WicalIY n m - ~ ~ ~ r e d  bY 55 forth in ExampJe 1. Hot water circulating in the reactor . - 

The following exampIes are illustrative: . 

'', EXAMP~E I 
Into the reaction chamber of the apparatus shown in 

RG. 1 were placed high density polyethyhe bocks of 
~ _. 

one gallon capacity and 21x3 fdms of different PrYeth- maximum diameter of 2 k in order to easiIy contain 
ylenes, 1.2 to 4 mils thick and about 6 by 12 in size. In the pressure of 37.5 p i g  a t  room temperature where 
thk exampIe water at room temperature (approxi- 65 the tests were camed out. Two bottIes were treated at 
mately 23" C)wzs circulated in the heating jacket each temperature except for Example 6, where only 
After the door to the reaction chamber was CJosed, the one wzs treated. The results obtained are set forth in 
chamber was evzcuated to 1 Ton. During 5 seconds Table 111 below: 

. 

. .  

00'4095 ' 

.. . . 



PERMEATION LOSSES OF FLUOROCARBON 
PROPELLANTS AT ROOM TEMPERATURE 

EXAMPLE TREATMENT CONDITION CRAMS LOST IN 5 DAYS ~. 

2 NotTreatcd 0.094 g. 0.10'1 g 
3 25% F, in Nl. 1 min. 60'C ' 0.0008 g, 0.004 g 
4 25% Fl in Nl. 10 rnin. 65'C 

, 5 25% F. in N,, 1.5 min. 
0.5 Xtm. pressure 65' C , 0.007 g. 0.0017 g 
SO% F, in &. 1.5 rnin 
0.33 Arm. 65. C 

0.0014 g. 0.0017 g 

0.0023 g . 
6 

. I  . . .  

Examples 3-6 show that 254 fluorine at pressures ' EXAMPLE 16 from 0:33 atm. to I atm. can be wed in the apparatus 
to produce a useful change in the properties of the 15 A commercialiy available wide mouth, eight ounce 
treated objects. In Examples 5 and 6 , ~ u n  at reduced . polycarbonate bottle was treated with fluorine by the 
pressure. no time was required after pressure equaliza- method employed in Example 1. The water jacket tern- 
tion to pump up the reaction chamber. For these, the perature was maintained at 62" C and a fluorine con- 
procedure was modified to eliminate the pump-up centration of 25 percent in nitrogen was employed. The 
stage and the treatment time was lengthened from 1.0 20 treatment time was two minutes at one atmosphere. 
to 1.5 minutes. After removal from the treatment chamber, the treated 

bottIe showed a slightly iridescent surface, displaying 
"interference colors", showing that the surface had 

An additional series of experiments were performed reacted with fluorine. 
EXAMPLE 17 using the apparatus and procedures employed in the 25 

previous examples. As in Example 1, one gallon high 
density polyethylene bottles were used. The treated Films of several different high and low density p ly -  
bottles were Jso filled with about 2,800 grams ofg- ethykne material ranging in thickness from 1.1 to 1.7 
line and the weight loss noted over a period of time. mils and density from 0.915 to 0.96 gdcrn' were 
Different temperatures and pressures were used to 30 clamped to a metal framework, placed in the chamber 
demonstrati the utility of the apparatus at different and treated according to the method of Example 1. The 
conditions. In these examples, the apparatus was used films were exposed to ten percent fluorine in nitrogen 
with 1 OS,, 25% and 50% F,, at pressures from 35 atm to at 60" C for five minutes. Fluorhation was evident fram 
1 am, at room temperature and 68" C. Treatment time weight gains of the film% of from 1 to I .5 percent. Infra-. 
is the time at which the gas mixture is held in contact 35 red spectral examination of the fiIm also showed the 
with the objects after the desired pressure is obtahed appearance of absorption at approximately 1100-1200 
and before the gas mixture is transferred back to the cm" due to the presence of C-F bonds. 
holding tank. The- results are set forth in Table I V  be- 
low: . .  

. . :  ' EXBMPLES7-14 

- 

EXAMPLE18 - 

- TABLE iV 
. .. . .  ROOM TEMPERATURE GASOLINE PERMEATION RESULTS 

. fluorination Conditiom 

EXAMPLE By Volume Time Temp. Pressure at 26 days 
% F,hfU' ' Gvolinc W t  Loss (g) 

. .  Not Treated -105 g 
. Not T r e a d  -106g . 

7 (control) 
g(contm1) . ' 

- t i  g 
9 

11 25% F a s  10 min. 66OC 1 atm - 2 g  - 3 g  .- 13 ' 25&F& 1% rnin. 65-C Hatm - 22 g 

IOsbFJNZ l m h  RT I atm - 3 7 g  .. . . - .  . .  10 25%FdN, 1 min. RT 1 atm 

12 256FJF(. I min. 65'C 1 atm 

14 
.. . . .  . . .  SO%FFJN. IYzmin. 65'C H a m  ' - 12g 
_ .  

r 

. .  

Pieces of unfinished tanned leather-sheepskim, pa- 
55 tent leather, boot leather, and dress shoe leather- 

were placed in the treatment chamber and treated by 

conditions: 5% Fz in Mz, 60" C jacket temperature, and 

placed into the treatment chamber and treated with 60 able on the samples removed from the reactor included 
fluorine gas by the method employed in Example 1. curling, slight yellowkg or discoloration and increased 
The water jacket temperature was maintained at 62°C. wettability when a drop of water was placed on the 
and a ffuorine concentration of 25 percent in nitrogen surface. 
was employed. The treatment time was two minu:es at EXAMPLE 19 one atmosphere. When the drum was removed from 65 
the treatment chamber, a slight dulling of surface gloss In order to demonstrate the use of the apparatus of 
compared to that of an untreated drum showed that thb invention for halogenation with other than ffuo- 
reaction with fluorine occurred. h e ,  a polyethylene bottle is treated with chlorine. 

the method of Example 1, with the following specifsc 

5 minute exposure time. Evidence of reaction notice- 

.. 
EXAMPLE 15 

A five gallon high density polyethyrene drum was z 



. 

e ' ,  

L 
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18 
Into a cxarnber with a well-sealable closure is placed limited to the maten'aIs employed therein, but rather 

a pobethylene bottle. By suitable means (vacuum the invention is directed to the generic area 2s herein- 
FUmps, refrigeration, ctc.) the chzmber is evacuated to before disclosed. Various modlfidons and ernbodi- 
1 Torr. -clz is allowed to flow into the reaction cham- men& can be made without depadng from the spirit. 
ber through suitable connecting piping and valves from 5 and scope thereof. 
a holding chamber containing C1, gas. Stainless steel or , What is claimed is: 
nickel 2nd high nickel alloys such as Monel metal or ' 1. An apparatus for expos'ing adcles to a gaseous 
Hastclloyare prefened for construction. Enough ofthe fluid at 2n essentially predetermined composition 
remaining Cf, in the holding tank is pumped into the wherein said ffuid is comprised of ot  contains one or 
reaction chamber which is maintained at looo C to 10 more components which are reactive with the surf2ce 
2ttain two atmospheres pressure. Optionally, a uv light of said articles, said apparatus comprised of in combi- 
illuminates the polyethylene bottles to initiate chloha- nation: 
tion. After 10 minutes exposure, the unreacted c h b  , , a. a first sealed reaction chamber having sealable 
rine and by-product HCI are permitted to flow to and access means for the introduction and removal of 

' then are pumped to the holding chamber via a scrub- 15 said articles; 
I . bing system containing KMRO, to absorb HCI and P20s b, a. second sealed chamber haying first conduit 

to absorb HzO. The reaction tank is flushed with dry means connected to at least one source of Said fluid 
I ,  nitrogen (exhausting to an aqueous NaOH scrubber} to and optional sealable access means for the intro- 

absorb residual gases, pumped out once again if de- duction and removal of said articles, whereby said 
sired, filled with air, opened and the chJorinated ob- 20 second chamber may oph'onally be utilized % only 
jects removed. a holding chamber for said gaseous fluid or addi- 

tionally as a second reaction chamber, 
c. a conduit system connecting said fmt and second . . 

d. vacuum producing transfer means and valve means 
operatively associated with said conduit system for 
selectively creating pressure differentials between' 
said chambers, whereby each chamber may be - 

. evacuated or charged with said gaseous fluid, and :-- 
fluids transferred back and forth between said 
chambers after the fluid treatment of said articles; 

e,said apparatus including pressure and temperature 
control means; and 

f. means operatively associated with said conduit 
system and adapted to separate out reaction by- 
products and contaminants. 

- 2. The apparatus of claim 1 wherein said articles are- A- 

. 

. 

- 

, 

', ' 
! 

'. 

EXAMPLE 20.  . . .  

In order to'hemonstrate that the apparatus of this . chamber; . 
invention is usefid for treating objects with sulfur triox- 25 

Into a chamber at 60" C. with a closure b placed a 
polyethylene. .. bottle. By suitable- means (vacuum- 
pumps, refrigerator, etc.) the chzmber is evacuated to : 

1 Tom. Nitrogen containing 20% SO, gas is allowed to 30 
flow into the reaction chamber through suitable con- 
necting piping and vaIves from a heated holding tank 
containing the N,, SO3 mixture StainIess steel or nickel 
and high nickel alloys such as Monel metal, or in some 
cases, aluminized. steel, are preferred for constmctipn. 35 
Enough of the remaining SO& in the holding tank is 
pumped into the'reaction chamber which is maintained 
at room temperature to, attain 1 atmosphere pressure. 
After 10 minutes exposure, the unreacted SOz is permit- 
ted to flow to and then is pumped to the holding cham- 40 only to the interior of said articles 
ber via a scrubbing system containing CSO, or MgSO, 
to a k r b  any H,O present or introduced with the sam- 

. ple bottle. The reaction tank is flushed with dry nitre 
gen or air (exhausting to an aqueous NaOH scrubber) 

. ' to absorb residual gases, pumped out once agdn if 45 means is a liquid sealed pump using an inert liquid. 
desired, fiIIed with air, opened and the sulfonated ob- 

Although the invention has been illustrated by the 
preceding examples. it is not to be construed as being 

. ide the folbwing experiment is conducted. . 

. .  

- 

hollow in configuration and said fust e c t i o n  chamber 
has means which allows for the introduction of fluid : 

. 
3. The apparatus of claim 1 wherein said transfer -. 

means is comprised of, in combination, a piston-type 
compressor and a Rootetype blower. 

4. The apparatus of claim 1 where in said transfer 
' 

' 5. The appvatus of claim 1 wherein at least one of , 

.' . jects removed said chambers is equipped with means for monitoring 

. 

the concentration of reactive components. . - , - .  - 

1 .  50 I .  ._ 
. .  

* * * * *  
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DISCUSSION 

I . . *  - A. IDENTIFICATION OF XATERIALS .: 
c 

. ".-.. 

' Polyethylene is an o l e f i n i c  polymer of genera l  s t r u c t u r e  

(H2C:CHZ)n a n d i t s  general  acceptance f o r  use i n  a p p l i c a t i o n  areas where 

it may contact  food o r  drugs f o r  human consumption is  w e l l  e s tab l i shed .  

Such general  acceptance is acknowledged by s p e c i f i c  c i t i n g s  i n  Food and 

Drug Administration (F6DA) Code of Federal Regul.ations such as, but  no t  . 

l imi t ed  to ,  T i t l e . 2 1  s ec t ions  121-2501 and 121-2514. 

. Fluorine is a nonmetd l i c  halogen element of atomic number 9 

It e x i s t s ,  under condi t ions  of our  use,  as and atomic weight 18.998. 

a pa le  yellow diatomic gas  .(Fz) and i s  of pungent odor. 

-the most e lec t ronegat ive  element and i s  highly reactive forming f luo-  

r i d e s . w i t h  a l l  elements except helium, neon and argon, 

f l u o r i n e  as a gas,are i ts  high t o x i c i t y  and its a c t i v i t y  as a s t rong 

cor ros ive  i r r i t a n t  along with i t s  flammability. 

a tolerance l e v e l  of 1 p.p.m; i n  air 'and is, with the ex is tence  of these  

c i t e d  proper t ies ,  used and accepted i n  the manufacture of food and drug 

contact appliances and materials, e.g. fluorocarbon polymers. 

F luor ine  is 
. 

The hazards of 

Gaseous f l u o r i n e  has 

. .  

The f r e e  f l u o r i n e  gas  i s  not  an i n t e g r a l  p a r t  of the art icles 

r e s u l t a n t  of our process but  r a the r ,  because of i ts  c i t e d  r e a c t i v i t y ,  

exists as a f luo r ide  chemically bonded t o  the  polyethylene material. A l l  

, excess "free gas" i s  removed from t h e  process sys tem'pr ior  t o  removing the  

t r ea t ed  art icles f o r  use  and/or f u r t h e r  processing, e.g. s t e r i l i z a t i o n .  

. Nitrogen gas  i s  the  only o ther  ingredient  i n  t h i s  process  of 

sur face  modification and i s  used as an i n e r t  d i l u e n t  f o r  the f luo r ine  

- 
Typical concent ra t ik i s  f o r  t h i s  gaseous t reatment  of polyethyl- 

ene on a volume b a s i s  a r e   o r  treatment of pressurized use 

containess '  and E o r  non pressurized app l i ca t ions .  
- . . . . . . . . . , . . . . . . . , . . . . . . . 

I .  ' 'Condensed Chemical Dictionary - Nin th  Edition, Van Norstrand/Reinhold 
Wl'6 0 9,8 

(b) (4)

(b) (4)
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fluorinated species is removed as a xylene soluble (see figures 4-6) 

In addition to the aforementioned testing progressing to our 
most recent studies, we included examination of our material according to 
an existing regulation for perfluorocarbons. 

this completely fluorinated polymer, but not to our surface fluorinated 
polyethylene, is CFR 121-2555. 

The regulation applicable to 

Our tests according to this regulation were purely investiga- 
tional to establish comparison data t'o this FDA accepted fluorinated 
polymer. 

Testing in the case of 121-2555 izzvolved refluxing a given amount 
of material for 2 hour periods separately in the four solvents; distilled 
water, 50 percent ethanol and water, n-heptane, and ethyl acetate; with 
total extractives not to exceed 0.2 mg per square inch of material and 
total fluoride removed not to exceed 0.03 rng per square inch. The data 
inTableXIV show our partially fluorinated polyethylene to be strikingly 

close to meeting these criteria in the area of total extractables and to 
meet total removable fluoride limit. This is despite the fact that radically 

different processes are involved in the production of these two materials. 
We reiterate that we make no claim to having created a perfluorocarbon 
by our process but rather, we've made a technological advance in the area 

of surface character alteration. 

- - 
The thrust of this writing is to petition for a new regulation 

or amendment of an existing regulation specifically dealing with Surface 
Fluorinated Polyethylene. To this enG we've performed still additional. 

studies ac cordino to FDA Guidelines for Chemistrv- TPC hnoloe 

Reauirements of Indirect Food Additive Petitions, Pfarch, 1976 edition. 
b - - 

'. I >,*' 
I .  

- . In this phase of testing we used fluorinated containers of 
similar sizes and resins as used in the three immediately aforementiond 
studies (i.e.CFR 121-2514, 121-2501, 121-2555) along w i t h  appropriate 
control containers. 
tive food simulating solvents (distilled water, 50% ethanol in water, 

All samples were sterilized in each of t h e i r  rgspec - 

- 
* . L  

I 
I 
I 



heptane, and 3% acetic a c i d )  f o r  t h e  2 hour per iod  and a t  t h e  ' temperatures 

sugges t ed .  . 

t hen  a f t e r  72 hours a t  reduced temperature2. 

used f o r  f u r t h e r  monitoring t o  a pe r iod  of 168 hours.  

. a r e t h o s e s u g g e s t e d  i n  t h e  FDA g u i d e l i n e s c i t e d ,  except  i n  t h e  cases where 

n-heptane i s  t h e  so lven t  where t h e  minimum suggested t i m e s  are exceeded, 

Sepa ra t e  samples were monitored a t  t h e  end of t h i s  period and 

I n t e r v a l s  of 24 hours w e r e  
f 

Selec ted  time pe r iods  

enhancing t h a t  e x t r a c t i o n ' s  s e v e r i t y .  - - 
I n  this,  as i n  t h e  o t h e r  t e s t i n g  procedures we'd done previous ly ,  

f l u o r i d e  i o n  w a s  t h e  e x t r a c t a n t  noni'tored i n  t h e  s o l v e n t s .  

. The d a t a  i n  t a b l e  mare t h e  average equ i l ib r ium v a l u e s  of f l u o r -  

i d e  i o n  e x t r a c t a n t  a t  the t i m e  pe r iods  spec i f i ed .  

It should be  noted i n  t h i s  t a b l e ,  t h a t  the e x t r a c t a b l e  f l u o r i d e  

v a l u e s  l i s t e d  when n-heptane is t h e  e x t r a c t i n g  s o l v e n t  are n o t  divided 

by f ive ( 5 )  as suggested b u t  are t h e  a c t u a l  average v a l u e s  found. 

Examination of t h e s e  d a t a  shows t h a t  most v a l u e s  f o r  extract- 

able f l u o r i d e  i n  a l l  s o l v e n t s  are e s s e n t i a l l y  lppm o r l e s s .  The excep- 

t i o n s  are wi th  t h e  i r r a d i a t e d - f l u o r i n a t e d  aerosol t ype  c o n t a i n e r s  where 

water, 50% e thano l  i n  wa te r ,  o r  3% acetic a c i d  i s  used as t h e  so lvent .  

I n  t h i s  case, a maximum equ i l ib r ium v a l u e  of approximately 2.3.ppm is 

y i e l d e d  wi th  d i s t i l l e d  water as t h e  so lvent .  

' Fur the r  examination of t h i s  t a b l e  shows t h a t  equ i l ib r ium ex- 

t r a c t e d  f l u o r i d e  f o r  a l l  samples i s  reached by 72 hours. It should 

also b e  noted , ' f rom t h i s  t a b l e ,  t h a t  n-heptane is t h e  s o l v e n t  extract- 

ing t h e  minimum amount of f l u o r i d e  ion. 
EST L COPY 

Complete d a t a  f o r  t hese  tests are presented  i n  ' tables XVI 

through XXCII. in these^ t a b l e s ,  of s i g n i f i c a n c e  i s  t h e  obse rva t ion  t h a t  

t h e  s o l v e n t s  e x t r a c t i n g  t h e  l a r g e s t  f l u o r i d e  amounts, (>lppm) c i t e d  earlier, 

extract n e a r l y  t h e i r  equ i l ib r ium v a l u e s  dur ing  , the s t e r i l i z a t i o n  periods.  

S t e r i l i z a t i o n  temperatures:  I~hter-25OoF, Acet ic  Acid-212"F, Ethanol/\Jater- 
160"F, Heptane-150°F 

*Equilibrium temperature : A l l  solvents-120°F . 00010P 
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. $?- R e , ;  INDIRECT FOOD ADDITIVE PZTITION No . 8B3394 
4 

I: 

PROPOSED REGULATION 

T i t l e  21 - FOOD and DRUGS 
CHAPTER 1- FOOD and DRUG ADMINISTRATION 

Department of Health, Education, and Welfare 

Subchapter B- Food and Food Products 

Part 177 - Indi rec t  Food Additives; POLYMERS 
Subpart B - Substances f o r  use as basic  components of s ing le  

and repeated use food contact surfaces. 

FLUORINATED POLYETHYUNE - 
The Commissioner of Food and Drugs, having 
evaluated the da ta  i n  a p e t i t i o n  (8B3394) 
f i l e d  by Union Carbide Corporation, S te r -  
l i n g  Forest  Research Center: Long Meadow 
Road, Tuxedo , New York 10987, and other  
relevant material;  concludes'that the food 
addi t ive regulations should be amended as 
set f o r t h  below, t o  provide f o r  t h e  safe 
use of f luorinated polyethylene as a r t i c l e s  
intended for use i n  contact with foods. 

Therefore, pursuant t o  the provisions of 
the Federal Food, D r u g ,  and Cosmetic Act 
(sec 409':(c), 72 S ta t .  1786;21 U.S.C. 348 .:,. 
(c )  (1) and under authori ty  delegated t o  . 
the  Commissioner, (21 CFR 177) i s  amended .. 
by inser t ing  i n  the list of substances a 
new regulation as follows; 

8 Polyethylene, Fluorinated 

Fluorinated polyethylene, ident i f ied  i n  par-  
agraph (a )  of t h i s  section, may be safe ly  used 
as food contact a r t i c l e s  i n  accordance with 
the following prescribed conditions; 

3 

(a )  Fluorinated Polyethylene food con- 
t a c t  a r t i c l e s  a re  produced when poly- 
ethylene a r t i c l e s  a re  surface modified 

' by act ion of f luorine gas i n  combina- 
t i o n  with other gases such as nitrogen 
a s  i n e r t  d i luents  with such ac t ion  leav-  
ing the polymer'.s bulk unchanged. 
Fluorine gas s h a l l  be used i n  concentra- 
t i ons  not i n  excess of amounts necessary 
t o  achieve the intended technical  e f f e c t  
i n  the food or  drug contact a r t i c l e .  

( b )  Polyethylene a r t i c l e s  s h a l l  be f l u -  



Re.;  Pet i t ion No. 8B3394 

PROPOSED REGULATION .- (Cont.) 

orinated from basic res ins  identified and 
defined i n  tf 177.1520 paragra@ (a ) (2 )  and 
paragraph (a)(3)  and s h a l l  conform t o  the 
spec if i c a t  ions of paragraph ( c ) ( 2 -1 ) and 
paragraph ( c ) ( 3 -1 ) . 
( c )  The finished food coatact a r t i c l e ,  
when'extracted w i t h  the solvent or  sol- 
vents characterizing the type of food 
and under conditions of t i m e  and temp- 
erature characterizing the conditions of 
i t s  intended use as determined f r o m t a -  
bles  1 and 2 of 8176.170(c) of t h i s  
chapter, yields fluoride ion not t o  ex- 
ceed 5ppm calculated on the basis  of the 
volume held by the food contact a r t i c l e  
when tes ted by the methods described i n  
,.$177-1330( c - 

(Note; In t es t ing  the finished food 
contact a r t i c l e ,  use a separate test 
smple  fo r  each extracting solvent. ) 



RE: P e t i t i o n  No. 8B3394 

SECTION H - Environmental Impact Ana lys is  Report. 
(Pursuant t o  21 CFR 6.1) 

1 .  

2. 

3 .  

4. 

5. 

Describe ' t h e  proposed ac t i on .  * 

I t  i s  proposed t h a t  t he  Food and Drug Admin i s t ra t i on  amend 
21 CFR 177 by i n s e r t i n g  f l u o r i n a t e d  po lye thy lene as approved 
usage food contac t  a r t i c l e s .  

Discuss the  probable impact o f  the  a c t i o n  on the  environment 
(i n c l  ud i  ng p r  imary and secondary consequences). 

The impact on the  environment w i l l  be minimal. Po lyo le f i ns  
such as po lye thy lene have been used f o r  many years as food 
contac t  a r t i c l e s  and conta iners .  F luo r ina ted  m a t e r i a l s  such 
as t o o t h  paste, t e f l o n ,  and po tab le  water have a l s o  seen such 
usage and are  general l y  recognized as sa fe  (GRAS) . 
The d isposal  o f  these m a t e r i a l s  has no t  presented any p a r t i c u l a r  
environmenta problem. The proposed f l u o r i n a t e d  po lye thy lene 
ma te r ia l  w i l  merely rep lace  o the r  usage and chemica l l y  s i m i l a r  
products and w i l l  r e q u i r e  no ex t rao rd ina ry  measure f o r  d isposa l .  
Thus, there  w i l l  be no necessary a l t e r a t i o n  o f  c u r r e n t  common 
d isposal  techniques for hand l ing  such waste. 

Discuss the  probable adverse environmental e f f e c t s  which cannot be 
avo i ded . 

App l ican t  knows o f  no adverse environmental e f f e c t s  caused by 
the  l i m i t e d  use o f  f l u o r i n a t e d  po lye thy lene as food contac t  
a r t  i c l  es. 

Evaluate the a l t e r n a t i v e s  t o  the  proposed ac t i on .  

A l t e r n a t i v e s  t o  t h e  proposed a c t i o n  would be t o  cont inue t h e  
use o f  l ess  t e c h n i c a l l y  and less  economical ly acceptable 
products f o r  such usage. 

Describe the  r e l a t i o n s h i p  between l o c a l  sho r t  term uses o f  t h e  env i ron-  
ment w i t h  respect  to  the  proposed ,ac t ion  and t h e  maintenance and enhance- 
ment of long term p r o d u c t i v i t y .  

The e f f e c t  o f  t he  proposed a c t i o n  on the  environment i s  be l i eved  
to  be so minimal and i n s i g n i f i c a n t  t h a t  i t  i s  impossib le  t o  measure 
such r e l a t i o n s h i p .  

000106 
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6 .  Describe the  i r r e v e r s i b l e  and i r r e t r i e v a b l e  commitment o f  resources 
which would be invo lved i n  the  proposed a c t i o n  should i t  be implemented. 

Raw m a t e r i a l s  a r e  s y n t h e t i c  o rgan ic  chemicals used i n  the  
o rd ina ry  p roduc t ion  o f  po lye thy lene and elemental f l u o r i n e .  

Should the  proposed a c t i o n  be implemented, raw m a t e r i a l s  and 
energy p r e s e n t l y  used to  produce c u r r e n t  l ess  t e c h n i c a l l y  and 
economical ly acceptable products  would be d i v e r t e d  to  p roduc t i on  
o f  the  proposed product .  . 

7. 'Discuss the ob jec t i ons  r a i s e d  by o t h e r  
i n d i v i d u a l s  which a r e  known.to t h e  app 

Union Carbide Corporat ion as app 
o b j e c t  i ons . 

agencies, o rgan iza t ions ,  or 
i can t .  

i can t  knows o f  no such 

8 .  I f  the  proposed a c t i o n  should be taken p r i o r  to  90 days from the  
c i r c u l a t i o n  o f  a d r a f t  environmental impact statement or 30 days from 
the  f i l i n g  o f  a f i n a l  environmental statement, e x p l a i n  why. 

I t  is the  b e l i e f  o f  Union Carbide t h a t  t h i s  requested amendment 
represents a minimal change e s p e c i a l l y  i n  l i g h t  o f  the  t e s t i n g  
c i t e d  i n  t h i s  p e t i t i o n  and t he  GRAS separate and s i m i l a r  and 
approved usage o f  t ee  m a t e r i a l s  o f  manufacture. 
( c )  an environmental impact statement w i l l  n o t  be requ i red  for 
an amendment t o  an e x i s t i n g  regulat ' ion unless t h e  change i s  

Under 21 CFR 6.1 

i subs tan t i a l .  .. 

9. Analyze whether the  b e n e f i t  t o  t he  p u b l i c  o f  the  proposed a c t i o n  w i l l  
outweigh the  ac t i ons  p o t e n t i a l  r i s k s  t o  t h e  environment. 

App l i can t  sees no present  o r  p o t e n t i a l  r i s k  to  the  environment 
by reason of t he  proposed a c t  ion. 

000107 
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2,8 B 1,468 nite I . .  1 .  I .  Patented Oct. 29, 1957 . , , .. 

2 ,I . - 1  I .  

judiciously. I t  has been the uniform experience of the 
perfume industry that any well constituted odor con- 

( I  .. ,-:" , . a  ' _ _ I ,  ' , . I ? : *  . * ,  :2,$11,468 . 1 taining these three phases becomes unbalanced after 

. .  
L I j , . . .  .;, ; . . .  . , .  ' < .  . t 

, . 1- 1 , , ,", . , . 
I .  

st,crnge in a sealed polyethylene container, even though 
llo liquid leakage takes place from the container. . ne 
lighter notes disappear far more rapidly than the. medium 

ipI@> "& . I .  

&e,', IMPERMEABLE POLYETHYLENE FILM AND CON- & ! $ ~ ~ ~ ~ " , ~ ' ~ ~  TMNERS AND PROCESS OF MAKING SAME 
4WL.k.. , ' ' 

@&. ," '  Stephen P. JoK&, Little Falls, N. J., agsignor to Shulton 
&& ..< !; , 

notes and the medium notes permeate the polyethylene 
walls more rapidly than the heavy notes.. After awhile he., Clifton, N. J., a corporation of New Jersey 
the unequal rate of permeation throwsthe fragrance com- 

Polyethylene containers can not be used, as a practical 
matter, for the storage of mineral or vegetable oils or 
emulsions in which oil is the continuous uhase. because 

.- 10 plcte!y out of balance. Appiiration June 28, 1956, 

. . 

. . 
such oils diffuse through the walls. Att&mpts-.to store 

15 aromatic hydrocarbons, such as toluene, in poIyethylene 
containers has resulted in the collapse and distortion of 
such containers. Nor have polyethylene containers been. 
found suitable for packaging aerosols in  which a pres- 
surized gas such as nitrous oxide or the Freons chloro- 

20 fluoro methanes or ethanes) including Freon 114 (di- 
chlorotetrafluoro ethane) is used as the propellant be- 
c a w  such pressurized gases escape through the walls 
with consequent loss of pressure within the container. 

Polyethylene film, because of its clarity, tensile 
25 strength, relatively low moisture permeability, ease of 

handling, heat sealing ability and property of transmit- 
ting ultra-violet light, permitting surface sterilization of 
material wrapped with such film by means of ultra-violet 
light, is an eminently satisfactory wrapping material for 

30 materials which are not deleteriously affected by atmos- 
pheric gases, such as oxygen, air, carbon dioxide, or 
which do not contain flavor or odor constituents which 

, escape through the polyethylene. The use of polyethylene 
film for packaging foodstuffs and other perishable ma- 

35 terials deleteriously affected by atmospheric gases has 
been discouraged, if not substantially completely avoided, 
because of the relatively high permeability of pofyethylene 

such containers are the flexible polyethylene bottles in- , ,  to atmospheric gases, particularly air and oxygen which 
cluding the now popular polyethylene squeeze bottles cause spoilage, including changes in odor, color and/or 
apd bottles made from filled polyethylene compositions, 40 flavor. Likewise, the packaging of meats, cheese, cooked 

foods, dried fruits, etc., in polyethylene film wrappers, 
has frequently resulted in discoloration, rancidity and 
poor flavor of the packaged material. 

Much research and effort have been deyoted to im- 
45 .proving polyethylene fiIm and containers so that they are 

relatively impermeable, i. e., will minimize, if not com- 
' pletely prevent, the passage of atmospheric gases or es- 

cape of odor, flavor or other constituents therethrough. 
To the best of my knowledge and belief, prior :o my 

50 invention all of these efforts have been fruitless. -Ac- 
tually researchers in this ficld have turned to developing 
different polymers, scch, for example, as halogenated poly- 
ethylenes, including polymeric trifluorochloroethylene 

55 and copolymers of vinyl chloride and vinylidene chlo- 
ride from which containers may be made by injection 
into a mold or by blowing into a mold, etc. However, 
containers made from such polymers either sacrifice the 
desirable flexibility c!iaracteristics of polyethylene, are 
prohibkiveiy expccsii t', or are o b j d o n a b l z  for other 

m ,  
Q t  

In the case of wraps for fmdstuffs and other perishable 
materials, development has proceeded along thc direc- 
tion of ( I )  laminated films in which onc film which is a 
good gas or vapor barrier but lacking in other dcsirabIc 'Ir, 

65 characteristics is bonded to another film having the desired .=3 
qualities, e. g., polyelhylcne bonded lo cellophane: ( 2 )  e 
coated films, e. g., films coated with wascs or resins, in-  
cluding the polyvinyls; and (3)  sp&al plastics, such as 

6o reasons. 

that, in order to create a good 
~ u m  and heavy notes mast be blended 
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Saran (polyvinylidene chloride), hiylsr (polycster), 250 mils; in the case of film the thickness is from 0.25 to __ 
which, lvhile substan'tially impermeable to  gases, are dif- 25 mils. All commercial polyethylenes employed for the .. 
ficult to C,andle, lack ultra-violct transmission nccessary production of containers or in the form of film may be , 

fgr the sterilization of the surface of goods packaged fluorinated in accordance with this invention t o  render ' 

handled, lack heat-sealability, are escessively costly, etc. usually consists of polymers of ethylene having a molec- 
It is among the objects of the present invention to ular weight of at least 10,000, preferably from 14,000 ' 6 .  

providc a polyethylene film and/or container, which film to 60.000. 
and Walls of which contai,ner are relatiscly impermeable In the fluorina!ion 'of thempolyethylene film, the film 
to the passage of atmospheric gases therethrough, and 10 should be free of lint and grease. 

I this without sacrifice to  the desirable properties of the accomplished by washing the film with a low boiling . 
polyethylene, such as its clarity; tensile strength, ability grease removing solvent, such as carbon tetrachloride, ., 
to 'transmit ultra-violet light, and heat-sealing ability. acetone, ether 01 perchloroethylenes, to  remove all 

It is another object of this invention to provide poly- grease, dust and foreign matter which, if not removed, 
ethylene containers which are of improved impermeability 15 night cause ignition of the polyethylene. mereafter, the 

. ',to the passage of gases or vapors through the walls thereof , film is contacted with pure fluorine (100% ) or a mix-. 
and which containers, in the case of flexible polyethylene ture of fluorine and an inert gas containing at least about; 
containers, such as squeeze bottle, retain the flexibility 10% fluorine. The fluorination may be continuous lq 
ancl other deskable characteristics of polyethylene, i. e., continuously passing the film through the fluorine or ' .  
the improvement in  the impermeability of the container 20 .Eucrine mixture maintained in a suitable sealed chamber ->, 

is without sacrifice t o  the other d e e a b l e  properties of provided with gas-tight seals through which the film _. 
polyethylene. enters and leaves. Alternatively a wound reel of the film 11, ;,*, 

, It is still-another objed of this invention to provide a "can be unrolled and rerolled in the treatment chamber. I .: &% 
:polyethybne wrap or container which minimizes, if not Instead of the continuous treatment hereinabove de- 
-completely prevents, the loss of ,aromatic flavor con- 25 'scribed, the treatment may be a batch operation involv- 
,-stituents from foods like cheese packaged in such wraps , ing festooning or otherwise arranging the clean film 
-or  containers; such loss, it  will be appreciated, not only ' : within the reactor to  expose both sides, then introducing * 

.reduces customer acceptance of the food item but can also the fluorine or fluorine mixture into the reactor and per-'. 
lead t o  flavor contamination of other food items stored in mititog the film to remain in contact with the Auorine for 
proximity therewith. . 30 the desired time interval. While not preferred, if de- 

'. Still another object of 'the present invention is to  pro- Eired the fluorination treatment may be carried out so ,. 

'vide a process for producing such polyethylene films or ' that only one sids of the film is fluorinated to form a'. 
'containers of improved impermeability which process is layer of fluorinated polyethylene containing from 0.03% . 
relatively simple and economical to carry out. to 3.5%, preferably from 0.05% to 1.5% fluorhe. ' I, 

~ Other objects and advantages of this invention will be 35 -The time of treatment will depend on the particular' 
I apparent from' the following detailed description thereof. ., equipment wed, the film to be treated, the concentration 

._ In accordance with this invention, polyethylene film ' of flcorine used, and the temperature. In general, iT 
and/or containers are fluorinated to  produce fluorinated treatment time (contact time between the polyethylene 
polyethyrene film and/or container walls containing from and. the fiuorine) of from a5out 5 "minutes t o  about 3 ,  
0.03% to 3.5%, preferably from 0.05% to 1.5% by 40 hours wi!l give satisfactory results a t  room temperature, 
weight of fluorine based on the weight of the polyethylene. , (20"-25" C.). It is preferred to operate a t  room tem- 
Surprisingly, I have found that the formation of such ~ perature, although temperatures as high as 50" C. may 
fluorinated polyethylenes results in a polyethylene film be employed. The more concentrated the fluorine at- I__ ; 
and/or container which. is of surprisingly improved im- mosphere, the shorter the treatment time. Also, elevat- 'I 

permeability, and this without sacrifice to t$e desirable 46 ing the temperature to not exceeding 50" C. will permit 
.properties of the polyethylene. shortening the treatment time. In the case of films in 

I t  is important that the fluorination be tarried out so as tlle lower portion of the 0.25 to 25 mils thickness range, 
to produce a fluorinated polyethylene containing from it is preferred to use a relatively short treatmept time. . 
.0.03% to  3.5% by weight of fluorine, based on the weight Treatmet? times exceeding 3 hours may be used .but are 
of the polyethylene. The desired improvement i n  the im- 50 not preferred because they do not result in material fur-, 
,permeability of the polyethylene is obtained as long as it ther improvement in the impermeability of the poly- 

' therein, e. g., fresh meat, generate static electricity when 5 them substantially impermeable. Such polyethylene :;': 
' 

I, This is preferably ., 

' 

e 

' 

.better understanding of the invention and thzt this inven- 
tion is not to be confined to  or  limited by -the above 
explanation. 

FIuorination of the polyethylene to  an extent to introl 

:prmeability of the polyet,liylene and may deleteriously 
!does not result in the desired improvement in the im- ,; level of fluorination. Thereafter, the 

. a,ffect other desirable properties of the polyethylene, such 
.as its tensile strength and clarity. on the other hand, 

does not result in th? desi,red improvement 

ber, evacuating this chamber, then introducing fluorine 
gas into this chamber and continuing this introduction ~,,., 

. to  the desired extent. Mainteoance of each container in. '*' ' 
';he chamber in contact the fluorine gas for from . 

dduce more than approximateb' 3.5% by weight of flLJOrine 65 20 to 150 minutes usually sufiices to the desired 
.1 container is removed 
.frGm the chamber and its interior and exterior flushed 
.,with air or other inert gas, such a's nitrogen, to remove 

& fluorination of polyethylene so as to introduce fluorine 70 -Tesidual fluorine gas* . .  
than 0.03% based on the weight of thh , , , ~  I t In lieu of the above procedure, each eontainer'after', 

in the impermeability. . , . , , 

', The polyethylene, such as bottles and film, subjected 
lo  fluorination may have a thickness of from 0.25 to  75 .eflect the fluorination .of the polyethylene. 

, 0 '.. ..- atmosphere of fluorine gas and maintained therein for a. 
Gsaflicient period CP time, say from 10 to 45 minutes, t o .  

klcaning, as ab,ove described, may be introduced into a t  

y - . 
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the table which follows and at  the termination of each of 
these periods the bottles again weighed and the gross 

. losses in weight noted. An identical, fluorine untreated 
5 bottle was subjected to the same test for control purposes. 

The data on this test is given in Table 1 which foIlows: 
TABLE 1 

Percent Loss in Qross Weight 

10days 21days 40days 

Bottle Type 

---___-- 

ereas it was not noticeable from 
there is the danger that when the outer walls of the. treated bottles. 

0.05% to 3.5% by weight. At the end of the fluorination 
the bottles were flushed with air until no residual odor 
remained, filled to capacity with liquid allyl caproate, and 

5 sealed. A control bottle was simiIarly filled to  capacity 
p i th  the same test liquid and sealed. The sealed bottles 
were weighed, stored on open shelves a t  room tempera- 
ture for 40 days, thereafter again weighed and the gross 
loss in weight noted. The data on this test is given in 

0 Table 2 which follows: 
TABLE 2 

",!,/ i i-&r 
T:$h+;anhpdrous cinditions sh&d be maintained during the 
$$&$$fiuorinntion. , The, presence of moisture tends to result 

gT*&%'hile the fluorination desirably is carried out at room 
? & $ & k n s e  ,( 20"-25" ~ ) " " a ? i j ; " d e d 2 s i r e d w ~ m ~ e b e -  
&F'*;pm*r y y y " F - w  
J W Q ' ~  ,! 

',,;:A$?&-. ,?he following comparative data shows the surprising 
>$@$$L*'.pioGernent 'in impermeability of polyethyIene fiImS 
?{:@laid cuntainers effected by the present invention. 

in undeiirable side reactions with-the fluorine. 

;# ' :k&cA m A y A  used. . ,  . . .  

, 

45 

60 

Bottle , '  

Time of 
Treataent 

hours 

Percent 
Gross Loss 
in Weight 

4.0 
0.00174 
0.00224 
0.00199 
0.00542 
0.00293 

During and at  the end of the test, the strong. character- 
istic odor of allyl caproate was readily detected frbm the 
untreated bottle, whereas the outer walls of the treated 
bottles did not have any noticeabk odor- 

1 .  

oao/ /o  Example III  

The polyethylene bottles were first thoroughly cIeaned 
to remove lint, oil and grease and then were placed,in a 

60 chamber at  room temperature. The air was evacuated 
from this chamber. Fluorine gzs was slowly fed into the 
chamber so that at the end of an hour atmospheric pres- 
sure w2s established in the chamber. The fluorins gas was 
then permitted to  remain in contact with the pclyethylene 

65 bottles for another hour and thereafter the entire system 
was flushed with air until no residual odors remained. 

Bottles thus treated were then filled with ( u )  the test 
liquid allyl caproate, (b )  with a fragrance sold coniniercinl- 
ly under the trade name of "Desert Flower Toilet Water" 

70 and ( c )  with a lotion sold commercially under the trade 
name of "Old Spice After-Shave Lotion." The bottles 
were weighed, stored on open shelves a t  room temperature, 
;:gain weighed at the end of the test period indicated in 
the table which follows, and the gross loss iil weight noted. 

red on open 76 Untreated pdyethylene bottles wcre subjected to thc sninc 
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treatment for control purposes. The data otbained on gen gas was introduced into the chamberllntil the 
this test is given in Table 5 which follows: 

TABLE 3 

I Time, hours 

-- - 
Control _ _ _ _ _ _ _ _  None Allyl Cnproato 40 
Treated--. _ _ _ _ _  2  do ____--------- -  40 
Control _ _ _ _ _ _ _ _  None Old Spice After- 27 

' Treated _ _ _ _ _ _ _ _  2 ____.do _____- - -  ' 27 
Control. _ _ _ _ _ _ _ ,  Xone Descrt Flower Toi- , 40 

Shaw. 

let Water. 
Treated _ _ _ _ _  _ )__  , ' 2 _____do _ _ _ _ -  ---------- 40 

sure was one atmosphere. The t re~tment  chamber-& :$:E 
---. , . 

The polyetbylene film was permitted to remain in'the .;;i 
5 treatment chamber for 30 minutes and thereafter, the 

Gross chriinber was flushed with dry nitrogen to remove'mt,. '-2 ..l '< 
stantially all of the fluorine gas. The chamber was then ,:, 

opened, the film removed, washed with cold tap water, ".z 
dried and stored for 48 hours in a n  air conditioned room' ,,J.:i, 

10 having a relative humidity of 45-50% and at  a tempera. :::c 
, .> : ,;. ""> - -,g 

The resultant film was clear and showed no re&. , +;& 
tioil in tensile strength. The film before and after treat- ',::$; 
ment was tested to determine its permeability to oxyien .:22 

'r ' ,  .Si% 

contained 50% fluorine gas and 50% nitrogen. . -"'; 'Li; 

nremge 

2.8 
0.2G ture of 76-71" F. 0.053 

I 0d.g '**' I5 and carbon dioGde with the following results: : _. , , ,- -.. -. 
____ 

OSTGEN PERMEABILITY During and at the end of the test period the strong 
characteristic odor of allyl caproate and Desert Flower , 

Toilet.Water was readily detected from the outer walls of 

was no noticeable odor of the test liquids on the outer walls 
of the treate& bottles. Likewise; the untreated botdes 

,,containing Old Spice After-Shave Lotion had a faint spice 
odor on their outer walls, while this W a s  not noticeable with 

In Table 3-A below is given the concentration of 
ffuorine and t4e diluent used in treating polyethylene 
bottles made from polyethylene having an average molec- 

'ular weight of 21,000 to 23,000; this table also gives the 
fluorine content and treatment times of the resultant 30 

Film before treatment -1 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Film after treatment _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  1- 4 

the untreated bottles (the control bottles) whereas there 20 CARBON DIOXIDE PERXEABILITY . Film before treatment .-----_-----I-------- 
Film after treatment _____________-______-- 

25 after given are in terms of the number of cubic 

. 
a The above values and all permeability values h 

meters of the,particular gas uncler test traosmitte 
hundred square inches of film surface per 24 hours. 

.I. , . Example V . , . I  . . 

Sheets of Dolvethvlene film 8" wide. 10" long, 

' ' the. treated ones., ' '  . .. 

bottles. mils in thickiess, were washed with c k b o n  tetr&hlori& zpT . .  . 
' TABLE3-A " 

. I  ;. 

Fluorine Concen- 
trstion, percent Treatment 
by volume Time, 

BO 
30 

100 90 
100 80 
85 15 30 
85 15 60 
85 15 120 

15 ao 

Percent F 
by weight 

0.18 
0.68 
0.09 
0.81 
0.18 
0.12 
0.12 
0.13 
0.15 

to  remove any oily residues and foreign matter. The 
film was air dried and placed in the gas-tight treatment 
chamber, which was flushed with dried air. The treat- 

35 ment chamber was then filled with a mixturs of 50% by 
volume fluorine gas and 50% by volume of dried air and 
the film permitted to remain in this mixture for 30 

, minutes. The chamber was then flushed with dried+ 
to remove substantially all of the fluorine gas. The 

40 chamber was then opened to the ,atmosphere; the fiIm 
removed, washed with cold water, dried in air, and then 
stored for 48 hours in an air conditioned room, as in 

Tests on this fiim before and after treatment, to deter: 
46 mine air and Freon 114 (dichloro-tetrafluoro ethane) 

~ . .  

Example 1V. I *  

permeability, gave the following results: _ &  .- 

1 In thls example, the bottles were placed In a closed chamber, the 
chamber sealed and evacuated and an &mount of fluerine introduced 
into the chamber equal to b of t he  volume of the chamber. 

AIR PERXEBBILITY . 
All film permeability data hereinafter given was ob- FREON 114 PERJfEABIIZIlY 

tained using the apparatus and the test procedure de- Film before treatment _________________: _ _ _ _ _ _  '138 scribed in the article by A. Cox-nwetl Sherman, entitled 
"Apparatus for measuring the gas permeability of film 
materials of low permeability," published in "Industrial 65 
and Engineering Chemistry," Analytical Edition, vol. 16 
(No. I) ,  pages 58 through 60, Jznuary 15, 1944. 

~ i l ~  after treatment - . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  25 

In  the'filrn examples, the molecular weighht. of the pol 
'ethylens was abodt 23,000. 

25 ft. of polyethylene film, 8 inches wide and 1.2 mils 
'in thickness were washed with carbon tetrachloride to 

ordzr 'to h h  the ,treatment chamber of any initial 
a' dried moisture-bearing atmospheric air. The treatment 70 
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. .  . 

his without sacrifice to the 
ultra-violet light transmit- 

mcnt such as a metal container having a Freon or other gaseous 
15 propellant, the polyethylene bag serving to  maintain the 

foodstuff out of contact with the gaseous propellant, 
container. In this way, 

the foodstuff may be dispensed in the form of a ribbon 
or controlled stream from the container by releasing the 

20 pressure, and th is  without intermingling of the foodstuff 
with the propellant. 

Moreover, the present invention provides a substantial- 
ly impermeable container which may be used in storing 
or packaging toluene, other aromatic solvents, mineral 

25 oils, including fefined petroleum oils, vegetable oils, such 
as corn oil, peanut oil, cottonseed oil, 2nd emulsions in 
which 02 is the continuous phase, providing an unbreak- 
able container in which the flexible properties of the 
polyethylene may be utilized, e. g., a squeeze bottle for 

.so storing and dispensing such oils, emulsions, etc. Hence, 
polyethylene bottles embodying this invention may be 
used as squeeze bottles for storing and dispensing as a 
spray such oils and oil emulsions. 

82.7 
%I' 

been abandoned in favor of this application. 
Since certain changes in carrying out the process and 

*5 in the containers embodying this invention may be made 
without departing from the scope of the invention, it is' 
intended that all matter contained in the above descrip- 
tion shall be interpreted as illustrative and not in a Iimit- 
ing sense. Thus, instead of using gaseous fluorine for 
the fluorination treatment, a solution of fluorine in a suit- 
able solvent may be employed. 

* OOOl , 

at least one surface 
than about 3.5% by 

orine so that said sur- 
e to the passage of 

What is claimed is: 

g its walls fiuorinsted, 
3.5% by weight of 
the walls of said can- 

impermenble to the pzssspe tiicre- 
tes of pcrfum<> ccmrrcs;fions. 

rig fluorinated poiy- 
.03% Io 3.5% by weight 

.L 

materials deleteriously affected by atmospheric gases. 
Films embodying this invention may be formed into a 

- bag to provide a membrane in an aerosol package, sep- 
Percent arating Freon, nitrous oxide or other gaseous propellants 
Reduc- 10 from the foodstuff or other material placed in the bag zmE- within the aerosol package. For example; anchovy paste, 
hility mayonnaise, jams, etc., may be packaged in such fluori- 

nated polyethylene bags disposed in a suitable cbntainer, EBectcd 
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ethylene walls containing from 0.03% to  3.5% by weight 
of fluorine. 
' 7. A,po1yethyIene container having a wall thickness 
of ,,&om 0.25 to 10 mils and having fluorinated poly- 

'"ethylene walls.containing from 0.05% to 1.5% by weight 
of fluorine. 
' 8. A polyethylene container constituted of polyethylene 

~ having a molecular weight of from 14,000 to 60,000, a 
wall thickness of from 0.25 to 250 mils and having 
fluorinated polyethylene walls containing from 0.03% to IO flushing the walls with an inert gas to remove u 
3.5% by weight of fluorine. . Auxiiie therefrom. 
9. A container of polyethylene having a molecular 

wei'ght of from 14,000 to 60,000, a wall thickness of ' from 0.25 to 250 mils and having the walls fluorinated 
to contain from 0.03 % to 3.5% by weight of flBuonne based 15 
on the weight of the polyethylene. 
: -10. A process of fluorinating a wall constituted of 
polyethylene to render it substantially impermeable to 
the passage therethrough of aromatic flavor constitnents 

more than about 3.5% by weight, of ,fluorine to render 
the polyethylene substantially impermeable to the passage 
.therethrough of said aromatic flavor constituents. 
.- ,11. A process of fluorinating a polyethylene surface '1 16. The process as defined in claim 15, i 
adapted to  form a container which comprises contacting 25 temperature of the container while in cont 
said polyethylene surface with fluorine to form a fluori- fluorine is maintained below 50" C. 
nated polyethylene surface containing from 0.03% . I  to 
3.5% by weight of fluorine. 

12.. A process of fluorinating polyethylene film which 
comprises cleaning the film to remove grease and foreign 30 

film to contact with fluorine gas for from 5 minutes to  
3 hours to  fluorinate said polyethylene to  a maximum of 
3.5% by weight of fluorine, and flushing said poly- .. ' FOREIGN PATENTS . ,. 
ethylene with a gas to remove residual fluorine therefrom. 35 

13. A process of treating polyethylene containers 

containers to introduce f rom 0.03% to 3.5% of fluorine 

process comprises cleaning the containers to rem 

walls 
a tern 

5 

. by weight of fluorine based on 
ethylene, discontinuing passage of the fluorine into con- 
tact with the walls of said polyethylene containers and 

. . 
. 

. 

. chamber into contact with the interior and exte 
of said container, maintaining said container 
with the fluorine 11 e 

e 
' which comprises fluorinating the said wall to contain not 20 

2,129,289 

.2,502,841 

710,523 

Modern Plastics, vol. 25, No. 6, February 194 

SOU __-_--___-___--__- Sept. 6, 1 

Henderson -____________ Apr. 4, 1 

Great Britain _ _ _ _ _ _ _ _ _  june 16, 

matter therefrom, subjecting the ckaned polyethy1ene 2,450,408 Baymiller ______________  act. 5, . 

which process comprises fluorinating the walls of said ' . OTHER REFERENCES " - I ,  ;, 
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MORANDUM .E 
L DEPARTMENT OF HEALTH, EDUCATION, AND WELFARE 

PUBLIC HEALTH SERVICE 
FOOD AND DRUG ADMINISTRATION 

T O  

FROM : 

SUBJECT: 

0 

0 

./7, 

1

a

Pet i t ions  Control Branch, HFF-334 
Attn: J. Smith 

DATE: November 9, 1978 

C.  ' J. Kokoski 
Eva ua 

T. . Carson 
Division of Toxicology, HFF-185 

To amend 177.1520 and 175.300 t o  provide for use of Flourine 
chemically t r e a t e d . o r  reacted with Polyethylene 

FOOD ADDITIVE PETITION NO. 8B-3394 Union Carbide Corporation 
We-File Review S te r l ing  Forest Research Center 

Tuxedo, New York 10987 

Pe t i t i on  i s  not su i tab le  for  f i l i n g .  No tox ic i ty  data  has been submitted. 

What i s  the  source of i r r ad ia t ion  of t he  polyethylene polymer? 
ionized rad ia t ion  the  same as provided fo r  regulat ion 179.45 (121.2543) ? 
If not,  we w i l l  need.the source and amount of radiat ion.  
ion  free.  o r  organic, such. as ethylene f luor ide  of t he  low molecular weight 
f r ac t ion  (LMWF)? 
data.  
of extract ives .  

Is the  

Is  the  f luor ide  

If it i s  organic f luoride of LMWF, we have no tox ic i ty  
Other. t ox ic i ty ,  data  needed W i l l  depend upon the  amount and nature 

No tox ic i ty  data  i s  submitted with t h i s  proposal. 

.. 

00.0122 

(b) (5)
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TO 

FROM : 

SUBJECT: 

e 

0 

0 

DEPARTMENT OF HEALTH, EDUCATION, AND WELFARE 
PUBLIC HEALTH SERVICE 

FOOD AND DRUG ADMINISTRATION 

P e t i t i o n s  Control Branch, HFF-334 
Attention: J u l i u s  Smith 

Chief, Environmental and Economic Impact S t a f f ,  HFF-407 

Environmental Review - FAP 8B 3394 

I have reviewed t h e  new EIAR and f ind  t h a t  the  p e t i t i o n e r  is  not responsive 
t o  your memorandum of Ju ly  20, 1978. Spec i f i ca l ly ,  t he  p e t i t i o n e r  has 
1) not submitted t h e  EIAR i n  t h e  format spec i f i ed  i n  Section 25.1(j) ,  , .  

2). not u t i l i z e d  t h e  guidance presented on pages 8-17 o f ' t h e  Operational 
Directive,  and, 3) i nco r rec t ly  c i t e d  old Section 21 CFR 6 . l ( c )  regarding 
amendments t o  ex i s t ing  regula t ions .  

However, because of t h e  na ture  of t h e  ac t ion  I w i l l  probably be a b l e  t o  
complete t h e  assessment on r e c e i p t  of t he  following: 

1. information described i n  i t e m  A. 1-6 on page 10 of t he  Operational 
Direc t ive; 

2. information on the  ra te  of in t roduct ion  ( i f  any),  of t h e  a d d i t i v e  through 
manufacture, use and d isposa l  (see Operational Directive, i t e m  B. page 
11) and, 

3. c e r t i f i c a t i o n  t h a t  t h e  scrubber waste i s  being disposed of i n  compliance 
with a l l  Federal, s tate and l o c a l  standards (see 25.l(j)D.2.c.(3). 

Tlie p e t i t i o n e r  may use information presented elsewhere i n  the  j acke t  and 
incorpora te  any of t h i s  information by re ference  i n  the  EIAR. However, 
t h e  p e t i t i o n e r  should be informed t h a t  t he  EIAR is  a public document which 
should e s s e n t i a l l y  stand by i t s e l f .  

I f  you have any questikons, p lease  advise.  
h 

BUZZ L. Hoflmann, P ~ . D .  

, 

(b) (5)
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DEPARTMENT OF HEALTH, EDUCATION, AND WELFARE 
PUBLIC HEALTH SERVICE OEMORANDUM FOOD AND DRUG ADMINISTRATION 

TO :Petitions Control Branch, HFF-334 DATE: Feb. 8, 1979 
Attn: J. Smith 

: Residue Analysis & =hods Investigation Branch, HFF-144 

SUBJECT: FAP 8B3394 - Union Carbide CorD. 
Submission Of 10-20-78. 

The 'subject submission is only partially responsive to the 
questions raised in your letter of 7-20-78. 
responses will be evaluated in the order of the comments in 
your letter. 

The petitioner's 

a. The petitioner has not provided additional information on 
the chemical nature of the modified surface layer r on how 
much fluorine actually becomes bonded to the poly ylene. 

ments on this page concerning the chemical structure of the 
fluorinated surface layer are vague at best. The petition 
does mention weight gain measurements on films exposed to an 

4 fluorine incorporated into the treated polyethylene. 

b. The petitioner states that the sample of fluorinated 
polyethylene used for the IR spectrum had been treated with 

In ation 
regarding the manufacturing process, the petitioner has 
provided a copy of U.S .  3,998,180 assigned to Union Carbide. 
The patent describes the apparatus used for the fluorination 
as well as the range of treatment conditions (time and temp- 
erature, fluorine concentration) which could be used. The 
petitioner also states in the subject submission that normally 
both the internal and external surfaces of the polyethylene 
article would be treated. 

Rather, he refers us to page 5 of the petition. P he state- 

& w B  5 

(b) (4)

(b) (4)
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, f  i . * I  ,' . . , *  
6 .  

, I , ,  ' ,. . ' - ' .  I 1, -;d: Regarding' the: "concentration 0-f f luor ine  i n  the gas mixture 
' i  Y :and, .the time,/.temp,erature. conditions '  ,of treatment f o r  each . 

he prop.osed regulat ion,  
and 5 of the p e t i t i o n .  

 

Ir 'or usual conditions,. we  
evere treatmen.t conditions , 

cal ly ' ,  are the  following the 
re. 'conditions f o r  th'e , i r rad ia t ,ed  

/- 

l.ene ' containers?  ~ ' 

, 'Non- -1r r adia t'e d* . .  

f  
. _  

extraot ion-  data  using con- 
exposure condttions .which 

ed t o  cover. I n  the ' . . 

s t a t  es . t h a t  'expo sur  e 

The d i t i ons  given ' above 
a r i f y  thi's , .  point .  

' I  , 

ng the ' i ne r t  ' di luent  'gases 
gain refers us t o  page 3 

. .  

' _  'Nitrogen gas '-is the ,only other  , ingredient  i n  
t h i s  process of surface modification and i s  

as an i n e r t  d i luent  f o r  the f luor ine .gas .  
. ,  

- . I - -  

?,,'.phage 2 of the p e t i t i o n  we f i nd  . the-phrase, '  "in 
:a$", such as nitrogen." The patent  ,included with,  t h i s  . 

scusses the t se  of i n e r t  d i luent  gases, such as ' 

Moreover, the  revised proposed 
-included with t h i s  submission states t h a t , t h e . p o l y -  
t i c l e s  are,, surface modified "by the act ion of 

ne ga's' i n  combinat-iron with other  gases such as ni t rogen 
r8 *d%lxients.,. . I '  . 'We againlequest: the p e t i t i o n e r  t o  c l a r i f y  

ogen 6r helium.as wel l  .as r eac t ive  d i luents  l ike,oxygen,  
r d i o x i d e ,  chlor ine,  bromine, n i t rous  oxide and c e r t a i n  
c i f i e d  organic monomers. 

er d i luent  gases..besides ni t rogen be used? 

% 1. 

, *  

000126 . 32 o f '  the  p e t i t i o n .  

_c 

(b) (4)

(b) (4)

(b) (4)



* .  . . 8  , 
" ,  , .  

, ' I  :fe.':. .'The ;"pef.itToner s t a t e s  t h a t  i t  i s  . d i f f i c u l t  t o  determine ' .  . .  
1 : 

',,!':: ,,: - t h e "  th:i,qknes's ,of the f luor ina ted  surface layer  i n  the. con- 
'-!, , &.:. ,:' . ' , t a ine r s  .*anti,cipated.. f o r  use. The thickness. ought' t o  be less 

1 ,

,
' 

" l , /  , ,  .'_ 
' I ,  . , 

, /
I" , 1 "  

has'pr0vide.d a ,copy of the repor t  from 
n a l y t i c a l  Laboratory' regarding the ana@is 
t i y e s .  The pe t i t i one r  a l s o  s ta tes  tha.t .the 

rmed on' the  ' t o t a l  n o n k o l a t i l e s '  from an 
a ter .  as the :food s imulat ing solvent)  con- 

. two ,hours. The ana lys i s .  shows t h a t  

and,'riqt .as organic f luor ide  bound .to the  polymer. 
y a l l  o f  the  f luorine.  in:  the w a t e r  ex t r ac t  ex is ted  

* l . l I  , .  . . .  , .  I ,., " ,  , , ,  . "  , . .  . ,  , 
he,:.petitione;r'"should he , required t o  explain the orgin of the  
nokganic f luor ide  ,ion. i n ' t h e  ex t rac t ives .  An I R  spectrum of 
$uo'r.ihat.ed hd.gh'.density" polyethylene 'film furnished by the 
e,*it:onek. (Figure 1, 'p . ' ,43.of  .the o r ig ina l  p e t i t i o n )  sh,ows 

/ 

,: abs.orption' a t  'about ,,'which i s  absent i n  the 
e&ruq,';of. : the untregted fi'lm. 'This absorpt ion ' is  'cons-istent 
CKghe fofmation .o.f C-'F covalent bonds i n  the modi f ied .  
rfa,be. 1ayer .as  'a r e s u l t  o f  ' the  f luorinatkon.  Such bonds. a r e  

o t ~  .e'as.ily hydrolyzed. ' ' Inorganic  f luor ide  ' ion 5 s .  detected i n  
he extracts.,'-$ieri perf luorocarbon' r e s ins ,  are extracted with 
olbd: simulating. solvents  ,but I th i s ,  i s  ,apparent ly  due t o  

5 .  :: . , 

" 

drolys is  :'of- thk end groups introduced i n t o  the polymer 
rough': :the us? 'of per.sulfa.te. i n i t i a t o r s  (Bro, M. 1,. and 
erati,,. .C. :4. j. J .  Polym. Sc'i.' 38., 289 (1959)): . , .  - .  I ,  

3 ' .  ..,, * 
" - 1  . .  

j * I ,  I 

.?':%he, : pe t i t i one r  has submitted a revised proposed regu- 
Ta,tiio.fi. ', , The'lques'tion.' concerning the phrase. "with other  gases 
,$<ch":'as ni t rogen as iner t ;  d i luents  , was already discusse,d 

bpye .' In  >'addition ,,the proposed regulat ion does not  mention 
ltxorinat2on ,of i r r a d i a t e d  polyethylene containers  (intended 
or',:4aeroso2 appl ica t ions) .  ' Regarding these i r r a d i a t e d  con- 

the p e t i t i o n e r  should be ' required t o  s ta te  the type 
sh "s'ou'rce"of the - rad ia t ion  t o  be used as well as  t h e  maximum 
se which: ' is  an, t ic ipated.  The p e t i t i o n e r  should alsp c l a r i f y  

, the.  'con.ta,iners are ' t o  'be ' i r r ad ia t ed  before  or  a f t e r  
atio'n. (Tabl'es VI11 through X I  give ex t rac t ion  I d a t a  on 
a t e$  .fi'rsC, chen f luor ina ted  as wel l  as f luor ina ted  
then i r r a d i a t e d  c-ontainers) . . 
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DEPARTMENT OF HEALTH, EDUCATION, AND WELFARE 

FOOD AND DRUG ADMINISTRATION 
~ E M O R A N D U M  PUBLIC HEALTH SERVICE 

TO 

FROM : 

SUBJECT: 

0 

0 

* 

.:@ 
t 

Ms. Brenda F'. Finch 
Petitions Control Branch,(HFF-334) 

Dr. J. H. Khalsa yxp 
Food Additives Evaluation Bganch (HFF-185) 

DATE: March 12, 1979 

To amend 21 CFR, 177.1520 and 175.300 to provide for use of fluorine 
treated polyethylene (Olefin polymers) in producing, manufacturing, 
processing, treating, packaging, transporting, or holding foods. 

FOOD ADDITIVE PETITION NO. 8B-3394 Union Carbide Corporation 
Sterling Forest Research Center 
Tuxedo, New York.? 10987 "";::: 

Q 
IDENTITY: 

The data provided by the petitioner show that the subject resin, the 
chemical structure of which was not shown, is a surface modified poly- 
ethylene that is produced by treating polyethylene with a mixture of 
fluorine and nitrogen gases. This modified polyethylene is proposed 
for manufacturing molded containers. 

RELATED PETITIONS: 
L 

FAP 1B-0207 The oral LD50 of perfluorocarbon resin, which is com- 
posed of mainly, polytetrafluoroethylene, in albino 
rats was 4g/kg. There were no toxic effects observed 
during a 7-day period of observation. 
approved on the basis of "virtually nil migration", 
which was 0.03 ppm (see the Toxicology memo by Dr. Misra, 
HFF-185, dated 4/16/75). 

The resin was 

MIGRATION : 

The extraction studies were performed on 8 oz. fluorinated polyethylene 
bottles,, each of which had internal surface area of 37.99 sq. in. The 
irradiated polyethylene bottle that is intended for pressurized (aerosol) 

as summarized in Table I. The amount of fluoride ion.,,(&$ in the extracts 
was determined by potentionmetric fluoride ion analysis with the detection 
limit of 0.025 ppm of FL-. 

_ I  

;@J; , " $  !y 
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Page 2 - Memo to Brenda Finch - FAP No. 8B-3394 

Table I 

I 

(F Concentration in ppm) , 

Food-simulating solvent Temp./Time Irradiated Non-irradiated 
(in hrs) Container* Container 

Distilled water 25 0°F/2 2.30 1.03 
50% ethanol/water 160°F/2 1.70 0468 
3% acetic acid/water 2 12'F/ 2 ,14 43 0.40 
n-heptane 150°F/2 0.21** 0 . 041** 
*Floridation, not irradiation. 
**Values were not divided by 5, - 
Further, the analysis of total extractives made by an unnamed laboratory 
showed that all fluoride extracted from the polymer was inorganic F and 
no polymerically bound fluoride was detected. 
Chemistry memorandum of 6/7/78, the migration values of fluoride should 
be evaluated in light of the allowable limits for fluoride ion in resi- 
dential and industrial water supplies and inbottled water both at 1 ppm. 

As pointed out in the 

TOXICOLOGY: 

The petitioner has not provided any toxicologic data to assess safety of 
fluorinated polyethylene, 

CONCLUSION: 

1. The food additive petition No. 8B-3394 is not suitable for filing 
at this time. 

2. The.Residue Analysis and Methods Investigations Branch (HFF-144) 
has sought additional information, and that could influence the 
chemical identification of what could become a food additive. 

3. No toxicity data is provided by the petitioner. This division will 
require a safety rational for the proposed usee 
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UNION CARBIDE CORPORATION 
SILICONES 23 URETHANE INTERMEDIATES DIVISION 
OLD SAW MILL R I V E R  ROAD,  T A R R Y T O W N ,  N E W  Y O R K  10591 

0 
RESEARCH A N D  D E V E L O P M E N T  

. _. 
February ' 12, '198y' 

Mr. Julius Smith 
Department of Health and Human Services 
Public Health Service 
Food and Drug Administration 
Petition Control Branch, HFF-334 
Division of Food and Color Additives 
Bureau of Foods 
200 C Street, S. W. 
Washington, D.C. 20204 

Re: FAP No. 8B3394 

Dear Mr. Smith: 

In 'response to your letter of January 27, 1981 and 
our telephone conversation of February 5, 1981, Union Carbide 
Corporation respectfully requests that the above referenced 
petition regarding, "the safe use of fluorinated polyethylene 
in producing manufacturing, processing, preparing, packaging, 
transporting, or holding food" remain active. 

It is fully our intention to make the appropriate 
responses to your previous letter at the earliest time 
possible. We request further, however, that you waive the 
thirty-day deadline from the January 27, 1981 date to an 
extended period to allow me, as the Corporation's agent, to 
reconvene my files on this matter and to consolidate the 
necessary information to adequately reply to your remaining 

. " --.. -- 

questions and comments. 
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UNION CARBIDE 

March 31, 1 9 8 2  

.1" 5 

Union Carbide Corporation 
. National Specialty Gas Office 

P.O. Box 444 100 Davidson Ave. 
Somerset, New Jersey 08873 

M r .  J u l i u s  S m i t h  
P e t i t i o n s  Control Branch 

Food & Drug Administration 
200 B Street  S . W .  
Washington, D.C. 20204  

H F F  334  

Subject :  
Reference: Our telephone conversat ion of March 3 0 ,  1 9 8 2  

Dear M r .  S m i t h :  

FDA Approval of Surface Modified Plast ic  Containers 

Many thanks f o r  your c a l l  yesterday t o  follow up on t h e  s u b j e c t  
approval.  
pursued t h i s  approval;  mainly, t h e  technology was passed from 
a Corporate Research & Development Group t o  the Linde  Division. 
Your r ecen t  correspondence t o  our  M r .  Pender was routed t o  the  
wrong ind iv idua l .  

Much has happened s ince  Union Carbide l a s t  a c t i v e l y  

Nevertheless ,  p l ease  be assured  t h a t  Union Carbide wishes  t o  
keep i t s " - p e t i t i o n  f i l e  open. 
n a t e  t h e  e f f o r t  between t h i s  group, FDA and our  d i v i s i o n a l  
FDA i n t e r f a c e .  I n  t he  f u t u r e  you may d i r e c t  correspondence 
t o  my a t t e n t i o n .  

I have been assigned t o  coordi-  

A s  soon as w e  receive your r ecen t  l e t t e r  t o  M r ;  Pender from 
h i m ,  w e  w i l l  do a l l  w e  can t o  assemble and t o  send t h e  requi red  
d a t a  t o  you i n  a t imely fashion.  When it i s  ready I w i l l  c a l l  
t o  d i s c u s s  the best way t o  p re sen t  t h e  information t o  you, i n  
person o r  by w r i t t e n  l e t te r .  Un t i l  t h e n ,  thank you again f o r  
your c a l l .  

Looking forward t o  dea l ing  w i t h  you again soon. 

Very t r u l y  yours,  

Marketing S p e c i a l i s t  
Surface Modified P l a s t i c s  

(b) (5)



UNION CARBIDE CORPORATION 

Research and Development 
Silicones & Urethane Intermediates Division 

O L D  SAW MILL RIVER ROAD, TARRYTOWN. NY 10591 

August 23, 1982 

. _,_.,_. 

Mr. J u l i u s  Smith 
P e t i t i o n s  Control  Branch, HFF-334 
Divis ion  of Food & Color Addit ives  
Bureau of Foods, 
Food & Drug Adminis t ra t ions 
Department of Heal th  & Human Serv ices  
Washington, DC. 20204 

m: FAP ko. 8B3394 

Dear M r .  Smith: ' 

I extend my apologies  f o r  t h e  longdesayand my g r a t i t u d e  f o r  your indulgence 
i n  awai t ing this  response t o  your l e t t e r  of 28 March, 1979. A s  you are pro- 
bably aware, through our w r i t t e n  correspondence and te lephone conversa t ions ,  
t h i s  long i n t e r i m  w a s  due t o  my having been assigned d i f f e r e n t  r e s p o n s i b i l i t i e s  
a t  a d i f f e r e n t  Union Carbide l o c a t i o n  and t h e  project ' s  r e s p o n s i b i l i t y  being 
t r a n s f e r r e d  between corpora te  d i v i s i o n s  and t o  d i f f e r e n t  personnel .  

It w a s  r e c e n t l y  decided t h a t  I should,  f i n a l l y ,  re-acquire  t h e  r e s p o n s i b i l i t y  
f o r  completing the requirements f o r  t h e  c i t e d  food a d d i t i v e  p e t i t i o n .  

The responses  t o  your ques t ions  and comments contained i n  t h e  aforementioned 
let ter are contained herewith.  It is  hoped t h a t  t h e s e  responses  c 1 e a r . u ~  any 
misunderstandings o r  shortcomings of t h e  o r i g i n a l  p e t i t i o n  and s a t i s f y  t h e  re- 
quirements' f o r  a new r e g u l a t i o n  al lowing p u r s u i t  of Union Carbide 's  process  f o r  
manufacturing, f l u o r a t e d  polyethylene f0.r food .and/or drug con tac t  pse app l i ca t ions .  

I f  you have any f u r t h e r  need t o  con tac t  m e ,  p l ease  do no t  h e s i t a t e  t o  te lephone 
my o f f i c e  a t  (.914)789-2207 o r  w r i t e  t o  mediere a rrytown. 

?I:,] '.* JJ ~ 

i "i I 

a t t a c h .  , 
I '  . 
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UNION CARBIDE CORPORATION 

Research and Development 
Silicones & Urethane Intermediates Division 

OLD SAW MILL RIVER ROAD, TARRYTOWN, NY 1 0 5 9 1  

August 24, 1982 

. M r .  J u l i u s  Smith 
P e t i t i o n  Control  Branch, HFF-334 
Divis ion  of Food SI Color Addit ives  
Bureau of Foods 
Food & Drug .Adminis t ra t ion 
Dept..of Heal th  and Human Services 
Washington, D.C. 20204 

RE: FAP 8 B  3394 

D e a r  Mr. Smith: 

A s  a follow-up t o  our  te lephone conversat ion of 19 August, t h i s  le t ter  w i l l  
serve as Union Carbide’s formal r eques t  f o r  a continuance of cons idera t ion  
f o r  t h e  above c i t e d  Food Addit ive Pe t - i t ion  beyond t h e  c u r r e n t l y  set e x p i r a t i o n  
d a t e  of September 6,:.1982. 

The informat iona l  responses  requested by your o f f i c e s  have been d r a f t e d  and 
are c u r r e n t l y  i n  p repa ra t ion  f o r  submission t o  you and should a r r i v e  suf-  
f i c i e n t l y  i n  advance of t h a t  $5 Sept.  deadl ine .  

During t h e  in t e r im ,  however, i n  t he  event d e l i v e r y  of t h a t  documentation i s  
delayed, w e  would apprec i a t e  any cons idera t ion  given t o  a t i m e  ex tens ion  as 

 ’ * 

per  t h i s  ::request. 

, .  
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. Page 1 
Mr, Julius Smith 

August 25, 1982 
Re: FAP-8B3394 

Question (a) 

Additional information on the chemical nature of the modified surface layer OK 
on how much fluorine actually becomes bonded to the polyethylene has not been 
provided. Rather, you refer us to page 5 of the petition. The statements on 
this page concerning the chemical structure of the fluorinated surface layer 
are vague at best. 

orporated into the treated poly- 

The petition does mention weight gain measurements on 

However, there is no information in 

ethylene. 

Point (a) Response 
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. Page 2 . ._ 
., Mr. Julius Smith 

August 25, 1982 
Re: FAP-8B3394 

Question (c) 

Regarding the concentration of fluorine in the gas mixture and the time/ 
temperature conditions of treatment for each type of container to be covered 
in the proposed regulation, you refer us to pages 3 and 5 of the petition. 

 
tion for this gas concentration." Rather than typical or usual conditions, we 
need to know what are the most severe treatment conditions anticipated. More 
specifically, are the following the maximum anticipated exposure conditions 
for the irradiated and non-irradiated polyethylene containers? 

Irradiated* Non-Irradiated* 

. *Table XV, p 32 of the petition. 

If not, then we need equilibrium extraction data using containers treated 
under the maximum exposure conditions which the proposed regulation is 

of the conditions given abdve. You should clarify this point. 

In response to the question concerning the inert deluent gases which will be 
used, you again refer us to page 3 of the petition. 

0 * 

Nitrogen gas is the only other ingredient in this process of surface 
modification and is used as an inert diluent for the fluorine gas. 

However, on page 2 of the petition we find the phrase, "in an inert gas, such 
as nitrogen." 
inert diluent gases such as nitrogen or helium as well as reactive diluents 
like oxygen, sulfur dioxide, chlorine, bromine, nitrous oxide, and certain 
unspecified organic monomers. Moreover, the revised proposed regulation 
included with this submission states that the polyethylene articles are 
surface modified "by the action of fluorine gas in combination with other 
gases such as nitrogen as inert diluents...." 
Point. 
.gases will be used? 

The patent included with your submission discusses the use of 

You should also clarify this 
Will other diluent gases besides nitrogen be used? If so, what other 

Point (c) Response 

Responding again to the point of inert diluents first, nitrogen (N2) gas is 

the only inert diluent anticipated and proposed for use in this fluorine 

treatment where such end product material would have use in food and/or drug 

contact applications. From the considerations of economics, availability, and 
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Page 3 August 25, 1982 
Mr. Julius Smith Re: FAP-8B3394 

convenience, nitrogen gas is the only choice of current practicality and 

ideally suited to our needs in this application. Use of the phrase “such as” 

preceding the word “nitrogen,” is perhaps confusing but was simply a phraseo- 

logical allusion to its reference in the U.S. patent number 3,998,180. Such 

patent coverage is an umbrella, inclusive of all our fluorination processes 

afforded by the uniqueness of Union Carbide’s dqsigned equipment and proce- 

dures. The other gases referenced in the patent and cited in your letter do 

have application in combination with fluorine in areas outside food and drug 

or other human consumption situations. 

The treatment gas concentrations as referenced in your letter do, --? fact, 

represent the maximum F2 gas concentrations anticipated for use in applica- 

tions where food and/or drug contact end use is involved. 

Through a heretofore undetected typographical error, the time and temperature 

references of irradiated and non-irradiated polyethylene bottles are in fact 

reversed in Table XV as you cited. The correct concentrations and time and 

temperature conditions should read as follows: 

Irradiated Non- Ir rad ia ted 

The above is the order given in the most previous submission that you also 

cite in your letter. 

In any case of anticipated use for food and/or drug applications, the most 
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Page 4 
Mr. Julius Smith 

August 25, 1982 
Re: FAP-8B3394 

Question (f) 

You provided a copy of the report from Schwarzkopf Microanalytical Laboratory 
regarding the analysis of the total extractives. 
analysis was performed on the total non-volatiles from an extraction (with 
water as the food simulating solvent) conducted at 250°F for two hours. 
analysis shows that virtually all of the fluorine in the water extract existed 
as F- and not as organic fluoride bound to the polymer. 

You also state that the 

The 

You should explain the origin of the inorganic fluoride ion in the extrac- 
tives. Your explanation should also address the fact that an IR spectrum of 
fluorinated high density polyethylene film furn
original petition) shows an absorption at about
the spectrum of the untreated,film. 
formation of C-F covalent bonds in the modified surface layer as a result of 
the fluorination. Such bonds are not easily hydrolyzed. 

This absorp

Point (f) Response 

As noted in your question, the referenced analysis does list all detectable 

fluoride from an extraction with water at 250 F for 2 hours as ionically 0 

existent and not polymerically bound organic fluoride. It is also correct 

that the infrared absorbtion band at  is consistent with and is in  

fact a carbon fluorine bond and is not hydrolized in aqueous sterilization of 

the treated polyethylene. 

The ionic fluoride (F-) detected analytically derives from, we believe, two 

avenues. 
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Page 5 
Mr. Julius Smith 

August 25, 1982 
Re: FAP-883394 
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Page 6 
Mr. Julius Smith 

August 25, 1982 
Re: FAP-8B3394 

Question (9) 

You have submitted a revised proposed regulation. The question concerning the 
phrase "with other gases such as nitrogen as inert diluents" was already 
discussed above. In addition the proposed regulation does not mention fluori- 
nation of irradiated polyethylene containers (intended for aerosol applica- 
tions). Regarding these irradiated containers, you should indicate the type 
and source of this radiation to be used as well as the maximum dose which is 
anticipated. You should also clarify whether the containers are to be irra- 
diated before or after fluorination (Tables VI11 through XI give extraction 
data on irradiated first then fluorinated, as well as fluorinated first then 
irradiated containers). 

Point (9) Response 

Such change to correct the proposed regulation has been made with the elimina- 

tion of the word "..other gasses such as" amending that referenced line of the 

proposal to read: "..with gaseous nitrogen as an inert diluent." 

Such amended regulation is included herewith as the immediately successive two 

/ 

/ 

Regarding the question on container irradiation, Union Carbide does not seek, 

at.this time, to have included in the regulation for fluorinated polyethylene 

as food contact items, a provision for an irradiation step. 

000347 
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Page 7 
Mr. Julius Smith 

August 25, 1982 
Re: FAP-8B3394 

INDIRECT FOOD ADDITIVE PETITION NO. 8B3394 

PROPOSED REGULATION 

Title 21 - FOOD and DRUGS 
CHAPTER 1- FOOD and DRUG ADMINISTRATION 

Department of Health, Education, and Welfare 

Subchapter B- Food and Food Products 

Part 177 - Indirect Food Additives; POLYMERS 
Subpart B - Substances for use as basic components of single and repeated 

use food contact surfaces. 

FLUORINATED POLYETHYLENE 

The Commissioner of Food and Drugs, having evaluated the 
data in a petition (8B3394) filed by Union Carbide 
Corporation, Old Ridgebury Road, Danbury, Connecticut 
06817 and o.ther relevant material, concludes that the 
food additive regulations should be amended as set forth 
below)---to’ provide for the safe use of fluorinated poly- 
ethylene as articles intended for use in contact with 
foods. 

Therefore, pursuant to the provisions of the Federal 
Food, Drug, and Cosmetic Act (sec 409 (c), 72 Stat. 1786; 
21 U.S.C. 348 (c) (1) and under authority delegated to 
the Commissioner, (21 CFR 177) is amended by inserting in 
the list of substances a new regulation as follows: 

Polyethylene, Fluorinated 

Fluorinated polyethylene, identified in paragraph (a) of 
this section, may be safely used as food contact articles 
in accordance with the following prescribed conditions; 

(a) Fluorinated Polyethylene food contact articles 
are produced when polyethylene articles are surface 
modified by action of fluorine gas in combination 
with gaseous nitrogen as an inert diluent with such 
action leaving the polymer’s bulk unchanged. 
Fluorine gas shall be used in concentrations not in 
excess of amounts necessary to achieve the intended 
technical effect in the food or drug contact 
article. 

(b) Polyethylene articles shall be fluorinated 
from basic resins identified and defined in 

177.1520 paragraph ( a )  (2) and paragraph (a) (3) 
and shall conform to the specifications of para- 
graph (c) (2-1) and paragraph (c) (3-1). 

000148 



Page 8 
Mr. J u l i u s  Smith 

August 25, 1982 
Re:  FAP-8B3394 

(c) The f i n i s h e d  food c o n t a c t  ar t ic le ,  when 
e x t r a c t e d  w i t h  t h e  s o l v e n t  or s o l v e n t s  charac-  
t e r i z i n g  t h e  t y p e  of food and under c o n d i t i o n s  of 
t i m e  and tempera ture  c h a r a c t e r i z i n g  t h e  c o n d i t i o n s  
of its i n t e n d e d  use  as  de termined  from t a b l e s  1 and 
2 of 176.170 (c) of t h i s  c h a p t e r ,  y i e l d s  
f l u o r i d e  i o n  n o t  to exceed 5 ppm c a l c u l a t e d  o n  t h e  
basis  of t h e  volume h e l d  by t h e  food c o n t a c t  
a r t ic le  when t e s t e d  by t h e  methods d e s c r i b e d  i n  

177.1330 (c) . 
(Note; i n  t e s t i n g  t h e  f i n i s h e d  food c o n t a c t  
ar t ic le ,  u s e  a separate t e s t  sample for e a c h  
e x t r a c t i n g  s o l v e n t .  1 

. 

000149 



0 

* 

Page 9 
Mr. Julius Smith 

August 25, 1982 
Re: FAP-8B3394 

Question (h) 

We have reviewed the new EIAR and find that it is not responsive to our letter 
of July 20, 1978. Specifically, you have 1) not submitted the EIAR in the 
format specified in Section 25.1 (j); 2) not utilized the guidance presented 
on pages 8-17 of the Operational Directive; and 3) incorrectly cited old 
Section 21 CFR 6.1 (c) regarding amendments to existing regulations. 

Point (h) Response 

Such revised Environmental Impact Analysis Report has been made according to 

the Environmental Impact Operational Directive and pursuant to CFR 25.1 Cj) 

and is herewith attached. 

000150 



Page 10 
Mr. Julius Smith 

< I 1  . . . . . . .  

August 25, 1982 
Re : FAP- 8B3 3 9 4 

ENVIRONMENTAL IMPACT ANALYSIS REPORT 

Date: 13 August, 1982 

Re: FAP No. 8B3394 

Name of Applicant: 

Union Carbide Corporation 

Address of Applicant: 

O l d  Ridgebury Road 
Danbury, CT 06817 

by: R. S. Pender 

000151 



Page 11 
Mr. Julius Smith 

A. Describe the Proposed Action 

August 25, 1982 
Re: FAP-8B3394 

1- Completely Describe the Proposed Action 

Union Carbide Corporation proposes that the Food and Drug Administration of 
the Health and Human Services Department amend 21 CFR 177 to include and allow 
the safe and pollution free manufacture of fluorinated polyethylene for 
acceptable use as food and/or drug contact articles where such articles have 
been prepared in a process involving formed polyethylene (film, bottles, etc.) 
being exposed to fluorine (F2) gas in concentration to twenty-five (25) 
volume precent, in combination with nitrogen (N2) gas as an inert diluent. 

Further, we propose that in such manufacturing process, all reaction gas 
diluent gas and gaseous by-products of the process be handled and transferred 
at reduced pressure in a closed system of such design that the fluorine gas 
mix can be transferred repeatedly between a holding chamber and reaction 
(polyethylene exposure) chamber until depleted. In addition, such process 
shall be required to have provision for transferral of all depleted gases and 
gaseous by-products directly to a scrubber section of the closed system such 
that those gases are transformed to a safe, easily handled condition, as a 
metal fluoride in aqueous solution. 

Further, this action proposes that the objects of this process (treated poly- 
ethylene) be removed from the reaction process chamber by remote, automatic 
means and only after such chamber and articles have been evacuated and purged 
of all reactive gases and by-products such that there is no operator or other 
human exposure conditions to the reaction treatment gases or by-products 
therefrom. 

0 
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Page 12 
Mr. Julius Smith 

August 25, 1982 
Re: FAP-8B3394 

0 2- Describe the Chemical and Physical Properties of the Product 

The object of our proposed process acceptance is the creation of unique 
surface alteration on the long accepted and GRAS polyethylene with that 
material's interior bulk unchanged. Thus, Union Carbide's surface modified 
polyethylene retains many of the inherent properties of its material of 
derivation. The radical departure in properties of such surface altered 
polyethylene lies in its reduced permeability by certain gases, such as carbon 
dioxide and oxygen? and resistance to certain solvents such as hexane and 
xylene, and overall improved physical integrity. 

Due to the nature of our process, this modified surface exists as an 
integrally bound layer of up to only  thickness, but with 
significantly decreased porosity, from that of polyethylene, due in part to 
process generated surface crosslinks. 

The resulting surface is essentially of the structure (CHz-CHz), - 
(CH2-CHF),' - (CH~-CFZ),". 
distributed throughout the surface and is =-solubilized in any of the food 
simulating solvents (distilled water, 50% ethanol in water, heptane, and 3% 
acetic acid in water) according to test procedures as directed in FDA Guide- 
lines for Chemistry and Technology Requirements of Indirect food Additive 
Petitions. Hence, these so treated container surface functionalities do not 
become direct or indirect food additives according to these FDA tests proce- 
dures nor according to some, we feel, more severe Union Carbide performed 

This functional grouping is extensively 

testing as detailed in FAP No. 8B3394. e 

' e -  
t 
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Page 13 
Mr. Julius Smith 

August 25, 1982 
Re: FAP-8B3394 

3- Describe the Pharmacological/Toxicological Properties of the Product 

As cited in FAP 883394, we believe that our proposed product manufacture and 
usage presents no public health hazards beyond those of ordinary polyethylene 
or other fluorine containing polymers that are currently GRAS and are in daily 
and widespread usage as food contact materials. We believe this based on the 
following : 

When testing according to CFR 121-2501, which deals with acceptable levels of 
extractable residue from polymeric materials as they might become additives to 
food, our fluorine treatment generally resulted in reductions in the amount of 
total extractables from that of control, untreated, samples of identical 
resin. This was true in the cases with both solvents, hexane, and xylene, as 
called1 for and under conditions required in this regulation. 

In all cases our treated specimens, as did our controls, fell well within the 
limits established for acceptable residue extractant as given by the proce- 
dure. Further under this cited testing, though residue indentification is not 
a procedural requirement, infrared analyses of the xylene extracts reveal the 
same material spectra for both fluorinated and non-fluorinated polymer, ie.; 
- no IR detectable fluorine bound species is removed as a xylene soluble. 

When tested further for extractable fluoride according to CFR 121-2555 (a 
regulation for perfluorocarbons), we again and repeatedly come within the 
"safe" limits for ionic fluoride (See FAP 8B3394, p. 10 and Table XIV). 

Further, when all of our test data for food contact materials according to FDA 
Guidelines for Chemistry and Technology of Indirect Food Additive Petitions 
and for container processes for which this petition is intended are compared 
to all federally allowed fluoride concentrations including Threshold Limit 
Value, Home and Industrial Water Fluoridation levels, Potable Water Level CFR 
121-2555 Extractable level from Perfluorocarbons (eg. Teflon"), and the OSHA 
Airborne Tolerance level, extractable fluorides from Union Carbide processed 
products, under conditions of proposed use, are well within the accepted 
limits. 

In addition, the commonly accepted, purchased, and used fluoridated toothpaste 
has an ionic fluoride incorporation level of 1000 ppm which exceeds the maxi- 
mum extractable fluorides from the action of food simulating solvents on our 
fluorinated polyethylene by over four hundred (400) times. 

With toothpaste being a commodity item of near universal domestic use several 
times daily per individual over the course of individual lifetimes, our maxi- 
mum level of 2.3 ppm available extractant fluoride ion appears insignificant.. , 

Tr 

We believe it reasonable to assume that the degree of commercial acceptance Or 
need for our proposed single use fluorinated container will not approach the 
universality of fluoridated toothpaste. Furthermore, we do not believe that 
the total fluoride consumed as a result of our container process will approach 
the relative level acquired through domestic water programs. 
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Mr. Julius Smith 

August 25, 1982 
Re: FAP-8B3394 

Even if we were to assume a 100% market penetration level and all food 
consumed by humans were from Union Carbide process fluorinated polyethylene 
containers, and we were, in addition, to take our case of highest extractable 
fluorides, (that of aqueous-container sterilized foods) and assumed further 
that the average 1500 gm/day diet were totally aqueous, then the maximum daily 
consumption of fluoride resultant as an indirect food additive would be 
approximately 31 ppm/day or 0.046 gdday. If we were, however, to divide the 
average daily diet into its standard proportions of 133 gm fatty food and 
455.67 gm each of aqueous acidic and alcoholic components, and assuming again 
exclusive use of our containers for a 1500 gm/day diet, then the maximum 
consumable fluoride declines to 7.5 ppm or 0.011 gm/day. 

These figures are based on the maximum extractable fluoride by each of the 
appropriate food simulating solvents used in our studies according to FDA 
indirect food additive guidelines and detailed in FAP 8B3384. , 

Summarizing, even at the theoretical 100% market pentration level, our worst 
case figures for available consumable fluoride is relatively small, especially 
when compared to the non-theoretical but actual 1000 ppm fluoride content of 
toothpaste which is of well established consumer usage. 

, .  - . . "  . . . 
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Mr. Julius Smith 

August 25, 1982 
Re: FAP-8B3394 

4- Discuss the Anticipated Purposes and Benefits of the Proposed Action 

The thrust of this proposed process is to increase the utility of relatively 
inexpensive and widely used polyethylene. 
surface modification with fluorine effects this accomplishment without major 
increase in cost of finished articles formed of this polymer and without 
burden on the environment beyond that of ordinary polyethylene. 

The Union Carbide process of 

Polyethylene, as it is manufactured for use, has certain inherent limitations 
for food and drug containers applications. Among these limitations are its 
large pekmeability values to materials such as fluorocarbon fluids, hydro- 
carbon fluid (both aromatic and non aromatic), fats, oils, oxygen, and carbon 
dioxide. These and other limitations prohibit this relatively inexpensive 
polymer from use in many markets where its contents would be food and/or drugs 
and where, from a cost basis, it would otherwise be desirable. 

Currently, application areas where those above stated or similar items are 
among the contents, are generally obliged to be satisfied by more expensive 
resins (eg. polyethylene terephthalate); less aesthetically pleasing con- 
tainers (eg. metal cans), or less safe (breakable) material (eg. glass). This 
is despite the fact that polyethylene is an accepted FDA GRAS material. 

Union Carbide's fluorination process largely overcomes these limitations by 
the creation of an integrally bound, thin surface layer that serves as an 
effective permeation and solvent resistant barrier. 

Data obtained from tests comparing permeation rates of various organic 
permeant type solvents as contents of non-fluorinated and fluorinated poly- 
ethylene along with comparisons to more expensive, competive materials, show 
that the polymer improvement by our fluorination process is substantial. 
Further, these data show that after treatment permeation levels are reduced to 
levels that rival those of the more expensive resins. In addition, extractant 
studies with food simulating solvents, as earlier discussed, make it apparent 
that major property enhancement is afforded to polyethylene by our process of 
modification. 

These and additional data substantiating the aforementioned property improve- 
ments to polyethylene are completely documented as the section referenced 
"Tables" included with FAP 8B3394. 
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Mr. Juliu Smith 

August 25, 1982 
Re: FAP-8B3394 

5- E'stimate the Potential Market Penetration, Handling, Storage, and Distri- 
bution Schemes for a Particular Product 

-and- 

6- Describe Briefly the Primary Environments Affected by the Manufacture, 

posed Action. 
,Distribution, Consumption, and Disposal of the Product Subject to the Pro- 

As referenced in the discussion of A.4., where a market penetration level of 
100% is assumed and extractive fluoride levels are given accordingly, primary 
environmentally affective components resultant of our process are in small 
concentration. 

It is obvious, however, that markets of interest do not include all normal 
food applications. 

A contention on our part that  market share of all packaged consumer food 
items would be packaged in Union Carbide's process fluorinated polyethylene 
appears reasonable, but simultaneously optimistic. 

If we were however to gain that 10% level of market penetration, potentially 
consumable fluoride would be on the order of 3.1 ppm per individual per day 
(approximately 0.005 gm F2/day) for the totally aqueous diet and 0.75 ppm 
(0.001 gm/day for the average diversified diet, amounts which when compared to 
other sources of ingestible fluoride availability are insignificant. Since 
other extratives from our fluorinated polyethylene are essentially fragmented 
polyethylene, as is normal with this polymer, since no known gaseous products 
are evolved from containers so processed, and, since essentially all removable 
fluoride is extracted in the sterilization step, no extraordinary measures for 
handling, storage, distribution, and disposal of this product are required; 
that is, all normal routes for these individual and collective actions that 
are currently available to ordinary polyethylene and other commonly used 
polymeric materials should be equally available to fluorinated polyethylene. 

The markets of interest for our single use container product are those 
currently served by other container materials. Thus, our entry to those 
markets would simply displace those other materials to the same extent as our 
penetration, yielding no anticipated net increase in the total number of 
containers generated. Our entry to these markets may produce a net increase 
in safety since certain applications now are only satisfactorily served by 
breakable and often injurious glass. 
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Mr. Julius Smith 

B. Discuss the Environmental Impact of the Proposed Action 

1- Introduction into the Environment 

August 25, 1982 
Re: PAP-893394 

As discussed previously in FAP 8B3384 and extensively in U.S. Patent 3,9 
our process of surface modification is designed with provision for safe, 
efficient I and pollution free exposure of formed polyethylene articles to 
nitrogen (N2) diluted fluorine (F21 gas to render those articles less 
permeable and thus enhance their overall utility. The  system accoxpiishing 
this is designed as a closed loop where the reactive gases are transferred 
back and forth repeatedly, in succeSsive trea'?nents of polyethylene exposure, 
between a holding tank and reaction chamber. 

The gaseous transferral is accomplished by vacuum and in the process, reaction 
by-produc'ts are removed by passage of the gases through traps specific for HE' 
and having no effect on the-reactant gas ,nix. 

This back and forth transzerral continues until all the reactant gas mix is 
essentially depleted, whereupon the entire system's internal atmosphere is 
purged into a caustic scrgbber. The remaining by-product HF and any trace 
F2 gas is made safe and easy to handle by conversion to a metallic salt in 
aqueous solution. 
manner compliant with a l l  Federal, State, and local codes. 

This salution can then be removed and disposed of in a 

The process itself is designed such that it is carried out at relatively l o w  
temperature and at slightlly reduced pressure in atmospherically sealed 
chambers. If any leakagz should occur, it would be a i r  leaking into the 
containment vessel rather than reactants leaking out to the human environ- 
ment, If such should o c c u r ,  air entry into the chamber would give readyno,- 
tice;,<it would be observed both mechanically and electronically via vacuum/ 
pressure monitoring devices detecting the approach toward equalization of the 
internal and external amosphere pressures. 
solenoid controlled valves would then be operated to empty the reactor gaseous 
contents either back to the holding tank or directly to the scrubber. 

At such observation pc>int, 

It should be noted that any and all such process facilities operating accord- 
ing to this Union Carbide technology have as part of their design provision 
for auxilliary, emergency electrical generation to preclude the situation 
where a main power interruption might shut down electrically powered safety 
devices. 

Hence, thehpotential for the buildup of internal pressure in the chamber and 
the possibility of leakage of fluorine gas to the atmosphere is made so remote 
as to be essentially eliminated. 

Further, the reaction system is equipped so as to allow for the safe purging 
of the chamber with air or nitrogen gas or a combination thereof prior to 
access of operating personnel to the reactor's interior. 
also passed to the scrubber such that any deleterious product can be removed 
without mingling with the human environment. 

The purge gas is 

I ,  

"/! 
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Re: FAP-8B3394 Mr. Julius Smith 

2- Analysis of the Environmental Impact of the Manufacturing Process 

Much of such analysis is presented and discussed in the immediately preceding 
sub-part 1. of this section. 

The environmental impact of the process overall is believed to be insignifi- 
cant. This belief is advanced for a number of reasons among which is the fact 
that no known (detectable) emissions are yielded to the external atmosphere 
during the the introduction of reactive gas to the treatment chamber, during 
the reaction process, nor during the gaseous transfer from the chamber of 
treatment. In addition, the HF line traps employed in removal of consequen- 
tial by-products are periodically removed from the system lines for regenera- 
tion with the products of such regeneration (waste) being driven to a 
scrubber. The scrubber as discussed earlier is also monitored, and when 
nearing depletion, the solution is safely pumped to containment vessels and 
disposed of in a manner compliant with all appropriate ordinances (Appendix A ) .  

Resource use for this process involves the synthetic organic chemicals derived 
from petroleum feedstocks used in the current ordinary production of poly- 
ethylene 'along with elemental fluorine. Should the proposed action be imple- 
mented, raw materials and energy presently used to produce current? less 
technically and economically acceptable products would be diverted to produc- 
tion of the proposed product. 

In summary, Union Carbide Corporation neither knows of nor foresees any 
adverse effect to the environment as a result of our proposed action of 
manufacturing fluorinated polyethylene as food contact articles. 

Polyolefins such as polyethylene, which is the base material for this process, 
have been used many years as food contact articles and containers. 

Fluorine containing materials including those with larger or similar extract- 
able fluoride such as toothpaste, Teflon", and potable water have also seen 
such usage and are generally recognized as safe (GRAS). In that light, Union 
Carbide as a responsible corporation expects or knows of no material or tech- 
nical objection to this action. 

"I I I . . .  . . .  ~ 

for 6nion Carbide Corporation 
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Mr. Julius Smith 

August 25, 1982 
Re: FAP-8B3394 

Appendix A 

The waste products of the described process are managed in compliance with 
Code of Federal Regulations, Title 40, Parts 262, 263, 264, and 265, New 
Jersey .Administrative Codes, Title 7, Chapters 26 and 27, and all applicable 
local ordinances. 

The containment vessels of this waste product, D.O.T. Specification 5 steel 
drums with closed head and welded seams, are presently being stored in order 
to evaluate an on-site neutralization and detoxification process and for 
equipment development. 
sulfuric acid to render the pH of the waste solution between 6.0 and 9.0. 
Within these limits, this material is not listed or characterized as a 
hazardous material under the Resource Conversation and Recovery Act (RCRA 
nor is it identified as a hazardous substance under the Federal Water 
Pollution Control Act (FWPCA). The detoxification process involves the 

This neutralization process involves the use of 

addition of calcium carbonate to the potassium fluoride waste solution to 
produce an insoluble, nontoxic salt, calcium fluoride which in its naturally 
occuring mineral state is known as fluorspar or fluorite. 
itself may be disposed of in landfills without any additional treatment. 

Calcium fluoride 

As an alternative to the above disposal method, a waste disposal firm with 
which Union Carbide Corporation has a national service contract has been 
contacted and has submitted a proposal for the neutralization, detoxification 
and ultimate disposal of the waste. This waste disposal firm, SCA Chemical 
Services Inc., Earthline Division, Newark, New Jersey, EPA Identification 
Number NJD 089216790 is permitted to operate as a treatment storage and 
disposal facility in the Sate of New Jersey. 

I believe the above information to be both true and correct to the best of my 
knowledge. 

Thomas C. Ahlers 
Region EPA Coordinator 
Union Carbide Corporation, 
Linde Division 
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DEPARTMENT OF HEALTH & HUMAN SERVICES Public Health Service 

Memorandum 
Date ’Oct. 6 ,  1 9 8 2  

@ 
From Food A d d i t i v e  & A n i m a l  Drug C h e m i s t r y  E v a l u a t i o n  B r a n c h ,  HFF-458 

Subject FAP 883394  - Union C a r b i d e  Corp,  ( U C C ) .  
S u b m i s s i o n  d a t e d  8 -23-82 ,  

.To P e t i t i o n s  C o n t r o l  B r a n c h ,  HFF-334  
A t t n :  3 .  S m i t h  

DCH’s  2-8-79 memo d i s c u s s e d  numerous  d e f i c i e n c i e s  w i t h  t h i s  p e t i t i o n .  
U C C ’ s  c u r r e n t  s u b m i s s i o n  a d d r e s s e s  t h e s e  d e f i c i e n c i e s .  

0 

N i t r o g e n  g a s  i s  t h e  o n l y  i n e r t  g a s  d i l u e n t  u s e d  f o r  f o o d  c o n t a c t  . 1“ 

a p p l i c a t i o n s .  T h e  p r o p o s e d  r e g u l a t i o n  has  b e e n  r e v i s e d  t o  r e p l a c e  ’ 

t h e  p h r a s e  ”... i n  C o m b i n a t i o n  w i t h  o t h e r  g a s e s  s u c h  a s  n i t r o g e n  a s  
i n e r t  d i l u e n t s  ...” w i t h  ”... i n  C o m b i n a t i o n  w i t h  g a s e o u s  n i t r o g e n  
a s  an i n e r t  d i l u e n t . . . ”  

A t  t h i s  t i m e  U C C  d o e s  n o t  seek t o  h a v e  i n c l u d e d  i n  t h e  r e g u l a t i o n  a 
p r o v i s i o n  f o r  a n  i r r a d i a t i o n  s t e p .  

$ 1  
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.Co8n'c ,entkaki ,on o f  f l , u o r , i  d e ., .i.o.n I i n  . t . h  e. d , a i , l y -  .d i e.t 

D C H ' s  6-'7-78 memo l i s t e d  f l u o r i d e  m i g r a t i o n  l e v e l s  f o r  n o n - i r r a d i a t e d  
e a n , t a i . n e r s  a s  f o l l o w s :  

1.03 ppm 

.68  
3% Acetic a c i d  .,40 

, ,  H2° - 

- 5 0 % ,  E t h a n o l  

, I  n - H e p t a n e  ,041 
a .. 

If i't i s  assumed t b a t . a l 1  f o o d  c o n t a c t  p o l y o l e f i n  i s  f l u o r i n a t e d  
b y  U C C ' s ' p r o c e s s ,  , t h e  c o n c e n t r a t i o n  o f  f l u o r i d e  i o n  i n  t h e  d a i l y  
die,+, becomea : 

0.328,'['(0.67) (1.03)+(.01) (,401+(.01) (.68)+(0,31) (0.,041) 1 = 0.23 ppn 
&?%\ 

% 

As , p o i n t e d  o u t  i n  t h e  same D C H  memo, no p o l y m e r i c a l l y  bound f l u o r i n e  
c o u l d  b e  d e t e c t e d  i n '  t h e  wa te r  e x t r a c t s , .  , T h e  p o l y m e r i c  e x t r a c t i v e s  
fo 'und  i n , s o l u t i o n  h a v e  ' b e e n  a s c r i b e d  t o  t h e  u s u a l  low m o l e c u l a r  
we , ight  p o , l y o l e f i n  e x t r a c t i v e s . .  

D C H  h a s  no f u r t h e r  q u e s t i o n s ,  
I 

M i c h a e l  T .  F l o o d ,  Ph.0.  
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DEPARTMENT OF HEALTH & HUMAN SERVICES Public Health Service 

Date 

From 

Subject 

To 

11 

'P, 

Memorandum 
November 4, 1982 

Food, Additives Evaluation Branch (HFF-156) 

Safety Evaluation o f  Fluorated Polyethylene for  Food and/or Drug 
Contact Use Applications; Chemistry Memo, 10-6-82; Submission o f  
August 25, 1982. 

Mr. Jul ius Smith 
Pet i t ions Control Branch (HFF-334) 

FOOD ADDITIVE PETITION NO. 88-3394 Union Carbide Corporation 
Old Saw'Mil l  Road 
Tarrytown, N.Y. 10591 

I AF 15-522 

This p e t i t i o n  was i n i t i a l l y  received i n  March 1978 and requests an 
amendment permit t ing Fluorinated Polyethylene f o r  food contact a/o 
storage items. 
t h e i r  i n i t i a l  review the Chemists (memo o f  P.S. Schwartz/J. Smith, 
June 7, 1978) requested addi t ional  information on the manufacturing 
process and an analysis o f  t o t a l  extract ives by an independent 
laboratory. No comments were offered by D.T. a t  tha t  t ime. A 
fur ther  submission was made i n  October 1978. 
(J.C. Edwards/T.R. Carson/J. Smi th  memo o f  November 9, 1978) noted 
that  no kox ic i ty  data had been submitted and tha t  the  i d e n t i t y  o f  
the low molecular weight f rac t ion  was not discussed, and therefore 
D.T. found t h a t  the p e t i t i o n  was not sui ted f o r  f i l i n g .  

It was n o t  accepted fo r  f i l i n g  a t  tha t  t ime. In  

Div is ion o f  Toxicology 

Div is ion o f  Toxicology (J.H. Khalsa/J. Smith, March 12, 1979) again 
reviewed the p e t i t i o n  and found i t  not su i tab le fo r  f i l i n g ,  because 
o f  the lack o f  a ra t ionale for safety. 

Chemical Ident i t y  

No chemical formula i s  provided. 

The process is described as producing a surface modified 
polyethylene by the act ion o f  f luor ine  gas i n  conbination with i n e r t  
d i luents (N2)'such act ion leaving the bulk o f  the polymer 
unchanged. The depth o f  surface affected i s  s ta ted, to  be  

 
Fluorine gas i s  stated t o  be used i n  concentrations no t  i n  excess o f  
amounts required t o  achieve the intended technical e f fect .  Maximum I 

extract ib le  f ract ions and maximum soluble f ract ions sha l l  not exceed 
those o f  polyethylene (Schwartz/Smith, June 7, 1978). 

The surface o f  the polymer i s  modified by the treatment. 

860165. / 
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Page 2 - Mr .  Ju l ius  Smith 

Migrants 

According t o  the Chemists residual  

 
 

 

The chemists s ta te tha t  migration o f  f luor ide  i s  as follows: 

Solvent Level 

50% Ethanol 0.68 ppm 
3% Acetic Acid 0.40 ppm 
n-heptane 0.041 ppm 

.Fip-- =PPm 

In t h e i r  calculat ion o f  the migration o f  f luor ide,  tha t  might be added 
tocthe da i l y  d ie t ,  the Chemists assume that  a l l  food contact 
po lyo le f in  w i l l  be f luor inated by the process. They calculate the 
concentration o f  f luor ide  i on  added t o  the da i l y  d ie t  as 0.23 ppm. 
The-other migrants are those which would o rd inar i l y  be found with 
exposure t o  polyethylene. 

Toxicology 

I n  the submission o f  August 25, 1982 pe t i t ioner  addresses the possible 
migration o f  organic and inorganic f luorides, questions which are 
discussed by the Chemistry memoranda. 
demonstrated t o  be absent. The pe t i t ioner  then compares the l e v e l  o f  
f luor ide which may migrate from a food contact surface t o  tha t  i n  a 
f luor idated tooth paste and t o  that  used i n  water treatment programs. 
No t o x i c i t y  data are presented. 

Organic f luor ides were 

Discussion 

Since the treatment o f  polyethylene with f luor ine  gas i s  said t o  
produce only a surface reaction on the polymer, we wonder whether the 
addi t ive t o  be regulated should be f luor ine.  

The predominant migrant found i n  aqueous extracts i s  inorganic 
f luoride. 
would be formed from untreated polyethylene, which i s  already 
regulated. No organic f luor ide  i s  said t o  migrate. The toxicology o f  
f luor ide i o n  has been w e l l  studied. 
summary i s  given i n  IARC ( In ternat ional  Agency fo r  Research on Cancer) 
Vol 27 pp. 237-303, 1982. 
e v a l z t e d  by a committee o f  experts. 

Organic migrants are said t o  be i den t i ca l  with those tha t  

A pa r t i cu la r l y  comprehensive 

The data i n  t h i s  l a t t e r  review have been 
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The pages relevant t o  the t o x i c i t y  o f  f luor ide  i o n  are attached. 
report states tha t  chronic administration t o  r a t s  o f  3.8 mg/kg 
f luor ide  ion  i n  food and drinking-water resu l ts  i n  changes i n  the teeth 
and l i v e r  and.functiona1 changes i n  kidneys. 

.minimal tox ic  level .  According t o  Lehman's Tables (Appraisal of Safety 
o f  Chemical i n  Food, Drugs, and Cosmetics, Assoc. o f  Food and Drug 
O f f i c i a l s  o f  the U.S., 2nd pr in t ing,  1965, frontispiece) t h i s  i s  
equivalent t o  76 ppm i n  the d i e t  o f  a r a t  or t o  146 ppm f o r  man. 
I A R C  monograph fur ther  notes the fol lowing order o f  t o x i c i t y  o f  f luor ide  
ion f o r  man: 

The 

This may be considered a 

The 

Fluoride Level 
2 PPm 
8 PPm 
,20-80 mg/day 
50 PPm 

100 ppm 
.125 ppm 

Ef fec t  
m d  enamel 
osteosclerosis 
c r i pp l i ng  f luoros is  
thyro id  changes 
growth retardat ion 
kidney changes 

Thus addi t ion o f  0.2 ppm o f  f luor ide i o n  (F-) t o  the da i l y  d ie tary  i s  
without consequence tox ico log ica l ly .  

We are concerned, however, with the possible formation and migration o f  
small amounts  and o f  other possibly tox ic  low molecular 
weight f luor idated organic compounds.  

the p o s s i b i l i t i e s  discussed above. 
we would require pe t i t ioner  t o  conduct t o x i c i t y  studies on aqueous 
extracts o f  the f luor idated polymer. 

Conclusion 

We ask whether the addi t ive t o  be regulated i s  actua l ly  f luor ine  gas t o  
t rea t  the surface of polyethylene polymers. 
t o  establ ish f luor ide i o n  and usual low molecular weight extract ives o f  
polyethylene as the migrants i n  food simulating solvents. According t o  
the Chemists the aqueous extracts (water, 50% ethanol, 396 acet ic acid 
extracts) are composed o f  f luor ide  i o n  with trace amounts o f  low 
molecular weight oligomers o f  polyethylene, which are found a f t e r  
extract ion o f  non-fluoridated polyethylene. 

- 

I n  the absence o f  such information 

The migration data appear 
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Page 4 - Mr. Jul ius S m i t h  

We ask the chemists t o  address the question o f  possible formation o f  
 

 
 I n  the absence o f  such information 

we would require pe t i t ioner  t o  conduct t o x i c i t y  studies on extracts o f  
the f luor idated polymer. 

Attachment 
. *', ' 

I 
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Sample Sample preparat ion Assay " L i m i t  of  Ref.brence 
ma t r i x  procedurea d e t e c t i o n  

Sodium s i l i c o -  React w i t h  thor ium T n o t  g iven Koicheva 
f l u o r i d e  n i t r a t e  i n  presence (1974) 

o f  sodium a l i z a r i n e  
sulphonate 

A i r  Draw through f i l t e r ;  I S E b  
p lace r i l t e r  i n  micro- 
d i f f u s i o n  vessel  w i t h  
a l c o h o l i c  sodium hydro- 
x ide and d i s t i l l e d  
wa te r -s i l ve r  perchlo- 
ra te -pe rch lo r i c  ac id  
mix ture;  bake; wash 
w i t h  water; add a c e t i c  
a c i d  b u f f e r  

0.016 mg/m3 Nat ional  
I n s t i t u t e  
f o r  Occu- 
pa t i ona l  
Sadtyc-9 
Heal th 

Water Add t o  a c e t i c  a c i d  I S E  
b u f f e r  

Tooth enamel Embed too th  i n  r e s i n ;  CPA 
bombard w i t h  y-ray 
emissions 

Po l i sh :  embed i n  r e s i n  EMA 

n o t  g i ven  Harwood 
(1969) 

n o t  g i ven  B a i j o t -  
Stroo- 
bants 8 
Vreven 
(1979) 

n o t  g i ven  Lyon 8 
Hef fe r -  
ren 
(1970) 

Immerse i n  p e r c h l o r i c  C 
ac id ;  add sodium 2- 
( para-sulphophenyl- 
azo)- l ,E-dihydroxy- 
naphthalene 

n o t  g i ven  Lyon b 
Heffer -  
ren 
(1970) 

Urine 0 .02  mg/l Na t iona l  D i l u t e  w i t h  a c e t i c  ISEb 
ac id  b u f f e r  I n s t i  t u  t e  

f o r  
Occupa- 
t i o n a l  
Safety b 
Heal th  
(1975) 

Abbreviations: ISE, ion-specific electrode; NAA, neutron activation analysis: GC/FID, 
gas chromatography with flame ionization detection; T, titration; CPA; charged- 
particle activation; EMA, electron microprobe analysis; C, colorimetry 

Specific to fluoride ion 
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3. Biological Data Hefevanr LU LOO LYOIUY..Y.. _. _ _ _  
1 

I." . 

li'. 

F 3.1 Carcinogenicity studies in animals' 

[, 

i 

Oral administration 

Mouse: Groups of 54 male and 54 weanling female Swiss CD 1 mice were given 10 mg/l 
sodium fluoride in doubly deionized drinking-water for life, to give a dose of about 70 pg/day 
fluorine. An equal number of animals served 8s matched controls. No fluorine was detected 
In the diet of the animals. Dead animals were weighed and necropsied, gross lesions were 
recorded, and visible tumours and tissues were examined histologically. The body weight of 
males was not affected, but that of females was somewhat increased when compared with the 
corresponding controls. Males given sodium fluoride survived one to  two months longer than 
controls; the life spans of treated and control female mice were similar. Tumours were 
observed in 24/7 1 control and 22/72 treated mice, in similar locations and of similar types 
(Kanisawa & Schroedei, 1969). p h e  sexes of the animals in which the tumours occurred were 
not given.] 

I . ,  ' 
1 
1 
1: 
1 1 

A group of 50 female DBA mice, seven to  ten weeks of age, were fed 9 0 0  mg/kg of diet 

mice fed a diet without addition of sodium fluoride served as matched controls and were 
observed for the same period. The treatment resulted in drastic reductions in body weight. 
Mammary gland carcinomas occurred in 37/47 controls and in 20/40 treated animals. The 
mean age at appearance of the first tumour was 7 1  2 2.3 weeks in controls and 76 2 3.5 
weeks in treated mice (Tannenbaum & Silverstone, 1949). 

I 

I 
c 
2 

sodium fluoride until the surviving animals were 97-100 weeks of age. An equal number of 

t 
Groups of 9 4  C3H and 46 DBA female mice, four to twelve months of age, were given 

0.4, 1.0 or 4.0 mg/l sodium fluoride in distilled drinking-water for seven to  twelve months. 
Groups of 96 C3H and 45 DBA female mice were given pure distilled water and served as 
matched controls. All animals in this series (both treated and control) were also fed a diet 
containing 20-38 mg/kg fluorine. Other groups, of 65  and 36 C3H mice and 66 and 66 DBA 
mice, two to nine months of age, received 1 .O and 10.0 mg/l, respectively, sodium fluoride 
in distilled water for 10-1 7 months. Groups of 64 C3H and 66 DBA mice served as matched 
controls. All animals in this second series were fed a mixed-grain diet containing a negligible 
amount of fluorine. The percentages of deaths due to mammary gland carcinomas were 5 4 %  
in the controls and 59% in all the experimental groups combined. Among the mice that 
received 10.0 mg/l fluoride, 63% died of mammary gland carcinomas, compared with 50% 
of controls (Taylor, 1954). n h e  Working Group noted that no distinction with regard to tumour 
incidence was made between the two strains, and that the studies were, in general, 
in adequately re ported .] 

- 

i 

' The Working Group was aware of a study in progress to assess the carcinogenicity of 
sodium fluotjdes'in mice and rats by oral and inhalation administration, by injection and by 
ski'n painting (Toxicology Information Subcommittee, 198 1). 

\ 



(a) Experimen tal systems 

Toxic effects 

A number of reviews are available on the toxic effects ,of inorganic fluorides (Eager, 
1969; WHO, 1970; Marier & Rose, 1971; Shupe, 1971; Shupe et af., 1972; Taves, 1979). 

Data on the acute toxic doses of inorganic fluorides are summarized in Table 13. Acute 
toxic effects in animals include severe damage to the kidney, gut and liver (Segreto et a]., 
1961; Taylor e t a f . ,  1961a; Shupe, 1971; Limetaf., 1975). 

The sustained ingestion of excessive quantities of soluble and insoluble inorganic 
fluorides induces progressive changes in the teeth and skeleton in all species studied. These 
changes include dental fluorosis, osteoporosis, osteosclerosis, hyperostoses, osteophytosis 
and osteomalacia (Shupe et af., 1972). Such effects were seen in cattle whose bones 
contained mpre than 5000 mg/kg dry weight fluoride (Marier & Rose, 197 1). 

The 30-day lethal dose of fluoride in drinking-water of rats was 205 mg/l (Taylor et 
af., 196lb). Chronic administration to  rats of 33.8 mg/kg fluoride (as sodium or stannous 
fluoride) daily in food and drinking-water resulted in changes in the teeth and liver and 
structural a,nd functional changes,in the kidneys (Jankauskas, 1974; Lim et al., 1975; Roman 
et af., 1 97 7). 

Other organs that may be affected by high levels of fluoride ion (e.g., i.p. administration 
of 406 mg sodium fluoride over 15 days) are the thyroid, adrenals and pancreas (Ogilvie, 1953; 
Makhni et al., 1979). A daily intake of fluoride ion too small to give rise to dental changes does 
not appear to interfere with growth or to lead to pathological changes in the kidneys or other 
organs (Heyroth, 1952; Lim et af., 1975; Schlatter, 1978). 

Effwts  on reproduction and prenatal toxicity 

Fetal serum concentrations of fluoride ion are below or similar to maternal serum 
concentrations in farm animals (Ericsson & Malmnas, 1962; Bawden el af., 1964; Zipkin & 
Babeaux, 1965; Shupe et al., 1972). 

High i.p. doses of stannous fluoride (a10 mg/kg bw) were reported to cause varying 
degrees of embryolethality and teratogenicity in  groups of five to seven mice (Stratmann, 
1979). p h e  Working Group noted the small sizes of the groups.] 

According to Messer et af. (1 973), fluoride is essential for reproduction; when the intake 
of female mice was restricted to 0.1-0.3 mg/l in the drinking-water, infertility increased. 



I 

Route Of Compound Species ( s t r a i n )  
admin i s- 
tra t i o n  

Sodium Mouse (swiss w h i t e ) b  ora lC  
f l u o r i d e  

Mouse (Swiss wh i te )  1 . p .  

Mouse o r a l  

Mouse i.v. 

Rat (Rochester)b o r a l c  

Rat o r a l  

Rat (Rochester) i . v . d  

Rat (Rochester) i.P 

Stannous Mouse (Swiss wh i te )  o r a l C  
f l u o r i d e  

Mouse (Swiss w h i t e ) b  o r a l  

Rat (Rochester)b o r a l C  * ' 

Sodium Mouse (Swiss o r a l C  
monofluoro- 
phosphate Rat o r a l  

Reference ' i  , 

4 4 . 3  

17.2 

46 .0  

23.0 

51.6 

32.0 

ll.ee 

24 

25.5 

31.2 

45.7 

93 9 

75.0 

m et a l .  
978) 
m et a l .  

(1978) 
Leone et a1 . 
(1956) 
Leone et al. 
(1956) 
Lim et a l .  

Shourie et 
a l .  (1950) 
Taylor et a l .  
(1961a) 
S tok inger  

( 1978) 

(1949) 

Segreto et 
a l .  (1961) 
Lim et a l .  
(1978) 
Lim et a l .  
(1978) 

Lim et a l .  
(1978) 
Shourie et a1 
(1950) 

a Calculated from mortality data at 24 h. Values have been rounded to the nearest 
decimal. 

Animals fasted but g,iven normal access to water for 24 h before treatment 
Administered via stomach tube under l ight ether anaesthesia 
The toxicity of intraperitoneally administered sodium fluoride was also studied, but the 

LD,, was not computed. It was, however, reported to be similar .to that wi th  i.v. 
administration. 

Mortality, at 30 days 
Administered in an aqueous glycerol (5.0 MI-tartaric acid (0.01 M) solut.iqn to prevent 

hydrolysis and precipitation of tin salts . .  





Mutagenicity and other short-term tests 

a 

I 

Sodium fluoride did not induce reverse mutations in Salmonellatyphimuriurn strains 
TA1535,TA1537,TA1538,TA98 orTA100when tested at up to 500pg/plate in the absence, 
or at up to  2000 pg/plate in the presence, of a liver activation system from Aroclor 1254- 
induced rats. It did not induce gene conversion in Saccharomyces cerevisiae strain D4 in the 
same study (Martin et al., 1979). 

No sex-linked recessive lethals were induced in Drosophila melanogaster when sodium 
fluoride was administered by injection of a 1 O.'M solution (Mukherjee & Sobels, 1968) or when 
adults were fed 0.025% in a honey solution (Mendelson, 1976). However, Mitchell & Gerdes 
(1973) reported a significant enhancement in the frequency of sex-linked recessive lethals 
after treatment with concentrations of 6% sodium fluoride or 25% stannous fluoride. v h e  
Working Group questioned whether sodium fluoride is soluble at the levels used, and noted 
the unusually low spontaneous mutation frequencies reported.] 

Sodium monofluorophosphate did not induce dominant lethal mutations in mature 
sperm or oocytes of Drosophila fed concentrations of up to 60 m M  for as long as 36 h (Buchi, 
1977). 

Feeding of sodium fluoride to mice at concentratiws of up to 5 0  mg/kg of diet for seven 
generations did not induce chromosomal aberrations or increase the frequency of sister 
chromatid exchanges in bone marrow (Krarn et al.. 1978). In two other experiments with mice, 
Martin et al. (1 979) found no evidence of chromosomal damage in either bone-marrow or 
testicular cells. In the first of these experiments, Swiss-Webster mice were fed for two years 
on a low-fluoride diet (0.5 mg/kg) and given drinking-water containing either 0 or 5 0  mg/l 
sodium fluoride. In the second experiment, BALWc male mice were given the same low- 
fluoride diet and up to 100 mg/l sodium fluoride in their drinking-water for six weeks. Earlier, 
it had been claimed that chromosomal changes were induced in testicular and bone-marrow 
cells of BALWc mice with doses as low as 1 mg/l sodium fluoride in drinking-water for three 
to six weeks (Anon., 1976; Mohamed & Chandler, 1977). The validity of this finding has been 
questioned by Martin et al. (1 979). 

I 

Cytological changes have been observed in  the chromosomes of cow and ewe oocytes 
when cultured in the presence of up to 0.1 and 0.2 mg/ml sodium fluoride, respectively and 
in cultures of mouse oocytes a t  concentrations below 0.4 mg/ml. The effects were not 
dose-related. No cytogenetic effects were induced in oocytes of mice exposed to sodium 
fluoride as a single, acute dose (500 pg intravenously) or chronically (250 pg subcutaneously 
daily for 16 days) (Jagiello & Liu, 1974). 

No increase in chromosomal aberrations was observed in human lymphocytes treated 
with .u"p'to 3, x lO-'M (Voroshilin et al., 1973) or up to 10 mg/l sodium fluoride (Kralisz & 
Szymanjak, 1978). 
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and increase in the frequency of abnormal mitotic figures, have been induced in  se'veral plant 
species by sodium fluoride(Mohamedeta1.. 1966; Hakeem & Shehab, 1970; Mouftah & Smith, 
197 1; Bale & Hart, 1973a,b; Gala1 & Abd-Alla. 1976; Temple & Weinstein, 1988). .& 

r' 

(b) Humans i 
Toxic effmts 

(i) Acute toxicity 

Immediate effects of the ingestion of a toxic dose of a soluble inorganic fluoride occur 
in the gut; these include vomiting, abdominal pain and diarrhoea. The severity of the symptoms 
is dose-related (Princi, 1960; Hodge & Smith, 1972; Hoffman et al., 1980; Spoerke et al., 
1980). These effects have also been reported to occur with lower doses (1-1.2 mg/day in tablet 
form) in some particularly sensitive individuals (Feltman & Kosel, 196 1; Shea e l  al., 1967). 

Convulsions have been observed following absorption of 0.2-27.5 g fluoride (Roholm, 
1936; Prinoi, 1960), and repeated ventricular fibrillatioh after ingestion of 120 g sodium 
fluoride (Abukurah et al., 1972). Lethal doses of inorganic fluoride lie between 5 0  and 225 
mg/kg bw (Smith & Hodge, 1959; Schlatter, 1978; Spoerke et al., 1980). In fatal cases of 
fluoride,poisoning, death is usually due to respiratory paralysis (Spoerke et al . ,  1980). Autopsy 
shows acute congestion of the abdominal viscera, swelling of the liver and kidneys, tubular 
necrosis, haemorrhages in the lungs and dilatation of the right chambers of the heart (Lidbeck 
et al., 1943). 

Allergic responses to fluoride have been reported, although the role of fluoride in these 
responses has been questioned (Shea et af., 1967; Zanfagna, 1976). 

(i i) Chronic toxicity 

' With chronic exposure, toxic effects are seen in teeth, bones, kidneys, the reproductive 
system and blood (Schlatter, 1978). Smith & Hodge (1959) related fluoride intake to toxic 
effects as follows (Table 14): 
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F l u o r i d e  l e v e l  

3 2  ppm 

8 PPm 

320-80 mg/day 

>50 ppm 

100 ppm 

>125 ppm 

E f f e c t  

M o t t l e d  enamal 

Osteosclerosis  

C r i p p l i n g  f l u o r o s i s  

Thyroid changes 

Growth r e t a r d a t i o n  

Kidney changes 

Continuous or intermittent exposure to inorganic fluorides can lead to appreciable 
accumulation df fluoride in bone and to the development of osteosclerosis and other bone 
changes (WHO, 1970). However, bone changes consistent with skeletal fluorosis were 
detected in only 23 cases in a study of 170000 X-ray records (spine and pelvis) of people from 
communities where the fluoride concentrations in the drinking-water exceeded Q . 7 h g / l  
(Stevenson 81 Watson, 1957). 

1 i In areas of endemic fluorosis and high poverty, the combination of excessive fluoride 
intake and nutritional insufficiency may lead not only to crippling skeletal malformations (see, 
e.g., WHO, 1970; Maiya ef al., 1977) but also to neurological disorders (Siddiqui, 1955; Singh 
CI ai.. \gGJ: Singti h Jtrlly, 1970) and niny be associated with haematological abnormalities 
(Schlatter, 1978). 

In areas of fluorosis in which the fluoride concentration in  the drinking-water ranged 
from 5.0-1 6.2 mg/I, decreased urea clearance and glomerular filtration rate, together with 
increased blood urea have been observed (Siddiqui, 1955; Singh et af., 1963). In addition to  
skeletal changes, an increased incidence of renal calculi has also been reported (Herman, 
1955). . 

Adverse effects of water-borne fluoride (5-13 mg/l) have been reported on the heart 
(Okushi, 1954; Takamori et af., 1956; Jansen & Thomson, 1974; see also Waldbott, 196 1). 
Earlier reports df dysfunction of the thyroid (Wilson, 194 1; Spira, 1944, 1946; Murray el 
ai., 1948) have not been confirmed (e.g., Singh e? ai., 1963; Latham & Grech, 1967). < *.;.. 
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E f f c t s  on reproduction and prenatal toxicity 

After injection of laF-, fetal serum concentrations did not exceed 25% of that in the 
maternal blood (Ericsson & Malmnas, 1962). Fluoride that crosses the placenta is deposited 
in fetal bones and teeth in amounts that increase with the age of the fetus (Brzezinski et al., 
1960) and with the fluoride intake of the mother (Gedalia el af., 1964). Mottled dental enamel 

, has been found in the teeth of children whose mothers drank water containing 12-1 8 mg/l 
fluoride (Sm'ith & Smith, 1935). The fluoride content of maternal milk ranges from (0.1 to 0.2 
mg/l. It increases by about 15.40% with daily supplements of 5 mg fluoride in the diet or 
drinking-water WHO, 1970). 

. 

Early reports of an association between the presence of naturally occurring fluorides in 
water supplies and cases of Down's syndrome, ascertained from records of specialized 
institutions (Rapaport, 1956) and from birth and death certificates (Rapaport, 1959), have not 
been confirmed in later studies in which there was more complete ascertainment and/or 
consideration of mother's age (Berry, 1958; Needleman et al., 1974; Ericksonef al., 1976; 
Erickson. 1980). No association with other congenital malformations has been observed 
(Erickson et al., 1976). 

A bsorgtion, distribution, excretion and metabolism 

This field has been covered in a number of reviews (WHO, 1970; National Institute for 
Occupational Safety & Health, 1975; National Research Council, 1977). Fluoride ion is 
absorbed rapidly: 96-97% from solutions of sodium and calcium fluoride, and 62% from 
calcium fluoride in solid form (Largent, 196 1). Absorption begins in the stomach and continues 
in  the duodenum and jejunum (Schlatter, 1978). It may be affected by levels of both dietary 
organic material (protein and fat) and ions (Ca++, Mg ++, PO4') (Waldbott, 196 1). 

Fluoride is excreted mainly in the urine; however, excretion in  sweat may account for 
25% of total excretion, and for up to 50% when sweating is excessive (McClure et al., 1945; 
Crosby & Shepherd, 1957). 

Fluoride levels found in human tissues are given in section 2.2; 96-97% of fluoride 
in human plasma is freely diffusible (Carlson et al., 1960b). The rate of skeletal accumulation 
(retention) of fluoride is influenced by the amount ingested and the amount already 
accumulated (Largent, 196 1). It has been estimated (Myers et al.. 1980) that if a person were 
to move from a high-fluoride (8 mg/l in the drinking-water) t o  a low-fluoride (t0.3 mg/l) 
locality, the half-life of the fluoride in his bones would be approximately eight years. 

Effmts on intermediary metabolism Q &  

As in animals(see p. 2741,certain enzymes in  human tissues are i n k i b i t d  d y  fluoride 
(Frajola, 1960; Abukurah et al., 1972). i 
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No data were available to the Working Group. 

3.3 Case repo r t s  a n d  ep idemio log i ca l  studies of carcinogenicity in humans 

Although the Working Group was aware of a number of epidemiological studies o n  the 
relation between cancer and occupational exposures to  inorganic fluorides concurrently with 
a variety of other chemicals (e.g., in the aluminium production industry), the only studies 
reviewed in this section are those which relate to inorganic fluorldes in drinking-water. The 
epidemiological studies considered are summarized in Table 16. 

All are descriptive (sometimes called correlational or ecological) studies, in which both 
exposure and disease are measured in population aggregates. For the purpose of  inferring 
causal relationships, they are generally less satisfactory and contain more sources of  error 
than analytical studies, in which ascertainment of  exposure and disease status is made 
separately for individual people rather than cities or counties (see preamble, p. 16). For 
example, because of the constant migration in and out of large population centres, the 
exposures of aggregates that are ascertained at one moment in time refer to a different set 
of people than ao the measures of  disease made after a suitable latent period. Variations in 
disease frequency between the population units may be due to differences in their 
demographic composition, degree of industrialization, exposure to  environmental pollutants, 
ethnic distribution or life style, t o  mention only a few possibilities. Since the age-sex-race 
compositions of populations are often known, it is possible to eliminate or to  reduce 
substantially the bias f rom this source by the use of appropriately standardized rates. The 
unexplained variations in the adjusted rates between population units are the appropriate 
background against which to  evaluate the significance of differences among groups of units 
classified by their exposure. However, because o f  the small number of  such units typically 
available for study, it is difficult to control adequately for confounding effects. Particular 
weaknesses which apply to several of the studies considered below are failure to  consider 
each cancer site separately, and failure to  account for the variability in rates between - population units in the analysis and presentation of results. 

Hagan el al. (1 954) identified 32 US cities with a population in 1950 of 10000 or more, 
in which the water supplies contained natural fluoride in concentrations of 0.7 mg/l or greater, 
and which were near 32 cities of similar size with natural fluoride levels of less than 0.25 mg/l 
which could serve as controls. The total populations were 0.9 million in the high-fluoride cities 
and 1.3 million in tho low. Cancer death rates in 1950, indirectly standardized for iage. race 
and sex b y  reference to the rates prevailing in the US in 1950, averaged 135.4 per 100000 
for high-level cities and 139.1 for low, a difference which is not statistically significant. Equally, 
there were no differences in mortality f rom heart disease, intracranial vascular lesions, 
nephritis or liver cirrhosis. [No attempt was made in this study to  consider other characteristics 
of the sampled cities which might be related to cancer mortality; however, the comparability 
of rates for other causes of death provides some assurance that no large bias was present.] 



4.1 'Exper imental  da ta  

Sodium fluoride was tested in three experiments in three different strains of mice b y  oral 
adm,inistration. The available data are insufficient to allow an evalyatlon t o  be made. , 

Sodium fluoride was not mutagenic to Salmonella typhimurium or Drosophila 
melanogaster and did not induce gene conversion in Saccharomyces cerevisiae. 

4.2 Human data 

Significant mining of  fluorspar (calcium fluoride) started in about 1775. The natural 
occurrence of some inorganic fluorides and their use in water fluoridation and anti-caries 
dental products results in widespread exposure of the general population. In addition, the 
numerous industrial applications of these chemicals result in significant occupational 
exposure and emissions to  the environment. 

Only studies on water fluoridation and cancer were reviewed. The relationship between 
cancer mohality or incidence and both natural and artificial fluoride in drinking-water has been 
investigated in a large number of descriptive epidemiological studies of  population 
aggregates, carried out in Australia, Canada, New Zealand, Norway, the United Kingdom and 
the United States. Because of  the uneven distribution of natural fluoride in the earth's crust, 
and the fact that local communities make independent decisions with regard to fluoridation, 
some of these studies could be viewed roughly as natural experiments. When proper account 
was taken of the differences among population units, in demographic composition, and in 
some cases also in their degree of  industrialization and other social factors, none of the studies 
provided any evidence that an increased level of fluoride in water was associated with an 
increase in cancer mortality. 

. 

4.3 Evaluat ion 

The available data are inadequate for an evaluation of  the carcinogenicity of sodium 
fluoride, the only inorganic fluoride tested, in experimental animals. 

Variations geographically and in time in the fluoride content of  water supplies provide 
no evidence of an association between fluoride ingestion and mortality f rom cancer in humans. 
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From Food A d d i t i v e  & Animal  Orug  C h e m i s t r y  E v a l u a t i o n  B r a n c h ,  HFF-458 

FAP 883394  - Union C a r b i d e  Corp .  
Subject D T ' s  r e q u e s t  f o r  i n f o r m a t i o n  d a t e d  11 -4 -82 .  

To P e t i t i o n s  C o n t r o l  B r a n c h ,  HFF-334 
A t t n :  J .  S m i t h  

DT has  a s k e d  D C H  " t o  a d d r e s s  t h e  q u e s t i o n  o f  p o s s i b l e  f o r m a t i o n  o f  

0 
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I n  r e r e a d i n g  t h i s  p e t i t i o n  w e  n o t e  t h a t  t h e  g e n e r a l  f l u o r i n a t i o n  
p r o c e s s  was s u b m i t t e d  a s  a p a t e n t .  T h e  p a t e n t  s a y s ,  i n  p a r t ,  "Wash 
Chamber 72 i s  a n  a d j u n c t  t o  t h e  m a i n  p a r t  o f  t h e  i n v e n t i o n  and  may 
n o t  a l w a y s  b e  n e e d e d  ... I n  i t ,  t h e  p r o d u c t  i s  w a t e r - w a s h e d  f o r  a 
p e r i o d  o f  s e v e r a l  m i n u t e s  t o  r emove  t r a c e s  o f  f l u o r i n e  o r  HF"  ( P a g e  
0 0 0 0 9 3 1 .  F o r  f o o d  c o n t a c t  use  w e  would c o n s i d e r  GMP t o  a l w a y s  i n c l u d e  
w a t e r  w a s h i n g  t h e  t r e a t e d  a r t i c l e .  

M i c h a e l  T .  F l o o d ,  Ph.0. 

'11, 
h! 

a 
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DEPARTMENT OF HEALTH 8r HUMAN SERVICES Public Health Se?%ce 

Memorandum * Date January 17, 1983 

From 'Food Additive Evaluation Branch (HFF-156) 

Subject Chemistry memo of Dec. 21, 1982 regarding possible reaction products of 
oxygen w i t h  fluorinated polyethylene. 

To Petit ions Control Branch (HFF-334) 
Attn:  Dr. J u l i u s  Smith 

FOOD ADDITIVE PETITION NO. 86-3394 Union Carbide Corporation 
Old Saw M i l l  River Road 
Tarrytown, New York 10591 

I n  reply t o  concerns raised i n  our memo o f  Nov. 4,  1982 (Bleiberg/Smith), 
Chemistry has reviewed the react ivi ty  and s t a b i l i t y  of the polymer chain of 
fluorinated polyethylene. 
Chemists have concluded tha t  the organic migrants a re  the usual low 
molecular weight polyolefin extractives as characterized f o r  the 
polyolefins already regulated and tha t  inorganic fluoride migration levels  
i n  the exaggerated s i tuat ion tha t  100% of polyethylene i n  use w i l l  be 
fluoridated amounts t o  0.23 ppm.. (memo of Flood/Smith, Oct. 6, 1982). The 
chemists note the GMP s h o u l d  include'water washing a t  the conclusion of the 
fluoridation process. The chemists consider the fluoridated polymer t o  be 
extremely s table ,   

 

Since fluoridation is a sprface phenomenon, the 

We previously noted (Bleiberg/Smith memo of Nov. 4 ,  1982) tha t  addition of 
0.2 ppm fluor.ide t o  the food s u p p l y  is without toxicologic significance. 
Based on theychemical information available, we have no furtner questions 
and concur wi th  regulation of the pet i t ion.  

00.0195 
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DEPARTMENT OF HEALTH ANC HUMAN SERVICES 

FOOD RND DRUG ADMINISTEUTION 

[DOCKET NO.  5 3 ~ - 0 0 4 9  J 

UNION C A R B I D E  C O R P . ;  F I L I N G  OF FOOD ADDITIVE P E T I T I O N  

AGENCY: Food and Drug Admin i s t r a t ion .  

A C T I O N :  No t i ce .  

SUMMARY: 

that  Union Carbide Corp. has f i l e d  a p e t i t i o n  propos ing  tha t  t h e  

food a d d i t i v e  r e g u l a t i o n s  be amended t o  p rov ide  f o r  t h e  s a f e  use 

o f  f l u o r i n e  t r e a t e d  po lye thy lene  as a component of food-con tac t  

The Food and Drug Admin i s t r a t -on  (FDA) i s  announcing 

s u r f a c e s .  

FOR FURTHER INFORMATION CONTACT: 0 
J u l i u s  S m i t h ,  

Bureau of Foods (HFF-3341, 

2 Food and Erug Admin i s t r a t ion ,  

200 c St. sw., 
Washington, DC 2 0 2 0 4 ,  

202 -472-5690 .  

83-134 



r 4  

* 

0 

- 2 -  

SUPPLEMENTARY INFORMATION: Under t h e  F e d e r a l  Food, Drug, and 

Cosmet ic  A c t  (sec. 4 0 9 ( b ) ( 5 ) ,  7 2  S t a t .  1786  ( 2 1  U.S.C. 

3 4 8 ( b ) ( 5 ) ) ) ,  n o t i c e  i s  g i v e n  tha t  a p e t i t i o n  (FAP 8B3394) has 

b e e n  f i l e d  by Union C a r b i d e  Corp . ,  Old Saw M i l l  River Rd. ,  

T a r r y t o w n ,  NY 10591, p r o p o s i n g  t ha t  P a r t  1 7 7  ( 2 1  CFR P a r t  1 7 7 )  

b e  amended t o  p r o v i d e  f o r  the safe  use c f  f l u o r i n e  t r e a t e d  

p o l y e t h y l e n e  as a component of  f o o d - c o n t a c t  s u r f a c e s ' .  

The p c t e n t i a l  e n v i r o n m e n t a l  impact  o f  t h i s  a c t i o n  i s  b e i n g  

r ev iewed .  If the agency  f i n d s  t ha t  a n  e n v i r o n m e n t a l  impac t  

s t a t e m e n t  i s  n o t  r e q u i r e d  and t h i s  p e t i t i o n  resu l t s  i n  a 

r e g u l a t i o n ,  the n o t i c e  of  a v a i l a b i l i t y  of  the a g e n c y ' s  f i n d i n g  of 

n o  s i g n i f i c a n t  impact  and the e v i d e n c e  s u p p o r t i n g  t h a t  f i n d i n g  

w i l l  b e  p u b l i s h e d  w i t h  the r e g u l a t i o n  i n  the FEDERAL REGISTER i n  

a c c o r d a n c e  w i t h  2 1  CFR 25 .40(c)  (proposed  December 11, 1979;  44 

FR 71742) .  

Dated:  

1 

. . -  

rc- - -  
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Between : 

and : 

Subject : 

I called 

Union Carbi de Corporation 
Tarrytown, NY 10591 

M EftlO RAN DUM 0 F T EL EP f 10 NE CON VE RS AT I ON S 

i.larch 1 and 2 ,  1983 

Dr. Kichael Flood 

Dr. Jerry C. Smrchek 
FDA/PEERS/Envi ronrnental Impact Sect ion, HFF-27 

fnvirormiental Considerations for  FAP 8R 3394 - 
Fluorinated Polyethylene i n  Food Contact Articles 

FDA/DCH, HFF-458 

Dr. Flood t o  discuss the extraction study informtion in the 
peti t ion and t o  f i n d  o u t  i f  i t  would be possible t o  calculate the amount of  
fluoride ion t h a t  would be present in the treated polyethylene, the food 
packaging material. 

The peti t ioner obtained a migration value i n  water of 1.03 ppm. 
i s  high when compared t o  possible toxic levels t o  organisms of 1.5 pprn 
noted by researchers. 
polyethylene a certain portion will be combined with the carbon atoms o f  
the  polymer t o  form a Teflon product. 
would not be extracted. The res t  o f  the fluorine (as  tiF) i s  a residue, 
which i s  extracted i n  water and dissociates into fluoride ions. I t  i s  
these ions t h a t  result  i n  the 1.03 pprn value. 
of the migration level t o  exposure levels in the environment, Dr. Flood 
confirmed t h a t  t h e  1.03 ppm value could be treated as a worst-case 
concentration. 
would be present i n  the environment. 

T h i s  level 

Dr. Flood s a i d  t h a t  when fluorine is  combined w i t h  
- 

T h i s  polymer bound fluorine portion 

In discussing extrapolation 

Also, i t  i s  h i g h l y  unlikely t h a t  a concentration t h i s  h i g h  

@r. Flood said he d i d  not know of any way to  calculate the amount o f  
flouride ion present i n  the treated polyethylene. I n  addition, he said he 
d i d  not  know how much polyethylene would be treated w i t h  the fluorine gas. 
These questions could possibly he answered by cal l ing the petitioner. 

~ 

Jerry C. Smrchek, Ph.D. 

Y 

-74% 
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Union Carbide Corporat i  on 
Tarrytown, NY 10591 

MEMORANDUM OF TELEPHONE CONVERSATIONS 

March 2 and 7 ,  1983 

Between: Mr. Reginald S. Pender 
Research and Devel opment 
Union Carbide Corporat ion 

Subject:  Environmental Considerat ions for  FAP 85 3394 - 
F1 uor i  nated Pol  y e t  hyl enc i n  Food Contact Art i cl  es 

I c a l l e d  Mr. Pender on March 2 t o  t r y  t o  ob ta in  information regarding two 
questions discussed  below. He returned my c a l l  w i t h  answers on Ffarch 7. 

Quest ion 1 - How much polyethylene w i l l  be t r e a t e d ( f 1 u o r i n a t e d )  and 
marketed on a n  annual b a s i s  by Union Carbide? Ffr. Pender s a i d  he 
e s t i m a t e s  t h a t    o f  polyethylene will be t r e a t e d  
and   pounds of f l u o r i n e  will be used on an annual 
bas i s .  

Question 2 - Nould i t  be p o s s i b l e  t o  deterniine the amount o f  e x t r a c t  tile 
f l u o r i d e  ion i n  t h e  treated polyethylene on an a rea  b a s i s  (mg/in 
as t o  determine an environmental exposure l e v e l ?  Mr. Pender said he 
e s t i m a t e s  t h a t   o f  f l u o r i d e  ion would be int roduced i n t o  the 
environment annually.  i s  va lue  was derived by mult ip ly ing   
(maximum f luor ide  consumed) by  . 
information on detemiining an a rea  e s t i m a t e  (rng/in2 o f  f l u o r i d e  ion. 

8 so 

He s a i d  he had  

(b) (5)
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(4)

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



FINDING OF NO SIGNIFICANT IMPACT 

FOR 

Food Additive Petition 88 3394, submitted by Union Carbide Corporation, 
which concerns the use of fluorinated polyethylene i n  food contact 
art icles.  

The approval of th i s  petition will not  require the preparation of an 
Environmental. .. Impact Statement. 

Prepared by': * Date: . ;/$a /&?3 
. fl .Envi ronmental Impact Section 

k/ 

Approved by: ate: ./" 3 

C 

a 



FINDING OF NO SIGNIFICANT IMPACT 

FOR 

Food Additive Pet i t ion 88 3394, submitted by U n i o n  Carbide Corporation, 
which concerns the use of fluorinated polyethylene i n  food contact 
art icles. ,  

The peti t ioner submi t t ed  an Envi  ronmental Impact Analysis Report (EIAR) on 
the  requested action i n  the format specified i n  21 CFR 25.1(j).  We 
conclude t h a t  approval of this peti t ion will not s ignif icant ly  affect  the 
quali ty of the human environment and therefore will not require the 
preparation of an Environmental Impact Statement. The basis for this 
conclusion is  as follows: 

1. The fluorine gas  will  be used t o  a l t e r  the surface of the polymer 
. polyethylene, thereby reducing the l a t t e r ' s  permeability t o  gases (CO2,  
02)and reducing resistance t o  solvents (hexane, xylene). The fluorine 
gas will  be used a t  a concentration of   vo ume i n  combination 
w i t h  nitrogen (N2) gas as an iner t  diluent.    

 of f luorine a re  expected t o  be used annually. 

.2.. Potential environmental introductions of the gas  du r ing  i t s  incorpor- 
ation w i t h  polyethylene are  expected t o  be minimal. According t o  the 
peti t ipner,  the reaction and incorporation occurs i n  a reduced pressure 
closed system of atmospherical ly  sealed chambers. A1 1 reaction gas ,  

. d i l  uent gas, and gaseous by-products (hydrogen f l  uoride and fluorine 
g a s )  of th,e process are handled and transferred a t  reduced pressure i n  
this closed system t o  a scrubber section. 
products such as calcium fluoride t h a t ,  according t o  the peti t ioner,  
a re  safe,  easi ly  handled, and can be disposed of i n  l a n d f i l l s .  The 
t reated polyethylene will be removed from the reaction process chamber 
by-remote, aut3omatic means so t h a t  worker exposure t o  the reaction 
treatment gases or by-products will not  occur. A c i ta t ion  of ,  and 
statement of c'ompliance w i t h ,  appl icable emission requirements was 
provided by the petitioner. 

3. Potential environmental introductions of the fluorinated polyethylene 
d u r i n g ,  us'e as food contact a r t i c l e s  and due t o  disposal o f  these 

. a r t i c l e s  are  expected. t o  be minimal. Extraction studies were conducted 
by the peti t ioner w i t h  the fluorinated polyethylene i n  xylene solvents. 
No detectable fluorine bound species were found by the peti t ioner t o  be 
removed ' a s  'a xylene soluble product. 
i'nto a food simulating solvent (water) were, conducted a maximum level 05 1 .03  ,ppm inorganic fluoride ion was found (memorandum of October 
6,../1982 from Dr. M. T. Flood, DCH,  HFF-458). No polymerically bound 
fluorine was.detected i n  the water extracts. I t  i s  highly unlikely 

. t h a t  the 1.03 ppm migration level would be present i n  water in the 
' . -receiving environment (e.g., near a disposal s i t e )  due t o  the proposed 

(telephone conversation, March 2, 1983). 

I 

These gases are  converted t o  

. I  

Also, when extraction studies 

. use, and this was confirmed by Dr. Michael T. Flood, DCH,  HFF-458 

606201  
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Further, a worst-case concentrat ion o f  t h e  a d d i t i v e  ( f l u o r i d e  ions)  
t h a t  could be leached f rom l a n d f i l l  disposal s i t e s  was ca l cu la ted  t o  be 
l e s s  than 0.007 ppm. 

4. 

, '  

With regard t o  t h e  t o x i c i t y  o f  t h e  add i t i ve ,  concentrat ions as l'ow as 
1.5 mg/l o f  f l u o r i d e  i o n  have been found t o  a f f e c t  t h e  hatch ing o f  f i s h  
eggs and 2.3 mg/l (as sodium f l u o r i d e )  was found t o  be l e t h a l  t o  
rainbow t r o u t ,  Salmo ga i rdne r i  ( c i t e d  i n  Water Q u a l i t y  C r i t e r i a ,  1972, 
Nat ional  A c a d e m T S c i  ences, Commi t t e e  on Mater Qual i ty  C r i t e r i a ) .  A t  
t h e  an t i c ipa ted  1 eve1 s o f  envi ronmental exposure, we woul d expect 
f l u o r i d e  ions  t o  be non-toxic t o  organisms i n  t h e  rece iv ing  
environment. 

I .  
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INSTRUCTIONS 
' 1. The  Federal  Regis ter  documents editor is responsible for the 

accuracy of each carbon of t h i s  document including those not 
attached to  this file. 
by that office. 
original in pencil. 

Any correction or change must b e  made 
Suggested changes should b e  indicated on the 

2. P l e a s e  expedite action on this  document. 

3. D o  not separate  envelope bearing this  s l i p  from document or 
accompanying papers.  

4. Persons  initialing documents (or persons designated by them) 
shal l  f i l l  in da t e s  of receipt and release of document in appli- 
cable  spaces  on th i s  route sl ip.  

5 .  A11 FR documents in final form must bear init ials of GC 
before forwarding for signature to the Commissioner, the Deputy 
Commissioner, or the  Associate Commissioner for Compliance. 

6. If documents are  referred to persons not shown on route 
d i p ,  FRW should be  notified and name of the additional unit 
inserted in route slip. 

1

-G 000203 

(b) (5)



0 4 / 6 0 & 0 /  
DEPARTMENT OF EALTl AND HUMAN SERVICES 

FOOD AND DRUG ADMINISTRATION ,. 

[DOCKET NO. 83F-0049 1 

UNION CARBIDE CORP.; FILING OF FOOD ADDITIVE PETITION 

AGENCY: Food and Drug Admin i s t r a t ion .  

. ACTION:  No t i ce .  

SUMMARY: The Food and Drug Admin i s t r a t ion  (FDA) i s  announcing 

t h a t  Union Carbide Corp. has f i l e d  a p e t i t i o n  propos ing  tha t  the 

food a d d i t i v e  r e g u l a t i o n s  be amended t o  p rov ide  f o r  t h e  s a f e  u s e  

o f  f l u o r i n e  t r e a t e d  po lye thy lene  as a component of food-con tac t  

surfaces. 

FOR FURTHER INFORMATION CONTACT: 

J u l i u s  Smith,  

Bureau of  Foods (HFF-334), 

Food and Erug Admin i s t r a t ion ,  

200 c S t .  sw., 
Washington, DC 20204, 

202-472-5690.  

83-134 

000204 
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SUPPLEMENTARY INFORMATION: Under  t h e  F e d e r a l  Food, Drug, and 

Cosmetic Act ( s e c .  4 0 9 ( b ) ( 5 ) ,  7 2  S t a t .  1786 (21 U . S . C .  

3 4 8 ( b ) ( 5 ) ) ) ,  n o t i c e  i s  g iven  tha t  a p e t i t i o n  (FAP 8B3394) has  

been f i l e d  by Union Carbide Corp.,  Old Saw M i l l  River Rd., 

Tarrytown,  NY 

be amended t o  provide  f o r  the safe u s e  o f  f l u o r i n e  t r e a t e d  

po lye thy lene  as a component o f  food-contac t  s u r f a c e s .  

10591, propos ing  that  P a r t  1 7 7  (21 CFR P a r t  177)  

The p c t e n t i a l  environmental  impact o f  t h i s  a c t i o n  i s  be ing  

reviewed. I f  t h e  agency f i n d s  t h a t  an environmental  impact 

s t a t e m e n t  i s  no t  r e q u i r e d  and t h i s  p e t i t i o n  resul ts  i n  a 

r e g u l a t i o n ,  t h e  n o t i c e  o f  a v a i l a b i l i t y  of the agency ' s  f i n d i n g  o f  

no  s i g n i f i c a n t  impact and the evidence  s u p p o r t i n g  t h a t  f i n d i n g  

w i l l  be publ i shed  w i t h  t h e  r e g u l a t i o n  i n  the FEDERAL REGISTER i n  

accordance w i t h  2 1  C F R  25.40(c) (proposed December 11, 1979; 44 

FR 71742). 

SanfordA.Miller 
Direc tcr ,B"reauofPoods  

CERTIFIED TO BE A TRUE COPY OF THE O R I G I N A L  
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NOTICES . 

ABU(CY: Food and Drug Administration. 

WMMARV: The Food and Drug 
Administration [FDA) is'announcing .. .,", 

that Union Carbide COT. has filed a;?::,. 
petition proposin& that the food additive 
regulations,be amended to provide for,' ' 
the'safe use of fluorine treated . I 

polyethylene as a component of food- 
cbntact surfaces. 
FOR FURPER INMR~TION CONTA-. 
Julius Smitb, Bureau of Foods (HFF-334). 
Food and Drug Administration, 200 C St. 
SW., Washington. DC 20204,202472- 
sego. 
SUPPLEYENTARV INFORMATION: Under 
the Federal Food, Dnqyand Cosmetic 
Act (sec: 409(b)(5), 72 Stat. 1786 (21 ' 

' 

U.S.C. 348(b)[5))), notice is given that 'a 
petition ue$pdT:! has been filed,by 
UnionCar I e rp OldSaw Mill ,: 

River Rd., Tarrytown. NY 10591, 'I;'' ' 

proposing that Part 177 (21 CFR Part ln) 
be amended toprovide for the safe use . 
of fluorine treated polyethylene as a : 
component of foodcontact surfaces. . 

The potential environmental impact of 
this action iwbeing reviewed. If ,the I 
agency finds that an environmental ' . 
impact statement is no1 required and. ' '  

this petition results In a regulation, the 
notice of availability of the agency's- ' 

finding-of no significant impact and the 
evidence supporting that finding will .be 
published with the regulation in the - .  
Federal Re$ster in accordance with 21 
CFR 25.40(c)~(proposed December 11, . 
1979; 44 FR n742). 

S - d o d  A. Miller. . . 

I .  

ACTION: Notice ' " . .  , 

* -  

. .  
. .  

. .  Dated &rch 18.1983: ' ' , . .  
' .  I 2 

I . .. ( j .  

, , , . . .  Dihtor, Bukod of Foods. . .  
[HI Doc em? FIM 3-- sag nml 
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. .  
. . .  
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e DEPARTMENT OF HEALTH AND HUMAN SERVICES 

FOOD AND DRUG ADMINISTRATION 

21 CFR PART 177 

[DOCKET NO. 83F-00493 

INDIRECT FOOD ADDITIVES: Polymers 

AGENCY: Food and Drug Administration. 

ACTION: Final rule. 

SUMMARY: The Food and Drug Administration (FDA) is amending 

the food additive regulations to provide f o r  the safe use of 

fluorine treated polyethylene as a food-contact surface. 

This action is in response to a petition filed by Union 

Carbide Corp. 

DATES: Effective (insert date of publication in the FEDERAL 

REGISTER); objection by (insert date 30 days after date of 

publication in the FEDERAL REGISTER). 

ADDRESS: Written objections to the Dockets Management 

Branch (HFA-305), Food and Drug Administration, Rm. 4-62, 

5600 Fishers Lane, Rockville, MD 20857. 

FOR FURTHER INFORMATION CONTACT: 

a 

Julius Smith, 

Bureau of Foods (HFF-334), 

Food and Drug Administration, 

200 c St. sw., 
Washington, DC 20204, 

202-472-5690. 
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SUPPLEMENTARY INFORMATION: I n  a n o t i c e  p u b l i s h e d  i n  t h e  

FEDERAL REGISTER of March 29, 1983, (48  FR 13098) ,  FDA 

announced t h a t  a p e t i t i o n  (FAP 8B3394) had been f i l e d  by 

Union Carb ide  Corp., O l d  Saw M i l l  R i v e r  R d . ,  Tarrytown,  NY 

10591, p ropos ing  tha t  t he  food  a d d i t i v e  r e g u l a t i o n s  be 

amended t o  p r o v i d e  f o r  t he  safe u s e  of f l u o r i n e  t rea ted  

p o l y e t h y l e n e  as a component of food-con tac t  s u r f a c e s .  

FDA has e v a l u a t e d  data i n  t h e  p e t i t i o n  and o t h e r  

r e l e v a n t  material and conc ludes  tha t  t h e  proposed food  

a d d i t i v e  u s e  i s  safe and t h a t  the  r e g u l a t i o n s  shou ld  be 

amended as s e t  f o r t h  below. I n  acco rdance  w i t h  $ 1 7 1 . l ( h )  

( 2 1  CFR l i ' l . l ( h ) ) ,  t he  p e t i t i o n  and t h e  documents t ha t  FDA 

c o n s i d e r e d  and r e l i e d  upon i n  r e a c h i n g  i t s  d e c i s i o n  t o  

approve  the  p e t i t i o n  are  a v a i l a b l e  f o r  i n s p e c t i o n  a t  t h e  

Bureau of Foods (address above)  by appointment  w i t h  the  

c o n t a c t  p e r s o n  l i s t e d  above. A s  p rovided  i n  2 1  CFR 

l T l . l ( h ) ( Z ) ,  t h e  agency w i l l  remove from the  documents any 

materials t h a t  a r e  n o t  a v a i l a b l e  f o r  p u b l i c  d i s c l o s u r e  

b e f o r e  making the  documents a v a i l a b l e  f o r  i n s p e c t i o n .  

The agency has c o n s i d e r e d  the  p o t e n t i a l  env i ronmen ta l  

e f f e c t s  of  t h i s  a c t i o n  and has concluded t h a t  the  a c t i o n  

w i l l  no t  have a s i g n i f i c a n t  impact  on the  human environment  

and t h a t  a n  env i ronmen ta l  impac t  s t a t e m e n t  i s  n o t  r e q u i r e d .  

The agency ' s  f i n d i n g  of  no s i g n i f i c a n t  impact and t h e  , 

e v i d e n c e  s u p p o r t i n g  t h a t  f i n d i n g  may be s e e n  i n  t h e  Dockets  

Management Branch (address a b o v e ) ,  between 9 a.m.  and 4 

p.m., Monday th rough  F r iday .  
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L i s t  o f  S u b j e c t s  i n  2 1  CFR Par t  1 7 7  

Food a d d i t i v e s ,  Polymer ic  food  packaging.  

T h e r e f o r e ,  unde r  t he  F e d e r a l  Food, Drug, and Cosmetic 

Act ( s e c s .  2 0 1 ( s ) ,  409, 72 S t a t .  1784-1788 as amended ( 2 1  

U.S.C. 32l(s), 348) )  and u n d e r  a u t h o r i t y  d e l e g a t e d  t o  t h e  

Commissioner of Food and Drugs ( 2 1  CFR 5.10) and r e d e l e g a t e d  

t o  t h e  Bureau of Foods ( 2 1  CFR 5.61 as r e v i s e d  Februa ry  4 ,  

1983; 48 FR 5251) ,  P a r t  177 i s  amended i n  S u b p a r t  B by 

i n s e r t i n g  a new s e c t i o n  t o  read as f o l l o w s :  

PART l'j"j'--INDIRECT FOOD ADDITIVES: POLYMERS 

Subpar t  B - Subs tances  f o r  Use as Basic Components of S i n g l e  

and Repeated Use Food Con tac t  S u r f a c e s .  

0 7 7 .  P o l y e t h y l e n e ,  f l u o r i n a t e d .  

F l u o r i n a t e d  p o l y e t h y l e n e ,  i d e n t i f i e d  i n  p a r a g r a p h  ( a )  of 

t h i s  s e c t i o n ,  may be s a f e l y  used  as food  c o n t a c t  a r t i c l e s  i n  

acco rdance  w i t h  t he  f o l l o w i n g  p r e s c r i b e d  c o n d i t i o n s ;  

( a )  F l u o r i n a t e d  p o l y e t h y l e n e  food  c o n t a c t  a r t i c l e s  are 

produced by modi fy ing  t h e  s u r f a c e  of p o l y e t h y l e n e  a r t i c l e s  

t h r o u g h  a c t i o n  of f l u o r i n e  g a s  i n  combina t ion  w i t h  gaseous  

n i t r o g e n  as a n  i n e r t  d i l u e n t .  Such m o d i f i c a t i o n  s h a l l  

a f f e c t  on ly  t he  s u r f a c e  of t h e  polymer l e a v i n g  t h e  i n t e r i o r  

unchanged. 

( b )  F l u o r i n a t e d  p o l y e t h y l e n e  a r t i c l e s  s h a l l  be manufac tured  

from b a s i c  r e s i n s  c o n t a i n i n g  n o t  l e s s  t h a n  85 we igh t -pe rcen t  

of polymer u n i t s  d e r i v e d  from e t h y l e n e  and i d e n t i f i e d  i n  

§177.1520 p a r a g r a p h  ( a ) ( 2 )  and p a r a g r a p h  ( a ) ( 3 ) .  The 

f l o u r i n a t e d  p o l y e t h y l e n e  a r t i c l e s  s h a l l  conform t o  the  
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s p e c i f i c a t i o n s  and u s e  l i m i t a t i o n s  of $177.1520 pa rag raph  

( c I ( 2 . 1 )  and p a r a g r a p h  ( c I ( 3 . 1 ) .  

( c )  The f i n i s h e d  food  c o n t a c t  a r t i c l e ,  when ex t rac ted  wi th  

t h e  s o l v e n t  o r  s o l v e n t s  c h a r a c t e r i z i n g  the  t y p e  of food  and 

u n d e r  c o n d i t i o n s  of  t i m e  and t e m p e r a t u r e  c h a r a c t e r i z i n g  t h e  

c o n d i t i o n s  of i t s  i n t e n d e d  u s e  as de te rmined  from tab les  1 

and 2 of $176.170 ( c )  of t h i s  c h a p t e r ,  y i e l d s  f l u o r i d e  i o n  

n o t  t o  exceed 5 ppm c a l c u l a t e d  on t h e  basis of t h e  volume of 

food  h e l d  by the  food  c o n t a c t  a r t i c l e .  

Any p e r s o n  who w i l l  be a d v e r s e l y  a f fec ted  by t h e  

f o r e g o i n g  r e g u l a t i o n  may a t  any t i m e  on o r  b e f o r e  ( i n s e r t  

date 30 d a y s  a f t e r  date  of  p u b l i c a t i o n  i n  t h e  FEDERAL 

REGISTER) submi t  t o  t h e  Dockets  Management Branch (HFA-305), 

Food and Drug A d m i n i s t r a t i o n ,  Rm. 4-62, 5600 F i s h e r s  Lane, 

R o c k v i l l e ,  MD 20857, w r i t t e n  o b j e c t i o n s  t h e r e t o  and may make 

a w r i t t e n  r e q u e s t  f o r  a p u b l i c  h e a r i n g  on the  s ta ted ob jec -  

t i o n s .  Each o b j e c t i o n  s h a l l  be s e p a r a t e l y  numbered and each  

numbered o b j e c t i o n  sha l l  s p e c i f y  w i t h  p a r t i c u l a r i t y  the 

p r o v i s i o n  of  the r e g u l a t i o n  t o  which o b j e c t i o n  i s  made. 

Each numbered o b j e c t i o n  on which a h e a r i n g  i s  r e q u e s t e d  

s h a l l  s p e c i f i c a l l y  so  s t a t e ;  f a i l u r e  t o  r e q u e s t  a h e a r i n g  

f o r  any p a r t i c u l a r  o b j e c t i o n  sha l l  c o n s t i t u t e  a w a i v e r  of 

t h e  r i g h t  t o  a h e a r i n g  on t h a t  o b j e c t i o n .  Each numbered 

o b j e c t i o n  f o r  which a h e a r i n g  i s  r e q u e s t e d  sha l l  i n c l u d e  a 

de t a i l ed  d e s c r i p t i o n  and a n a l y s i s  of t he  s p e c i f i c  f a c t u a l  

i n f o r m a t i o n  i n t e n d e d  t o  be p r e s e n t e d  i n  s u p p o r t  o f  t he  
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0 objection in the event that a hearing is held; failure to 

include such a description and analysis f o r  any particular 

objection shall constitute a waiver of the right to a 

hearing on the objection. Four copies of all documents 

shall be submitted and shall be identified with the Dockets 

Management Branch docket number found in brackets in the 

heading of this regulation. Received objections may be seen 

in the above office between the hours of 9 a.m. and 4 p.m., 

Monday through Friday. 

Effective date. This regulation shall become effective 

(insert date of publication in the FEDERAL REGISTER). 

(Secs. 2 0 1 ( s ) ,  409, 72 Stat. 1784-1788 an amended (21 U.S.C. 

- 

Dated: 
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Mr. R. S. Pender 
Union Carbide Corporation 
Old Saw Mill River Road 
Tarrytown, NY 10591 

Re: Food Additive Petition No. 8B3394 

Dear Mr. Pender: BEST ORIGINAL COPY 

Enclosed is a preliminary draft of a regulation which we are 

considering as a possible ,response to the above referenced 

petition. 

Your prompt review of the draft and a response will expedite 

the processing of the petition. 

. Sincerely y o u r s ,  

Julius Smith 
Petitions Control Branch, HFF-334 
Division of Food and Color Additives 
Bureau of Foods 

Enclosure 
(b) (5)



DEPARTMENT OF HEALTH AND HUMAN SERVICES 

FOOD AND DRUG ADMINISTRATION 

2 1  CFR PART 177  

[DOCKET NO.  8317-00491 

INDIRECT FOOD ;iDDITIVES ; POLYMERS 

0 

a 

AGENCY: Food .and Drug A d m i n i s t r a t i o n .  

A C T I O N :  F i n a l  ru l e .  

SUMMARY: 

food a d d i t i v e  r e g u l a t i o n s  t o  p rov ide  f o r  safe u s e  o f  f l u o r i n e -  

t r e a t e d  p o l y e t h y l e n e  as a food-contac t  surface. 

responds  t o  a p e t i t i o n  f i l e d  by the Union Carb ide  Corp. 

DATES: 

REGISTER); o b j e c t i o n  by ( i n s e r t  d a t e  30 days a f t e r  d a t e  of 

p u b l i c a t i o n  i n  t h e  FEDERAL REGISTER). 

ADDRESS: 

(HFA-305), Food and Drug A d m i n i s t r a t i o n ,  Rm. 4-62, 5600 F i s h e r s  

Lane,  R o c k v i l l e ,  MD 20857. 

FOR FURTHER INFORMATION CONTACT: 

The Food and Drug A d m i n i s t r a t i o n  (FDA) i s  amending the 

This a c t i o n  

E f f e c t i v e  ( i n s e r t  d a t e  of p u b l i c a t i o n  i n  the FEDERAL, 

W r i t t e n  o b j e c t i o n s  t o  the Dockets Management Branch 

J u l i u s  Smith,  

Bureau of  Foods (HFF-334), 

Food and Drug A d m i n i s t r a t i o n ,  

200 c S t .  sw., 
Washington, DC 20204, 

202-472-5690. 

83-392 



- 2 -  

SUPPLEMENTARY INFORMATION: I n  a n o t i c e  pub l i shed  i n  the FEDERAL 
0 

REGISTER o f  March 29, 1983 (48 FR' 13098) ,  FDA announced tha t  a 

p e t i t i o n  (FAP 8B3394) had been f i l e d  by the Union Carb ide  Corp., 

Old Saw M i l l .  River Rd., Tarrytown,  NY 10591, propos ing  t h a t  t h e  

food a d d i t i v e  r e g u l a t i o n s  be  amended t o  p rov ide  f o r  s a f e  u s e  of  

f l u o r i n e -  t r e a t e d  p o l y e t h y l e n e  as a component o f  food-contac t  

s u r f a c e s .  

I n  accc,rdance w i t h  $ 1 7 1 . l ( h )  (21 CFR 1 7 1 . 1 ( h ) ) ,  t h e  

p e t i t i o n  and t h e  documents t h a t  FDA cons ide red  and r e l i e d  upon i n  

r e a c h i n g  i t s  d e c i s i o n  t o  approve t h e  p e t i t i o n  are a v a i l a b l e  f o r  

i n s p e c t i o n  a t  t h e  Bureau o f  Foods ( a d d r e s s  above) by appointment  

w i t h  t h e  in fo rma t ion  c o n t a c t  person  l i s t e d  above. A s  provided  i n  

9 1 7 1 . 1  (h) ( 2 ) ,  the agency w i l l  d e l e t e  from the documents any 

materials tha t  are  n o t  a v a i l a h l e  f o r  p u b l i c  d i s c l o s u r e  b e f o r e  

~ making t h e  documents a v a i l a b l e  f o r  i n s p e c t i o n .  

The agency has cons ide red  the p o t e n t i a l  envi ronmenta l  

e f fec ts  o f  t h i s  a c t i o n  and has  concluded t h a t  the a c t i o n  w i l l  n o t  

have a s i g n i f i c a n t  impact on the human environment and t h a t  an  

envi ronmenta l  impact s t a t e m e n t  i s  not r e q u i r e d .  The agency ' s  

f i n d i n g  of  no s i g n i f i c a n t  impact and the ev idence  s u p p o r t i n g  t h a t  

f i n d i n g  may be seen  i n  t h e  Dockets Management Branch ( a d d r e s s  

above ) ,  between 9 a.m. and 4 p.m., Monday through F r i d a y .  
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L i s t  o f  S u b j e c t s  i n  2 1  CFR P a r t  1 7 7  

Food a d d i t i v e s ;  Polymeric  food packaging. 

T h e r e f o r e ,  under  the F e d e r a l  Food, Drug, and Cosme,ic A c t  

( s e c s .  2 0 1 ( s ) ,  409, 72 S t a t .  1784-1788 as amended (21  U . S . C .  

321 (s) , 348))  and under a u t h o r i t y  d e l e g a t e d  t o  the Commissioner 

o f  Food and Drugs (21  CFR 5.10)  and r e d e l e g a t e d  t o  the Bureau o f  4 

Foods (2:L CFR 5.61 a s  r e v i s e d  February  4 ,  1983; 48 FR 5251) ,  P a r t  

1 7 7  i s  amended i n  Subpar t  B by adding  new 3 177.1615, t o  r ead  as 

fo l lows  : 

PART 177-- INDIRECT FOOD ADDITIVES: POLYMERS 

3 1.77.1615 P o l y e t h y l e n e ,  f l u o r i n a t e d .  

F l u o r i n a t e d  p o l y e t h y l e n e ,  i d e n t i f i e d  i n  paragraph  ( a )  of 

t h i s  s e c t i o n ,  may b e  s a f e l y  used  as food-contac t  a r t i c l e s  i n  

accordance w i t h  the fo l lowing  p r e s c r i b e d  c o n d i t i o n s :  

0 

( a )  F l u o r i n a t e d  p o l y e t h y l e n e  food- c o n t a c t  a r t i c l e s  a re  

produced by modifying t h e  s u r f a c e  of p o l y e t h y l e n e  a r t i c l e s  

through a c t i o n  of f l u o r i n e  g a s  i n  combinat ion w i t h  gaseous 

n i t r o g e n  as  an i n e r t  d i l u e n t .  

o n l y  the surface of  the polymer, l e a v i n g  t h e  i n t e r i o r  unchanged. 

Such m o d i f i c a t i o n  s h a l l  a f f ec t  

-63%) F l u o r i n a t e d  p o l y e t h y l e n e  a r t ic les  sha l l  be manufactured 

from b a s i c  r e s i n s  c o n t a i n i n g  n o t  less  than  85 we igh t -pe rcen t  o f  

polymer u n i t s  d e r i v e d  from e t h y l e n e  and i d e n t i f i e d  i n  

3 177.1520(a)  ( 2 )  and ( 3 )  .tk$The f l u o r i n a t e d  po lye thy lene  a r t i c l e s  

s h a l l  conform t o  t h e  s p e c i f i c a t i o n s  and use l i m i t a t i o n s  of  

4 177.1520[c) ,  i tems 2 .1  and 3 .1 .  0 
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(c) The f i n i s h e d  food-contact  a r t i c l e ,  when e x t r a c t e d  wi th  

t h e  s o l v e n t  o r  s o l v e n t s  c h a r a c t e r i z i n g  the  type of food and under 

cond i t ions  of  time and temperature  c h a r a c t e r i z i n g  t h e  cond i t ions  

o f  i t s  intended use  as determined from t a b l e s  1 and 2 of 

5 176.170(c] of t h i s  chap te r ,  y i e l d s  f l u o r i d e  ion  not  t o  exceed 5 

p a r t s  p e r  *mi l l ion  c a l c u l a t e d  on t h e  b a s i s  of t h e  volume of food 

he ld  by t h e  food-contact  a r t i c l e .  
I) 

Any person who w i l l  be  adverse ly  a f f e c t e d  by t h e  foregoing 

r e g u l a t i o n  may a t  any t i m e  on o r  be fo re  ( i n s e r t  d a t e  30 days 

a f t e r  d a t e  of p u b l i c a t i o n  i n  t h e  FEDERAL REGISTER) submit t o  t h e  

Dockets Management Branch (HFA-305), Food and Drug Administra- 

t i o n ,  Rm, 4-62,  5600 F i s h e r s  Lane, Rockv i l l e ,  MD 20857, w r i t t e n  

o b j e c t i o n s  t h e r e t o  and may make a w r i t t e n  r eques t  f o r  a p u b l i c  

hea r ing  on t h e  s ta ted  o b j e c t i o n s .  Each o b j e c t i o n  s h a l l  be 
,- 

s e p a r a t e l y  numbered and each numbered o b j e c t i o n  s h a l l  s p e c i f y  

w i t h  p a r t i c u l a r i t y  t h e  p rov i s ion  of t h e  r e g u l a t i o n  t o  which 

o b j e c t i o n  i s  made. Each numbered o b j e c t i o n  on which a hea r ing  i s  

reques ted  s h a l l  s p e c i f i c a l l y  so s t a t e ;  f a i l u r e  t o  r eques t  a 

hea r ing  f o r  any p a r t i c u l a r  o b j e c t i o n  s h a l l  c o n s t i t u t e  a waiver of 

t h e  r i g h t  t o  a hea r ing  on t h a t  o b j e c t i o n .  

objectTon f o r  which a hea r ing  i s  reques ted  s h a l l  i nc lude  a 

Each numbered 
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d e t a i l e d  d e s c r i p t i o n  and a n a l y s i s  o f  the  s p e c i f i c  

i n f o r m a t i o n  i n t e n d e d  t o  be p r e s e n t e d  i n  s u p p o r t  0 

f a c t u a l  

the ob, e c t i o n  

i n  the e v e n t  t h a t  a h e a r i n g  i s  h e l d ;  

d e s c r i p t i o n  and a n a l y s i s  f o r  any p a r t i c u l a r  o b j e c t i o n  sha l l  

c o n s t i t u t e  a waiver o f  the  r i g h t  t o  a h e a r i n g  on the o b j e c t i o n .  

Three c o p i e s  o f  a l l  documents s h a l l  be  s u b m i t t e d  and sha l l  be  

i d e n t i f i e d  w i t h  the d o c k e t  number found i n  brackets i n  the 

h e a d i n g  o f  t h i s  r e g u l a t i o n .  

the o f f i c e  above between 9 a . m .  and 4 p.m.,  Monday t h r o u g h  

f a i l u r e  t o  i n c l u d e  such a 

Rece ived  o b j e c t i o n s  may be s e e n  i n  

F r i d a y  . 

E f f e c t i v e  d a t e .  This  r e g u l a t i o n  s h a l l  become e f fec t ive  

( i n s e r t  , d a t e  o f  p u b l i c a t i o n  i n  the FEDERAL REGISTER). 

( S e c s .  201(s ) ,  409,  72 S t a t .  1784-1788 as amended (21  U.S.C. 
321 .( s )  , 348) . ) e 

Dated:  
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- 0 UNION CARBIDE CORPORATION. 
--%. OLD SAW MILL RIVER ROAD, TARRYTOWN, NY 1 0 5 9 1  

Research and Development 
Silicones & Urethane Intermediates Division 

May 19,  7983 

Mr. Julius Smith 
U.S. Dept. o f  Health & Human Services 
Peti t ions Control Branch, HFF-334 
Division o f  Food and Color Additives 
Bureau of Foods 
Food & Drug Administration 
Washington; D . C .  20204 

Re: 

Dear Mr. Smith--. 

Food Additive' Petition No. 8B3394 
- _  

Responsive t o  your correspondence of  5 May, 1983 regarding the above re- 
ferenced pet i t ion,  I have examined the d ra f t  documents included therewith 
and find no exception t o  e i ther  the content or  the language. 

Your continued expeditious handling of t h i s  en t i re  peti t ion process ' is  
appreci ated. . 

. _  

. .  

R.S.  Pender 
2 .  

, .  

. , ,  

. ,  

I .  

RSP:ml 

I . .  
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Date 
d6 

From 

Subject 

To 

DEPARTMENT OF HEALTH & H U M A N  SERVICES 

Memorandum 

A s  s'o c i  a t e D i . r  e c t o r f o r Compliance 
Bureau of  Foods,  (HFF-300) 

Amendment t o  P a r t  177  
Food A d d i t i v e  P e t i t i o n  

To: D i r e c t o r ,  Bureau of Foods (HFF-1) / 
W 

OBJECTIVE 

T h i s  food  a d d i t i v e  r e g u l a t i o n  i s  f o r  t he  s i g n a t u r e  of the  
D i r e c t o r  of t he  Bureau of Foods, HFF-1, because  i t  does n o t  
i n v o l v e  novel '  o r  c o n t r o v e r s i a l  i s s u e s ,  and does n o t  i n v o l v e  
any q u e s t i o n  abou t  the a p p l i c a b i l i t y  of  the  Delaney Clause .  
This  r e g u l a t i o n  i s  f o r  p u b l i c a t i o n  i n  the Federal  Regbister. 

FACTS 

The attached o r d e r  (Tab A )  would amend P a r t  177  ( 2 1  CFR 177) 
of  t he  food  a d d i t i v e  r e g u l a t i o n s  t o  p r o v i d e  f o r  t h e  safe u s e  
of f l u o r i n e  t reated p o l y e t h y l e n e  as a food  c o n t a c t  s u r f a c e .  

D I S C U S S I O N  

The s u b j e c t  r e s i n  i s  a s u r f a c e  m o d i f i e d  p o l y e t h y l e n e  tha t  i s  
produced by t r e a t i n g  p o l y e t h y l e n e  wi th  a m i x t u r e  of f l u o r i n e  
and n i t r o g e n  'gases. 
a l t e r a t i o n  of  t h e  s u r f a c e  of the polymer i .e. ,  i t  creates a 
mod i f i ed ,  i n t e g r a l l y  bound s u r f a c e  layer .  

T h i s  t r e a t m e n t  r e s u l t s  i n  a chemica l  

The D i v i s i o n  of  Chemis t ry  and P h y s i c s  conc ludes  tha t  t he  
a d d i t i v e  i s  a d e q u a t e l y  i d e n t i f i e d  i n  t he  o r d e r .  The Divi -  
s i o n  f u r t h e r  states tha t  i f  a l l  food  c o n t a c t  p o l y o l e f i n  i s  
f l u o r i n a t e d  by the proposed p r o c e s s ,  t h e n  t h e  c o n c e n t r a t i o n  
of  f l u o r i d e  i n  t h e  d a i l y  d i e t  would be 0.23 ppm which 
c o r r e s p o n d s ' t o  a n  estimated d a i l y  i n t a k e  ( E D I )  o f  0.69 
mg/day based  on a t o t a l  food  consumption of  3000 g/day. 
There i s  no C A S  R e g i s t r r y  number f o r  p o l y e t h y l e n e  mod i f i ed  
by s u r f a c e  f l u o r i n a t i o n .  

The D i v i s i o n  of  Toxicology conc ludes  tha t  the  a d d i t i v e  i s  
safe unde r  the  c o n d f t i o n  as prescr ibed i n  the o r d e r .  Th i s  
c o n c l u s i o n  i s  based on the estimated d a i l y  i n t a k e  of 0.69 
mg/day f o r  f l u o r i d e  i o n  and on chemical data which i n d i c a t e  
t h a t  f l u o r i n a t i o n  i s  a s u r f a c e  phenomenon and t h e  o r g a n i c  
m i g r a n t s  t o  food  are the  u s u a l  low m o l e c u l a r  weight poly-  
o l e f i n  e x t r a c t i v e s  as c h a r a c t e r i z e d  f o r  the p o l y o l e f i n s  
a l ready r e g u l a t e d .  
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:Associate D i rec to r  for  Compliance 
Bureau of' Foods,  fHFP-3QU) 

' Amendment t o  Part 171 Indirktct Food Additives:  Polymers 
Food Addfltfve P e t i t i o n  No. 8B3394 - ACTION 

j$l #FG/bd 
To: D i r e c t o r ,  Bureau df Foods. (WFF-1) 

. OBJECTIVE ' 
I 

This food a d d i t i v e  r egu la t ion  i s  f o r  t h e  s lgna tu re  of t h e  
Di rec to r  of the Bureau of Foods, NPF-1, because it  does not 
involve novel o r  con t rove r s i a l  I s sues ,  and does no t  involve 
any ques t ion  about t h e  a p p l i c a b i l i t y  of t h e  Delaney Clau.se. 
This r egu la t ion  i s  f o r  p u b l i c a t i o n  I n  t h e  Federal  Regis ter .  

FACT'S . .  
, .  . .  

The a t tached  o rde r  (Tab A )  wouid amend P a r t  177 ( 2 1  CFR 177) 
of the  food a d d i t i v e  r egu la t ions  t o  provide f o r  the s a f e  use 
o'r f luordne  treated polyethylene as a food contac t  sur face .  

D I S C U S S I O N  

The sub jec t  r e s i n  is a su r face  modified polyethylene that  i s  
produced by t r e a t i n g  polyethylene w i t h  a mixture of f l & k i n e  
a n d a i t r o g e n  gases. ThSs t reatment  P e s u l t s  i n  a chemical 
a l t e r a$ ion  of the su r face  of the pqlyrner i.e., it  c r e a t e s  a 

- The Divisichn of Chemis t ry  and Physics concludes t h a t  the  
add i t fve  i s  h e q u a t e l y  i d e n t i f i e d  i n  the order .  The Divi- 
s i o n  f u r t h e r  skgtes t h a t  i f  all food contac t  po lyo le f in  i s  
f l u o r i n a t e d  by t h e  proposed process,  then t h e  concent ra t ion  

corresponds t o  an estimated d a i l y  i n t a k e  (EDI) of 0.69 
mg/day based on a t o t a l  food consumption of 3000 g/day, 
There i s  RO CAS Reglstery number f o r  polyethylene modified 
by su r face  f luo r ina t fon .  

i n t e g r a l l y  bound su r face  layer, 
'*. 

. of f l u o r i d e  i n  t -he,dal ly  d l e t  would be 0.23 ppm which 

i 

The D f v i s i o i  of Toxicology concludes t h a t  t h e  addi t ive 5s 
saf'e under t h e  condi t ion  as prescr ibed  in the order .  This 
conclusion is  based bn the  estimated d a i l y  i n t ake  of 0.69 
mg/day for f l u o r i d e  ion  and on chemical data which i n d i c a t e  
t h a t  f l u o r i n a t i o n  i s  a su r face  phenomenon and t h e  organic  
migrants t o  food are the  usual low molecular weight poly- 
o l e f i n  e x t r a c t i v e s  as cha rac t e r i zed  for the  po lyo le f ins  
af ready regulated,  0 o062ao 

(b) (5)



The Environmental Impact Section has reviewed the environ- 
mental impact of this action (Tab C )  and has concluded that 
the regulation of this additive will not significantly 
affect the quality of the human environment and that no 
environmental impact statement is necessary. The finding of 
no significant impact and supporting data are attached as 
(Tab C) for display at the Dockets Management Branch. 

The Division of Food and Color Additives concludes that 
Regulatory Flexibility and Regulatory Impact analyses are 
not necessary because the proposed action is exempt from the 
Regulatory Flexibility Act and Executive Order 12291. 
Division also concludes that this regulation falls within 
the scope of the delegation of authority for signature by 
the Director or Deputy Director of the Bureau of Foods. 
This regulation represents a routine amendment to the 
regulations. 

The 

We recommend that the enclosed order be signed and published 
in the Federal Register. % 

Enclosures 

Tab A - Document 
Tab B - Filing Notice 
Tab C - Environmental Impact Analysis Report and Finding 

of no Significant Impact 

. "  '. ? ,  

Disapproved Date 
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1. T h e  Federal  Register documents editor is responsible for the 
accuracy of each carbon of t h i s  document including those not 
attached to this file. 
by that office. 
original i n  pencil. 

Any correction or change must be  made 
Suggested changes should be  indicated on the 

2. P l e a s e  expedite action on this  document. 

3. DJ not separate  envelope bearing this s l ip  from document or 
accompanying papers.  

4. Persons initialing documents (or persons designated by them) 
shal l  f i l l  i n  dates  of receipt and release of document in appli- 
cable  spaces  on this  route sl ip.  

5. All F R  documents in final form must beer init ials of GC 
before forwarding for signature to the Commissioner, the Deputy 
Commissioner, or the Associate Commissioner for Compliance. 

6. If dpcuments are  referred to  persons not shown on route 
sl ip,  FRW should be notified and name of the additional unit 
inserted in route slip. 

ACTION REQUIRED ON DOCUMENT 
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rxso-uq 
DEPARTMENT OF HEALTH AND HUMAN SERVICES 

FOOD AND DRUG ADMINISTRATION 

- 2 1  CFR PART 177  

[DOCKET NO. 83F-00493 

INDIRECT FOOD ADDITIVES ; POLYMERS 

AGENCY: Food and Drug Admin i s t r a t ion .  

ACTION: F i n a l  rule .  

SUMMARY: 

food a d d i t i v e  r e g u l a t i o n s  t o  provide  f o r  safe use of f l u o r i n e -  

The Food and Drug Admin i s t r a t ion  (FDA) i s  amending the 

t r e a t e d  po lye thy lene  as a food-contac t  s u r f a c e .  

responds t o  a p e t i t i o n  f i l e d  by the Union Carbide Corp. 

DATES: 

REGISTER); o b j e c t i o n  by ( i n s e r t  d a t e  30 days a f t e r  d a t e  of 

p u b l i c a t i o n  i n  the FEDERAL REGISTER). 

ADDRESS: 

(HFA-305), Food and Drug A d m i n i s t r a t i o n ,  Rm. 4-62, 5600 F i s h e r s  

Lane, R o c k v i l l e ,  MD 20857. 

FOR FURTHER INFORMATION C0NTACT:j 

This a c t i o n  

Effective ( i n s e r t  d a t e  of p u b l i c a t i o n  i n  the FEDERAL 

W r i t t e n  o b j e c t i o n s  t o  the Dockets Management Branch 

* .  

J u l i u s  Smith,  

Bureau o f  Foods (HFF-334), 

Food and Drug Admin i s t r a t ion ,  

200 c S t .  sw., 
Washington, DC 20204, 

202-472-5690. 

53-392 

(300223 
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SUPPLEMENTARY INFORMATION: I n  a n o t i c e  publ i shed  i n  t h e  FEDERAL 

-REGISTER o f  March 29, 1983 (48 FR 13098),  FDA announced that  a 

p e t i t i o n  (FAP 8B3394) had been f i l e d  by the Union Carbide Corp., 

Old Saw M i l l  River Rd., Tarrytown, NY 10591, proposing t h a t  t h e  

food a d d i t i v e  r e g u l a t i o n s  be  amended t o  provide f o r  safe use of  

- 

f l u o r i n e - t r e a t e d  po lye thy lene  as a component of food-contact  

s u r f a c e s  

FDA h a s  eva lua ted  t h e  d a t a  i n  t h e  p e t i t i o n  and concludes 

t h a t  t h e  proposed food a d d i t i v e  use i s  safe and that  the 

r e g u l a t i o n s  should  be  amended as set f o r t h  below. 

In accordance w i t h  5 171 . l (h )  (21 CFR 1 7 1  . l (h) )  , the 

p e t i t i o n  and the documents t h a t  FDA cons idered  and r e l i e d  upon i n  

r each ing  i t s  d e c i s i o n  t o  approve t h e  p e t i t i o n  are a v a i l a b l e  for 

i n s p e c t i o n  a t  the Bureau of Foods ( addres s  above) by appointment 

w i t h  t h e  in fo rma t ion  c o n t a c t  person l i s t e d  above. As provided i n  

5 1 7 1 . l ( h )  ( 2 ) ,  the agency w i l l  d e l e t e  from t h e  documents any 

materials t h a t  are no t  available f o r  p u b l i c  d i s c l o s u r e  b e f o r e  

making the documents a v a i l a b l e  f o r  i n s p e c t i o n .  

The agency has considered t h e  p o t e n t i a l  environmental  

effects of t h i s  a c t i o n  and has  concluded t h a t  the a c t i o n  w i l l  not  

have a s i g n i f i c a n t  impact on t h e  human environment and that  an 

environmental  impact s t a t emen t  i s  no t  r e q u i r e d .  

f i n d i n g  of no s i g n i f i c a n t  impact and the evidence  suppor t ing  that  

f i n d i n g  may b e  seen  i n  the Dockets Management Branch ( addres s  

above) ,  between 9 a . m .  and 4 p.m., Monday through Fr iday .  

The agency 's  

000224 
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L i s t  o f  S u b j e c t s ' i n  2 1  . .  CFR P a r t  1 7 7  

Food a d d i t i v e s ;  Polymeric food packaging. 

T h e r e f o r e ,  under  t h e  Fede ra l  Food, Drug, and Cosmetic A c t  

(secs .  2 0 1 ( s ) ,  409,  72 S t a t .  1784-1788 as amended ( 2 1  U . S . C .  

321(s )  , 348))  and under a u t h o r i t y  d e l e g a t e d  t o  the Commissioner 

o f  Food and Drugs (21 CFR 5.10) and r e d e l e g a t e d  t o  t h e  Bureau of  

Foods (21 CFR 5 . 6 1 ) ,  P a r t  1 7 7  i s  amended i n  Subpar t  B by adding 

new 9 177.1615, t o  read  as follows: 

PART 177--INDIRECT FOOD ADDITIVES: POLYMERS 

3 177.1615 Po lye thy lene ,  f l u o r i n a t e d .  

F l u o r i n a t e d  po lye thy lene ,  i d e n t i f i e d  i n  paragraph  (a )  of 

t h i s  s e c t i o n ,  may b e  s a f e l y  used as food-contac t  a r t i c l e s  i n  

accordance w i t h  t h e  fo l lowing  p r e s c r i b e d  c o n d i t i o n s :  

( a )  F l u o r i n a t e d  po lye thy lene  food-contac t  a r t i c l e s  a r e  

produced by modifying the surface of  po lye thy lene  a r t i c l e s  

through a c t i o n  o f  f l u o r i n e  g a s  i n  combination w i t h  gaseous 

n i t r o g e n  as an i n e r t  d i l u e n t .  

s u r f a c e  o f  t h e  polymer, l e a v i n g  t h e  i n t e r i o r  unchanged. 

F l u o r i n a t e d  po lye thy lene  a r t i c l e s  are  manufactured from b a s i c  

r e s i n s  c o n t a i n i n g  n o t  less t h a n  85 weight -percent  o f  polymer 

u n i t s  d e r i v e d  from e t h y l e n e  and i d e n t i f i e d  i n  9 177.1520(a) (2)  

and ( 3 ) ( i ) .  

Such m o d i f i c a t i o n  a f fec ts  o n l y  t h e  

(b) F l u o r i n a t e d  po lye thy lene  a r t i c l e s  conform t o  t h e  

s p e c i f i c a t i o n s  and use  l i m i t a t i o n s  o f  3 177.1520(c) ,  i t e m s  2 . 1  

-and 3.1. 0, 
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(c) The f i n i s h e d  food-contac t  a r t i c l e ,  when e x t r a c t e d  w i t h  
- 

t h e  s o l v e n t  o r  s o l v e n t s  c h a r a c t e r i z i n g  t h e  type  of  food and under 

c o n d i t i o n s  -of t i m e  and tempera ture  c h a r a c t e r i z i n g  t h e  c o n d i t i o n s  

o f  i t s  in tended  use  as determined from t a b l e s  1 and 2 of 

5 176.170(c) of t h i s  c h a p t e r ,  y i e l d s  f l u o r i d e  i o n  n o t  t o  exceed 5 

p a r t s  p e r  m i l l i o n  c a l c u l a t e d  on t h e  b a s i s  o f  t h e  volume of food 

1) 

h e l d  by t h e  food-contac t  a r t i c l e .  

Any person  who w i l l  be a d v e r s e l y  a f f e c t e d  by t h e  fo rego ing  

r e g u l a t i o n  may a t  any t i m e  on o r  b e f o r e  ( i n s e r t  d a t e  30 days 

a f t e r  d a t e  of  p u b l i c a t i o n  i n  t h e  FEDERAL REGISTER) submit t o  t h e  

Dockets Nanagement Branch (HFA-305), Food and Drug Administra- 

t i o n ,  Rm. 4 - 6 2 ,  5600 F i s h e r s  Lane, R o c k v i l l e ,  MD 20857, w r i t t e n  

o b j e c t i o n s  t h e r e t o  and may make a w r i t t e n  r e q u e s t  f o r  a p u b l i c  

h e a r i n g  on t h e  s t a t e d  o b j e c t i o n s .  

s e p a r a t e l y  numbered and each numbered o b j e c t i o n  s h a l l  s p e c i f y  

w i t h  p a r t i c u l a r i t y  t h e  p r o v i s i o n  of t h e  r e g u l a t i o n  t o  which 

o b j e c t i o n  i s  made. Each numbered o b j e c t i o n  on which a h e a r i n g  i s  

r eques t ed  s h a l l  s p e c i f i c a l l y  so  s t a t e ;  f a i l u r e  t o  r e q u e s t  a 

h e a r i n g  f o r  any p a r t i c u l a r  o b j e c t i o n  shal l  c o n s t i t u t e  a waiver of  

t h e  r i g h t  t o  a h e a r i n g  on t h a t  o b j e c t i o n .  Each numbered 

o b j e c t i o n  f o r  which a h e a r i n g  i s  r eques t ed  s h a l l  i n c l u d e  a 

Each o b j e c t i o n  s h a l l  be 
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d e t a i l e d  d e s c r i p t i o n  and a n a l y s i s  of t h e  spec i f i c  fac tua l  

i n f o r m a t i o n  in tended  t o  be  -presented i n  suppor t  of  t h e  o b j e c t i o n  

i n  t h e  even t  t h a t  a h e a r i n g  i s  h e l d ;  f a i l u r e  t o  i n c l u d e  such a 

d e s c r i p t i o n  and a n a l y s i s  f o r  any p a r t i c u l a r  o b j e c t i o n  s h a l l  

c o n s t i t u t e  a waiver o f  t h e  r i g h t  t o  a h e a r i n g  on t h e  o b j e c t i o n .  

Three cop ie s  of  a l l  documents s h a l l  be submi t ted  and s h a l l  be 

i d e n t i f i e d  w i t h  t h e  docket  number found i n  b r a c k e t s  i n  t h e  

heading  of t h i s  r e g u l a t i o n .  

t h e  o f f i c e  above between 9 a . m .  and 4 p.m.,  Monday through 

e - 

Received o b j e c t i o n s  may b e  seen i n  

F r i d a y  . 

E f f e c t i v e  d a t e .  This r e g u l a t i o n  s h a l l  become e f f e c t i v e  

( i n s e r t  d a t e  o f  p u b l i c a t i o n  i n  t h e  FEDERAL REGISTER). - 

(Sees. 2 0 1 ( s ) ,  Lt.09, 72 S t a t .  1784-1788 as amended (21 U.S.C. 
321 (s )  , 348)  .) . 

Richard J .  Ronk 
Acting Director, 
Bureau of Foods 

C E R T h I E D  TO BE A TRUE COPY OF THE ORIGINAL 
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potential emrirormkntal effects of this .: 1983 submit to the Dockets Management ' 
action and has concluded thatthe adion,-: Branck (HFA-305)..Food and Drug . 

~ will not have a signifisant impact on the Administration, Rm 442,5600 Fishers 
human environment a r d  that an -:, Lane, Rockville, MD 20857. written .. I .i 
environmental imuact statement is not.'.. obiections thereto and may make a - . ' 

. _ _  . &itten request for a publk.hearing on .: :, 
. . , I,, ., J . . . . . .  . ' , required. The ageky's f k d ~  of no _-: 

.,' significant impact and the evidence the stated objections. Each objection 
. . ,,, supporting that fin* may be seen @ , . shall be separateiy numbered and each . 

the Dockets Management Branch . ._ .'b. : numbered objectionishall specify with . . 
(address above), between 9 am. and- particularity the provision of the - -. .. : . . 
p.m.,.Monday tsrough Friday;. 7u .%. 7 regulation tb'which objection ,is mad&;, , 

, . - z . , :  , .  - _  . . Each numbered objection on which a. 
Lrst of Subjectsin ZI CFR part i771: . hearing is requested, shall specifimlry so 

Food additives, PoIym&c food '1 state; failure to request a,hearing foc.any 
. ' - particular objection shall constitute a. 

Therefore, under the Federai Fo ' .waiver of $e ri&t to a hearing OII that- 
Drug, and Cosmetic Act'(secs. 201 objedioq, ,hch.numbered objectiqn f?r. 
409; 72 Stat  1784-1788 as amended (21' which a hearing is*uested shall '-f. -. ,. 
U.S.C. 321[s], 348)) and under authority + :-include a detailed description and: - '--. 
delegated to the Commissioner of Food, : analysis of the specific factual ,, - .': .. - I  e .  ._ I 
'and Drugs (21 CFR 5.10) and redelegate&:* information intended to be presented..@ . 

food additive regulations topmvide for to the Bureau of Foods (21 CFRSSI), , support of the sbjection in the event that 
safe use of,fhorine-treated'polyethylene'., Part 177 is amended in Subpart B by ; , a hearing is held; failure to include such i_ 

DEPARTMENT OF HEALTH AND 
I 

, HUMAN SERVICES. 
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a description and adysis foi any- 
. particular objection shall constitute a - 

waiver of the right to a hearing on the --- 
objection. Three copies of all documents 

. shell be submitted and shall be-" . 

identified with the docket number, found ' 
5 brackets in the hea,ding of .this 
regulatioa Received objectionsmay 5e I ~ 

. ' seen.in the.office abIove b - e ~ e e n  @ j: 
- 

' . Efective'datb.  his i6gulatiiiri SWK _... r i r . , .  Z: 

[Secs. zolts), 409,.72 Stat. $7 68.: . - _  ' 

- -  

'1, 

' and 4 p.m:. Monday th&;lgh Friday. ' 

become.effective . . .I . - .. - ,*,I.<- .. A*Gt c - ,  .. 3*-.. ~. . 

amended (21 U.S.C. S n ( s ) , _ ~ ) l .  .; , : I.;,-.., 
Dated: A&t'i& 1963,: 

Richard 1. Ro&. . : 
Actins Director, Burnu of Foods 
[FRDoc.113-ps54Filedb2e-mBuam]. . 
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