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Attached for your review is a proposal from our laboratory to 
further evaluate selected environmental properties of 3M 
fluorochemicals. For background purposes, the proposal 
contains an extensive compendium of al! existing, 
environmentally relevant information on 3M fluor0chemicals. 

The scientific aspects of this proposal have been reviewed and 
endorsed by our Environmental Science Advisors CM. Case, 
W. Pearlson, D. Hagen, W. Perkins, G. Hunt, and S. Ban~al). 

The Phase I Fate of Fluorochemical Study {1977-79) yielded 
information which le~ to the conclusion that although 
fluorochemicals were extremely persistent, they caused no 
apparent adverse environmental effects. Since that time, 
however, new information has been brought to our attention 
wblch suggests the need to reassess the validity of this 
conclusion. 

Persistence continues to be a key concern and trigger by 
environmental agencies in the selection of chemicals for 
further review and testing, both domestically under TSCA and 
internationally in Japan and the ~en-nation European 
Community. The regulatory review process is further 
stimulated when resistance to degradation is coupled with the 
property to b~oaccumulate. In fact, in Japan, these two 
properties of new chemicals are the key criteria for 
initiation of extensive b~oassay testing. 

~ecent mammalian studies conducted by Eiker Laboratories 
indicate that ~n addition t~ demonstrating strong protein 
binding properties ~a form of 5ioaccumulation), certain fluoro- 
chemicals tend to be excreted extremely slowly. While these 
studies were conducte~ in order to estimate the potential 
impact on humans, they do raise questions regarding the effect 
on other organisms, especially those near fluorochemical 
production or processin~ facilities. An important part of the 
proposed Phase II study i~volves an evaluation of field 
conditions near the 3M DeCatur, AL plant. 
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Our data base on the environmental properties of 3M 
fluorochemicals has continued to expand since 1979 through 
routine assessments on new or modified products containing 
fluorochemicals. Nevertheless, gaps still exist in our ~asic 
environmental knowledge. This Phase II study proposes to 
a~dress this deficiency in an orderly and cost-effective 
fashion via additional laboratory and fiel~ studies plus the 
selective development and use of vali~ structure activity 
relationships (SAR}. 

Due to th~ magnitude of the study and our limlted manpower, it 
is proposed that the study be conducted over a three-year 
period at a total est~ate~ cost of under $500,000. we are 
prepared to commence work in the 3rd quarter 1983. 

If Commercial Chemicals Division cannot fund this study, I 
would appreciate your guidance and help in i~entifying an 
alternate sponso~ or cosponsor. 

Should you have any questions, please call me at 778-5104. 
will contact you shortly to se~ up a review meeting on this 
proposal. 

RLB/cel 

Attachment: Proposal, "Fate of Fluorochenicals - Phase II" 
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Environmental Laboratory (EE & PC) 

A. Reined, Editor 
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FATE OF FLUOROCHEMICALS - PHASE 

ABSTRACT 

This report reviews the Environmental Laboratory’s knowledge 
through the end of 1982 of the environmental behavior of 3M 
fluorochemicals and proposes areas of further study necessary to 

¯ resolve important unanswered questions. 

ORGANIZATION OF RE~ORT 

The arrangement of the report is as follows: 

INTRODUCTION. This section covers four areas: 
A) Background, B) Remaining Environmental Concerns, 
C) Time, and D) Cost requirements of the proposal. 

FLUOROCHEMICAL RISK aSSESSMENT. The reader is introduce~ 
to the basic approach and thought processes used by the 
Environmental Laboratory in assessing the environmental 
risks of fluorochemicals and the need for such study. 

ZII. COMMON CONCERNS WITH 3M FLUOROCHEMZCALS. This section is 
divided into 3 parts: 

A. Structure-Activity Relationship. This part addresses 
the need to develop capabilities which will enable 
prediction of the environmental behaviOr Of 
fluorochemlcals from structure and physical 
properties measurements rather than expensive 
laboratory and f~eld testing. 

Field Studies. This part discusses a proposal to 
perforln on-site studies to evaluate actual 
environmental concentration and fate of selected 
fluorochemicals. The section emphasizes the need to 
compare field study data with laboratory data 
predictions. 

Incineration. This part describes the need to 
determine experimentally whether fluorochemicals 
produce toxic combustion by-products at levels that 
could have significant effects on the surrounding 
environment. 

IV. ENVIRONMENTAL PROPERTIES OF FLUOROCHEMICAL CLASSES. This 
extensive section reviews existing environmental data and 
assessment needs for each of the following fluorochemicaZ 
groups: A. Inert Liquids; B. LOw Molecular Weight 
Acids and Their Salts; C. Surfactants; D. Phosphates; 
E. Alcohols; F. Acrylates; G. Urethanes; H. the 
FLUORELe and KeI-F® polymers; and I. Catalysts. 
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Each of the above fluorochemical groups (A through ~) are 
further divided into two parts entitled: 

Background: An examination of current understanding 
of physical properties, degradabilit~, and 
bio-effects for each fiuorocbemical group. 

Recommended Testing: Proposals for further studies 
heeded in ~rder to fill important gaps in present 
knowledge. Decision points, expected test output, 
and priorities are include~. 

SUV~ARY. Th~s section reviews in tabular fo~m the 
proposed work and cost for this Pa~t II of the Fate of 
Fluoroche~icals Study. 

REFERENCES. A list Of cited 3M internal reports and 
published literature 

~our appendixes follow the report: 

Appendix I: The NIOSH Aquatic Toxicity Ranking System. 

Appendix II: "Key to Chemical Products Discussed in the 
Report." This appendix provides the class, chemical code 
name, and structure or formulation of chemical products 
mentioned in the report text. 

6ppen~x III: "Needs For 14C-Badioiabeied 
Fluorochemicals." It lists the proposed tests which 
require, or would be s~mplifie~ by, using radiolabeled 
fluorochemlcals. The section addresses test priorities, 
the preferred placement of the ra~olabel on the 
fluorochemical, an~ the importance of having rad~olabele4 
mster~al for each recommended test. The appendix also 
references the location of the proposed test in the 
report. 

Appendix IV: Article from the Chemical Re@ulation 
Re~orter showing the importance o£" structure activity 
relationships to the U.S. EPA chemical assessment 
program. 
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INTRODUCTION 

A. BackgrQu~d 

-3- 

The Environmental Laboratory has a considerable amount of 
environmental test data on 3H fluorochemicals. This work 
consists primarily of environmental screening tests on 
Commercial Chemicals Division products end a previous 
(Part I) "Fate of Fluorochemicals" study*. 

Nearly all Commercial Chemicals Division liquid and low 
molecular weight fluorochemical products have been 
subjected to environmental screening studies. In most 
cases, these studies determined i) the concentrations of 
fluorochemicals which cause acute lethality to fish 
(96-hr. ~C50); 2) laboratory BOD/COD tests determined the 
portion of the product that microorganisms can degrade 
readily; and 3) for sewered fluoro~hemlcal products, 
microbial bloassays determined the levels which inhibit 
waste treatment m~croorganisms. 

!n the Part I study, more extensive laboratory studies 
were done to further evaluate the environmental effects 
of selected fluorochemicals {1,2,3). Data from this 
study are summarized in Table i, and the main body of 
this present report reSerences and discusses these data 
in greater detail as background information for the Fate 
of Fluorochemicals Study Part II. 

The major general findings of the Fate of Fluorochemicals 
Program Part I and other field an~ laboratory studies on 
fluorochemicals performed over the last three years are: 

Fluorochemicals have some common characteristics. 
The most environmentally significant is their greater 
resistance, compare~ to their hydrogen or other 
halogen analogs, to degradation through chemical, 
biochemical, and photochemical mechanisms. Some of 
this stability appears to extend to the 
nonfluorinate4 portions of fluorochemical molecules. 
This stability is due to the inherent strength of the 

The Environmental Laboratory conducted the Fate of 
Fluorochem~cals Stud~ Part I from 1976 through 1979. Four 
fluorochem~cal products (EAI 80021, LR 5625, cc 795-23, and 
LR 3844-4) were examined in some detail and several 3M 
technical reports were written. The present proposal 
references many cf these earlier technical studies. The 
Environmental Laboratory wrote comprehensive reports on three 
of the four chemical products (i,2,3). Analytical             , 
difficulties--which now have been solved (4,5)--stymied the 
work on cc 795-23. 
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carbon-fluorine bond and is probably enhanced by the 
hydrophobicity o£ the perfluocinated portions of 3M 
fluorochemlcalso This hydrophoblcity wou~d be 
ex~--ected to repel water from the fluorochemical 
molecules so that hydrolysis and degradation by 
enzymes is minimized. 

~ost 3M fluorochemicals exhibit low orders of 
toxicity to aquatic organisms in both acute and 
subchronic tests. Some f/uorochemical surfactantso 
however, have been found to be exceptions. 
EAI 80021, for example, was moderately toxic to 
fathea~ minnows in oritical llfe-stage studies(6). 
It should be noted, however, that a majority of 
commonly used nonfluorinate~ surfactants are also 
moderately toxic in acute aquatic tests (7). 

The fluorochemlcal alcohol, LR 3844-4, has very low 
water solubility, a high octanol-water partition 
coefficient, an~ tends to concentrate in ~he lipid 
portions of fish(8,9). 

Regression analysis of experimental soil Sorption 
coefficients and water solubilities of four 3M 
fluorochemicals shows that these two parameters 
correlate well with the same regression equation 
derived for nonfluorinated organlcs(I0). This 
suggests that seme of the classic structure-actlvity 
relatlonsbips for physical properties also may be 
applicable to fluorochemi=als. 

Preliminary field studies at Decatur ~emonstrated 
that the soil environmental compartment receiues the 
highest concentration of fluorochemicals from the 
application of wastewater treatment sludge. A 
laboratory analysis showed sludge to contain 730 ppm 
of organic fluorine(ll,12)    In comparison, 
fluorochemicals entering t~e Tennessee River in 
wastewater effluent were present at 10.9 ppm organic 
fluorine, but the volume of the effluent is 200 times 
that of the sludge {13). 

B. Remaining Environmental Concerns 

Ma~or environmental questions which were not addressed 
during the Fate of Fluorochemicals Study Part I or which 
have surfaced since 1979, include: 

What are the environmental fate and effects of 
fluorochemical polymers? 

What is the applicability of SAR (Structure Activity 
Relationship) estimation techniques to 
fluorochemicals? 
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PHYSICAL PROPERTIES (R~ Tem~) 

Aouloes solub., i~/l:     ~080 

Ya~ Press.: 
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>100                 >.~013 
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ac~’lvotm:l sludge a~. sludge PeSo 

et 4000 m,~l lO(~O mg/I 
men| e~ 1200 ~J/l 

re) S~Jm distills. 
(b| S~udy done In OI ~ater a~ >300 nm 

3MA10065473 

3M_MN00000028 

2573.0011 



Co 

rI~IIAL 

4. What are the chronic eEfects on biota from exposure 
to reallstic environmental concentrations? 

This p~oposal explores a~eas where further s~udy ~s 
needed and outlines a three-year Systematic testing 
program to address these issues within a modest budget, 
These further studies are needed so that 3M can continue 
to ensure the long-term environmental safety of its 
fluorochemicsl-contatning products, 

The refractory nature (i.e., persistence) of 
fluorochemicals identifies them as potential candidates 
for environmental regulations, including further testing 
requi=eme~ts under laws such as the Toxic Substances 
Control Act, the European Communities’ S~xth A~endment, 
or Japan’s Chemical Control Law. 

The study will be conducted over a three-year period, 
with field studies requiring the greatest amount of 
elapsed time. Specific items ~re given priority ratings 
from I to III ~nd~cat~ng importance and the order in 
whlch ~he program will progress. 

Cost_____s 

The total Cost of the study over the three-year period is 
estimated to be three to four man years (approx. 
$300,000). For a summary listing of projected costs by 
test type and priority, see Table 14 in the summary 
section (V). Table 15, also An the summary, ~s a 
schedule by quarter of proposed work and costs. 
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FL~OROCHEMICAL RISK ASSESSMENT 

This section introduces the reader to the processes used in 
assessing the environmental risk of chemicals in general and 
3M fluorochemicals in particular. 

The evaluation of the envlronmental impact of a chemical 
starts with basic questions on what a chemical will do in the 
environment. These basic questions lead to more speci£ic 
questions about the chemical’s environmental impact based on 
our understanding of the properties and ecologica3 
interactions o~ this chemical and chemicals in general. 

The most important basic question is: Will a chemica~ harm 
any llfe? This question leads to two others: What 
concentratio6 of a chemical causes harm; and to what 
concentration will various plants and animals be exposed in 
the environment? Laboratory tests (bioassays) can be 
performed to determine what levels cause harm to selected 
species, but in order to answer how much exposure will occur, 
many additional questions must be answered. How much will be 
produced? How much w|ll be disposed and how? Is the 
chemical sorhed by sediment? Do animals or plants 
bioconcentrate the chemical? Does the chemical partition 
mainly into a~r, water, or soil? Does the chemical degrade 
readily? and so on. The answers to these questions sometimes 
lead to yet other questions that can be answered 
experimentally. For instance, one may know that a chemical 
degrades in the environment but not know the major routes of 
degradation. Does it photo~egrade? Is it chemically 
oxidized? Can it biodsgrade, or can it hydrolyze? There are 
laboratory tests to evaluate the probability of each of these 
possibilities. 

A full list of possible questions Js quite ion@, but the 
length can be shortened in t~o ways. First, testing ks done 
in an orderly progression so that the results of the first 
tests performed indicate which tests are not appropriate in 
the next round of tests (i.e., tier or sequential testing 
schemes). As properties of a chemical are elucidated, we can 
see that certain other tests are inappropriate. For 
instance, if we find that a chemical will rapidly an4 
completely degrade, there is likely no need to perform 
bicaccumulation tests. 

The second way of thinning a list of chemical questions or 
tests is by using "structure activity relationships" (SAR). 
This is a technique scientists use to say that chemical, 
physical, and biological properties depend, in a predictable 
way, upon the molecular structure. If we understand these 
relationships, we can predict relevant properties from the 
structure. This science is being used more and more 
frequently by both industrM and regulatory bodies in 
environmental risk analysis. 
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Structure activity relationships are derived from empirical 
observations or. theoretical concepts, £guations written to 

describe these observations or theories are then used to 
predict properties o£ untested chemicals falling w~thin the 
structural Zimits of the system, Additional chemicals are 
then tested to validate and refine the relationships, 

Tests and observations used in environmental studies range 
from simple laboratory measurements to field tests and 
observat{ons. Field studies are a real-world luxury for 
environmental s¢ientists, but in the case of fluorochemlcals, 
an important opportunlty exists to back up laboratory tests 
and predlctlons with field observations on a unigue class of 
proprietary chemicals. The combination of field and 
laboratory measurements g~ves a much more convincing 
appralsal of ~hat ~he environmental impact really is--or is 
not. 

Importantly, prudent testing of new chemicals as they evolve 
can help ~nlm~ze, but never entirely ellmlnate, future 
testing of structurally related chemicals. Ca~efu~ planning 
can yield a proper and complete testing progra~ that w111 
answer basic questions about the chemical of immediate 
concern and build a basis to make predictions about the 
behavior of s~m~lar chemicals produced in the future. 

In the case of fluorochemicals, structural considerations and 
test results to date give r~se to concern for environmental 
safety. For example: 

Fluorochemicals are halogenated organics and for this 
reason may be llnked in the minds of regulators with 
chlorinated and brominated compOunds that have cause~ 
problems in the pas~ (e.g., PCB, PB8, DDT, etc.). 

Fluorochemieals are even more resistant to degradation 
than chlorinated and brom~nated chemicals. 

These concerns give rise to leoltimate questions about the 
persistence, accumulation potential, and ecotoxicity of 
~uorochemicals in the environment. 

These questions end concerns should be answered for at least 
two reasons, first, where there is "smoke" (structural and 
stability similarities with known ~azardous chemicals) there 
eventually wlll be a high !eve! cf concern from regulators 
and the publ~c. 3M needs to have sound answers at hand with 
which we can respond to these concerns, questions, and 
possibly inaccurate accusations, 
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Second, the properties of fluorocarbons appear to be unique. 
They often do not act as other halocarbona do. In other 
worOs, the current structure ac~Ivlty relationships may or 
may not apply. In fact, it appears that 3~ ~luoEochemicals 
pose very l~ttle problem compareO with other halocar~ons, and 
are envlronmentally "sound." But since these obse:vatlons 
are contrary to many predictions, the hard data needed to 
support such a contention must be of the highest quality 
more extensive than normalo Proper testing can strengthen 
the contention that our products are environmentally sound, 
or It can enable us to identify problems as soon as pusslble. 
Showing that ouE products are envlronme~tally sound could 
have a beneficlal marketing effect, and f~n~Ing problems 
early can help 3M avold potentially costly environmental 
problems an~ adverse publ~c~ty. 

The potential application to new products or manufacturing 
process of reliable property values and relationships shoul~ 
not be overlooked as a by-pro~uct of this type of 
characterization program. 
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COMMON CONCERNS WITM    3M FLUOROCHEMICALS 
...... "--’NUAL’ 

This section deals with concerns that apply to all 3M 
fluorochemicals. It is divided into 3 parts: A, 
Structure-Activity RelatiOnships. Presents use Of SAR and 
proposes the development of further capabilitles with 
fluorochemicals; B. Field studies. This subsection describes 
the minimal field data now avail~ble on 3M f]uorochemlcals 
and proposes further study at and surrounding the Decatur 
plant site; and C. Incineration. Gives existing information 
and questions concerning the incineration of 3M 
fluorochemicals. 

A. Structure Activity Relationships 

i. Background 

State-of-the-art environmental risk assessment 
procedures use models to predict the mobility of 
chemicals and their concentrations in various 
environmental compartments. Most of these models are 
mathematical simulations of representative 
environmental systems and scenarios which require 
inputs Of physical, chemical, and biochemical 
properties, which include aqueous solubility, 
octanol-water partition coefficient, vapor pressure, 
soil organic matter adsorption coefficient, and 
chemical, biochemical, and ph0tolytic degradation 
rates. Figure I illustrates the types of movement 
between environmental compartments which are 
frequently modeled in risk assessment procedures. 

In the absence of laboratorF data, these chemodynamic 
properties can be estimated by structure activity 
relationships (SAR). While SAR provides a quick and 
economical method of estimating the chemical 
properties needed for environmental modeling, the 
applicability of existing SAR methods to the 3M line 
of fluorochemlcals has not been validated. The 
current literature ~oes not have sufficient 
information to defend using existing SAR approaches 
with perfluorinated chemicals, so SAR applications to 
3M fluorochemicals are suspect. 

The U.S. EPA is actively engagea in developing SAR 
estimation-mathematical modelinq for the purpose of 
predicting the environmental behavior of chemicals. 
The extent of SPA commitment to SAR was clearly 
illustrated in a letter from the EPA’s Assistant 
Administrator for Pesticides and Toxic Substances to 
the Department of State. In this letter, he states 
that ph>sicochemi¢al ~nformat~On is more readily an4 
more accurately developed by existing Office of Toxic 

3MA10065478 

3M_MN00000033 

2573.0016 



~E. 1. ImporSan~ pathways of an orEani¢ chemical in the enviroumen~ 

.. ST .RATO_PA U.S..E ....... 

A 

I 

R 

W 

A 

T 

E 

R 

STRATOSPHERE 

TROPOSPHE~ 

T ROP_O..PAUSE 

GROUND WATER 

3MA10065479 

3M_MN00000034 

2573.0017 



-12- 

Substances OSA~ (Quantitative ~t~ucture Activity 
Relationship) methodologies than by the ~PD (Ninimum 
Premarket Data ~ase) measurements prescribed by the 
EEC 6th Amendment (14). Additional information on 
the importance of SAR to the 
Appendix 

Since EPA can be expected to be concerned eventually 
with the risk and hazard of fluorochemicals, they are 
likely to apply data generated by these SAR methods 
to mathematical models to predict the environmental 
fate and effects of 3M (and other) fluorochemicals. 
Since the applicability of this approach to 
fluorochemicals is not validated, development of 
suffiEient scientific knowledge is necessary to 
identify the true risks and to refute any inaccurate 
risk assessment which could affect 3M 
fluorochemicals. 

The development of SAR predictive capabilities for 
fluorochemicals should also have utility to 3M in 
areas other than environmental, e.g., ’the design of 
perfluorinated structures w~th unique properties 
required for processing, product formulation, or new 
product development. 

Objective 

The objective of this proposed work will be to 
determine the applicability of SAR methods to 3M 
fluorochemicals, and, if necessary, obtain new data 
for SAR development. ~n this respect, two stages of 
structure activity analysis are of primary interest: 

I) The use of equations interrelating 
properties: and 

2) The estimation of physical properties from 
molecular structure. 

SAR studies on fluorochemicals are complicated by the 
remarkable differences in physical-chemical 
properties between the fl~orochemicals and other 
organic chemicals. The simplest method for aqueous 
solubility measurement(15,1~) uses HPLC guantitation, 
which wilI not be effective for the fluorochemicals, 
since most 3M fluorochemlcals have no stron9 
chro~ophores for ~V detection. Alternative 
analytical methods, such as GC or total fluorine 
analysis, will require an extraction step. A more 
important potential problem involves the expected 
difficulty in getting pure samples of 
fluorochemlcals. 
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The twomphase proposal ha~ been designed to most 
rapidly and effleiently examine SAR application to 
£1uorochemicals, The phases are= 

Phase I: Evaluate existing, empirically derived SAR 
~tion to fluorochemicals. 

Phase II¢ Derive new SAR for fluorochemicals 

Phase I 

Phase I will permit us to test the validity of 
applying existing SAR tO 3M fluorochemicals without 
requiring method development or getting pure 
fluorochemical samples. 

SAR procedures are most commonly derived as empirical 
relatlonships, which are applied to estimating 
properties of unknown substances. Extrapolation of 
an SAR to a new series of substances remalns highly 
suspect until it can be validated. Such validation 
can be achieved by empirical methods, which requires 
physical property measurement by theoretical 
arguments or by a combination of the twO. 

This first phase will test application of the 
well-known SAR between octanol/water partition 
coefficient, Kmu, and aqueous solubility, Sw, for non- 
electrolyte solutes(I~,I5,16,17,18,19). This 
re]atlonship is given by Equation la for pure liquids 
and by Equation ib as a general expression for pure 
crystalline solids as well as liquids. 

log Kow = a log Sw + C is 
log Kow = A log. Sw + B (mp-25) + C ib 

In these equations, mp is the melting point in "C of 
a crystalline solid or 25 for a liquid, and A, B, and 
C are constants derived from linear regression 
analysis. 

These equations were empirically developed using 
linear regression analysis on Kow and Sw data. The 
data base from which the equations were derived did 
not include any good analogs of 3M fluorochemicals. 
Subsequent publications(15,16,17,20,21) have 
~emonstrated a thermodynamic basis for this SAR, in 
which Zq~ation i is explained by the actiy~ty 
coefficients for t~e solutes in octanol (~ o) and 
water {Fw). For this description, we haue selected 
the Mackay treatmentS20), £@uations 2 and 3, in which 
~o and ~w are expressed on a molar basis. 
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Kow, = 0.115 

Sw = 55.5 

In these equations, £/fR is the fugacity ratio for 
the pure solute to the liquid reference state (f/fR = 
I for liquids). The fugaulty of crytslllne solids is 
less than I. Its f/fR ratio can be estimated by 
means of its melting point. Combining Equations 2 
and 3 yields Equation 4 for pure liquid solutes. 

log Kow = -log Sw -log ~ ÷ log 

The Mo in this equation is the molarity of octsnol in 
itself (6.36 moles/flier}. 

If ~o remains constant, then a log ~ow vs. log Sw 
correlation, as given by Equation is, will have a 
slope, A, equal to -I, which empirical regression 
analysis on nonfluorochemicals confirms. The melting 
point term in Equation Ib accounts for the difference 
in fugacitles of the solute as a solid and as a 
liquid (the defined reference state). Any series of 
solutes where ~’o varies will not yield the linear 
regression expressions of Equation i. since 3M 
fluorochemica!s are not miscible with octanol, 
nonideal behavior and a wi~e vacation in their 
octanol activity coefficients, ~o, can be expected. 
These arguments ultimately predict that the existing 
SAR defined by Equation i will not apply to 3M 
fluorochemicals. 

Amidon and Williams offered Equation 4a as a general 
relationship for relating aqueous solubility to 
octanol/water partition coefficient (22). They 
derived th~s equation from thermodynamic 
relationships for the following sequence: solid 
melted to supercooled liquid; supercooled liquid 
dissolve~ to yield an octanol solution~ solute 
partitioned from octanOl solution into aqueous 
solution. This equation uses the solubility 
parameter, ~, for the organic solute as a means of 
estimating its activity in octanol. Since this 
equation might be valid for nonionic fluorochemicais, 
it should be tested. 

-7.3xi0-4 (V2 (i0.3-~) ÷ o 

In this eguation,~SF is the entropy of fusion, V2 is 
the molar volume and ~ is the Hildebran4 solubility 
parameter for the substitute. 
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To avoid the need for pure fluorochemical isomers and 
methods development that are prerequisite to the 
direct study of the relationship between Kow ~nd SW 
foc fluorochemicals, an alternative approach xs 
proposed. This approach will examine aromatic 
hydrocarbon partitioning between water and 
fluorochemical solvents by means of Equation 5, which 
can be derived by the Hackay approach(20,21}. 

log KFW = -log (f/fB)Sw-lo9 ~ + log MF (5 

Rere, E~W is the fluoroehemical solvent-water 
partition coefficient, ~F is the solute activity 
coefficient in the fluorochemlcal solvent, and H~ is 
the molarity of the fluorochemical solvent in itself. 
A nonlinear relationship~for KFW vs. Sw regression 
would be evidence that ~F for aromatic hydrocarbons 
would not be constant. If _~F varies for a series of 
hydrocarbon solutes, then ~’o for a perfluorochemical 
series analogous to the fluorochemica/ solvent is 
expected to also vary. This would support the 
concept that Equation i will not be valid for 3M 
fluorochemlcels(23}. 

Two procedures for KFW measurement are being 
considered. They are the standard shake flask method 
or preferably the new column generator technique 
developed by the National Bureau of Standards 
(15,16,17). The f!uorcchemical solvents selected 
should provide a reasonable estimate of the behavior 
of 3H fluorochemical types ranging from 
fluorochemical inert llguids tc fluorochemical 
alcohols. We have selected as the preliminary 
candidate solvents: l) perfluorooctane; 2) 
l,l,2,2-tetrahydroperfluorooctanol from DuPont 
(C6FI3C2H4OH)~ and 3) N-Et FOiE alcohol (LR 3844-4), 
which iS a solid. This series of fluorochemicels, 
however, does not c~ver fluorochemicals which ionize 
in water, such as EAI 80021. Either measurement 
technique (shake flask or generator column) could be 
applied to the liquid fluorochemicals, but the solid, 
LR 3844-4, wou~d require the generator column 
approach. We will select aromatic hydrocarbons from 
Table 2, This table comes from the National Bureau 
of Standards studies of octanol-water partitioning 
and aqueous solubility. We expect to choose about i~ 
solutes, base~ upon statistical needs. 

3MA10065483 

3M_MN00000038 

2573.0021 



TABLE 2* 

~ ~UJEi’LITZr~ ~ ocrAN~L/~IT~ 

Ar~ma~l � I<y~Pocart~n$ 

(f) ~SC~ in~ Leo. 

(g) ~c~y e~ ~.. 198o. 

"From National Bureau of 
Standards (15). 
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TABLE 2 (Continued) 
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The following table summarizes the anticipated 
scheduling and manpower for the work proposed in 
Phase ! .- 

~Onction ~an-houts 

Setup time 50-80 

Analytical method 
development 50-70 

System testing and 
range finding 50-70 

Parti£ion messurements using approximately ten 
solutes £or each solvent: 

1) Perfluorooctane 125-200 
2| 1,1,2,2-tetrahydro- 

perfluorooctanol 100-150 
3) LR 3844-4 70-i00 

Total Phase I 445-670 

Phase 

As described above, SAR refers to both molecular 
substltuent factor analysis for estimating 
physical-chemical properties (24,25,2~,27] and 
correlation equations which relate two or more 
physical-chemical properties (18,19,21,28-37}. Both 
approaches will require a data base of laboratory 
measurements to which standard regression analyses 
are applied to yiel~ the SAR. 

The objectives o£ this phase will depen~ upon the 
observations in Phase I and a literature review. It 
is anticipated that the SAR development will include 
estimating perfluorochemical fragment substituent 
constants for one or more key physlcal-chemical 
properties, such as Row, Sw, an~ vapor pressure, 
making interproperty correlations, such as ~ow vs. 
or soil organic matter sorption coefficient, Koo vs. 
Sw. 

The study will gather available data Jn the 
literature and from within 3M on the aqueous 
solubility, vapor pressure, octanol-water partition 
coefficient, and soil-water partition coefficient of 
fluorochemicals. When necessary, laboratory 
measurements will be made to f~ll in the gaps. ~t is 
anticipated that such measurements wil~ be more 
accurate than in previous studies since attempts will 
be made to use test chemicals which exist as single 
isomers rather than products which are mixtures of 
structural and molecular weight isomers. 
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Correlations will then be =ade between measured 
fluorochemical properties, comparing them with those 
published in the literature for other types of 
organic compounds. Examples O£ relevant published 
correlations are those of vapo~2~ressure and water 
solubility by Amldon and Anlk     ); O£ aqueous 
solubility and partition coefficient by Banerjee et 
al (21]I and o£ partition coefficient and biosorption 
part£tlon coef~icien~ 8eveloped by Steen and 

If correlations between the physical chemical ~n~ 
chemodynamic properties o~ fluorochemlcals are 
strong, the developed estimation approach will be 
appli@d to existing literature data and to actual 3M 
fluorochemicals. Attempts w~ll also be made to 
derive substltuent constants for ~mportant 3M 
fluorochemical ~roups such as C8F17-. Values of 
propertie~ estimated by this approach wfll be 
compared with measured properties for va1~datlon. 

The following is an estimated work load for Phase 
~ anticpates the derivation of CSFI?, CF3 and CF2 
fragment constants for the Ha~sch and Leo approach to 
Kow estimation and the ~erivation of correlation 
~qustions between Kow vs. Sw and Koc vs. row or Sw. 

Functlo~ ~an-hours 

Substituent constants, row 
Literature review 
Property measurement 
Statistical analys~s 

Correlation equations 
Literature review 
Property measurements 
Statistical ana~ys~s 

35-50 
300-400 
20-25 

5-10 
250-350 
20-25 

~ethod development for Koc measurement 
Koc measurements 
Statistical analysts 

Tota! Phase 2 

200-300 
250-350 
20-25 

1100-1535 
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Field Studies 

1. Background 

The purpose of field studies is to determine what 
happens to chemicals in the real world. The results 
often confirm, but sometimes refute, laboratory 
predictions, and they often uncover unpredictable 
phenomena. In other words, field studies determine 
where in the environment chemicals accumulate, how 
they move in the environment, and whether or’not they 
cause any adverse effects. 

In evaluating the fate and effects of substances, a 
field:study is extremely valuable but rarely 
practical. Such studies are frequently too costly to 
be justified for low volume chemicals. Release may 
be too widespread to alluw for easy monitoring, or in 
the case of new chemicals, sufficient field release 
to allow detection may not have occurred. 

The uncontrolled nature of field studies also 
presents potential problems. Unrelated natural or 
man cause@ factors may complicate data 
interpretation. For example, toxic discharges from 
nearby industrial or agricultural activities may mask 
the effects of the chemicals of interest. 

For the fluorochemicals, though, s field study is 
possible since there has been known production and 
limited environmental release for years at a few 
fac~llties. By designing the proper studies, one can 
use these sites to evaluate the real-world fate and 
effects of fluorochemicals. This, in turn, will 
allow evaluation of the validity and the utility of 
predictions based only on laboratory observations. 
Such comparisons will also enable the Environmental 
Laboratory to make better estimates of the fate and 
effects of similar substances in the future with much 
less data and hence for less cost. 

Table 3 summarizes results of past field studies on 
fluoroohemica] residues at the Decatur plant [11,12). 
The distribution of organic and inorganic fluorine 
was measured in the plant’s wastewater treatment 
sludge and effluent, as well as in the soil where 
sludge had been applie~. Some fluorochemical 
components were identified. Because these were only 
preliminary quantitative evaluations, it cannot yet 
be concluded that high fluorochemical concentrations 
have not accumulate~ near the plant site. 
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sludge 

Effluent 

Soil (Sludge 
Treated} 

Decatur Soil 
(untreated) 

a 

b 

TABLE 3 

FLUORIDE MEASUREMENTS AT THE DECATUR PLANT 

Measure4 Fluorine 

Inorgan, ic Organic 

223 730a 

23.7 10.9b,0.096 

300c 440c 

24.4 8.9 

Major volatile fluorochemlcal was LR 3844-4. 
CSFITSO2NHEt were also identified. 

Identified LR 5625. 

Apparent analytical error (CRL Anal. #6937). 

LR 5625 and 

Fish placed in the Decatur effluent bioconcentrated 
those £!uorochemi=als with low water solubility {38). 
Residue concentrations £n the fish were measured at 
10 ppm for the FOSE amide (CBFI7SO2NHEt) and 7 ppm* 
for LR 3844-4 (CSYlTSO2REtC2H4OB]. Neither LR 2929 
nor L~ 5625 was detected. EAI 80021 was detected but 
not quantified. 

This greater b~oaccumulatlon of low water soluble 
fluorochemicals agrees with SAR relationships between 
bioaccumulation and water solubility or octanol-water 
partition coefficient derived for nonfluorinated 
organic chemicals (24,39). 

*For perspective, FDA allows PCB concentrations up to 2 ppm in 
edible portions of fish. 
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Field Stud~ at Decatur Plant 

A field study is recommended to measure distribution, 
biological uptake, and effects of fluorochemicals 
near the Decatur plant. In this study, we want to 
determine: l) if fluorochemicals are long lived as 
predicted; 2) if they concentrate near the point of 
entry or are diluted throughout the environment; 3) 
if they concentrate in one compartment of the 
environment such as air, water, soil, sediment or 
biota; 4) if they cause any ecological effects. 

Fluorochemicals have been produced at the Decatur 
plant for about thirty years. Since then, they have 
been :entering the environment through landfilllng of 
tars and other by-products, through water discharges, 
both before and after the installation of s modern 
wastewater treatment facility, through vapor 
discharges from ma~ufacturlng ~rccesses and 
wastewster aeration basins, and more recently through 
the field Incorporation of wastewater sludge 
containing fluorochemicals. 

Analytical capabilities will be tested and evaluated 
prior to study initiation. While there is concern 
about all fluorochemlcals produced at Decatur, we 
plan to monitor only three (perfluorooctanoic acid, 
perfluorooctyl sulfonate, and DR 3844-4). Specific 
analyses, however, will only be made after first 
determining the need by looking at the levels of 
total organic fluorine. This preliminary screening 
for total organic fluorine will eliminate an 
unnecessarily large number of costly specific fluoro- 
chemical analyses, We can obtain estimations on how 
these chemicals and other fluorinated chemicals move 
and act in the environment by looking at ~ust organic 
fluorine. 

A comparison of the difference between the total 
organic fluorine concentration and the concentration 
of the three specific monitored chemicals would 
indicate whether other fluorinated chemicals may be 
important as environmental contaminants, and thus 
whether they should also be identified. Other 
fluorochemicals found in significant quantities in 
Decatur soil, sludge, biota, wastewater, an@ 
receiving water by methods such as capillary GLC may 
a~so be ~entified and quantitatively determine~ in- 
the study. 
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The analytical techniques selected must have adequate 
specificity for 3~ fluorochemicals to ensure accurate 
identification in order to avoid false alarms. 
Analytical work, done to determine if Tennessee River 
fish bioconcentrated 3K fluorochemicalS, has clearly 
illustrated the potential for incorrect resuIts with 
nonspecific analytical techniques(40,41). In this 
study, preliminary GLC analysis with electron capture 
detection separated three peaks from fish extracts 
that moved idantleall7 to those of three 3M fluoro- 
chemical controls (40~. Rad analysis stoppe~ here, 
it would have appeared that 3~ f~uorochemicals were 
bioconcentrating into fish from ambient 
concent~atlons. ~owever, confirmational analytical 
work ~sing microwave sustained helium plasma 
detection showed that the ~eak~ from the fish tissue 
extracts were not due to fluo~ochemicals (41). 

Before sampling, conceptual modeling will be 
conducted in an attempt to predict the field study 
findings. These predictions will be baaed on old and 
new laboratory data, available ~ischarge re¢or~s, and 
maps of the site. When possible, wi~ely use~ 
environmental models such as the EPA’s EXAMS System 
will also be applied. This exercise will help tO 
ensure a meaningful interpreation of the field study 
results and will immediately draw attention to 
unexpected results. It will also help in evaluating 
the applicability of existing models, which are based 
mostly on hydrocarbon data, in predicting the 
environmental behavior of fluorochemicals. 

The following is a list of proposed sampling sites 
and procedures. These procedures and sites may be 
s~juste4 as other information on the properties of 
the chemicals and nature of the sampling sites become 
available. At the time of sampling, complete ~etails 
of the sampling sites, including pictures, will be 
recorded. 

a) Sludge 

A series of grab sludge samples will be taken to 
compare with other samples previously taken. Sludge 
should be sampled when it is being pumped from 
storage to be applied to fields. The results will be 
used to estimate quantities and variability of 
fluorochemicals entering the soil environment through 
sludge incorporation. (7 samples, 96 hrs.) 
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£ffluent will be collected at ~he ou~£1ow of the 
biological treatment system before mixing with 
cooling water. Concentrations entering the reservoir 
will also be calculated based on relative flow rates 
and the assumption that no £1uorochemicals ate 
present in cooling water. One 5-liter sample will be 
taken during each of four different weeks so tha~ the 
variation ~n the effluent characteristics can be 
evaluated. Single controls will also be taken from 
t~o waste trea~men~ systems not treating fluoro- 
chemicals. ?he results of the anlysis will give an 
estimation of the quantities of fluorochemtcals 
enterSng the lake. ~he values will be compared with 
those from sediment and b~ota. (6 samples, 84 hrs.) 

soil 

Soil from the fields where sludge has been 
incorporated will be collected in accordance with 
accepted methods (42) and analyzed for total organic 
fluorine and, if this is found in high quantities, 
for the three fluorochemicals specified above. 
Approximately ten samples will be collected from the 
fields in different locat~ons. Sampling ~epth w~ll 
be between the surface and 12". 

In addition to these samples, approximately six soil 
samples from the ditches that collect runoff water 
from the field will he taken at points outside the 
sludge application area. 

Two controls will be taken from a location with the 
same soll type at least i0 miles from the 
manufacturing facility. The exact locations of the 
sampling sites will be set after review of the sludge 
incorporate rates in the fields and the runoff 
patterns of the fields. 

The results from the analysis of these samples will 
be used to estimate how much of the applied 
fluorochemlcal stays in the soil at the s~te and how 
much of the fluorinated sludge is washed from the 
field, possibly to the adjacent reservoir. (18 
samples, 252 hrs.) 

d] Field Vegetation 

Six crop samples will be collecte~ at harvest time 
from fields receiving sludge and two fro~ control 
fields. 
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These samples wlll first be analyzed ~or totaJ 
organic fluorine. Then if there are high levels, the 
crops will be analyzed for LR 5625, EAI 8~Q21, and LR 
3844-4, and a rat feedinq study using the crop will 
be initiated. The purpose of the feeding study will 
be to determine the uptake kinetics of the 
fluorocarbons from the crop. The details of the 
feeding study will be set if or when it is 
appropriate. (8 samples, 108 hrs not including 
possible feeding studies) 

e) Pal!out 

One important possible ~ode of entry of the 
f/uorgchemic~Is Jn~o the environment is through air 
emissions from plsnt manufacturing processes or 
volat;lJzation due to aeration of the waste treatment 
system. Chemlcals enterin~ the environment through 
the air are usually either d~luted ~nto the air and 
therefore carried off or they precipitate out, 
usually locally. When there is such fallout, the 
concentration is usually greatest closest to the 
source and fails off with d~s~ance from the source. 

Thus, we propose sampling the soil .close to the plant 
and at increaslng distances from the plant. Two 
sampling vectors would be set up. The first would 
follow the predominant downwind trajectory and the 
other upwind. Four soi! core samples would be 
collected along each vector at intervals of 100M, 
200~, 400~, and 800~. Two control samp!es will be 
taken several miles from the p~ant. The location i~ 
yet to be determined. Samples will not be taken from 
those points where sampling vectors intersect waste 
disposal s~tes or the r~ver (i0 samples, 144 hrs). 

f) Sediment 

Previous studies have shorn that several of the 
fiuorochemicaIs bind to so~l and thus would be 
expected to also bind to aquatic sediments. For this 
reason there is a need to look at aquatic sediment to 
~ee how much fluoroche~ical does bind. Chemicals 
that bind to sediment and are in water tend to 
f~acticnate into the sediment very rapidly, and are 
usually found in higher concentrations where effluent 
waters enter a lake or pond. The concentration 
decreases with distance away from the entry point.(l~ 
For this reason, we propose to sample sediment at the 
e~fluent entry point and at the middle and mouth o£ 
the cove into which the discharge flows. Since the 
flow of the effluent afte~ entering the ~eserv~i~ can 
vary, a~ditional sampling will follow three vectors: 
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one up the shore line: one down the shoce line,, and 
one perpendicular to the shore line. Sampling depth 

will be determined on-slte an~ will depend on the 
bottom topography along each vector. Control samples 
will also be taken from points on the river well 
above and below the plant site. Only the top i-2 
centimeters of sediment would be sampled. The 
sampling metho~ has not been ~etermined yet, but it 
could be either done by diving and scraping the top 
I-2 centimers or by using a vsnbean sampler with a 
removable top to obtain the top 1-2 centimeters. (9 
samples, 132 hrs.) 

: 
There will be two types of biotic sampling. First, 
to estimate possible effects and second, to ~etermine 
if biota accumulate fluorochem~cals. The sampling 
points will be the same as for the sediment ssmples 
for the same reason and so that the concentrations i, 
the sediment can be directly compared with the 
concentration in the biota. If there is an effect on 

will likely ~ecrease with increasing concentration of 
the chemical causing the effect. The clam, 
Corbicula, will be sampled in order to determine the 
concent~atlon of fluorochemicals in biota.(43) 
samples, 204 hrs.) 

h) Water Column 

The concentration of fluorochemicals in the water 
column will be measure~ at each of the sites where 
the biota an~ sediment are sample~ in order to 
directly compare the concentration of fluorochemicals 
in the water versus the sediment and the biota. The 
parts of the water column that will be sampled will 
depend on the mixing pattern of the water, the flow 
of the effluent, and topography of sampling sites. 
One possibility is to sample water close to the 
bottom, at the middle of the water column, a~ close 
tO the surface. (12 samples, 168 hrs.) 

Priority 

This field work is needed for three reasons: I) very 
little data now exists on the actual environmental 
concentration and impact of fluorochemicals; 2) the 
study will assist in clarifying those physical, 
chemical, an~ biochemical properties of 
fluorochemicals that are m~st important i~ 
determining ~beir environmental fate; 3) it will 
provide the n~cessary ~ata for validation or 
correction of our present estimated environmenta~ 
concentrations from our modeling studies. 
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The primary objective o£ the field study, however, is 
to determine if unanticipated or unreasonably high 
floorochem~cal concentration exists in any site near 
the Decatur manufacturing plant and to extend such 
information to predictions at other manufacturlng and 
use sites. 

The phases of this study are given the following 
priority: 

Phase 1 (confirm analytical capabilities) - 
Priority I - 150 hours 

Phase 2 [modeling to predict findings) - 
Priority I - 20 hours 

Phase 3 (field Samples and sample analysis) - 
Priority III- 1200 hours 

C. Incineration 

I. Background 

Incomplete combustion of fluorochemicals can lead to 
the formation of acutely toxic by-products such as 
carbonyl fluori~e and perfluoroisobutylene in 
addition to the HF normally formed. 

Incineration stuOies conducted by EE&PC at a pilot 
scale incineration facility looked for p~ssible toxic 
by-products (sUch as CF20, OF2, perfluoroolefins or 
NF3) from cc 788-19 (100 ml) combustion (w~tb 5 
gallons #2 fuel oil) at 2185°F. None of these 
components were detecte~ at 1 and 5 ppm in 
condensable and volatile components, respectively. 
~owever, literature sources describing other 
fluorochemical combustion studies have observed some 
of these toxic components (44). 

2. Approval and Decision Points 

A test burn of fluorochemicals at the Decatur 
incinerator is recommended. The Decatur incinerator 
has been selected for this study because it is more 
likely to allow the formatlcn of incomplete 
ccmbust~o~ products than the more sophisticated 
ChemoZite incinerator. Thus, if the Decatur 
incinerator ~oes not produce significant leve~s of 
toxic by-products, we would assume that the similar 
Cordova or more modern Chemollte incinerators are at 
least as effective in destroyin@ fluorochemicals 
wlthout producing toxic by-products. 

3MA10065495 

3M_MN00000050 

2573.0033 



Samples of the ~aterial to be incinerated will be 
analyzed for HF and Total Organic Fluorine; 

CF20 (carbonyl fluoride), perfluorolsobutylene, total 
organic carbon (T~C), total organic £1uoride, and CO. 

Analytlcal capabilities and sample handling, 
stability, and preservation requirements will be 
evaluated prior to the test. As some of these 
possible by-products are gulte reactive, sample 
handling difficultles are ant~clpated and coul~ cause 
cancellation or changes ~o por~ions of this proposal. 

The study is a confirmatory test planned tc ~ell us 
if the Decatur incinerator does or does no~ emit 
unreasonable amounts or concentrations of hazardous 
degradation produc~s. 

Priority III Js assigned to this proposal. 

3MA100654.96 

3M_MN00000051 

2573.0034 



IV. 

-29- 

ENVIRONMENTAL PROPERTIES OF FLUOROCHEMICAL CLASSES 

This section reviews our present knowledge of the following 
classes of 3M fluorochemlcsls: A. Inert Liquids; B, Low MW 
Acids and Their Salts; C. Surfactants; D. PhosphateS; E. 
~Icoho/s~ F. Acrylates~ G. Urethanes; H. FLUORELe and 
Kel-Fe Polymers; and I. C~tal, ysts. 

The section on each fluorochemical class is further divided 
into a "Background" section and a "Recommended Testing" 
section. The ~ackground sections outline our present 
understanding of the environmentally significant aspects of 
the fluoroche~ical class’ physical properties, degradabillty, 
and effects. The "Recommended Testing" section proposes 
additional wo;rk and gives ~eclsi0n points and expected test 
output. Esch study is given a priority rating of I, II, or 
III in which the numbers indicate both the need end the order 
in which the proposed studies should be done. 

The proposed physical properties measurements will broaden 
profiles on individual fluorochemicals which are 
representative of these important fluorochemlcal classes. 
These data will be use~ both to model their environmental 
fate and as a data base for SAR development. 

Degradations studies will determine which, if any, of the 
possible environmental degradation mechanisms (chemical, 
b~cchemical or photochemical) are important in the 
environmental fate of the fluorochemical classes. 

Effects testing will determine the concentration of 
fluorochemlcals that coul~ adversely affect ecological 
systems. 

These three types of data. when use~ £n combination with 
modeling and field data, wil! yield a good indication of the 
likelihood of adverse environmental effects from these 3M 
fluorochemlcal classes. 

A. Inert Liquids 

I. Backuround 

a) Physical Properties 

Commercial Chemicals Division Technical brochure 
Y-ITPB-I(21.3)JR summarizes the physical 
properties of Fluorinert Electronic Liquids. 
These data indicate that all FLUORINERT liquids 
have sufficient volatility to enable them to 
eventually evaporate an~ disperse into the 
atmosphere. 
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Calculations based on models developed by 
Cupitt (45) show that, once in the atmosphere, 
the FLVORZN£RT liquids are not likely to be 
removed by dissolving in rain water or by 
adsorbing to and settling with particulates. 
any case, because of their high volatility, any 
of these inert ~luorochemicals removed from the 
atmosphere by these processes will iikely 
eventually ~eevaporate to the atmosphere. 

Some unanswered questions do exist concerning the 
physical properties of the inert fluoroche~Jcals. 
For example, how stron~l~ do ~hey adsorb to soil? 
S0il sorption data allows us to predict mobility 
an~ determine if they, like some chlorinated 
~olvents, are likely to move from spill and lan~ 
disposal sites and contaminate groundwater 
sources. The Environmental Laboratory should be 
able to evaluate this posslbility after 
development of structure activity relationships 
(SAR) capabilities. The low toxicity of 
FLUORINERT® Liquids, discussed below, makes this 
potential problem noncritical, but even if 
completely innocuous, the presence of man-made 
chemicals in groundwater is a sensitive and high 
profile subject. 

b) DegradatioD 

Fluorochemical inert liquids are very stable, 
resisting degradation under both extreme chemical 
and physical conditions. In addition, these 
liguids show no susceptibility to biodegradation 
in BOD and other biodegradation tests. 

Their stability suggests that they will persist 
in the atmosphere for very long times. This 
hypothesis is substantiated by analytical 
findings of Dietz an~ co-workers (46,47,48). 
They found that perfluoromethylcyclohexane an~ 
perfluorodimethylcyclohexane have remained in the 
atmosphere near the concentration expected from 
their total worldwide production. The great 
majority of these two perfluorochem~cals were 
released to the atmosphere in the 1940’s at Oak 
R~dge, and eighty percent, or possibly all, of 
this fluorochemical is still in the atmosphere. 

DUe to the transparency of perfluoroparaffins and 
ami~es above 280 nm (49,50,51,52), the FLUORINERT 
products are not expected to degraOe in the 
troposphere or lower stratosphere. Nitrogen- 
containing FLVORINERT products, which have the 
longest wavelength []V absorption, may 
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photodegrade in the m~d-st~atosphere, but other 
FLUORINERT chemicals will probably only 
photodegrade in the upper stratosphere and above. 

Unlike other organic materiels, degradation of 
inert liquids through reaction with OR radical is 
alan unlikely to provide a significant sink for 
perfluorocarbons ~53). Reactions with O(ID) 
(which occurs primarily in the stratosphere) may 
have some significance (53). 

The lifetime of these products is probably 
determined by the extremely long time required 
for molecules to diffuse into the upper regions 
qf the atmosphere where photolysis, 
photooxidation or significant reaction with 
sing/et oxygen can occur (54). Estimated 
atmospheric lifetimes of perfluorocarbons due to 
these reactions are on the order of hundreds of 
years (53). 

Preliminary literature findings on chlorofluoro- 
methanes and ethanes suggest that FLUORINERTS, 
unlike chlorofluorocarbcns, are unlikely 
candidates to photodegrade after adsorbing to 
send in spite of the strength of SiF bonds (55|. 
The literature shows that increasing the number 
of fluorines in a chlorofluorocarbon greatly 
decreases its rate of photodeoradation when 
adsorbed to sand (39,55). Th6s, one would expect 
that these completely fluorinated compounds would 
degrade even more slowly than 
chlorofluoromethanes. In addition, these 
experiments have shown no detectable C-F bun4 
breakage. 

~anno has reported on the sensitized 
photodegra~atlon of Freon 12 with very high 
concentrat£ons of nitrogen oxides in air. This 
study, which used a xenon lamp. shows the 
formation of HF indicating breakage of the C-F 
bond (56). Similar sensitized photodegradation 
could possibly occur with the FLUORINERTS but 
would likely be at an extre~el~ slow rate. 

Effects 

As a class, FLUORINERT liquids show little 
toxicity. A summary of the environmental effects 
data on this class of compounds is shown in Table 
4. No significant toxicity has been found. All 
of the thirteen FLUORINERT liguid products which 
have been subjected to acute fish bioessays have 
had 96-hr. LCs0 values greater than 1,000 mg/l 
and are classified as inslgnif~cant hazard*. 

*Appendix I gives a scale rating aquatic toxicity data from 
highly toxic to insignificant hazard. 
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In addition, one FLUOBIN£RT liquid (co 742~7) was 
found to be nontoxic to Daphnia ~LCs0 >1500 
mg/l), and four were found not to adversely 
affect activated sludge microorganisms. 

LR 4894 

L~ 3844-1 

LR 2465-i 

LR 7982 

L~ 6589 

12 7842 

12 2455-3 

CC 742-7 

Typical 
Boiling 
Ra~je(~C) 

138-189 

139-185 

165-185 

139-180 

207-225 

203-221 

244-262 

50-60 

99-107 

90-107 

~LE 4 

~ OF D/~I~AL Z~’~TS OF 

Other Data 
Major 96-Hr. LC50(a,b) and Lab Request 

Cc~nents (mgi!) or Reference 

(C4Fg)3N >1,000 5120 
>5,000 2455 

F 2 

{C8~17)~2 
1,686 

CIIF24 0 1,893 

{C4Fg)3N >5,000 

4894 

Did not support 
fungal growth(d). 2455 

C12F24 
(cyclic, 

>1,500 
>5,000 

Retarded activated 
slu~e 02c~emletion 
rate(e). {ST), 2465 

No a~h~rse effect on 
lab scale treatment 
system(f) ~571. 

(CsFII)3N >i,000 7981 

C13P28; 
F2~F2 

(CIOF21)FC~F2 

(C6FI3)3N 

C6F14 

¢8FI~ 
F2q"~2 

~C4FglFC%~CF2 

>1,00o (h) 

>I,000 

>1,000 

>5,000 

No effect on activate~ 
sludge 02 depletion rat~ 
EAI 79215,79213, 6589 

6589 

7842 

DiO not support fungal 
growth (d). 
2455 

¢8F18; 

(C4F9) Fr~O, CF2 

>5,000 
>1,000 

>1,500 ~/I, 48-Hr. 
5C50 Daphnia. 2455 

3MA10065500 

3M_MN00000055 

25"}’3.0038 



788-19 

(Table 4 �ontinuec]) 

T~ical 

50-60 >5,00C 

4913 90-107 : Cyclic 

C8F16 

E09--21 75-90 C7F16 

Footnotes: 

end ~ l~eq~est 
or Re fez~nce 

Retar6ed activated 

~ 
~eDletion rate{e)¯ 
ac~verse ef£ect~n 

lab scale tma~nt 
s~t~(f). 2455, 5713~[ 

>1000h 4913 

>I,000 No effect on activate~ 
slu~geO2 ~epletion rat 
6262 

All 96-hr. LC50 tests were on Pathea4 minnows {Pime~ales pr~m~ias] ~!ess indicate4. 

All 96-hr. LCso val~es are for nommlsc~ble m~xtures. 

5-4380 iS a possible L~ 5120 ~.~unent. It is a mixture of varies i~s of ~rfl~ 
~i tetr~fu~. 

ASTMG-21o70 growth rating was 1 in~i~ating sp~rseandscatteredgrowth. The analyst 
felt this growth was dU~ to a mass of spores ~n the inoculum an~ not t~ ~-owth on pro~ucl 

Activate~ sluc~ge mixe~ liquor with a dissol~ oxen ~ntration of 7 ~/l h~ a 
slightly lo~r ~n ~pletion t~ ~ ~e ~n~l. 
~is ~s ~ly ~t d~ ~ t~ici~ b~ to ~e fact ~at ~rfl~ri~t~ o~anic 
li~ids dis~l~ la~ ~tities of ~n ~i~ ~ey ~ tra~fer to ~e ~ 
~. ~us, sin~ ~ve 02 ~ p~nt, a Io~r t~ w~ n~ for i~ utilization. 

LR 2465-1 an4 cc 788-19, even at unreasonably high concentrations (13 g/l no~iscible 
mixtures), had no a~verse effect on lab scale semicontinuous activa~e~ slu~e systems 
operated for ii days. 

L-4308 is a possible LR 7981 ~q,~onent. 

Bluegill sunfish fLep~m~s macrcchirus). 

The low toxicity of FLUORIHE~Te liquids, 
indicates that this group of chemicals presents 
an ~nsignificant risk of causing a~verse 
environmental effects to aquatic organisms. The 
low aquatic exposure resulting from their low 
water soluDility an~ h~gh uolatility further 
re4uces the r~sk. 
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Recommended Testing ~"’’ ", ,,-~.~ 

No laboratory studies on FLUORINEETe Liquids are 

literature study has been established. This study is 
enabling the Environmental Laboratory to continually 
increase its understanding of the fate and effects of 
these chemicals. 

MW Acids and Their Salts 

B~ck~round 

a) Physical Properties 

b) 

c) 

commercial Chemicals Division products in this 
class consist of two fluorochemical acids 
(co 8110-9 and cc 805-I) and some of their salts. 
In the unneutrallzed form. the fluorochemical 
acids are very strongly acidic and corrosive, 
making them hazardous materials. However, except 
in the case of large spills or discharges, they 
would be neutralized in the environment. 

Calculated Henry’s Law constants for these 
products suggest that they will ultimately 
migrate to and disperse in the aquatic 
environment(58). Unlike the inert fluorochemical 
liquids, the atmosphere will not be a significant 
sink. The high water solubility of these 
products also makes them unlikely to 
bioconcentrate in living systems or to bond 
strongly to soil or sediments. 

Degradation 

cC 805-I showed no biochemical oxygen demand 
(ROD) in a 20-day test and no dichromate chemical 
oxygen demand (COD) (LR 5695). Similar results 
would be expected for cc 8110-9. The lack of a 
chemical oxygen demand suggests extreme 
resistance to chemical degradation in the 
environment. 

Effects 

Environmental screening data on the neutralized 
products shows them to have very little toxicit~ 
(insignificant hazard) (see Table 5 and Appendix 
I). Neutralized cc 805-I caused no acute 
l~thality or other toxic effects to fish in 96 
hrs. at 2000 mg/l. At this same concentration, 
cc 8110-9 caused minimum lethality: only two of 
60 fish died. 
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Table 5 also shows that the neutralized acids 
have no significant acute toxicity to activated 
sludge microOrganisms at concentrations much 
higher than would normally occur in a waste 
treatment system. 

The low toxlclty of these chemicals, the fact 
that they are likely to dilute in the aquatic 
environment and not concentrate in either living 
or nonliving systems, and their low production 
volumes makes the probability of significant 
adverse effects from this group of chemicals 
remote. Nevertheless, some concern exists about 
the apparent extreme resistance of these products 
~o degradation. 

Recommended Testing 

No further environmental testing is recommended on 
these products at. this time. 

¯ ~BL~ 5 

T~XICITY OF NaOH NEUTRALIZED ~CAL AcIn~ 
AND OT~ER SALTS OF ~ ACIDS 

Product      Formula 

cc 8110-9 ¢3 F7CO0~ - - 
Neutralized C3F7CC~a >2000 >i000 

cc 805-1    CF3SO3H 
Neutralized CF3SO3Na >2000 >I000 

cc 786-6     C23SO3L~ >1000(c) - 

cc 791-17    [CF3S03-] [H2N(C2Hs}2]÷ >1000 - 

Microbial 
9�-Hr. Inhibition 
LCS0 Concentration 

{a) Bioassa~s used Fathead minnows (Pimephales p~Telas} unless indicate~. 

(b) Concentratlcn causing an irmediate reduction of activated sludge oxygen 
uptake rate. 

{c) Blut~ill sunfish {Lepcmis macrochirus). 

7364 

5696 

4388 

4740 
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C. Surfactants 

l. Background 

a) Physical Properties 

Water Solubility - LR 5625 {C7F15COONHd) and 
EAI 80021 [C8F17S03K} were studied as 
representatlve FC surfactants in the Fate of 
Fluorochemicals Program Part I {2,3). From an 
environmental perspective, both products have 
high water solubility. Since this study, 
E6I 80021 solubility has been more accurately 
measured, and determined to be about 1,080 mg/l 
(59). This solubility measurement was 
subsequently con£irm~d by the analysis of a water 
saturated sample of ZA£ 80021 sent to Dohrmann 
during the Environmental Laboratory’s evaluation 
of their TOO equipment (60). 

LR 5625 is very soluble. Its actual solubility 
limit was not determined. Solubility work on 
this compound was terminated after a sample was 
found to totally dissolve in a volume of water of 
equal weight (61).    Solubility data on other 3M 
fluorochemical surfactants are given in Table 6. 

These high water solubilities suggest that 
EAI 80021, LR 5625, and other 3M fluorochemical 
surfactants will dilute in aquatic environments 
w~th little partitioning from the wafer’phase 
into sediment, lipid tissues, or suspended 
organic matter.    These data also indicat~ that 
these fluoroohemicals are likely to remain in the 
aqueous phase during wastewater treatment and not 
to concentrate into wastewater sludge. 
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TABLE 6 

SOLUBILITY AND OCTANOL/WATER PARTITION COEF~ICI£NT$ 
OF FLUO~OCHEMICAL SURFACTANT PBODUCT$ 

Water Solubility 
at Boom Temp. Re fe fence 

cc 8011-23 >250 
LR 2456-i 
EAI 80021 I g/l 
cc 802-23 I0 g/l (64} 
cc 795-7 >500 
cc 805-10(hydroxy foamer) 
LR 2318-2 (a) 
LR 29~9 : 200 g/l (gel) (56) 
cc 773-588 50 g/l (gel) (66] 
LR 5625 >500 g/l (61) 
LR 2337-1 300 g/l (gel) (66) 
cc 7711-18 i g/l (67) 
cc 777-3 I g/l {b) (68) 

Footnotes: 

~a) Solubility is unknown but probably high 
sold at 

Cloudy solution. 

Octano~z~ater Partition Coefficient - An 
o~anol/water partition coefficient (Kow), or 
mc~e accurately, an octanol/water distribution 
coefficient, is available for only one 
fluorochemical surfactant, cc 8011-23 (Kow=0o55). 
Since cc 801~-23 is an ionic material and thus 
does not exist as the same solute species in the 
two immiscible solvents*, this is not a true 
partition coefficient. Quantitative SAR methods 
have not been fully develope~ for io~ic species 
(24). 

The applicability of this distribution ratio 
value for cc 801]-23 to existing regression 
equations correlating physical-chemical and 
chemodynamic properties is questionable. 
Nevertheless, the regression equation of Banerjee 
et al (21), which correlates Eow with water 
solubil~ty {S), appears to make a reasonable 
prediction. Using the midpoint of the melting 
range as the melting point (69), this equation 
predicts the solubil~ty of cc 8011-23 to be 250 
~/i. 

*co 8011-23 will exist in the dissociated state in the aqueous 
phase and primarily in the associate~ state in ~n-octanol. 
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Soil Adsorption Coefficients - Soil organic 
matter adsorption coefficients, 
5625 and 45 ~or EAI 80021 (70) /no’care very high 
mobility in soil. This is congruent with their 
high water solubility. A regression analysis 
based on data for EAI 80021, LR 5625, LR 3844-4, 
and LR 4197-2 showed the following relationship 
between solubility (S) and soil organic matter 
adsorption coefficient 

log KOC - 3.58 - 0.513 (log $), 

This regression equation is nearly identical to 
the correlation reported by Kenaga and 
Ggring (I0} for 106 organic compounds= 

log Koc = 3.64 - 0.55 (log S). 

This preliminary correlation again supports the 
prospect that some currently described structure 
relationships Bay be applicable to flucrochemlcal 
surfactants and alcohols. 

Developing s0il th~n-leyer chromatography (TIC) 
plates with water is another method of measuring 
the affinity of chemicals for soil. Procedures 
have been proposed by the USEPA to measure 
mobility in soil by this method (71), and 
prellmlnary measurements by a very simila~ method 
have been made on EAI 80021 and LR 5625 
Unfortunately, the amount 0£ EAI 80021 spotted 
was too small to allow visualization. LR 5525, 
however, showed lo~ mobility. This finding seems 
to contradict both the soil adsorption 
coefficient measurements given above and the 
predictions Of low SOil sorption based on the 
high water solubility Of 3~ fluorochemlcal 
surfactants. These adsorption (Koc) and TiC 
measurements were conducted in two different soll 
types, but while edaphic factors* can cause 

*The following are edaphic factors which can affece chemical 
mobility in soil (73): 

I) Complexatlon with organics 
a) Cation exchange with organics 
b) Organic anion fixation 
�) Nonp~lar organic reactions 

2) Adsorption by mineral species (e.g., clay) 
3) Chemical oxidatlon-reduction effects 
4) Precipitation reactions .and pH effects 
5) Ion exchange reactions 

a) With layered silicates 
b) W~th hydroxy oxides of Fe and Mn 
c) with organic matter 
d) With llme materials (agricultural or natural) 
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differences in chem£caI m~bility, differences of 
this magnitude are unlikely with these 
Eluorochemical sur£actants. Clarification of 
these data is needed. 

Blosor~tion - A biosorption study has been 
conducted 6n cc 8011-23, the diethanolamfne salt 
of perfluoroethylcyclohexyl sulEonic acid {74). 
The fluorochemical portion of this material was 
found not to bind strongly to aCtivate~ sludge. 
The results of this study indicate that the 
fluorochemical portion of cc 8011-23 is likely to 
remain in the a~ueous phase ~uring passage 
through a wastewater treatment system. The 
behavior of this water soluble fluorochemical is 
thus similar to that predicted for EAI 80021 and 
~R 5625, and because of its similarity to 
EAI 80021 ~the perfluorlnated portion is also a 
saturated, C~ sulfonlc acid), the finding adds 
credence tc this prediction. 

Studies with rats done by Riker have shown that 
perfluorooctane sulfonate is very difficult to 
recover quantitatively from tissues and feces 
even when extracted by a series of nonpolar to 
polar or~anlc solvents. Perfluorooctane 
sulfonate in the bled4 was also found to be 
essentially completely bound to soluble proteins 
(75). These two findings suggest that 
perfluorooctane sulfonate may bind strongly to 
nonsoluFle proteinaceous materials, both in 
animal tissues an~ in soils or sediments of the 
aquatic or terrestrial environment. These 
findings and the predictions-based on them are 
contrary to the prediction of the Environmental 
Laboratory based on water solubility 
measurements. 

V~por Pressure - No actual vapor pressure 
measurements were made on EAI 80021, LR 5625, or 
any other 3P fluorochemicals in the Fate of 
Fluorochemical Study Part ~. The parameter can 
be very useful, however, in predicting the rate 
of movement and distribution of e chemical 
between the atmosphere an~ terrestrial and 
aquatic environments (45), e.9., vapor pressure 
approximates the rate of volatilization from 
aqueous solution or from the adsorbed state on 
so~l (76). 

L~ 5625 can be sublimed completely and recovered 
unchan@ed {by ~) at 17£~C and atmospheric 
pressure (77). ~ost LP 5625 probably enters the 
environment through volatilization fro~ its use 
in PTFE manufacture. On the other hand, our 
experience in handling EAI 8002~ and trying to 
analyze it by TOC and CLC indicates that its 
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vapor pressure is probably quite low. These data 
indLcate the need for quantitatLve ~easurement of 
vapor pressure and volatilizatLon fro~ aUueous 
systems that will enable predLet[ons of 
environmental distrLbution. 

One 3M fluoroche~ical surfactant, LR 5625, is a 
perfluorocarboxylic salt. Several of these 
surfactants, l~ke EA£ 80021, are 
perfluorosulfonLc acid salts, and the remainder, 
such as L~ 2929 an~ the hydroxy foamer, are 
o~ganic-amlde ~erlva;~ves of fluorochem~cal 
sulfon~c acids. Degradability assessments on 
this latter group must separately consider the 
perfluorinated and nonfluorinate~ portions. 

Biode~radation - Neither EAI 80021 nor LR 5625 
degraded in 2-1/2-month shake £1ask 
biodegradatlon studies using inocula from three 
separate treatment systems (78). Two of these 
inocula were from systems treating 3M 
fluorochemical wastes, and thus more l~kely than 
nonacclimated Lnocula to have microorganisms 
capable of growing on these fluorochemicals. 
This was the mos~ rigorous laboratory 
bio~egra~ation test ever done on these 
~luorochem~cal surfactants. Other b~odegradation 
tests, Including a 3-hr. Warburg study on 
£A7 8002~ f79) and BOD20 t~sts on both EAI 80021 
and L~ 5625 (LB #3844), also showe~ no 
degradation. NO testing has been 4one under 
anaerobic conditions. 

These data are adequate to demonstrate that 
blodegradation of EAI 80021 an~ L8 5625 cannot be 
depended on to Occur Ln an aquatic environment. 
Th~s resistance to ~egradation is consistent with 
their perfluorinate~ structured. However, to 
more substantially rule out the possibility of 
biotransform.ation and the concomitant f0rmaticn 
of daughter products of unknown toxicity, tests 
~ore rigorously favorinS biodegra~ation should be 
performed. 

Table 7 shows biodegradation data on other 
fluorochemical surfactant products. The products 
in tb~s table ~o not contain biodegradable 
solvents which ten~ to mask the bicdegradability 
of the fluorocbemical surfactants in nonspecific 
tests, such as BOD. 
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These data show that fluo~ochemica! surfactants 
with no non[luorinated organic portions, e.g., cc 
802-23, EA! 80021, and LR 5625, have essentially 
no biochemical oxygen demand. Those with 
ionically bonded organJcs, i.e., cc 8011-23 and 
cc 795-7, have BOP’s c]ose to that which would Be 

TABLE 7 

BIODEGRADATION DATA ON NONSOLVENT-CONTAIN~NG 
FLUOROCHEMICAL SURFACTANTS 

Product(a )                  Test Results 

cc 8011-23 BOD20 0.28 gig[b) 6260 

cc 802-23 £~20 <3800 mg/kg 3844 
~OD20 Nil 1231 

cc 795-7 L~D20 82,000 mg/kg~¢) 4895 

~ 2929 7-Hr, Warburg B~D=70% of ThODNH3(4) {79) 
of the organic p~rtion. 

cc 7711-27 ROD20 Nil " 1870 

CC 7711-18 ~OD20 = 0,107 g/g(e) 4197 

~c 777-3 BO~20 = 0.17 g/g(f) 4951 

LR 5062 (MCL E~nulsifier) EOD20 9600 mg/l 5062 

c~ £05-IOS (~roxy Feather) BOD20 (9300 ~g/kg 8139 

~eference or 

(a) Structures for these products are in Table 9. 

(b) ~e ROD20 of c~ 8011-23 is approximately 90~ o£ the tbeor~tlcal o~y~en dem~ of 
the 

diethanolamine portion of this chemial. 

(c) cc 795-7 is a 25% ag~eous solutio~ of a diethanolamine salt. The fluorochemial 
port~o~ of this salt is the same as that uf EAI 80021. 

(d) TnO~ is the theoretical oxygen demand assuming no oxidation of the nitrogen 
This TFK3D also assumes no 0egradation of the perfluorlnated port,on of the 
molecule. 

(e) 80D20 - 10% of COD 

~f) 80D20 = 25% of COD 
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expected from their organic portion 
(diethano!amine) alone. Fluorochemical 
surfactants with covalently bonded organic 
portions gave mixed results. Those with 
quaternary ammonium organic portions, i.e., MCL, 
hydroxy foamer, and cc 7711-27, had no BOD. This 
is not unexpected since even non£1uo~inated 
quaternary ammonium surfactants a~e f~equently 
difficult to biodeg~ade. Those surfactants with 
polyethylene glycol components, i.e., c9 7711-18 
and cc 777-3, had ~OD20 values egual to 10-20% o£ 
their COD’s. This indicates some partial 
degradation of the nonfluoclnated o~ganic 
portions of cc 7711-18 and �� 777-3 since the 
observed BOD iS greater than would be expected 
from organic by-products. One of these, 
cc 7711-18, did not biodegrade at all in the 
first 7 days. Slight biodegradation was seen at 
lO days eith the rate increasing at the 14-day 
observation and continuing a~ 20 days with no 
indication of plateauing. 

These 8ata suggest that longer biodegradstion 
test periods, using acclimated organisms, might 
lead to more complete degradation of the 
nonf]uorinate~ portion of polyethylene glyco] 
adduct fluorochemical surfactants. 

L~ 2929 has the highest BOD20/COD (77%) of those 
surfactants with covalently bound organics, but 
it was tested by a somewhat more rigorous 
biodegradation test method (79). Attempts to 
confirm this biodegradability have been made with 
cc 8011-i0 {LB 6300), a product containing the 5~ 
2929 surfactant, Dut saPples from this study are 
still awaiting analysis in the Commercial 
Chemicals Division Laboratory. 

Photodeuradation - Both EAI 80021 and LR 5625 
have been tested for photodegradation in aqueous 
solutions using an artificial light source 
(wavelength >3~0 nm) (80,81]. No 
photodegradatlon was observe~. These 
photodegradatlon studies did not contain 
sensitizing agents. No photo~egradatlon studies 
have ~een done on surfactants with covalently 
bonded nonfluorinated portions or when a~sorbed 
onto solid surfaces such as sand or silica gel. 
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c) Bioconcentrat~on 

d) 

NO bioconcentration studies have been done on 
fluorochemical surfac~ants in the Environmental 
Laboratory. Studies in Riker have shown that 
male rats excrete pre£1uorooctane sulfonate and 
parfluorooctanoate very slowly (75). Perfluoro- 
octane sulfonate ks strongly prote~n bound which 
prevents excretion through the ki~ney. 
Perfluorooctanoate is less strongly protein bound 
[approx. 97.5%}, but the small fraction of free 
m~terial that filters through the glomerulus 
seems to be actively readsorbed by male rat 
kidneys. Researchers at DUPOnt have made similar 
findings on hamsters [75). Female rats can 
excrete perfluorooctanoate, but both male and 
female people appear to behave more llke male 
rats and only very slowly clear their bodies o£ 
this material. 

Effects 

Table ~ summarizes the current set of bioassay 
data on EAI 80021 an4 LR 5625. EAI 80021 was 
about a factor of ten ~ore toxic to fish and 
daphnia than LR 5625. On the other han~, LR 5625 
retarded algae growth by approximately twice as 
much as EAI 80021. ~aSed on the NIOSH aquatic 
toxicity scale (see Appendix I), EAI 80021 woul~ 
be considered to have slight to moderate toxicity 
to fish, while L~ 5625 would be classified as 
practically nontoxic to fish and slightly toxic 
to algae. 

Environmental screening tests have also been run 
on other surfactant products (Table 9). In some 
of these pro~cts, e.g., L~ 2456-I and cc 805-10, 
the fluorochemical surfactants are sold in 
solvent systems contain~ng water and isopropanol 
or butyl C~rbitole. Bioassays were run on these 
products as sold. Since these solvents have very 
little toxicity to fish, it is assumed that all 
the toxicity observed was due to the 
fluorochemical and not the solvents. Synergistic 
or antagonistic effects, however, are possible. 
Based on our limited experience, antagonism, 
which would make the surfactants appear somewhat 
less toxic, is more likely. 
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TABLE 8 

AOUATIC BIOASSAY DATA ON LP 5625 AND EAI 80021 

Fathead 96-H~. LOS0 32,29,38 766 

Bluegill %6-R~. LCs0 68 569 

T~ut 9~-~r. r~50 Ii -- 

Dap~nia 48~’~". LC50 50 632 

~ 30-~y ~-~ 1.9{a) l~(b) 

G~ ~ Cell ~ght 146 73 

~n ~gae Cell ~t 95 43 
14-~ ~50 

(b) 

(c) 

(e) 

" " i TIAL" 

Lab Retest 
or Re£e~nce 

1429,2340,5625, (c) 

. (d) ,3844 

(84,85) 

Color and behavioral changes observed at 1.0 ~/I while egg-fry survivabi/itT was 
decreased at 1.9 mg/l. 

No effect note4 during this study at ~cses ~p to amd inclu4ing I00 m~/1. 

Environmental I~%boratory Aquatic Toxicity Workshe~t on EA~ 80021 Lot 583, Fathead 
minnow, sta~:ed 8/22/77. 

M. T. Elnabarawy, Env~tal Laboratory Aquatic ~oxicity Data Sheet on EAI 80021 
Lot 583, Bluegill sunfish, starte~ 5/23/78. 

M. T. E!nabarawy, Envirormental Laboratory Aquatic Toxicity Data Sheet on EAI 8002/, 
Lot 58~, Rainbow trout, starte~ 2/21/78. 
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T~L~ 9 

FISH 9~-4’~. LC~ DATA. FOR FLU~|,~.J~ SURFA~ANTS 

This fluoro~hemlcsl was ?esYe~l ~?h as a I00~ solids m~tsrlsl (LR 2~2g) end as wa?er-l$opro~anol en~ 

va~er-bu~yl Callosol~-e?hans~ soluYl~s ~¢c 81~27~ ¢� 801l-IO), The solvenY 8~14~s ?o have 8n 

~ld hive caused ~e observe~ ~o~[ci~ ~)ff~ences. 
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Other environmental e~fects data on 
fluorochemical surfactants are shown in Table 10. 
These tests showed that the surfactants have 
little or no immediate toxicity to activated 
sludge at �oncentrations much greater than those 
normally expected to reach a wastew¢ter ~reatmen~ 
system. 

While most sludge toxicity tests were run for 
5-10 minutes, the test with EAI 80021 showed no 
inhibition even whem exposure of the sludge to 
the fluorochemical was continued for four hrs. 
The data does not show whether fluorochemical 
Surfactants have a delayed or chronic effect on 
sludge, i.e., by inhibiting growth or causing 
population shifts, hut due to their low acute 
toxicity, this seems unllkely. 

One unusual result was that cc 7711-18 is more 
than two orders of magnitude more toxic to 
Daphnia than to fish. Large differences between 
Daphnia and fish toxicity were not seen with 
cc 8011-23, EAI 80021, nor LR 5625. 

cc 7711-18 is the only fluorochemLcal surfactant 
which has undergone ~esting to determine Its 
chronic effects on Daphnia (87) and ~ts-acute 
effects on vascula~ plants. While the product 
showed chronic toxic effects at very low 
concentration exposures, 0.1 mg/l, to daphnids, 
~t was found not to be very toxic to vascular 
plants. It had no effect on germination, root 
growth, or hypocotyl growth of soybeans, 
ryegrass, or corn at concentrations ranging from 
1000-1800 mg/l. 
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Fish bioassays on cc 816-27, LR 2929, and cc 
8011-10, whlch all contain the same 
fluorochemical surfac~ant, suggest that solvents 
found in ce 816-27 and cc 8011-10 may have a 
significant antagonistic effect on the toxicity 
of this fluorochemical. Acute fish bloassays on 
an 5R 2929 sample both in the presence and 
absence of isopropanol would clarify if the great 
differences in toxicity observed (Table 9) were 
due to antagonistic effects or differences in 
toxicity of different lots of this surfactant. 

Testing is currently underway (LR #8442) on 
L-6778, LR 2929-1, a product similar to 
CC 816-27, that may partially answer this 
question. As an addendum to the routine 
screening, the Environmental Laboratory is also 
looking at the toxicity of this product after 
evaporating off the solvent. The need for 
further testing will depend on the results of 
this testing. 

Fish 96-hr. LC50 on LR 2929 with and without 
solvent - Priority III 

Since most fluorochemical surfactants find their 
way into aquatic environments, 28-day Daphnia 
bioassays similar to that done on c¢ 7711-18 
(87), and 14-day multigeneratlon algal bioassays 
similar to those done on LR 5625 and EAI 80021 
are recommended for all of the major 
flouorochemical surfactants. 

Toxicity tests on those organisms, which 
represent 2 major components of the aquatic 
community, plants and invertebrates, will give a 
broader perspective of the toxic potential of 
fluorochemical surfactants to the aquatic 
environment. This broader perspective is needed 
because the minimal daphnid and algal test data 
presently available has shown that toxicity to 
these organisms cannot be predicted reliably from 
fish bioassay data. For example, Cc 7711-18 is 
practically nontoxic to fish Put moderately to 
highly toxic to daphnids, and EAI 80021 when 
compared with LR 5625 is more toxic to fish but 
less toxic to algae. 

These tests should be done on the neat fluoro- 
chemicals to avoid synergistic effects from 
solvents in which they are sold. Chronic Daphn~a 
studies will be done only on products with LCs0 
values less than i00 mg/l or which show a delayed 
onset of toxicity in preliminary acute bioassays 
on this organism. 
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b) 
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Biodegradation - cc 777-3 end cc 7711-18 hav~ 
both given indications of partial biodegradation 
in a 20-day BOD test, suggesting possible 
degradation of the Carbowax portion of these 
molecules. Studies on cc 777-3 under more 
rigorous conditions are recommended to 
substantiate these part~al degradation findings 
and to identify degradation products. 

The recommended test approach involves using 
preacclimated mlcroorgan~sms as inocula for a 
28-day BOD |92). If biodegradation tests are 
positive, an attempt will be made t¢ identify 
major degradation products. This testing is 
~mportan~ to substantiate the previous 
inconclusive findings of partial microblal 
degradation Of 3M fluorochemlcals with covalently 
bonded nonfluorlnated moieties and to determine 
if perfluorooctane sulfonlc acid (the EAI 80021 
fluorochemical).is the major degradation product. 
Analytical methods could involve techniques such 
as methylation and capillary GC or TLC of radio- 
labeled cc 777-3 degradation products. The 
label should be on the perfluorinated portion of 
the cc 777-3 molecule. 

28-Day BOD: 
cc 777-3 - Priority I 
Degradation Product Identification - 
Priority II 

No degradation has been observed in BOD tests on 
the hydroxy foamer, cc 805-iOS, or on any other 
quaternary ammonium fluorochemical surfactant. 
Since the hydroxy foamer is an important 
component of "LIGHT WATER" products and is also 
finding a significant use in copper mining, 
rigorous biodegradation tests such as the SCAS* 
test or soil respirometric tests are recommended. 
This testing would be greatly facilitated by the 
use of radiolabele4 hydroxy foamer with the 
radiocarbon tag placed on the hydrocarbon portion 
of the molecule. 

If results indicate significant degradation, an 
attempt will be made to identify degradation 
products. 

Soil ~espirometry or SCAS: 
Hydroxy foamer - Priority ZI 
Dearadation product identification - 
Priority III 

*Semi¢ontinuous activated sludge 
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While the structure of £AI 80021 and LR 5625 
suggests they will have extreme resistance to 
biodegradstion, testing tO date is only 
sufficiently rigorous to show that their 
degradation cannot be depended upon to occur in 
an aquatic environment, more rigorous aerobic 
blodegradation tests are recommended to further 
substantiate the expected complete resistance of 
£AI 80021 and LR 5625 to biodegradation. 
Conditions rigorously favoring b~odegradation 
will be used such as mixing the products with 
garden soil and compost further inoculated with 
sludge that has been acclimated to these 
chemicals. Such studies could be extended up to 
I year ~epending on results, and would be 
periodically primed with fresh decaying 
materials. Analytical methods will involve 
testing for fluoride release using the fluoride 
electrode, measurement of 14CO2, absorbed in 
base, or searching for other degradation products 
of radiolabele~ fluorochemicals by TLC 
autoradiography. 

Rigorous (soil) aerobic biodegra~ation: 
EAI 80021 - Priority 
LR 5525 - Priority IX 

Rigorous anaerobic biodegradation tests involving 
long-term (i.e., weeks-m~nths) burial of LR 5625 
as a representative perfl~orinated surfactant in 
water-saturate~ soil are also recommended. 
Analytical methods will be the same as for the 
rigorous aerobic tests. 

Rigorous anaerobic blodegradation: 
LR 5625 - Priority III 

Photode~radation - Since no photochemical 
degradati6n of a 3M fluorochemical surfactant has 
yet be~n demonstrated in aqueous solution{71,72), 
exploratory photodegrad~tion ~tudles are 
suggested to test possible activation by surfaces 
such as silica sand or "sensitizing agents" like 
the organic components of natural water. 

Candidate £1uorochemical surfactants, preferably 
radiotagged, will be both coated onto sand or 
silica gel and also dissolved in water containing 
sensitizing agents. Both the coated silica an4 
aqueous samples will then be irradiated in Vy¢or 
tubes by sunlight for 3, 6, and 12-month periods. 
After irradiation, the samples will be extracted, 
analyzed for initial fluorocarbon and/or ~aughter 
products by TLC autoradiograph, or GLC following 
methylation, and for fluoride release using the 
fluori~e electrode. 
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TABLE IO 

OTH~ ~NV|RONM~NTAL EFFECTS DATA(8) 

ON FLUOROCH[MICAL SURFACTANTS 

250 mg/I 15 m9/t 6260S 

80021 None Bf 4000 mg/I(b) (79) 

802-23 Non* et 100 mg/! 5428 

¢� 795°7 No~o aT 230 mg/I 489~ 

¢� Boa-t0(�) None sT 130 mg/I 49~0S 

~� 816-27 N~ne e~ 300 mg/I 7009 

cc 8011o10 

cc 7711-27 

None at 500 mg/l 

NO inhibition Of 

NO Inhibition of 

7711-18 I.~ mg/I No tfflct on Soy- 

I.O mg/l bean, rye. and 

2174 

600~ 

�� ~77-3 Nonl aT 1000 mg/I 

2174 

4197 

(871 

of broods, and brood size in 

LR ~062(s) ~0~ InhibiTion ot 1000 mg/l 5062 

None 8$ I00 eg/I 

(~)    [xD0Sur8 t~ ~kl 80021 ¢ontl.uid fo~ 4 hrs. es oppose0 to P ~o 10 min. sludge 

exposures Jh 

(C) H¥~rO~y foSmo~. 

1966. 

(~)    MCL emuiS|tler. 
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Recommended Testin~ 

a) Physical Chemical 

Solubilit~ - Water solubility data on 3M 
fluorochemical surfactants is adequate for use in 
estimating the environments! mobility of these 
compounds. Further water solubility measurements 
on 2~ fluoroehemlcal surfactants are not 
specifically recommended, but some may ~e 
included as part of efforts to develop structure 
activity relationships for fluorochemicals. 

Part~tlon Coefficients - Octanol/water partition 
coefficient measurements on fluorochemical 
surfactants EAI 80021 and LR 5625 are 
{ecommended. True "partition coefficients" can’t 
be made on these ionic materials, but 
octanol/water distribution coefficients can be 
measured. The usefulness of such distr~butlon 
coefficients in predicting chemodynamic 
properties from octanol/water partition 
coefficients is now uncertain, but these 
measurements will be helpful in determining their 
util~ty in this area. EAI 80021 and LR 5625 are 
appropriate choices for this testing since they 
represent the range of fluoroohemical surfactant 
solubility; EAI 80021 is one of the least 
soluble FC surfactants, and likely to hawe one of 
the highest octano]/water distribution 
coefficients among this class of fluorochemica/s, 
while LR 5625 has one cf the highest 
solubilities. 

Distribution coefficients will be measured, if 
possible, by standard procedures such as those 
approved by the OECD (88} and the USEPA (89). 
The separated phases will be analyzed for total 
organic fluorine, for the specific fluorochemical 
by capillary GLC following methylation, or by 
using radiolabeled materials. Standard samples 
prepared in water-saturated octanol and 
octanol-saturated wa~er will be used as controls. 

These distrfbutlon coefficient measurements are 
given the following priority: 

EAI 80021 - Priority 
LR 5625 - Priority I 
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Soil TLC -Slnce preliminary soll TLC tests on LR 
562S and EAI 80021 gave ambiguous results, we 
recommend repeating these tests. The standard 
USEPA soil TLC procedure will be followed (71). 
The procedure requires a 14C-labeled substrate 
and produces a standard TLC Rf value that 
characterizes the mobility of the fluorochemical 
in soll systems. 

So~l TLC testing of fluorochemical surfactsnts is 
given the following priority. 

EAI 80021 - Priority 
LR 5625 - Priority II 

8icadsorption - As LR 5625 and E~! 80021 have 
been found to bind to protein ~n rats, it seems 
probably that they would also bind tc the 
microbial proteins in activated sludge. It is 
recommended that Bioadsorptlon Studies be run 
usin~ the Environmental Lebratory protocol (74} 
and radiolabeled materiels. Such studies would 
be useful in determining whether these compounds 
would be most likely to pass through a wastewster 
treatment system in the aqueous phase or bind 
strongly and be disposed of With activated 
sludge. 

Biosorption testing of £luorochemical 
surfactants. 

LR 5625 - Priority III 
EAI 80021 - Priority III 

Va~or Pressure - Vapor pressure measurements are 
necessary to estimate the volatil~zation of 
fluorochemicals ana to make quantitative 
predictions of environmental distribution. 
Measurements will be ma~e following standard 
~SEPA (90~ or OECD proce4ures (91) and will most 
probably be performe~ ~y Analytical and 
Properties Research st CRL. 

EAI 80021 - Priority IIi 
L~ 5625 - Priority II 

Greater priority is given to work on LR 5625 
since this material will typically enter the 
atmosphere through its use in PTFE manufacture. 
It iS also a higher volume product. 
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5625 and EAI 80021Photodegradation: 
On silica - Priority III 
Sensitized - Priority Ill 

Hydroxy foamer" photodegradation: 
8ensitlzed - Priority III 

c] Bioconcentra~lon 

d) 

Because an active mode of concentratina 
perfluorooctanoic acid ~xists in rats {75), it 
seems possible t~at fish or other organisms could 
actively concentrate this or other fluorochemical 
s~rfactants from the environment. Laboratory 
studies should be done to prove or disprove this 
possibility. Whole body fish bioconcentration 
studies using EPA-a~proved techniques (93) and 
radiolabe]ed materials are recommended. 

Fish bioconcentration studies on fluorochemical 
surfactants. 

Perfluorooctanoate (LR 5625) - Priority I 
Perfluoroctane sulfonic acid (EAI 80021) - 
Priority I 

Effects 

Aquatic bioassays are proposed to complete the 
aquatic toxicity profiles of several selected 
fluorochemical surfactants. These bioassays will 
employ standard Environmental Laboratory 
procedures (87,94,95). 

Environmental screening tests have been done on 
the hydroxy foamer in two mixtures, cc 796-3 and 
cc 805-10 (LR Nos. 4950 and 5720). Assuming that 
all of the toxicity of these mixtures is due to 
the FC solids, the hydrcxy foamer has a 96-hr. 
LC50 for Fathead minnow of 20-25 mg/l. Tests on 
the surfactant alone to confirm this toxicity 
level are desiraDle. 

Fish - 96-hr. LC50 on Solvent-free Hydroxy 
Foamer - Priority III 

Photodegradation tests on hydroxy foamer are 
recommended only if it does not biodegrade 
under rigorous conditions. 
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Algae Sloasseys on the neat 
fluorochemicals contained 

LE 2929 Priority 
�¢ 805-J0 Priority 
cc 773-58 Priority 
cc 777-3 Priority 

28-Day Daphnia Bioassay on the neat fluoro- 
chemicals contained In� 

LR 2929 Priority II 
cc 805-10 Priority II 
cc 773-58 Priority II 
cc 777-3 Priority II 
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Phosphates 

1. Back@round 

The Environmental Laboratory has generated date on cc 
795-23, which Ls one of the highest volume products 
in the FC product line. It is a mixture containing 
mostly the ammonium salt of the di-phosphete ester of 
the ethyl FOSE a/cohol, LB 3844-4 but also containing 
some of the mono- and tri-phosphate ester salts. 

a) Physical Properties 

The Environmental Lab has generated no 
~hysical-chemical data on the fluorochemical 
component of cc 795-23. 

b) Degradation 

Hydrolysis - The results of a hydrolysis study on 
cc 795-23 (NB 46269 p. 22, 24) show that 
i,cubation at 45°C for 24 hours at pH 3, 6, 9, 
10, 12, an4 12.3 did not increase the LR 3844-4 
concentration above that initially present as an 
unreacted chemical precursor of cc 795-23. This 
work is significant because it suggests that 
rapid chemical hydrolysis of cc 795-23 £o L~ 
3844-4 ~s unlikely in the environment. 

9,~odegradation - Biodegradation testing on cc 
795-2~ involved both biochemical oxygen demand 
(BOD) tests (96, LR #3488) and inconclusive shame 
flask tests from the Fate of Fluorochemicals 
Study Part ~. 

The BOD test results lead to the conclusion thai 
the cc 795-23 fluorochemical component is not 
easily biodegraded. The 20-day BOP of cc 795-23 
is only about half of the chemical oxygen demand 
{LR 3844). Since isopropanol, which makes up 40% 
of the organics, should have been nearly 
completely degraded in this test, very little, if 
any, degradation could have occurred to the 
remaining 60%, which is the f!uorochemical 
component. 

The shake flask bio@egra~ation studies are 
inconclusive because no analytical technique for 
cc 795-23 was available at the t~me. A 
nonapecific analytical technique (TOC] also did 
not work because material prec~pltated from 
solution, possibly due to calcium in the culture 
medium. 
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Effects 

The available data demonstrate three 
environmental effects properties of cc 795-23: 
Z) it has mlnlmal acute toxicity to aquatic 
organisms (96-hr. LCS0 Fathead minnow {Pimephales 
promelas) >3600 mg/l) (96, LR 1204, L~ ~191, LR 
2256); 2) it does not significantly affect waste 
treatment system operation at <2200 mg/l (96), 
and 3) it does not tatar@ the biodegradability of 
treated cardboard 

Recommended Testing 

a) Physical Properties 

To enable the evaluation of oc 795-23 
environmental mobility, measurement of water 
solubility, partition coefficient, soil sorption, 
soil TLC, and vapor pressure of cc 795-23 
fluorochemical components* are recommended. Of 
these, solubility and partition are most 
important since they can most easily be used to 
predict other chemodynamlc properties. 

Water Solubility - The Environmental Laboratory 
will measure fluorochemical solubility in water 
using current recommended methodology (98). 
Analysis of the saturated water samples could 
involve GLC of the methylated samples, allowing 
determination of the relative solubility of the 
mono- and @i- esters. Alternatively, or for 
confirmation purposes, red~olabeled cc 795-23 
could be used. 

Water Solubility of cc 795-23 - Priority I 

Octanol/Water Partition Coefficient - Kow will be 
m~Sure@ by standard procedures(%@,89). The 
analytical procedures will be the same as those 
described above for measuring cc 795-23 water 
sOlubility. 

Distribution Coefficient of cc 795-23 - 
Priority I 

*"fluorochemical components" refers to the mono-, di-, and 
tri-phosphate ester salts of ethyl rOSE alcohol. 
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Soil/Organic Matter Adsorption Coefficient (Koc~ 
~oil sorption measurements are p~oposed to 
evaluating the mobility o~ cc 795-23 in tee soil 
environment. For example, these data will 
predicting the rate and extent of leachin9 from 
landfills to groundwater. This work will follow 
standard procedures (98,99oI00). The analytical 
methods will be the same as used for water 
solubility and Kow, but because of possible 
interferences caused by soil, the need 
radiolabeled material is greater. 

Koc of CC 795-23 - Priority III 

Soil TLC - This procedure well confirm Koc 
measurements. USEPA recommended procedures will 
agai8 be followed (71). These EPA procedures 
require radiolabeled materials. 

Soll TLC of cc 795-23 - Priorlty III 

~apqr Pressure - Vapor pressure measurement for 
cc 795-23 is proposed to complete its physical 
property profile. This measurement is necessary 
to estimate the extent and rate of its movement 
into the atmosphere ~I01). Analytical and 
Properties Research at CRL is probably the most 
appropriate laboratory for this testing. 

vapor Pressure of cc 795-23 - Priority l]I 

b) Degradation 

Degradation studies on cc 795-23 will allow 
estimation of ~ts persistence in the environment 
and identification of degradation products. 

Proposed biodegradation studies, as a first 
stage, wild simply involve looking for an 
increased concentration of LR 3844-4, the most 
likely ~egradation product, by GLC as was done in 
the above described cc 795-23 hydrolysis 
experlr~ent. In this case, extraction with ethyl 
ether or dioxane will be necessary to insure 
complete extraction of LR 3844-4 which we have 
found binds strongly to biological sludge and 
soil. 
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Zf studies 9ire an indication of cc 795-23 
biodegradation, further work will be done 
involving specific analysis £or cc 795-23 
components and other possibie degradation 
products such as EAI 80021. As described above, 
these specific analytical methods will consist of 
gas-liguid chromatography of methylated extracts, 
or, if possible, thin-layer chromatography of 
radiolabeled cc 795-23. 

All proposed testin9 will be done under 
conditions r~gorously favoring biodegradation. 
cc 795-23 will be incubated for extended periods 
i~ a mixture of compost and soil. 

Rigorous Soil Biodegra~ation Tests on cc 
795-23 - Priority III 

c) Effects 

A 28-dam Daphnia bioassay {87) and a 14-day algae 
test (8~) are needed to complete the 
environmental effects profile on this important 
fluorochemical. Procedures and decision points 
will be the same as those recommende~ for 
fluorochemical surfactants. 

cc 795-23: 

14-d~y Algae Bioassay - Priority II 
28-day Daphnia Bioassay - Priority II 

Alcohols 

a) Usage 

Only a few relatively small-volume products, 

cc 815-I1, cc 783-1 and cc 796-10, contain the 
free ~luorochemical alcohols as o~her than an 
uncompletely reacted raw material. Thus, the 
importance of the alcohols (LR 3844-4 and LR 
4197-2} from an environmental assessment 
perspective is mainly a concern with wastes from 
manufacture and the possible rel~ase of these 
alcohols from the degradation of other products 
such as the fluorochemical acrylates and the 
phosphates {cc 795-23) in which the alcohols are 
chemically bound. 
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b) Physical Properties 

Water $0lubility - Water Solubility measurements 
have been m~e on L~ 3844-4 (102,103) and LR 
4197-2 (1~4} by the Vetth technique (105), This 
process saturates water by recirculating it 
through a column of sand or glass beads coated 
with a low solubility material. ~nfortunately, 
the technique preferentially leaches the more 
soluble components o£ impure materlals from the 
column. 

This defect of the procedure can be significant 
~ith this class of products since both alcohols 
are actually mixtures of several isomers which 
likely have different solubilities but were 
undifferentiated by the analytical methoO used. 
This lack of purity makes it impossible to 
accurately and reproducibly measure solubility 
and partition coefficient by any standard ~ethod, 
but the Veith technigue is particularly deficient 
in this respect. For example, the two solubility 
values given for LR 4197-2 (2.3 mg/l and 0.82 
mg/l) resulted from ~wo seguential recirculations 
through the same coated column. From these data, 
it appears that the more soluble components came 
off ~n the first washings. Thus, the 0.82 mg/l 
value probably more closely represents the 
solubility of the ma~or LR 4197-2 component. 

The lack of chemical purity may also be the cause 
of variability in LR 3844-4 solubility 
measurements. Early, apparently repeatable 
results showed an LR 3844-4 water solubility of 
0.~5 mg/1 ~i02), but our latest set of 
measurements consistently showed a value of about 
0.16 mg/l 

Octanol/Water Partition Coefficient - The 
~a£tltion cbeffi~ient for t~e ethyl FOSE alcohol 
is also not accurately known, but the ratio of 
the product’s water solubil~ty and octanol 
solubility (106) indicates that the partition 
coefficient is high (possibly between 105 and 
i07). On the other hand, using the average 
measured solubility of LR 3844-4, 0.i mg/l 
(0.18 ~M), the regression equation of Chiou 
et al ~19) predicts an octanol/water partition 
coefficient for LR 3844-4 of 3x105. The 
distribution coefficient of LR 4197-2 has been 
measure~ by the standard Environmental Laborator~ 
procedure and was ~etermined to be 5.7x104 (I07). 
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c) 

These water solubility and partition coefficient 
data sugqest that the two fluorochemical alcohols 
would tend to partition from water into 
sediments, llpi4 tissues of aquatic Organisms, 
and suspended organic matter, such as activated 
sludge. 

Soil Sorptiqn - LR 4197-2 and LR 3844-4 were 
~0una to have soil organic carbon adsorption 
coefficients, Koc, of 3,500 and 15,000 {108,109), 
respectively, which indicates very low mobility 
in soil and is in agreement with the low water 
solubilities of these compounds. Preliminary 
~oll TiC measurements were also made on LR 3844-4 
(72). In this test, the LR 3844-4 remained at 
the origin, which is consistent with its Koc and 
water solubiltiy data. Together, the water 
solubility, soil scrptlon, and soil TiC 
measurements indicate that LR 3844-4 will have 
very low mobility in the soil environment. 

~apor Pressure - From nonquantitative observa- 
tions, the volatility of LR 3844-4 was found to 
be substantial (I02,1~6). LR 3844-4 steam 
distills or coevaporates appreciably with water. 
These observations suggest that LR 3844-4 has a 
significant vapor pressure. Due to its 
structural similarity, LR 4197-2 likely behaves 
in a similar manner. 

Degradation 

Chemical Degradation - Lab tests have shown that 
LR 3844-4, when treated w~th 5% KOH in absolute 
ethanol at 50-53~C, hydrolyzes to form EAI 80021 
with a half-life of 77 hours (106). These 
results, however, cannot be extrapolated to 
estimate environmentally relevant alkaline 
hydrolysis rates in water. Alkoxi~es formed in 
alcohol are much stronger bases than hydroxyls in 
water. This stronger activity can cause 
reactions to take place in alcohol that may not 
occur in water. 

Our present understanding is that LR 3844-4 would 
not hydrolyze at a significant rate in the 
environment since sulfonamides are stable in 
water at norma~ pH, only hydrolyzing in strong 
acid or caustic solutions ~iI0). 
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Pbotodeqradation - Photolysis studies by the 
Agrichemical Group on LR 3844-4 in DI water have 
given negative results �Iii). In addition, the 
Environmental Laboratory has done two 
photodegradation studies on LR 4197-2. The first 
involved exposing a saturated aqueous solution of 
LR 4197-2 for 30 days to a 40 W fluorescent black 
light (112). The second involved exposing 
supersaturated aqueous solutions of LR 4197-2 to 
natural sunlight fur 7 months both in the 
presence and absence of acetophenone, a 
photochemical "sensitizing" agent (113). Neither 
study showed any significaat photodegradation. 
Aquatic photolysis doesn’t appear likely to cause 
significant degradation of these compounds. 

A Dhotolysis study on LR 3844-4 adsorbed to soil 
(114) has given slight positive, yet 
inconcluslve, results. In this study, adsorption 
to silica could have lowe~ed energy requirements 
for photodegradation. 

Biodegradation - NO biodegradation of either LR 
3844~4 or LR 4197-2 has been substantiated by 
analytical means in any of several biodegradation 
tests conducted in the Environmental Lab. The 
tests conducted on LR 3844-4 include a Warbu~g 
(79) a 10-da> semicontlnuous activated sludge 
(1151, and s 6-month shake flask study which used 
inocula from a number of sources, including soil 
and sludge that had been exposed to 
fluorochemlcals (I15). These studies show that 
rapid aeroblc, microbial conversion of LR 3844-4 
to other products is unlikely. 

In contrast, perfluorooctane sulfonic acid 
(EAI 80021) has been identified in rat and monkey 
serum following 30 and 90-day LR 3844-4 feeding 
studies (116). Its concentration was 300-750 
times greater than that of residual LR 3844-4, 
suggesting that it is a major metabolite of LR 
~844-4 in mammalian systemS. Due to the great 
diversity of catabo1£c capabilities in 
microorganisms, this finding increases the 
probability that microbial systems may eventually 
be found that are also capable of this 
conversion. It also suggests that 
biotransformation could occur in other organisms, 
such as fish or food crops grown on so~l in which 
fluorochemical-containing wastewater sludge has 
been incorporate~. 
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e) 
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Rioconcentration 

It has been demonstrated that fish will 
bioconcentrate LR 3844-4 in their t~ssues, with 
whole fish values ranging from 200-500 times the 
concentration of this material in the 
water (8,9)° These bloconcentration factors 
(BC£) values were tndepsnden~ of species. BCF 
data of similar orders of magnitude were found 
for both bluegill sunfish or channel catfish. 
Huscle samples had a BCF value of approximately 
200, whereas relatively more fatty tissues 
bioconcentrated LR 3844-4 to a much greater 
degree, e.g., BCF = 1000 in brain tissue. This 
f~nd~ng that LR 3844-4 tends to concentrate in 
lipophilic material qualitatively agrees w~th 
predictions of the regression equation de,eloped 
by Neely (I17) relating octanol/water partition 
coefficient (Ko~) tc BCF. Ouantitatively the 
equation predicts whole fish BCF’s about one 
orde~ of magnitude higher than that observed. 

Fish cleared accumulated LR 3844-4 upon return to 
clean water. Experiments with both channel 
catfish and bluegill sunfish showed c~earance to 
be about 95% complete in 14 days (8). A second 
study, using only channel catfish, showed 70% 
whole body clearance in five days (91. ~uscle, 
the majo~ edible component of fish, cleared 50% 
of the LR 3844-4 in ~he sa~e f~ve-day period. 

A major question remains about this 
bioconcentration work since a review of the raw 
data (NB #41947, ~. 21, 23, 24, 25, 41, and 
NB #46269, p. 35) shows that no tests were done 
to demonstrate that the sclwents used (octanol 
and ethyl acetate) would quantitatively extract 
LR 3844-4 from fish tissue. Work on 
mlcroorganisms suggests that some ~!ng ~o 
cellular mater~al is irreversible (ll~). 

Effects 

Bioassay data on the fluorochemical alcohols, 
which include acute fish and daphnia studies on 
both LR 3844-4 and LR 4197-2, and algal studies 
on LR 3844-4, indicate a lack of toxicity of 
these compounds at or near their solubility 
limits, c_~a, 0.1 and 1 mg/l, respectively {Table 
Ii). Egg-fry studies on LR 3844-4 indicated no 
toxicity at 2 u~/l or approximately 1/3 water 
saturation. This was the ~ighest concentration 
used in this study. This lack of toxicity has 
also been indirectly subs~antiate~ by other 
tests. ~or example, a semicontinuous activated 
sludge system operated for I0 days with 500 mg/l" 
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o[ emulsiEied LR 3844-4 and produced no a~parent 
toxicity to the sludge microorganisms (ii ]~ In 
bioconcentration studies on bluegill sunfish and 
channel catfish {8,9), I~ ]844-4 snowed no toxic 
effect despite the fact that the £ish 
concentrated LR 3844-4 to whole ~ody 
concentrations o£ u~ to a~roximtel¥ ~00 mg/kg 

Tes.t, LR 38.44-4 LR 4197-2 P~ference.~ 

48-Hr0 TFS0 exceeds {1350 ~3/~) (c~ {I,I18) 
~nia ~na water solubil~ty 

96-Hr. I~C50 exceeds exceeds water ( i, 118 
81ueql11 sunfish water solubility solubility, , 

>100 mg/1) 

3O-4ay egg-f~y(a) exp~ure ~’C(b) >20 ug/l (119) 

Algae{d)14-day ECS0 
cell coJnt >1,800 m@/!(c) (120) 

Footnotes: 

(a) Fry w~re Fathead minnow (Pimephales pro~elas). 
(b) MTC - Minimum Threshold Concentration (20 ug/l was t~e highest concentration used). 
(c) This concentration is greatly above maximum water solub111ty. 
(d) The green algae used in these studies was Selenastr~a~ 

capricornutum. 

Recommended Testing 

a) Physical Properties 

Water Soiub|lity and Kow - More accurate 
measurements of LR 3844-4 water solubility, LR 
3844-4 octanol/water partition coefficient (Koc), 
and LR 4197-2 water solubility are needed for 
structure activity work. These measurements 
~referably should be made on individually 
isolated isomers. Work will be done using 
£PA-a~proved protocols and, if available, 
radiolabeled fluorochemicals to simplify analysis 
and cut analytical costs. 
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Water SoZubillty: 

LR 3844-4 - Priority 
LR 4197-2 - Priority III 

Distribution coefficient (Kow): 

LR 3844-4 - Priority 

Soil Solution - Soil Thin-Layer Chromatography 
|TLC), ~s/ng ’the O.S. EPA protocol {79), is 
recommended tO substantiate the prediction that 
fluorochemical alcoho]s have low soil mobility. 
Aasorptlon data obtained using this procedure may 
show differences among various fluorochemical 
~Icohol isomers. These studies will aid in 
determining the rate and extent of movement of 
these alcohols in soil environments such as 
landfills and sludge incorporative sites. Soil 
TLC measurements on LR 3844-4 are of lower 
priority since this type of work has already been 
done, although prior to the availability of a 
standard procedure. Soil TLC requires 
radiolabeled materials. 

LR 4197-2 - Priority II 
LR 3844-4 - Priority III 

Vapor Pressure - Since preliminary laboratory 
observations indicate that LR 3844-4 readily 
volatilizes from wat£r, quantitative measurements 
of vapor pressure and aqueous volatility are 
needed to model the movement of this compound and 
LR 4197-2 between various environmental 
compartments and the atmosphere. Measurements 
may be most efficiently performed by Analytical 
and Properties Research, CRL. 

Vapor pressure and volatilization measurements 
are proposed for: 

LP 3844-4 - Priority I 
LR 4197-2 - Priorlt~ II 

Degradation 

Chemical Degradation - Chemical hydrolysis of L~ 
3844-4 has only been measured in the presence of 
alcoholic KOH. These findings cannot be 
extrapolated to estimate environmental 
half-lives. Therefore, tests more directly 
applicable to the environment are needed. 
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Testing under h~gh temperatures (up to 60°¢~ and 
p~’s lup to pE ll) ~ay be necessary to observe 
hydrolysis within a reasonable ~ime ~rame. 
Knowledge of the hydrolysis rate of LR 3844-4 is 
important because it is likely to be the most 
significant mode of environmental degradation for 
this chemical. To date, neither microbial nor 
photodegradation tests have shown them to be 
important. I£ hydrolysis is observed, attempts 
will be made to extrapolate findings to predict 
half-lives under normal environmental conditions 
and to identify hydrolysis products. 

This testing can give only an upper limit to 
half-life since other mechanisms of hydrolysis 
may play a more dominant role at neutral pH. FOr 
example, mechanisms such as hydrolysis by H20 
alone or general acid-base hydrolysis catalyzed 
by metals or other materials in the environment 
would not be speeded up by increasing the 
Ra@iolabeled material will facilitate this 
testing. 

Proposed hydrolysis tests: 

LR 3844-4 - Priority III 
LR 4197-2 - Priority III 

Photolyeis - A previous study has given an 
indication that some photodegradation of LR 
3844-4 may occur when adsorbed to soil. Testing 
to measure the photolysis of 58 3844-4 adsorbed 
to silica sand or silica gel is recommended to 
confirm this finding. 

Testing will involve placing a thin coating of LR 
3844-4 on silica sand or preferably silica gel 
from a solvent, spreading a thin layer of the 
coated substrate on the bottom of an airtight 
Vycor¯ container, and exposing to sunlight for up 
to one year. The container used will be 
transparent to sunlight down to 298 nm to permit 
the maximum environmental degradation rate. 

Photolysis of L~ 3844-4 on Silica Gel or Sand 
Priority IIl 
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Biodegradation - Hydrolysis, photolysis, and 
biodegradation studies Under moderately rigorous 
conditions have not shown degradation o£ 
envlronmental significance in previous testing. 
A need exists to run’aerobic microbial 
biodegradatlon studies under the mos____~t rigorous 
conditions conceivable at moderate cost. Such 
studies would allow us to determine whether 
measurable blolys~s might be occurring in the 
environment, but was undetectable under the 
milder laboratory conditions of previous tests. 

The proposed biodegradatlon study will modify 
standard soil burial methods by simultaneously 
bomposting organic material with the soil.    This 
approach, which increases microbial activity in 
the soil, has been found to greatly increase the 
degradation rate of organic compounds very 
resistant to degradatlon(121). 

This study would be greatly facilitated by the 
use of radi0tagge4 LR 4197-2 and LR 3844-4. This 
would allow detection of 14C-EAI 80021 or other 
degradation products hy TLC if the label were on 
the perfluorinated portion. Zf the label were on 
the hydrocarbon portion of the fluorochemica! 
alcohol, 14CO2 evolution wo~id be measured, and 
if results indicated significant degradation, the 
program would be expanded to identify degradation 
products. 

Proposed rigorous soil aerobic biodegradation 
testing: 

LB 3844-4 - Priority I 
LR 4197-2 - Priority II 

No study of LR 3844-4 biodegradation under 
anaerobic condition has been done. Rigorous 
anaerobic tests are also recommended such as 
mixing 14C-LR 3844-4 in river sediments or 
water-saturated soil supplemented with digester 
sludge and adequate nutrients. Such testing 
would provide optimal conditions for anaerobic 
degradation. It is relevant to the 
flsorochemical alcohols since water solubility, 
octanol/water partition coefficient, and soil 
sorption data all suggest that the alcohols are 
likely to accumulate in sediments or soil. This 
testing woul~ preferably be done wlth the 14C 
label on the pPrfluorina~ed portion of LR 3844-4. 
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Proposed Anaerobic Testing: 

LS 3844-4 - Priority II 

Biotransformatio~ - The metabolism of LR 3844-4 
by fish has not been investigated in our previous 
studies. Zndications have appeared in the 
internal 3M literature (122,123) that this 
process is operative in ma~alfan systems. 
is, therefore, recommended tha~ simila~ studies 
be done on [ish and plants. Fish studies could 
be performed alone or in conjunction with other 
long-term studies such as fish chronic tests. 

~ccumulation in plants is of significance since 
food crops are grown in areas in whichLR 
3844-4-containlng sludge is applied. A 
preZ~mlnary study of accumulation of PC’s, 
including the methyl and ethyl POSE alcohols, 
into crops grown at Decatur is now unde~ay. 
Samples are awaiting analysis in the Commercial 
Chemicals Division Analytical Laboratory (124). 
Proposed laboratory studies will examine roots 
and aboveground portions of corn and soybeans 
grown to maturity. Again, radiolabeled LR 3844-4 
should be used in future studies and plant tissue 
assayed for parent and degradation compounds. 

Information from this study will be used to 
estimate environmental risk of sludge s~il 
incorporation practices. It will allow 
determination of whether vegetation grown at 
these sites coul~ uptake, accumulate, and pass 
fluorochemicals into the human food chain. 
Abnormalities in plant growth and development 
will also be checke~. The study will follow 
proposed standard procedures for vegetation 
uptake measurement (125). 

Proposed fish biotransformatlon studies: 

LR 3844-4 - Priority IIi 

Proposed plant uptake an~ biotransformation 
studies: 

LR 3844-4 - Priority II 
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d) 

~Ish bioconcentration data are s~spect because, 

as indicated above, no checks were done to show 
~uantitatlve extraction of LR 3844-4 from ~ish 
tissue. It is recommended that such checks be 
done at this time. Testing would involve adding 
LR 3844-4 to fish tissue homogenized in water, 
mixing for i hr. and 8 hrs. This would be 
followed by extracting with ethyl acetate and 
n-octanol, the solvents used in the fish 
bioconcentration studies, as well as ethyl ether, 
a solvent which unlike the other two solvents 
extracted LR 3844-4 quantitatively from 
Microorganisms. Analysis will be by GLC with 
electron capture detection or by the use of 
radiolabeled material. 

ConEirmatlon of fish bioconcentration study 
extraction procedure: 

LR 3844-4 - Priority I 

Effects 

We recommend expanding the bioassay data on LR 
3844-4 with a 28-day daphnia bioassay. This data 
will allow a more complete evaluation of the 
environmental safety of the important 
flu0rochemlcal alcohols. This testing is needed 
to determine if this apparently long-l|ved 
environmental contaminant causes any long-ter~ 
toxic effects. Tests on daphnids, a 
representative of the invertebrates, are 
particularly useful since they are generally more 
sensitive to toxicants than fish and algae. 
These tests are also much less costly than other 
chronic studies. Daphnia manna life cycle 
studies are completed in 2~’days as opposed to 
nine months for f~sh. 

28-Day Daphnia Bioassay LR 3844-4 - Priority II 
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a) Chemical Characteristics 

The 3H fluorochemical acrylate products are 
£or~ulated products. They contain components 
such as solvents and emulsifying agents° in 
addition to fluorochemtcal-containing acrylate 
polymerso 

The acrylate polymers are made from 
fluorochemical acrylate and common hydrocarbon 
acrylate monomers. HeFOSEA (C8FITSO2N(CH3) 
C~Bs-O-C(O)CB:CR2) Js the most important 
£~uorochem~cal monomer(126). 

There are two ~ypes of acrylate fluorochemical 
polymers: emulsion and solution polymers. The 
emulsion polymers (Lhcse polymerlzed as emulsions 
in water) have molecular weights (MW) ranging 
from 200,000 to greater than a million. The 
solution polymers (those polymerized in organic 
solvents) have molecular weights ranging from 
20,000 to 200,000. The MW ranges are estimates 
since there are really little hard data on 
MW (126). 

These acrylate products may als0 contain some 
unreacted £]uorochemical alcohol (approx. I1), 
and this low level contaminant may be the most 
environmentally significant aspect of these 
products. Low molecular weight components are of 
more environmental concern than polymers because 
they are likely to be more mobile, having higher 
solubility and vapor pressure, and they are more 
likely to pass through or into biological 
membranes, possibly causing toxic effects. Thus, 
because of their high MW and their inertness, the 
acrylate polymers, per se0 are not likely to 
cause significant a~verse effects. 

b) Physical Properties 

The Environmental Lab has generated no physical 
properties data on acrylate polymers. Based on 
their chemical structure, these products are 
li~ely to have low water solubility, and base4 on 
their RW, they are expected to have negligible 
volatility and little mobility in a soil 
environment. 
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c) Degradation 

The only signiEicant question w~th acrylate 
polymers is whether they will break down under 
environmental conditions to release more 
environmentally significant low HW FC components. 
As a general rule, FC acrylates are more stable 
(they depolymerize less readily) than their 
hydrocarbon analogs 

Chemical Degradation - Due to their known 
chemical stability, it seems unlikely that the 
acrylate products would undergo rapid chemical 
degradation in lab tests simulating normal 
environmental conditions. The products, however, 
are known to degrade in strong base 
but are not easily acid hydrolyzed (    ). This 
suggests that the acrylates will undergo some 
slow basic hydrolysis in the environment. 

Photodegradation - The acrylates (e.g., 
MeFOSEA!BA) do not discolor when exposed to 
light (126) which suggests resistance to 
photodegradation, but some such degradation is 
possible on sunlight exposed fabrics. Both 
waterborne and solid m~nufacturing wastes 
containing £1uorochemi~al acrylates are not 
likely to be exposed for l~ng period to solar 
radiation since the high M~ of these polymers 
suggests that they will not volatilize and that 
~hey ~ill mo~e into seaiments or be buried in 
soils ~here little ~olar exposure is possible. 

Biode@radation - The likellhoo~ of rapid 
biodegradation is low. Evaluation of 
b~odegradation tests done by the Environmental 
Laboratory, however, is complicate~ by the 
presence of biodegradable surfactants and 
solvents in the tested acrylate products. In all 
cases, though, the extent of biodegra~ation can 
be explained as being solely due to the 
nonacrylate components. The lack of ready 
blodegradation is substantiated by the fact that 
hydrocarbon acrylates are generally not 
biodegradable (127,128), and FC acrylates are 
likely tc be even more resistant. 
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d) ~ffects 

Envlronme~tal effects tests have been done on a 
large number of acrylate products. Some of these 
data are summarize~ in Table 12. This table 
groups products containing the same acrylate 
polymer together. It gives the weight 
percentages of the specified acrylate polymers in 
the nonaqueous cOmpOnent of each product, As 
these data ere Eo~ formulated products, they do 
not directly represent the toxicity of the 
fluorochemical acrylate polymers. In fact, the 
solvents and surfactants in these products are 
the major cause of product toxicity. The data 
only allow one to set minimum LC50 values for the 
fluorochemical acrylate polymers. 

Only one acrylate product family (co 805-14) has 
an aquatic LCs0 value low enough to be classified 
as moderately toxic (see Appendix I). This 
causes little concern since these products are 
unlikely to reach the aquatic environment An 
significant concentrations, cc 805-14 is now 
being assessed (LR 8185) and an attempt wi~l be 
made to determine the likely cause of this 
toxicity. 

Tests to determine the acute toxic effects to 
activated sludge have also been done on a number 
of fluorochemical-acrylate products. In all 
cases, the products were found not tO inhibit 
sludge respiration rates at product 
concentrations likely to reach waste treatment 
systems. 

Only one fluorochemical acrylate monomer 
N-BuFOSEA, is sol~ alone as a product. This 
material, sold as cc 813-26 and cc ~IiI-16, 
practically nontoxic. Its acute 96-Hr. LCS0 
fathead minnow is 235 mg/l. 
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96-Hr. LCS0 of 
% this Polymer Acrylate Assund, r~j 96-Hr. LC50 of 
in ~:onagueous it caused all the Total P~xluct 

Prcduct r~nts ~oxicit’~ ~m~/1 ) b i~J/l) 

P~odu~s Con~ainin~ the E~nu~sion l~lymer: 

LR 2485-2 19 

CC 815-1 33 

cc 8110-92 42 

cc 805-15 27 

cc 805-17 12 

cc 806-6 55 

cc 805-24 38 

cc 8010-32 47 

cc 811-17 54 

cc 766-29 20 

ReguestNo. 
or (Referent, 

95/5 

40 400 2485 
125 1250 1204 

20 131 (129) 
51c 339c 
38d 249d 
43e 284e 

34 180 (130) 
34c 179c 
22d 118e 
34e 

25 170 (131) 

33 689 6814 

46 233 5785 

78 527 (132) 

66 575 6363 

71 440 6671 

12c 132c 4068 
26d 283d 

Products ccataining the emulsion polymer: 
methylol acrylami~e 

cc 7811-I 5g >295 

Products containing i~he erads£on polymer: 

L~ 2563-3 50 167 
487 

49/29/16/6 MeF~SEA/9inylidine chlori~e/ODMA/~ 

>Ioo0 4625 

Chlorc%orene/EtF{~EA 

600 2563 
1750 1204 
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96-Hr. LC50 Of 
% this Pollmer Acrylate Assuming 96-Hr. LC§0 of    Lab 
in Nonagueous it cause~ all the Total Product Request No. 

Prod.uct CJ=~nts Toxl.city (,g/l)b {m~/l)     or (Referenc~ 

Products containing the solution polymer: 50/50 MeFOSEA/C.W. 480£ ~ 

cc 824-32        67 >600 >2000 8021 
1132 3762 (133) 
1695 5630 1204 

cc E13-17 9 ."" 9.5 286 6888 

Products contalntng the solution polymer, 
A~late 

~c 805-15 27 25 

cc 805-16 77 >300 

cc 805-16 77 28 

cc 782-43 48 130 

Pro4 ucts Containing: 

cc 803-15 36 

Products containing_: 

II~ 2256-3 

Products containing: 50/50 Et~M~EMA/(3~vA 

cc 794-2 50 45d 

Pr~xgucts containing: 65/35 N-Me~M~/ODYA 

cc 8011-235 I0 

~: 8012-41 

Products containing= 

cc 782-14 80 

170 (131) 

>i000 

96f 5884 

328 4200 

35/35/20/10 YeFOSBA/re~FA/PoL~eg -2000 DMA/BA 

>360 >I000 5546 

70/30 FeK~EA/C~ 750A 

1800 9000 2256 

>1009 

75/25 Fe~SE~./Alfol 162~A 

95d 
38e 

Products containingMe~DSEA/Alfol-1620A 

[2 2543-4 95 479 
400 

180d (134) 

140 2485 

184 7~20 

23~d 4197 
94e 

1200 2456 
1000 2256 
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96-Hr. L~50 of 
Acrylate Assuming. 
it cause~ all the 
¯ oxicit~ (.9/i)b 

96-Mr. LCS0 of 
Total P~x~uct 

Products containing 70/15/5/10 PeB3~EA/Alfol 6120A/I~V’O~ 750A 

9e~uest No. 
Or (Referenc 

cc 805-14 35 3.5 22 8185 

Products containing 50/50 c~lorop~e~e/Et~ 

LR 2563-3 50 167 600 2563 
487 1750 1204 
362 1300 2485 

Prc~ucts containir~ 55.7/28.3/15 .~E’CSEA/(EtE~E/TDI/~3PMA]/B~ 

?-/5-27 93 179 480 5508 

Products containing 25/25/50Ye~EA/(EtEO6E/TDI/I~3~A)/Alfol 1620A 

cc 8111-4 40 >800 >2000 7461 

N Ru P0SEA Mor~er 

CC 813-26 i00 235 235 6813 

Footnotes : 

Organism is Fatheaa minnow, unless noted. 
Ass~ing no synergistic or antagonistic effects, this represents a minim~.~ 96-Hr. 
LC50 for the~olymer. The actual LC50 for the acrylate, hc~er, is likely to be 
much higher. 
R~inbow trout (Salm~gairdneri) 
Bluegill sunfish-~-~pcmismacrochirus) 

The emulsifers ."~een 80 and S~n 80 ~hich make up 1.5% of the product were replace~ 
by$iponic 5-4. This ~.~iI change ma~e t.~£ product l0 times as to~ic. 
Toxicity measure~ after solven£ evaporation 
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a) Physical Properties 

No physical properties tests are recommended on 
fluorochemical acrylate polymers. 

b} Degradation 

Chemical DeBradation - Measurements of t~e 
~Ikaline hydrolysis rate of two representative 
acrylates ere recommended. These data will 
enable us to estimate upper limits on the 
hydrolysis rates of these products at 
environmental pH’s. The acrylates recommended 
for this testing are 95/5 MeFOSEA/BA and 50/50 
MeFOSEA/C.W. 4000 DMA. MeFOSEA/~A is a high 
molecular weight emulsion polymer used in 
LR 2485-2, cc 811-17, and several other products. 
It is likely tO be one of the most resistant to 
hydrolysis. MsFOSEA/CW 4000 DMA is a much lower 
MW solution polymer used in cc 8011-24A, 
cc 798-21, and other products. ~he Carbowax¢ 
portion of the product may increase the affinity 
of this product to water, possibly increasing its 
susceptibility to hydrolysis. This is expected 
to be one of the most readily hydrolyzed of the 
fluorocbemical acrylate polymers. 

Laboratory procedures will be modeled after 
standard methods (e.g., 135).. Products 
containing the emulsified fluorochemical acrylate 
polymer will be hydrclyzed first within 
environmentally relevant pH (4-9) and temperature 
(20°-45"C) ranges. Low molecular weight 
fluorochemical hydrolysis products will be 
searched for using thin-layer chromatography, if 
14C-tagged fluorochemlcal acrylates are 
available, or gas liquid chromatogrephy, 
otherwise. If no low molecular weight 
fluorochemicals are detected in the pH 4-9 range, 
hydrolysis rate will be determined at high pH and 
extrapolations made to estimate hydrolysis rates 
under normal environmental conditions. 

Hydrolysis of fluorochemica/ acrylates: 

cc B011-24A - Priority II 
LR 2485-2 - Priority III 
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Photochemical De~radatlon - The susceptibility 
t-’6~’ s-~me two £~uorochem-[~al acrylates to 
photolysis should be simply checked ~y coating 
the products on silica gel, coating this on the 
inside of a sealed high silica glass container 
(Vycor®), and exposing to sunlight for one year. 
FolLowing such exposure, the product could be 
compared with dark controls, using analytical 
methods described above, for the amount of 
extractable low MW fluorochemical. 

Pluorochemical acrylates are used as a soil 
resistant coating for carpeting and ~extiles. 
:this use, some of the acrylates will be exposed 
to sunlight, and it is possible that the textile 
dyes might act as photochemical "sensitizer" for 
the fluorochemical degradation, capable of 
absorbing and transferring solar energy to the 
acrylate polymers. For this reason, it is also 
proposed that dyed ~extile fibers coated with the 
candidate fluoroactylates be sealed in Vycor¯ 
containers, expose~ to sunlight, and analyzed for 
low YW fluoroche~icals as described above. 

Photolysis of fluorochemical acrylates: 

A. On silica gel 
cc 8011-24A - Priority IIl 
LR 2485-2 - Priority IIl 

~. On dyed textile fibers 
cc 8011-24A - Priority III 
LR 24~5-2 - Priority III 

2i,0degradation - Rigorous hlcdegradation tests 
are recommended to see if depolymerization of the 
fluorochemical acrylates will occur. Testing 
will be similar to that recommended for LR 3844-4 
involving burial with composting organic material 
in garden soil an~ analyze~ for the release of 
low MW fluorochemical degradation products. Such 
tests should be run for at least one year. The 
use of radiolabeled acrylates woul~ greatly 
improve the sensitivity of such tests end woul~ 
allow monitoring of degradation by capturing 
rad£olabele~ CO2 or by isolating radiolabeled 
fluorocbemical degradation products. 
Radiolabel~ng could be achieved by incorporating 
either radiolabele~ MC or FC acrylate monomers 
into the polymers. 
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Preliminary tests will be done to d~termine if 
low MW fluorochemical species that are possible 
degradation products can be retreived from the 
soil system. These preI~minary tests w~ll also 
be used to determine whether loss of fluoro- 
chemical monomers ~rom the soil system through 
volatilization is likely. 

Rigorous soil b~odegrada~ion tests on 
fluorochemical acrylates: 

cc 8011-24A - Priority 
LR 2485-2 - Priority 

"Effects 

Acute fish bioassays are neeSed on the acrylate 
polymers alone, separated from the solvents and 
surfactants which keep them in emulsion or 
solution. Such separation could probably be made 
by dialysis. This method would probably remove 
monomers and low FW oligomers as well. Such 
bioassays on the dialyzed material would be 
useful in supporting the existing evidence that 
the fluorochemical acrylate polymers themselves 
are nontoxic. 

Acute fish bioassays of dialyzed: 

cc 8011-24A - Priority 
LR 2485-2 - Priority II 

Urethanes 

i. Backaround 

a) Composition 

Unlike the acrylates, the fluorochemical 
urethanes are not polymeric materials, but are 
trimers, tetramers, or othsr small oligomers of 
fluorochemical alcohols, diisocyanates and 
sometimes hydrocarbon alcohols. T~eir molecular 
weights are in the range of one to two thousand. 

b) Physical Properties 

The Environmental Laboratory has no physical 
properties ~ata on the fluorochemical urethanes. 
These materials have low water solubility, hut 
their solubility in lipid materials is 
unknown {126). Based on their F~, they are 
expected to hawe low volatility. 
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c) Degradation ..... 

The fluorochemical u~ethanes are more stable than 
their hydrocarbon analogs, but they are less 
stable than the fluorochemical acrylates. These 
materials are more likely than the acrylates to 
degrade through hydrolsis; photolysis, or 
biochemical mechanisms, releasing low MW fluor0- 
chemical monomers to the environment. 

d) Effects 

Environmental effects data on these products are 
shown in Table 13. Like the acrylates, the 
.fluorochemical urethanes are sold in mixtures 
"with other materials, including solvents, 
surfactants, and polymers that can mask the 
toxiciLy of the urethane. The tabZe shows, 
however, that some of these products have hlgh ¯ 
concentrations of fluorochemlcal urethane and 
little toxicity. These data indicate that at 
least two of the three uret~anes are at worst 
practically nontoxic assuming no antagonistic 
effects on toxicity from other product 
components. 

2. Recommended Testinq 

a) Physical Properties 

~he possibility o£ bioconcentratJon of urethane 
products should be further investigated. One 
possibility is that their molecular size may 
limit their capacity to bioconcentrate. Further 
literature study is needed on the effects of 
molecular size or molecular weiqht on the bio- 
concentration potential of fluorochemicals. 

Most SAP methods predict bioconcentration from 
octanol/water partition coefficient. It is 
recommende¢ that the octanol/water partition 
coefficient of the EtFOSE/TDI urethane be 
~etermlned as a representative of this group of 
fluorochemicals. The most appropriate method of 
making th~s measurement appears to be the use of 
reverse-phase high-pressure liquid chromatograph 
(136). This method will prevent possible 
interference from other components of the product 
mixture. The T~I component of the molecule 
shoul~ facilitate ~V eetection. 

n-Octanol/water partlt~on coefficient of: 

2 EtFOS£/TD~ - Priority ~II 
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cc 806-6 10.5 

cc 8010-30 6.2 

cc 803-15 4 

cc 811-17 9 

cC 811-18 20 {98% of solids) 

l~u~t$ containing Ft~E/TDI 

c~ 803-3 15 

oo 782-5 15 

cc 795-19 14 

Prc~ucts containing 2 Et~E/cDAb/pAPI 

LR 2485-2 10 

815-1 15 

96-Hr. 

180 
179c 

1~,0e 

233 

575 

>10o0 

440 

>2~00 

102 

56 

65 

400 
1250 

131 
339c 

284. 

Lab ~guest Number 
or {Re£erence) 

[130) 

5785 

6363 

5546 

6671 

6672 

5493 

4369 

5055 

2485 
1204 

(129) 

cc 8110-938 30 1148 5511 
cc 8110-96B 30 1306 5983 

cc 812-35 5 6S9 6814 

cc 8~5-24 15 527 I132) 

Footnotes : 

All data on Fathead ~tnnc~s unless othe~a~_=e noted. 
OPA = Stearyl alcohol. 

Rainbow trout. 
~lueg, ili sunfish. 
Da~ni~a manna, 4R-Hr. ~50 
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Degradation 

Tests similar to those for the acrylates are 
recommended to check susceptibility o£ the 
urethane products to biodegradation, 
photodegradation, and chemical hydrolysis. As 
with the acrylates, hydrolysis tests will be run 
on the product as sold. Photodegradation tests 
will be done on the product residue left on 
silica gel and on dyed textile fabrics.. 
Biodegradation tests will be done on the product 
residue in soil. 

It is recommended that testing be done on 
cc 811-18. Th~s product contains 20% solids, and 
98% of their solids are E~FOSE/MDI. The 
remaining 2% is MCL emulsifier, a 3M 
fluorochemical surfactant, The presence of this 
surfactant could cause some confusion in 
interpreting results if only very low levels of 
degradation occur. The use of radiolabeled 
urethanes would simplify analytical work and 
prevent such confusion. 

Degradation tests on fluorochemical urethane 
cc 811-18 (EtFOSE/MDI): 

Hydrolysis - Priority II 
R~gorous soil blodegradation - Priority III 
Photodegradation on silica gel - Priority III 
Pho~odegradation on dyed.fabric - 

Priority III 

Effects 

Although no bioassays have been done on the 
fluorochemical urethane alone, bioassavs on the 
formulated products can allow a determination of 
the worst case or lowest possible toxicity due to 
the urethane. Such predictions assume that all 
the toxicity of the product is due to the fluoro- 
chemical, and also assume no toxicity or 
antagonistic effects from other product 
components. Using this technique, pressnt 
environmental data shows that EtFOSE/MDI and 
EtFOSE/ODA/PAPI urethanes have little toxicity. 
But similar data on EtFOSE/TDI urethanes allow us 
only to say that its 96-hr. fish LCS0 >15 mg/l 
(LR #5493). Its LC50 is probably much higher 
(less ~ox~c) than this. To compl~t~ ~he da£a 
base, bioassays are needed on products with high 
levels of this uretnane, cc 7512~25 is one 
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possible product for use in such testing since 
contains 20% Et~OSE/TDI as its only 
fluorochemical compo,ent. A sample of the 
urethane alone would be even better to 
demonstrate its probaDle lack of significant 
~oxiclty. 

96-St. Fish LC50= 

EtFOSE/TD[ - Priori£y 

FLUGRELe and KEL-Fe Polymers 

I. Background 

These products are high MW polymers made from one or 
more of the following monomers= vinylidene fluoride, 
hexa£1uoropropane, and chloro-or bromo-trifluor- 
ethylene Some also have curative systems. After 
being fully cured, these polymers are nontoxic, 
insoluble, nonvolatile, and extremely inert. 

FLUORELe-FLUOREL® Brand fluoroelastomer cc 
8010LllA has been found to leach small amounts of 
fluoride (0.43 mg/g) and small amounts of COD 
(0.74 mg/g) (Lab request 3270). A later study 
under different conditions leached 0.26 mg of COD 
per gram of cc 8010-11A (137). The leachate from 
cc 8010-11A was found to be toxic to fish and 
daphnids (137,138), but after curin9 at 350°F for 
15 minutes, no toxic material leached (138). 

Toxicity was also not found after longer curing 
periods, cc 8010-11B, an identical ~LUORE5e 
fluoroelastomer, except that it does not contain 
a curative system, leached only .01 mg of COD/g, 
and the leachate was not toxic to fish or 
da~hnids (138). These results £ndicate that the 
curative system, and not residual fluorochemical 
monomers or the fluo~ochem£cal polymers 
themselves, are the cause of the toxicity from 
uncured FLUOREL® fluoroelastomers. 

Kel-~® - No environmental testing has been done 
on the Kel-Y® polymers. 

2. Recommended Testin@ 

No environmental testing is recommended for the 
FLOOR£Le and Kel-Fe polymers. 
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i. Background 

3~ makes two hexaElucrophosphste salts which are used 
as catalysts for the curing of epoxy resins. At th~s 
ti~e, these are used in low volume products (cc 792-8 
and cc 794-6) and their prospect for significantly 
increased volume do not seem great. 

2. Recommended Testing 

No recommendations to include these Products in the 
Part II Fate of Fluorochemlcals program are made ~ 
thi~ time. 

3MA10065550 

3M_MN00000105 

2573.0088 



-B3- 

SUmmARY 

A summary of proposed testing with priority ranking and cost 
are given in Table 14. Table 15 predicts costs per quarter 

over the proposed three-year study period, In these tables, 
priorities range from I for very important to III for less 
critical. Table I in the introduction gives a summary o£ 
results from the Fate of Fluorochemicals program, Part I. 
Summaries of environmental data on the various classes of 3M 
fluorochemicals are found ~n other tables throughout the 
report. 

The testing recommended in this report is intended to fill 
gaps in the present understanding of the environmental fate 
and effects of 3M Fluorochemicals. Environmental profiles 
developed from these studies will enable the Environmental 
Laboratory to give recommendations for product modifications 
or use and d~sposal instructions that will minimize possible 
environmental effects. These profiles will also enable rapid 
and accurate response to the environmental concerns of 
government agencies and 3M customers. 

An example of a regulatory problem caused by lack of data on 
fluorochemicals has, in fact, recently surfaced. The USEPA 
has propose~ a rule exempting certain classes of polymers 
from PMN requirements. Fluorine-containing polymers, 
however, are not included in this exemption. While 3M 
fluorochemical polymers are probably as environmentally safe 
as the polymers included in the exemption, we lack 
environmental data to substantiate this viewpoint and hence 
cannot press the agency for modifica~iun of the regulation. 

Previous testing has allowed the formation of a basic 
understanding of the environmental properties of 3M 
fluorochemlcals, but only limited information is available on 
their volatil~ty, solubility, their movement in soil and 
their long-term stability. In some cases, environmental 
toxicity information is also less complete than desirable. 

Fluorochemical products are suspect because of the extreme 
stability of their perfluorinated portions. Knowledge of 
their environmental properties is, therefore, very important 
in order to minimize the chances of finding, in the future, 
that 3M fluorochem~cals are causing environmental problems 
that are impossible or extremely costly to undO. 
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650 

1,300 

150 

20 

,200 

200 

Cost 

29,25 

58,50 

6,75; 

90~ 

54,001 

9,00( 

Footnotes: 

(a) Chemistry of Products is shown in Appendix II 
(b) 5~R = Structure Activity Relationships 
[c) ~y Foamer 
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Table ).4 (continoed) 

2) n-Octano]-Water 
d~stribution 
coefficient 
a) Shaking 

b) 

3) Soil Sorption 

5) 

Product 

Alcohols 

Surfac~ants 

Alcohols 

product(a) 

T~sting 
Time 

Priority Requirement~ 
of Work 

Cc 795-23 I 35 
L~ 3844-4 IIl 50 
L~ 4197-2 III 5~ 

Cost 

i, 57: 
2,25( 
2,25( 

EKI 80021 I 25 1,12.~ 
L~ 5625 I 25 1,121 
cc 795-23 I 40 1,80( 
LR 3844-4 I 25 i, 12-~ 
2 Et~DSE/~DI III 25 1,12£ 

Phosphates cc 795-23 IIl 90 
Surfactants Eal 80021 II 15 

LR 5625 II 15 
Phosphates cc 795-23 III 15 
Alcohols L~. 3844-4 III 15 

LR 4197-2 II 15 

4) Vapor Pressure Surfacta~ts EAI 80021 Ill 15 
[2 5625 III 15 

~osphates cc 795-23 III 15 
Alcohols I~3844-4 I 15 

LP4197-2 II 15 

EAI 80021 III 15 
LR 5625 IIl 15 

Surfactants 

Alcohols 

Acrylates 

Urethane 

5) Bio~orption 

i~egradation 

I) Alkaline 
Hydrolysis 

L~ 3S44-4 III 40 
LP 4197-2 III 40 
cc 8011-24A II 60 
L~ 2485-2 III 60 
cc 811-18 II 60 

4,05~ 
675 
675 
675 
675 
67£ 

675 
675 
675 
675 
675 

675 
675 

1,800 
1,80C 
2,700 
2,700 
2,700 
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Table 14 {eontinue4) 

Measurement 

2) Photolysis 
a] o~ Silica 

fabrics 

c) sensitize~ 
in water 

S~ac~ 

alcohols 
Acrylates 

Urethanes 

Acrylates 

Urethanes 

Su~factants 

3) Bic~egradation 

b) Soil 
Respirc~etry 

c) P, igorou~ 
Aerobic 

Surfactants 

Surfactants 

Surfactants 

Phosphates 
AlcOhols 

Acrylates 

D) Rigorous Surfactants 
Anaerobic A!cohols 

4 ) Eiotransformation 
a) Plants Alco~ol 
b) Fish Alcohol 

Bioconcentration 

a) F~sh Surfactants 

h) Confirm ex- Alcohol 
traction ~th~f 

Effects 

I) 96-Hr. Fish Tt~. Surfactants 

-86 - 

~esting 
Time 

Priority Requirements 
of ~.brk        (~rs L 

EAI 80021 III 
LR5625 III 
LR3844-4 IIl 
cC 80LI-24A III 
LR2484-2 III 
cc 811-18 III 

cC 8011-24A III 
LR 2485-2 IIl 
CC 811-18 III 

EAI 80021 
L~ 5625 
CC 805-IOSc    IIl 

cc 777-3 I 
Dauqhter 

cc 805-I0Sc IX 
P~. I.D. III 
FAI 80021 II 
L~ 5625 .If 
cc 795-23 IIl 
L~ 3844-4 II 
L~ 4197-2 II 
cc 8011-24A 
L~ 2485-2    III 
cc 811-18 III 
LR 5625 
12 3844-4 II 

LR 3844-4 II 
LR 3844-4 III 

EAI 80021 
5525 

LP 3844-4 

cc 805-10Sc 
LP 2929 (wiL5 IIl 
& without 
solvent) 

Cost (.~ 

ioo 
lop 
108 
100 
loo 

100 
100 
i00 

4,5OC 
4,50( 
4,50[ 
4,50( 
4,50E 
4,50[ 

4,50C 
4,50[ 
4 

1oo 
ioo 
IOO 

4,50C 
4,50C 
4,50t 

2O 

25 
20 
25 
45 
45 
45 
45 
45 
45 
45 
45 
45 
45 

50 
25 

90O 

1,125 

1,125 
2,025 
2,025 
2,025 
2,025 
2,025 
2,025 
2,025 
2,025 
2,025 

2,025 

2,250 
1,125 

55 
55 

25 

2,475 
2,475 

1,125 

lo 
2O 

450 
9O0 
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~able 14 

~st ot P~x~uct 
Mea~u~nt Cat~ory 

Acrylate 

T~ 
Priority Requtrenents 
of ~rk (Hrs) Cost (: 

Dialyzed II 25 i, 
cc 8011-24A 

Dialyze~ II 25. i, 12: 
LR 2485-2 

Urethane Et~DSE/TDI II 1O 45~ 

2) 14-Day Algae    Surfactants LR 2929 II 35 1,57f 
cc 773-5~ II 35 1,57E 
cc 777-3 IZ 35 1,57~ 
c~ 805-IOSc II 35 1,57f 

Phosl~tes cc 795-23 II 35 1,575 
3) 28-Day Daphnia Surfactants LR 5625 II 5~ 2,25t 

LR 2929 II 50 2,250 
cc 773-58 II 50 2,250 

cc 777-3 II 50 2,250 
c~ 805-IOS II 50 2,250 

Fhosphates cc 795-23 II 50 2,250 
Alcohol LR 3844-4 IX 50 2,250 

Total Priority I 
Total I~iorlty II 
Total Priority III 

1,140 51,300 
2,285 102,825 
3,465 155,925 

Total Project 6,890 310,050 
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TABLE 15 

SCHEDULE OP PROPOSED D.~O~K 

This table prioritlzes work and schedules it by quarter following 
program approval. The schedule assumes a l-i 1/2 man rate of 
expenditure and availability of the radiolabeled materials listed 
in Appendix III. 

I Field 

I 

I 

I 

I 

I ~ioo~adation 

~ioconcentration 

Confirm analytical capab~!- 
ities for TOF, EAI 80021, LR 5625, 
an~ LR 3844-4 in spiked soil, 
sediment, sludge, tlss~e 
water samples.                  150 

l~ictive~o~ellng for 
field stuck. 

Water solubility of c~ 795-23 

20 

35 

n-~ct~nol/water distribution 
coefficient of £AI 80021, i~ 5625, 
cc 795-23, an~ LR 3844-~,       115 

vapor pressure of LR 3844-4 15 

Acc/imate~ see~ BOD or Shake 
fla~k st,~y on cc 777-3 
(save p~ucts ) 2O 

Time quarter 1 - 
Cost quarter i - 

530 hrs. 
$23,850 
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Year i, Ouarter 3 

Field 

£I Bio~e~ra~ation 

Year i, Quarter 4 

Pield 

.-.\ 

-’ :--- .-.,NTIAL" 

Identify bio~egradatioo 
~-~:~ucts o~ cc 777-3 

~ish bi~ntration studies 
cn FA~ 80021 and LR 5625 

II, III Physical 

II Effects 

Time quarter 2 - 
Cost quarter 2 - 

Time in hrs. 

125 

300 

110 

560 hrs. 
$25,200 

Continue study on ex~stirg 
SA~applicability. 125 

Continue field s~p!ing and 
analysis. 300 

RigOrOus aerobic on EAT 80021, 
LR 5625, L~ 3844-4, & LR 4197-2.180 

Time quarter 3 - 
Cost quarter 3 - 

Continue SA~ applicability 

Continue field samplin9 
and analysls 

605 h~s. 
$27,225 

125 

30O 

105 

Soil TiC of EAI 80021, LR 5625. 
Cc 795-23, LR3844-4, 
and LR 4197-2 

14-day algae L~ 2929, ~: 773-58 
Solids, ar~ cc 777-3 

9G-hr. LC50 fish on dialyzed 
acrylate polyers cc 8011-24A, and 
LR 2485-2 50 

655 hrs. 
$29,475 

Time quarter 4 - 
Cost quarter 4 - 

3MA10065557 

3M_MN00000112 

2573.0095 



Year 2, ~arter I 

Priority Categor7 

II Field 

II, III 

Year 2, Ouarter 2 

SA~ 

II, £II 

I~ical l~operties 

Effects 

II 

II 

Degradation 

Effects 

Year 2, Ouarter 3 

III SAR 

!II Physical ~rties 

II, III     Pic~egra~ation 

-’-: \~,, 

Description Time in hrs. 

- Finish ~ applicability 125 

- Finish field sara>ling an~ 
analysis 300 

- Vapor pressure of EAI 80021, 
LR 5625, cc 795-23. & LR 4197-2 60 

- 14-~ay algae cc 805-I0S 
an4 cc 795-23 70 

an~ L8 2929 100 

Time guarter 5 - 655 hrs. 
Cost ~arter 5 - $29,475 

- Start to derive new ~ 
for f]uorc~hemicals 300 

- ALkaline hyo~olysis of 
representatl%~ acrylates and 
u~thanes 180 

- Biotransformation of LP 3844-4 
in plants 50 

28-dayDaphnia on cc 773-58 
solids, cc 777-3, & cc 805-I0S 150 

Time quarter 6 - 680 hrs. 
Cost quarter 6 - $30,600 

- Continue new SAR for fluoro- 
chemicals 

~;ater solubility of fluOrO- 
chemical alcohols L~ 3844-4 an~ 
LR 4197-2 

Soil respirometryon hl~ro~y 
foamer with product identifica- 
tion 

25O 

45 
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Priorit7 Categor7 

II, III 

III 

II Effects 

Year 2, 0uarter 4 

III SAR 

III Incineration 

II I B ioadsorption 

Year 3, Quarter 

III 

III 

III 

Deqradation 

Physical Properties 

Effects 

Time in hrs. 

Rigorous anaerobic bic~egrada- 
tion of LR 5625, LR 3844-4 

Bictransformation of LR 3844-4 
in fish 25 

28-4ay Daphnia ~c 795-23 
an~ 12 3844-4 i00 

Time quarter 7 - 610 hrs. 
COst quarter 7 - $27,450 

Continue new ~ for fluozo- 
chemicals 250 

bF-~ in £~catur Incin- 
erator emissions 

Determine adsorption of 
surfactants EA~ 80021 and LR 5625 
to activate~ sludge 30 

Sensktize~ photolysis of 
surfactants in water on 
L~ 5625 and Cc 805-I03 200 

Time quarter £ - 680 hrs. 
CO~t quarter S - $30,600 

- Continue newS;L% for fluoro- 
chemicals 250 

m Octanol/water 4istribution 
coefficient of ure~anebyHPLC 25 

Sensitize~ pho~ra~ation 
surfactant EAI 80021 I00 

- Pho~o4egra~ationof alcohol, 
LP 3844-4, an~ ureth~ne, 
cc 811-18, on silica ~00 

- 96-hr. fish tox on cc 805-i03 
~P 2~29 solids, & EtFDSE/TDI 4~ 

Time ouarter 9 - 615 hrs. 
Cost quarter 9 ~ $27,675 
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Year 3, Cuar~er 2 

PTiority    Cat_~ 

III 

Year 3, Quar~r 3 

III De~ation 

Description Time in h~s. 

- Complete n~w SAB for flucro- 
chemicals 250 

- Measure KOC for cc 795-23 90 

Photolysis Of acrylates cc 8011-24A 
and LI~ 2485-2 on silica          200 

Time quarter 10 - 
Cost quarter 10 - 

Alkaline hydrolysis of 
alcohols LI~ 3844-4 & LR 4197-2 

photolysis on silica of 
surfactants EAI 80C21 
and LR 5625 

Pho~olysts of acrylates 
u~ethanes on dyed fabrics 

Rigo;-ous aerobic bio- 
~egradation of acrylates 
cc 8C11-24A an~ LR 2485-2 

Ti~e quarter II - 
Cost quarter II - 

630 hrs. 
$28,350 

80 

200 

300 

9O 

670 hrs. 
$30,150 
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APPENDIX I 

AQUATIC TOXICITY RANKING SYSTEM 

NIOSH adopted the folZowing toxlcity scale to aid in interpreLing 
aquatic toxicity data listed In the Registry of Toxio Effects of 
Chemical Substances: 

LCs0 Concentration 

Insignificant ha2ard 
Practlcally hontoxic 
SZightly toxic 
Moderately toxic 
Highly toxi� 

>i,000 mg/1 
100-1,000 mg/l 
10-100 m9/1 
1-10 mg/1 
<I mg/1 

This scale, which was developed base~ on published data from 
studies on adult and juvenile aquatic organisms, provides a basis 
on which acute aquatic toxicity data can be put in some 
perspective. In using this scale, one should be aware that many 
other factors, in addition to acute aquatic toxicity, contribute 
to determining the ~mpact of a chemical on an aquatic 
environment. Important among these other factors are solubility, 
volatillty, environmental entry concentration, bloconcentration 
potential, persistence, and the size and mixing rate o~ the 
receiving aquatic environment. 

Reference: 

Registry of Toxic Effects of Chemical Substances, ’75 Edition, 
Chrlstensen, H. E., an~ E. J. Fairchild, Eds., p. XV and CI, U.S. 
Department of Health, Education and Welfare; National Institute 
for Occupational Safety and Health, Washington, DC (June, 1976). 
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APPENDIX II 

KEY TO CHEMICAL PRDDUCT~ DISCUSSED I~ ~ 

This table includes t~e prc~ucts ~i~ a~ 8i~s~ wi~in ~e ~ of ~e ~rt. 

Product Chemical Name 
Number Class (3M Synonym) 

cc 742-7 Inert ligui4 

cc 7512-2~ UmeUhane 

cc 773-53 Surfactant 

cc 777-3 Surfactant 

cc 777-4A&B Sur~actant 

cc 777-4B 

7711-18 Surfactant 

7711-27 Surfactant 

~emi~al Formulation 

P~rfluorinated alkanes e.@., (C8F28) 
and cyclic ethers boiling (C4Fg)~4FT-Q 
range 90-I07°C 

20t 2-£t~6£/TDI 
12.5% al~ina Dispal 

.75 sulfamic acid 
66.75 solvents an4 water 

See cc 7711-27 

£4~ cc 777-4AsB 

<10%                  CsFI7SO2NH [F~) 
H 

N-ethyl-l-p~rfluor~- C8 F17SO2N-C2H5 
cctane sul fonami~ 
f FOSE amide ) 

(N-EriE alcohol- CSFI7SO~(C2H5 ) 
ethylene oxide adduct) (C~I~.20}14CH 

3 ¢ � � perf luorcoctyl ) [C~FI7SO2~C3H6H [CR3 )3 ] +I- 
sul fonyl ) amino)-N,N,N- 
trimethyl-]-propanamini~ 
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783-38 

¢c 788-19 

cc 792-8 

cc 794-4 

cc 795-7 

cc 795-23 

cc 796-3 

cc 802-23 

805-I 

Acrylate 

Inert liquid 

Catalyst 

Catalyst 

Surf a ctant 

Surfactant 

0 - 10%N-EtFOSE Alcohol) See LR 3844-4 

17% 70/15/5/10 
A]foI-I620A/I(~/CW 750A 
11% o~her acrylate 
52% water 
20% solvent 

N-perfluort~thyl 
perfluoro~orpholine 

CSFllNO 

50~ dimethoxyethyl ph~J~late 

45% ~imethylphthalate 
10~ ERL-4221 epox> resin 

Perfluorocctanesulfonic CSFITSO3-H2N+(CH2C~2OH)2 
acid, diethanolamine salt 

331 solids." N,N’-(phoe- 
~hinicobl s (oxy-2, l- 
ethanediyl) ) his(N-ethyl 

salt ~ 
ester of N e~yl 
al~l ) 

15.1% h~droxy foamer 
3.2% butyl carbitol 
81.7% water 

See cc 805-1C 

(MeF~SE alcohol) See LR 4197-2 

12.5% ~eFosE!Epi/Adipic 
acid, 1.5% Me~0~EA/C.W. 
400 II4A, 281 ~A/~; 3% 
e~mllsifiers; 54 % water, 
and I% ~K. ethyl acetate 

Pe~-f i uoroethyl cyclo- 
.hexyl sulfonic acid, 
potassium salt 

Trifluoromethane CF3SO3H 
sulfonic acid (Triflate) 
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cc 805-10 

cc 80~-105 

cc 

:c 8010-118 

cc 8011-10 

oc 801/-23 

cc 8011-24A 

cc 811-18 

cc £13-26 

Class 

Surfactant 

Surfactant 

.- 

Surfactant 

Surfactant 

Aczylate/urethane 

Urethane 

Acrylate 

A-4 

Chemical Name 
(3P Synonym) Chemical Formulation 

F~c4uct ~ntain~.~ 25% 
Hy~roxy 
solvent an~ 50% H20 

! 

100% FC Hydrcsy Fom~r See ~ 805-10 
solids 

96% fluoroelastm.er 78% mole % CH2CF2 and 
1% dichlor~ip~enyl 22 ~e % C3F6 
sulfo~ 
2% b~e~l ~ 
0.5% tri~e~l ~I 
~~ ~or~ 
0.45~ tetr~le~s~fo~ 
0.05% ~i~ ~la~ 

100% fl~-~elastcmer 

See LR 2929 

Perfl~roethyl cyclo- 
h~l ~ifonic acid, 
die~a~l~e ~It 

76/24 C~ ~C~z/C23CF~F2 

C2 .~-H2N+ { C2H4CR ) :, 

25% 65/35 mixture of 
emulsified 95/5 MeK~SEA/ 
BA ar~ Et~OSE/MDI 
5% Ethylene glycol 
70% water 
1% max. ethyl acetate 

20%, 98% £t~DSE/MDI 
21 ~L emulsifier 

80~: water 
Trace: ethyl acetate 

CSF17SO2N(C3HT)C2S4O 
¢(O)C~C~2 
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cc e15-11 

cc 816-27 

cc 8110-~ 

~ 80021 

L,p 2456-1 

2485-2 

2929 

LR 2929-1 

L~ 3844-4 

4197-2 

5062 

L~ 5625 

Class 

Surfactant 

Alcohol 

Alcohol 

Surfactant 

Chemical Name 
~3H S~ .yponym) Chemical Formulation 

(Wide range N-Kt See LR, 3844-4 
alcohol ) 

See LR 292~ 

Perfluorobut-yric acid    C3F~ 

~ ~ 813-26 

Perfl~ta~sulf~ic CdFIT~3K 
acid, ~ssi~ salt 

Perfluorooctane sulfonic CdFITRD3-NH4+ 
Anm0ni~ sa!t 

A poZyme= o£ 95% P~e~q:~"ZA = CSF17SO2N{C~3}CH2C~2 
OC(O)C~m2 

a~ 5~ butyl ac~llat~e = C~3(C~2)3OZ(0)~2 
Emulsifier is 5% £th~ 
18/25 base~ on solidus 

N-ethyl-n- [ (perf luoro- CdFI7SO2N(C2~5 )CH 2(DOK 
octyl) sulfonyl] glycine, 

N-ethyl-4~ (2-hydroxy 
ethyl )-l-perfluoro- 
octanesulfcnamide 
(N-ethyl EO~E alcohol) 

CdFI7SO2N(C2H5)C2H4CR 

N-e thyl-N (by6rox~methyl)- CdF17SO2N (C~3 )C2HdC~ 
1-perfluorooctane sulfonamide 
(N-methyl ~OSE alcohol) 

3-1 { (bep~adecafluoro- 
octyl) sul£om!l) ~ino) 
-N,N ,N-trimethyl-l-pro- 
pan~mium chlori~e (MCL 
emulsifier) 

CdFI7SO2N~]C3H6h~ ( C~3 ) 3CL 

~erfluorcoc~anoic acid, CTFIsCOO-NH4+ 
salt 
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Se~t i~n 

IV.�.2.a. 

IV 

IV.C.2ob. 

lY.C.2.bo 

IV.C.2.b. 

iv.C,2.b. 

IV.3.2.co 

IV.O,2.e. 

IV.~.2.a. 

IV.E.2oa. 

IV.E.2.a. 

I¥.E.2.~ 

~EED~ FOR t4C-R~OIOLAS£LEO 

P I 8cem~f I mpcx’l’8nCe Of 

Priority of 1.4C Lsbel Hevlrlg Libel(a) 

on~here                High 

on perfiuorFne~e~ ~o~era1~ 

¢Xl Hy~rO~:~r bOn High 

~ay~here High 

III 

~or?lon 

! 

I 

anywhere 

III onywhore NeceS~ry 

~II O~ perfluo~lna~e~ High 

Ill ~n~h~o L~ 

ill 
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I¥.E.2.b. Anaerobic soil I~io(:legrsds- 

~’lon o~ LR ~4~-4 

IY.~.2.b. BIo~rans~a~l~ In flsh 

t~ fish 

LR 248~2 

IV.F.2. b. Photorysls of �� 8011-24A end 

LR 2485-2 

IV.F.2.h, Sol I blodsgrsdstlOh of 

¢� eOl1-Zd^ end LR248~-2 

" " "-’,- - ,, .,-- .:~"~i ~ ’..’-:’: L 

Prlorl~’y of 14C Libel Hevln~ libel(a’) 

III On perf I uor lnsTed 14odarste 

I1| on perf I Uor Ina?ed    Noderefe 

IX~t Ion 

II for portion 

LR 4197-2 

on paH|uorlnete~t High 

p~"-tJon 

Ill-fish Oh perfluorlne*sd Moderate 

If-plants portion 

II prefersbty Hc~lerole 

III preferably High 

monomer 

Footnotes: 

L_._~ ¯ redlola~l~ material IS preferred ~f tilting CO~I~I readily 
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-’ 
T~i8 ~1 {tom the ~ C~em~[ Re~[~t~o~ Re,order 
that Structure-Activity relationships w{ll take in future 

Assee~ment. 

CURR~:NT REPORT 

Biok~i~l l~onlrol Agonlo 

~al~on p~ ~ ~mine eff~ t~ ~bial 

and ~al 
~ or~ ~ bi~ ~d ~1 

"~1 ag~, ~ ~ ~ ~ ~ ~ F~e~ ~tt. 

~ a~ known ~ a~ ~ ~, but ~ir 

~ ~ag ~e ~ ~ ~o biolo~l ~nt~l 

lg84. 

¯ Rolmu~h hlUl~lonoe 

EPA also se~ a v~ety of ~ milmWn~ 
five y~ Th~ melee ~e development 
~or ~raJ ~.~ ~, su~ ~ ldenUtymg 

~Io~ for lden~ymg ~n ~ra~;~ic ~{~al 

a.ko will be sought tn an e~o~t "to support or e|in~nate the 

~ a~ a~ ai~ to dewlop mn~ "ca~b)e ~r 

p~, u~ u~c~il~ ~r~ct org~is~ ~ ucute, ~ub. 
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