For 50 Years, Polluters Knew
PFAS Chemicals Were Dangerous
But Hid Risks From Public

As far back as 1950, studies conducted by 3M
showed that the family of toxic fluorinated
chemicals now known as PFAS could build up in
our blood. By the 1960s, animal studies conducted
by 3M and DuPont revealed that PFAS chemicals
could pose health risks. But the companies kept
the studies secret from their employees and the
public for decades.

Here is a timeline of internal memos, studies
and other company documents detailing the two
companies’ history of deception.
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Know your environment.
Protect your health.



1950 - 3M mice study reveals that PFAS builds up in blood.

1956 - Stanford University study finds that PFAS binds to proteins in human
blood.

1961 - DuPont toxicologist warns that PFAS chemicals enlarge rat and rabbit
livers.

1962 - Volunteers who smoke PFAS-laced cigarettes get “polymer fume fever.”
1963 - 3M technical manual deems PFAS toxic.
1965 - DuPont rat study shows liver damage and increased spleen size.

1966 - The Food and Drug Administration rejects a DuPont petition to use
PFAS chemicals as a food additive, citing liver studies.

1966 - 3M study finds that PFAS causes “acute oral toxicity” in rats.

1970 - 3M warns Fire Journal, the magazine of the National Fire Protection
Association, that PFAS is toxic to fish.

1970 - DuPont scientists say PFAS is “highly toxic when inhaled.”

1973 - DuPont finds there is no safe level of exposure to PFAS in food
packaging.

1975 - 3M is informed that PFAS builds up in human blood samples.
1975 - DuPont warns 3M about “toxic effects” of PFAS in food packaging.
1977 - 3M tests workers and animals to measure PFAS in blood.

1977 - 3M finds PFOS, the PFAS chemical in the company’s Scotchgard fabric
treatment, “more toxic than anticipated.”

1978 - 3M animal tests find lesions on spleen, lymph nodes and bone marrow.

1978 - 3M concludes that PFOS and PFOA, a PFAS chemical used to make
DuPont’s Teflon, “should be regarded as toxic.”

1979 - DuPont survey of employees in its Parkersburg, W.Va., Teflon plant
finds possible evidence of liver damage.

1981 - 3M and DuPont reassign female workers after animal studies reveal
PFAS damages the eyes of the developing fetus.

1983 - 3M identifies PFAS’ potential harm to the immune system as a cause for
concern.

1984 - 3M documents rising fluorine levels in workers’ blood.

1984 - DuPont detects PFAS in the tap water in Little Hocking, Ohio, but does
not alert the local water utility.

1987 - 3M PFOA animal study finds tumors.

1989 - 3M study finds elevated cancer rates among PFAS workers.




1990 - 3M study finds risk of testicular cancer from exposure to PFOA, also
known as C8.

1992 - DuPont study finds elevated cancer rates among workers.

1992 - Former 3M scientist finds male PFOA workers more likely to die from
prostate cancer.

1995 - DuPont scientist expresses concern over long-term PFAS health effects.

1997 - DuPont study finds heightened cancer rates among workers at the
Parkersburg plant.

1998 - 3M scientists report that PFAS moves through the food chain.
1998 - 3M provides EPA evidence that PFAS accumulates in blood.
1998 - 3M animal study finds liver damage from PFAS exposure.

1999 - 3M scientist describes PFOS as “the most insidious pollutant since PCB.”
2000 - 3M animal study finds liver damage from PFOS exposure.
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PERFLUOROOCTANOIC ACID INTERACTIONS WITH
HUMAN SERUM ALBUMIN

By GORDON L. NORDBY* anp J. MURRAY LUCK
(From the Depariment of Chemistry, Stanford University, Stanford, California)

(Received for publication, August 1, 1955)

For several years perfluorooctanoic acid (1) (CFj3- (CFp)s- COOH) has
been used in this laboratory as a protein precipitant (2). Qualitatively it
has been observed to bind so completely to proteins that littie of the pre-
cipitant remains in the filtrate; this is an obvious advantage in chromatog-
raphy and in various analytical procedures.

The purpose of the present study is to define the conditions under which
perfluorooctanoic acid will effect a precipitation of human serum albumin
and to describe in detail the interaction between these two reactants.
Human serum albumin was used because of its unusual properties in bind-
ing a variety of ions.

Materials

A solution of human serum albumin (decanol procedure) was electro-
dialyzed at 40 volts per cm. against conductivity water and clarified by
pressure filtration through a sterilizing filter pad. The product was lyo-
philized and stored at 3°; appropriate amounts of the powder were removed
as needed for the preparation of albumin solutions.

Sodium perfluorooctanoate (PF8) solutions were prepared by carefully
neutralizing a 0.5 per cent aqueous solution of the acid with a minimal
volume of sodium hydroxide.

Procedure

Precipitation—A number of buffered 0.3 per cent solutions of serum al-
bumin in PF8 were prepared. Each solution was distinctive with respect
either to its PF8 concentration or to its pH, the latter being determined
by 0.1 M Mecllvaine buffers (3). The pH of each solution was between
4.25 and 5.25. The PF8 concentration of each solution was such that the
mole ratio (PF8 to albumin) ranged between 0 and 200.! The solutions
were thoroughly mixed, allowed to stand for 15 minutes, and centrifuged
in a clinical centrifuge at room temperature for 20 minutes. For conditions
under which the protein in a given solution was only partially precipitated,
opaque supernatant solutions were sometimes formed; in all other cases the

* Public Health Service Research Fellow of the National Heart Institute.
1 A value of 61,500 was used for the molecular weight of human serum albumin (4).
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400 PERFLUORO ALBUMIN PRECIPITANT

supernatant solutions were clear. An aliquot of each supernatant liquid,
or solution if no precipitate existed, was then analyzed for protein by the
Lowry et al. modification of the Folin test (5). PF8 does not interfere
with this analysis. The percentage of albumin that was precipitated from
each solution under the stated conditions of pH and PF8 concentration
was calculated. The results appear in Fig. 1.

Anion Binding—A number of 0.3 per cent albumin solutions were pre-
pared in radioactive PF8. The ratio (PF8 to albumin) in each solution
was between 80 and 200. The solutions were then titrated at 25° to about
pH 3 with hydrochloric acid. In the course of the titration between pH

450 PHT 500 4
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Fia. 1. The percentage of human serum albumin precipitated from aqueous solu-
tion is a function of the pH of the solution and the molar ratio (PF8 to albumin) in
the system. For example, at pH 4.75 and a molar ratio (PF8 to albumin) of 60, about
48 per cent of the albumin is precipitated.

4 and 3, the protein precipitated completely; several 0.005 ml. aliquots
were removed from each supernatant liquid, placed on aluminum disks,
and immediately dried under an infra-red lamp. The disks were then
placed on an automatic sample changer which operated into a gas flow
counter (6). The time required for an arbitrary number of counts was
recorded for the sample on each disk. After making suitable corrections
for efficiency and background interference in the counting, the relative ac-
tivities of the samples were determined and compared with the original
activities of their respective. solutions before the titration was started.
The molar ratio (bound PF8 to albumin) in each solution was then calcu-
lated as a function of the molar ratio (PF8 to albumin). The data are
given in Fig. 2.

Hydrogen Ion Binding—A number of 0.3 per cent albumin solutions were
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prepared. Half of the solutions contained that concentration of PF8 for
which the molar ratio (PF8 to albumin) was 196; the remaining solutions
contained an equivalent concentration of sodium chloride. Each solution
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F1g. 2. Curve A, the molar ratio (PF8 to albumin) in a system determines the
number of PF8 anions that bind to each albumin molecule. Curve B, the reciprocal
of the number of PF8 anions bound to each albumin molecule is plotted against the
molar ratio (albumin to free PF8).
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Fi1c. 3. The number of hydrogen ions bound to an albumin molecule is a function
of the pH of the solution. Curve A represents 1 mole of albumin in the presence of
sodium PF8; Curve B represents 1 mole of albumin in the presence of sodium chloride.

was then titrated at 25° with either hydrochloric acid or sodium hydroxide.
The amount of hydrogen ion bound by the albumin, or dissociated from
it, was calculated quite directly from the total acid or base added to a given
solution and the amount of acid or base actually present in the solution as
reflected by its pH. Subsequently, the charge on the albumin molecule
was calculated as a function of pH. The data are presented in Fig. 3.
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DISCUSSION

Precipitation—Although Fig. 1 indicates a certain critical range of pH
and PF8 concentration which must prevail for the precipitation of human
serum albumin, it also indicates in a qualitative manner the conditions
under which most other proteins would be expected to precipitate. Three
rather striking features are noted for attention. (1) The conditions of
pH and ionie strength under which complete albumin precipitation occurs
are very mild. (2) The precipitation of albumin is completely reversible
with respect to pH. An albumin precipitate formed in a PF8 solution can
be completely dissolved by making the solution somewhat alkaline (pH 6
to 7) to the pH at which precipitation occurred. The minimal pH to
which the solution must be raised will depend, of course, upon the PF8
concentration of the solution. (3) In acidic solutions, the precipitation of
albumin is irreversible with respect to the PF8 concentration. Provided
that an albumin precipitate is dialyzed against an appropriately acidic
solution, it will not dissolve appreciably as the concentration of PF8 in
equilibrium with the precipitate decreases. However, the PF8 precipitant
can readily be dialyzed from albumin in neutral or slightly alkaline solu-
tions.

Amnidon Binding—The scope of Curve A in Fig. 2 is restricted at the upper
limit by the rather low solubility of PF8 in aqueous solution and at the
lower limit by the concentration of PF8 which would adequately precipi-
tate albumin under the conditions of the experiments. However, it is
clear from the graph that a considerable number of PF8 anions bind to each
albumin molecule. The molar ratio (bound PF8 to albumin) increases
quite rapidly as the PF8 concentration is increased. In contrast, the molar
ratio (bound PF8 to albumin) decreases very slowly as the molar ratio
(PF8 to albumin) is decreased below about 120. In solutions containing
the minimal concentration of PF8 which is effective in completely precipi-
tating a given concentration of albumin, the PF8 is almost completely re-
moved from the solution as part of the precipitating complex.

The data of Curve A are treated by an expression derived by Klotz (7);
the results appear as Curve B of Fig. 2.

N | =
ER

X

S | =

1
- +
In the above equation, r is the molar ratio (bound PF8 to albumin), = is
the molar ratio (maximal bound PF8 to albumin), ¢ is the molar ratio (free
PF8 to albumin) in the solution, and K is a constant proportional to the
equilibrium constant for the PF8 anion-binding reaction. The parame-
ters in the above equation are 1/r and 1/¢. Although there is no a prior:
evidence that the equation does apply to PF8 anion binding, it can be as-
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sumed, by virtue of the linearity of a portion of Curve B, that the equation
does apply to the linear portion. The indicated extrapolation to-infinite
PF8 concentration reveals that a maximum of 63 PF8 anions bind to an
albumin molecule by reactions having nearly the same equilibrium con-
stant. Additional anions are bound to albumin at high PF8 concentrations
by some less easily described series of reactions. At very high PF8 con-
centrations, Curve B of Fig. 2 becomes nearly vertical; therefore the max-
imal number of PF8 anions that can possibly bind to an albumin molecule
cannot be calculated by the evidence available. In contrast, a study of
octanoic acid anion binding by Teresi and Luck (8) reveals that a total
of 36 octanoate ions binds to two types of sites on the albumin molecule.
Preliminary isotope dilution studies indicate that the PF8 anions are re-
versibly bound to the albumin molecule.

Hydrogen Ion Binding—Two hydrogen ion binding curves for human
serum albumin are depicted in Fig. 3. These binding curves are com-
pletely applicable to reversible titrations over the pH range illustrated.
1t is readily apparent from these curves that PF8 strongly influences the
albumin molecule charge in acid solution. A similar effect has been ob-
served by Steinhardt (9) for the titration of wool protein in the presence of
2,4 ,6-trinitroresorcinol, picric acid, or flavianic acid.

By means of the equation described above, the extrapolation of Curves
A and B to infinite hydrogen ion concentration indicates that the maximal
number of bound hydrogen ions per albumin molecule is 107 in each case.
This number agrees with that found by Tanford (10). Thus, the charge
on the albumin molecule in extremely acid solutions in the presence of that
concentration of PF8 represented by a molar ratio (PF8 to albumin) of
196 does not exceed 28; 79 PF8 anions are bound under these conditions.
The dotted line in Fig. 3 represents the difference between Curves A and
B as a function of pH. The maximal difference between the two curves
is near pH 4.25 at which an extra 64 hydrogen ions are bound by the al-
bumin in the presence of PF8. The significance of the coincidence between
the 64 extra hydrogen ions and the 63 strongly bound PF8 anions which
are bound to the albumin is not known at this time; but the coincidence is
so striking that it is brought to attention. Finally, it is apparent that
Curves A and B coincide above pH 8. This is additional, although incon-
clusive, evidence that the PF8 completely dissociates from the albumin
molecule in alkaline solutions.

SUMMARY

It has been shown that human serum albumin can be reversibly precip-
itated from aqueous solution under mildly acid conditions in the presence
of low concentrations of perfluorooctanoic acid. In the formation of the
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precipitate, the albumin molecule binds both hydrogen ions and perfluoro-
octanoate ions to form, under the conditions of the experiments described,
a complex that has a net charge of almost zero.

Acknowledgment is made to the Cutter Laboratories for a sample of
Fraction V (11), decanol human serum albumin, and to the Minnesota
Mining and Manufacturing Company for a sample of perfluorooctanoic
acid. Carboxyl-labeled (C'*) perfluorooctanoic acid was obtained through
the Atomic Energy Commission from the Minnesota Mining and Manu-
facturing Company.

Addendum—XKlevens and Ellenbogen have recently published their research on the
van der Waals association of bovine serum albumin in the presence of perfluoro acids
(12).
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: ' TOXICTYY OF TEFION DISDERSING ACENTS

| A brisf gummary of our toaleity work on AHT and other Taflop

: dispersing sgents with swphesis on liver enlavgenent which seems to be tha
mest aensitiva sign of toxicity is givea below. The detailad zepesis of
work cempleted to date will be avsilable wirhin a few days.

. AHY -{&omonfum 3.6 diexa 2.5 dif{criflecro methyl undecafluoroncusncste)

The oral ALD for tats was found to be 60 mg/kg. Survivors showed definite

: " liver enlargement in dopes down to 1.5 mp/kg and with possible ehauges at

; 0.45 and 0.13 mg/kg, Single dos2s of 12 mg/kg produced liver snlargement
which tendad to lncrease duricg the two months following the dose. Oze
one-hundrafithof the lethal dose or 0.6 wg/kg given daily 5 times a week
for 2 weeks produced snlargement which wae significant in those rats

. killed on the day of finml 2restment and in those killed 14 days later.

- Bszologizal exemipation of the livers indizated that the enlargement

3 wad dua to incxeame in cell sige yarhor rhan an lncresse in the muxber

, of salls.

The lethal dose by skin sbsoxpriom in rabbits waes 130 mg/kg. Although
p the changes in liver weight in thess rabbits are moxe difficuit to

svaluaze, thers was a Sandeney ‘towapd enlargecent and gimilsy signs
of 1ilvar injuary.

A 25% aquacud gelutisn ia conbaet wizh the oye cavded dapage which
persiszed through 8 days, Washing with warer 20 ssccuds after fmorillae-
tion prevented permanznr dammge. Too 2od twency-flve persunt oglutions

ware alap Izrizaging .o gufaen pig skim but 444 net covse shkin cansitize
tien, .

4

3 ‘ _

4 Cg~-20PC - (Amvumium perfluoroczprylats) dAP
|

i

The oral ALD for rzats was 570 mg/kg. Liver enlaxgement was defimite
dove 26 a dosa of 200 mg/ke with poseibla early signs dowm to 1.5 mg/kg.
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The vral ALD was 1500 mg/kg. Survivors showed enlargement which sppears
evident in doses as low as 12 mg/kg.

‘“Toflon" Fesding Tosts with "Teflen" 7, "Teflon" 6 made with Cg-AFYC,
"raflon" 6Cmads with Cy apd "Teflon" 6C made with AMT.

The compounds were feod st a Lsvel of 25% in the diet of vats for 3
veeks., Rats were sacrificed 2, 3 ond 5 wesks afgexr feeding of tes¢
materinls stavced.

Livers of rages sacrificed after two and thres wseks of continucus foeding
showed alight enlargemsnt only in the group fad “Yeflom"™ &C with ART,
Aftar atwo-wask rest period the remsining ratm were killed and those

fed “"Teflen" §C with ANY apd"Taflon" Oy APFC showed livar weighta
sipnificantly different from the controls and those fed "Teflom” 7.

The vslums of those fed "Teflon™ 6C with (g-A¥C fell midway between

the controls sud the sthern. Although che mumbers of snjmels used wers
sgil =pd the time offmeding relativaly short, the trend obsezved
confirma the sorlier liver salargenment obssrvad in rats fed 253 "ZToflon™ &
ropin in the dlet for 90 days (H. Repurt Ro. 49-60). A direct cooparison
zong thess compounds 48 difficult to make in theme fmeding tezts becanse
we do nor know the concentratiome of the fluoxo acid disperwing ageunts
pm.mt.

Conglusions:

ABRT is 8 wery toxic compound, XHot only does it have a lgw lethal
dona but & single dese of 1/5 the lathal dose produced 1iver enlargement vhich
ineresssd with rime. Amd 1/100 of the lethal dons fed 10 cimee prodused
dufinita Ilver epiergement. In addition, it wes sasily absorbed through the
shin md predured llver damzze in & wasond gpeciss, When 'Feflon'tomtaining less
thar 5 ppm A¥Y was fed to rars, it seill pyoduced snlargemsut which was epparen:
after 2 waeks,

The cs and G acide hova musk lowey agute toxdeity, dut chay too
have the obllicy v ipefenme the s1ss of tha liver of rato at low donom.
These chort ompariuents nsy indizatd difforsmced in vate of developusut rather
thom qualicasive difforances byt gomplestion of microscopic exmainatien of
onfmaleg {n thae curremt seriss sa well a8 dowing of groator numbers Of vaTa ar
the exisicel lavels and holdiog them for lemgar psriedy would be nseded to
eoteblish the lewept effsct leval for each compeund..

It i zoacoomeuded chat xil of these matorials, aopeciplly ANT, be
headled with sxtreme cars. Contact with the ekin sheuld be strictly aveided.
ints on o thizd gpoelen, e.g. doge, ethould be cargied cut whsve changas inm
liver Tunstion could ba studled ovexr a long period of ciws, The vesults of
ouch tests might also cheow aome light on any poscidls specles differsmces fm JAZ
susceptibility.
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An Epidemic of Polymer-Fume Fever

Chavles E. Lewis, MD, and Gerald R. Kerby, MD

An ‘“‘epidemic’’ of polymer-fume fever involved 36 of
61 employees in one industry over a 90-day period. All
of those involved demonstrated the classic history of an
influenza-like syndrome, with fever and chills occuring
several hours after exposure to the products of pyrolysis
of polytetrafluoroethylene (Teflon). The majority of cases
resulted from the smoking of cigarettes which were con-
taminated with a fine dust of this material. A study of
pulmonary function of all workers involved demonstrated
changes that could be accounted for only on the basis of
smoking habits. Three persons experienced changes in
pulmonary function consistant with mild obstruction of
the airways, in association with the onset of symptoms.
While no serious consequences were observed, the effects
of these illnesses upon the health and productivity of the
group could have been prevented.

ithin ten years after the first description of

the properties of polymers of tetrafluoro-
ethylene (Teflon, Fluon) the first account of their
effects on man appeared in the medical literature.
In 1951, Harris described four cases of “polymer-
fume fever.”* The signs, symptoms, and natural
history of this malady were similar to those of
“metal-fume fever,” which was described by Thack-
rah in 1831. In the interval since 1951, there have
been several reports of illness resulting from ex-
posure to the products of pyrolysis when these
polymers are heated to temperatures in excess of
300 C.** Also, false reports of fatal illnesses result-
ing from such exposures have appeared in the med-
ical literature.’

During a 90-day period in the summer of 1964,
an “epidemic” of polymer-fume fever occurred in a
large industrial plant. Thirty-six out of 61 workers
in a single department were affected. This study
reports an epidemiologic investigation of this out-
break, as well as the results of pulmonary-function
studies performed on the men in this environment.

Process and Events Preceding Investigation

The department involved manufactured small,
light-weight sub-assemblies which required metal
bonding, using epoxy resins. These parts were as-
sembled on a “tool” or assembly block. The unit
then was autoclaved at increased pressure and

From the departments of preventive medicine and medicine,
University of Kansas Medical School, Kansas City, Kan.

Reprint requests to Department of Preventive Medicine, Uni-
versity of Kansas Medical Center, Rainbow Blvd at 39th St, Kan-
sas City, Kan. 66103 (Dr. Lewis).

JAMA, Feb 1, 1965 e Vol 191, No 5

Downloaded From: https://jamanetwor k.com/ by Jared Hayes on 07/19/2019

temperature to cure the resin. A parting compound
was applied to the tool or assembly unit to permit
separation of the sub-assembly from the tool after
autoclaving. This process was originally carried out
in a large, open space and had not been attended
by any medical difficulties.

For editorial comment see page 406.

In April 1964 the sub-assembly operation was
moved to a balcony location in the same general
plant area. On May 13 it became necessary to en-
close and air-condition the area to improve the en-
vironmental conditions for a more efficient assem-
bly of the unit. During the same week, a different
parting compound was substitued for the original
silicone-base material.

Approximately 40 of the men in this department
work on a day or an evening shift in the subassem-
bly enclosed area (A). The other personnel in the
department (25 men) are employed on the balcony,
which is an open area (B) in the same general
plant. These men handle the “tools” or assembly
blocks and prepare them for reuse after they come
from the autoclave.

Symptoms of polymer-fume fever first appeared
among the group in area A as early as May 14 (the
day after the air conditioning was installed).
Symptoms also appeared in the group working in
the same department, but outside the enclosed air
conditioning (area B) during May. The symptoms
noted by the workers in area B were milder than
in those in area A.

Methods

A history form was used to collect data from all
employees working in areas A and B. All members
of group A and those with complaints of polymer-

Table 1.—Frequency of Various Complaints Among
36 Workers With Symptoms of Polymer-Fume Fever

% of Total of 61

Complaint No. Workers
Tightness of chest 31 51
Malaise 30 49
Shortness of breath 26 43
Headache 24 39
Cough 22 36
Chilfs 22 36
Temperature, 100-104 F

{37.8-40 C) 20 33
Sore throat 6 10
Sputum 1 1.6

103



376

POLYMER-FUME FEVER—LEWIS & KERBY

Table 2.—Relationship of Smoking to Symptoms

of Polymer-Fume Fever

Group A
Symptoms No Symptoms Total
Smoke 14 6 20
Do not smoke 7 13 20
Totals 21 19 40
Group B
Smoke 13 1 14
Do not smoke 2 5 7
Totals 15 6 21
Both Groups
Smoke 27 7 34
Do not smoke 18 27
Totals 36 25 61

fume fever symptoms in group B were subjected
to ventilatory-function studies. Forced expiratory
capacity (FEC), forced expiratory volume in one
second (FEV,), and maximum midexpiratory flow
rate between 25% and 75% of the forced expira-
tory capacity (MMF) were measured on a 6-liter
recording vitalometer, using the best of two or
more efforts. The peak-flow rate (PFR) was mea-
sured with a peak-flow meter as the best of three
efforts. Histories and spirometric measurements
were done at the beginning of the day shift (be-
tween 7 and 9 aM), and were repeated at the end
of the shift (between 2 and 3:30 pMm). The same
procedure was followed for the second, or evening,
shift. Special attention was paid to eliciting any
past history of hay fever, asthma, or other respira-
tory disease, and a quantitative estimate of smok-
ing was made.

Resuits

In area A symptoms developed in 12 workers
during May; two became symptomatic in June,
five in July, and one in August. In area B, the on-
set of symptoms was as follows: six in May, two in
June, six in July, and one in August.

Table 1 demonstrates the frequency with which
various symptoms were observed in the 61 em-
ployees interviewed. Symptoms developed in 59%
of the group, or 36 workers. The most frequent
complaint was a tightness of the chest, which was
described with some difficulty by many of the work-
ers. Descriptions such as “difficult to get a breath”
and “a sort of squeezing feeling” were among the

Table 3.—Physical Measurements in Area A

Temperature
Relative humidity
Room volume
Fresh air changes
Total air changes

72 F
62%-50%
21,600 cu ft
5.5/hour
20/hour

most common given. General malaise and fatigue,
particularly involving the lower extremities, were
the next most common complaints. Only one sixth
of those who were symptomatic claimed to have
irritation of the throat, and only one worker had
a cough productive of sputum.

A characteristic history of the illness was re-
corded. With two exceptions, the workers noticed
symptoms after being at work four to five hours,
and usually immediately after the afternoon smoke
break. Chills and fever occurred approximately 12
hours after the onset of exposure and approximate-
ly 5 to 6 hours after the onset of the first symp-
toms. Attacks occurred at least once per week in
most workers. Some stated that some symptoms
developed every day at work in area A or B.

Table 2 presents data on the relationship of
symptoms and smoking habits. Among those with
symptoms, only nine of the 36 persons did not
smoke. Among those without symptoms, seven
gave a positive history of smoking. Of this group,
two had worked in the area only four days; one
worked only outside areas A and B; one was in
area A only two minutes every second or third day;
and one spent three days per week doing a time-
and-motion study in areas A and B.

Table 3 gives data regarding ventilation and phys-
ical measurements of the environment in area A.

The results of the spirometric studies are dem-
onstrated in Tables 4-7. FEC, MMF, and PFR are
expressed as percentage of predicted normal for
age, or age and height, according to standard
tables.>” FEV, is expressed as a percent of FEC.
There was a general reduction of all of these values
in the group of smokers as contrasted to the non-
smokers. Since these two groups are almost identi-
cal to those with symptoms of polymer-fume fever
and those without, there are very few data avail-
able for use in separating the effects of smoking
and the effects of environmental exposure. How-
ever, Table 6 shows the means of the two small

Table 4.—Mean Values of Pulmonary Function Studies*

Baselinet Following Exposuref
FEC, MMF, PFR, FEC, MMF, PFR,
% % % % Y% %
Pre- FEV1, Pre- Pre- Pre- FEV., Pre- Pre-
dicte % dicted dicted dicted % dicted dicte
Group No. Normal SD FEC SD Normal SD Normal SD Normal SD_FEC  SD Normal _SD Normal SD
All subjects 47 93 182 86.7 122 87.5 25.1 94.3 145 94.2 149 868 9.0 86.5 26.3 95.2 16.6
Subjects with
respiratory
symptoms 24  90.1 20.3 853 15.6 87.1 28.7 90.7 14.6 90.3 13.6 87.0 9.6 79.0 203 90.2 209
Subjects without
respiratory
symptoms 23  96.0 159 881 8.5 87.9 21.7 98.0 14.1 98.4 159 865 16.1 94.7 30 1006 135
t value 1.11 0.75 0.11 1.75 1.98 0.13 2.05 1.95
Probability <0.3 <0.5 >0.5 <0.1 <0.1 >0.5 <0.05 <01

*1 tests for all four function tests—before vs after exposure showed P>0.05. . .
T Forced expiratory capacity, FEC; forced expiratory volume in 1 second, FEV1; maximum midexpiratory flow rate between 25% and 75% of the
forced expiratory capacity, MMF; peak-flow rate, PFR; and standard deviation, SD.
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Table 5.—Mean Values of Pulmonary Function Studies*

Baselinet Following Exposuret
"FEC, MMF, Pr;R, \ﬁrg/c, M:/AF, PoF/R, )
o, 0, 0, o
Pro- FEVy, P Pre- Pre- FEV, Pre- Pre-
dicte % dicted dicted dicted % dicte dicte
Group No. Normal SD FEC SD Normal SD Norma! SD Normal SD FEC SD Normal SD Normal SD
Smokers 29 904 146 869 3.1 86.9 31.5 91.0 15 91.3 145 86.9 2.5 82.8 23.7 90.7 18.2
Nonsmokers 18 97.1 22.3 86.2 16.2 88.4 9.5 99.6 124 98.6 154 865 11.7 92.2 29 102.1  11.7
t value 1.24 0.18 0.19 2.04 1.59 0.14 1.16 2.31
Probability <0.3 >0.5 >0.5 <0.05 <0.2 >0.5 <0.3 <0.05

*t tests for all four function tests—before vs after exposure showed £>0.05.

t Forced expiratory capacity, FEC; forced expiratory volume in 1 sec

ond, FEV:; maximum midexpiratory flow rate between 25% and 75% of the

forced expiratory capacity, MMF; peak-flow rate, PFR; and standard deviation, SD.

groups—those with symptoms who do not smoke,
and those who do not have symptoms and who do
smoke. These suggest that the difference may be
attributed completely to the effects of cigarette
smoking.

As indicated in the tables, there was no signifi-
cant change in the results of the tests of function
at the beginning and at the end of the work shift.
This was true in both groups—smokers and non-
smokers.

As demonstrated in Table 7, only three patients
showed a significant change in their pulmonary-
function studies during the course of the day at
work. One of these gave a history of asthma; one
had a history of hay fever. The changes noted
during the day in these individuals are suggestive
of the development of obstructive changes in the
airways. One of these men had some improvement
in pulmonary function after the inhalation of
isoproterenol.

Comment

This “epidemic” of polymer-fume fever illus-
trates very well the interaction of agent, host, and
environment in the causation of illness. The pres-
ent outbreak would seem to be explained accord-
ing to the following sequence of events: The new
parting compound was a telomere of polytetrafluoro-
ethylene with a molecular weight of 3,700-5,000,
which existed as a fine dust on the tools. Cigarettes
became indirectly contaminated with small parti-
cles of this material which had been deposited on
the workers’ hands. Inhalation of the products of
pyrolysis of polytetrafluoroethylene produced the
syndrome in those who smoked contaminated ciga-
rettes. The occurrence of symptoms in a few men
who did not smoke would seem to be related to the
fact that a small hot-air gun was used in the appli-
cation of the epoxy resin in the subassembly. This
gun has a heating element that reaches a temper-

ature of 750 F. In all probability, the air currents
generated by this gun resulted in dispersion of the
particles of polymer, which subsequently reached
the heating element. With two possible sources of
thermal degradation of the polymer—the heating
element of the hot-air gun and the cigarettes—it
would seem that an adequate supply of pyrolysis
products of the polymer was available.

The epidemic pursued a rather lengthy course
because of two factors: (1) management had con-
fidence in the innocuous properties of the new part-
ing compound, and (2) changes in ventilation had
been associated with the onset. As complaints of
symptoms began to accumulate, the ventilation
was changed so that in area A, air-conditioners
brought in 25% outside air rather than providing
100% recirculated air. This change in ventilation
seemed to reduce the severity of symptoms, but it
did not completely eliminate them. The spread of
the complaints of symptoms in area B was also
somewhat baffling initially. The increase in ventila-
tion would have decreased somewhat the ambient-
air concentration of these products of pyrolysis.
This would not have helped those who were smok-
ing contaminated cigarettes.

In retrospect, the history given by these em-
ployees was classical for polymer-fume fever. It is
rather interesting that seven men specifically iden-
tified the new parting compound as the agent
which they felt was causing the problem. This is
significant with regard to the Oslerian aphorism
about “listening to the patient.”

In 1955, Sherwood reported seven cases of
polymer-fume fever and related it to a history of
smoking in the workers.” In the literature there
have appeared second-hand reports of deaths re-
sulting from inhalation of the pyrolysis products
of polymers of tetrafluoroethylene. These have
proved to be difficult to exterminate and have had
at least one rebirth in the past two years. There

Table 6.—Mean Values of Pulmonary Function Studies

Baseline® Following Exposure®
"FEC, MMF, PFR,  “Feg, MMF PFR,
% Yo % % % %
Pre- FEV,, Pre- Pre- Pre- FEV., Pre- Pre-
dicted % dicted dicted dicted % dicte: dicted
Group No. Normal SD FEC SD Normal SD Normal SD Normal SD FEC SD Normal SD Normal SD
Nonsmokers with
symptoms 91.6 145 850 44 87.3 5.5 99.6 2.5 94.2 10.6 842 22 86.0 5.4 100 5.6
Smokers without
symptoms 6 91.1 12.7 926 49 93.0 25.3 94.5 14.9 93.0 8.1 912 30 1048 23.0 934 124
® Forced expiratory capacity, FEC; forced expiratory volume in 1 second, FEV1; maximum midexpiratory flow rate between 25% and 75% of the
forced expiratory capacity, MMF; peak-flow rate, PFR; and standard deviation, SD.
JAMA, Feb 1, 1965 ¢ Vol 191, No 5 105
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Table7.—Patients Demonstrating Significant Reduction
in Pulmonary Function During and After 8-Hour Exposure

Patient 1 Patient 2 Patient 3
*FEC—before 3.5 liters 3.4 liters 4.4 liters
after 3.1 liters 3.3 liters 4.4 liters
FEV:—before 2.3 liters 3.4 liters 4.0 liters
after 2.1 liters 2.6 liters 3.8 liters
MMF—before 2.2 liters/sec 2.8 liters/sec 5.5 liters/sec
after 1.9 liters/sec 2.7 liters/sec 3.7 liters/sec
PFR—before 480 liters/min 250 liters/min 680 liters/min
after 310 liters/min 220 liters/min 720 liters/min

* Forced expiratory capacity, FEC; forced expiratory volume in 1 sec-
ond, FEV); maximum midexpiratory flow rate between 25% and 75%
of the forced expiratory capacity, MMF; peak-flow rate, PFR; and stand-
ard deviation, SD.

seems to be little doubt that teflon itself has rather
remarkable properties, including a physiologic in-
ertness. However, when heated to above 300 C,
the products of its thermal degradation are capable
of producing a short-lived “influenza-like syndrome”
in almost all those inhaling these by-products.

Numerous studies have attempted to character-
ize these breakdown products. They consist of
higher-chain fluorocarbons, the most toxic of which
is isooctofluorobutylene.”

Capodaglio studied four cases of polymer-fume
fever and stated that three of four showed abnor-
mal pulmonary function for six weeks to six months
after exposure.’® Data derived in this study would
indicate that changes in respiratory functions
which occur while at work are minimal and con-
sistent with mild obstructive disease in the airway.
Gandevia studied the pulmonary function of work-
ers exposed to toluene di-isocyanate (TDI) vapor."
A decrease of 180 cc in FEV, on successive days
was noted and said to be significant. One half of
all the subjects (all smokers) showed an increased
sensitivity to inhalation of histamine aerosol.

The decrease in pulmonary function in the group
with symptoms of polymer-fume fever is consis-
tent with differences noted between smoking and
nonsmoking populations, as reported in previous
studies.'*"*

One of the most severely affected workers was
on two occasions admitted to a hospital, with
severe respiratory distress and x-ray findings sug-
gestive of pulmonary edema. This patient’s symp-
toms and x-ray changes responded rapidly to
corticotropin (ACTH). Such a case was recently
reported.'®

The mechanism by which pyrolysis products pro-
duce fever is not known. Cavagna et al,'” and Pernis
et al'* have showed a degranulation of polymorpho-
nuclear leukocytes after their exposure to teflon.
They suggest that release of endogenous pyrogen
is the mechanism for the production of the syn-
drome.

It is apparent from this study that, despite ade-
quate warning in the manufacture’s brochure, and
reports in the medical literature, polymer-fume
fever may not be recognized. It is also apparent
that workers handling the dust of such polymers
cannot smoke in the work area. A past history of
hay fever, asthma, or other pulmonary disease also
is probably sufficient cause to exclude such a work-
er from exposure to these materials. While the
disease process is short and self-limited, it can
significantly reduce the operational effectiveness of
a department, as well as produce unnecessary ill-
ness in man., Sufficient knowledge is available to
classify this as a preventable disease.

Generic and Trade Names of Drug
Corticotropin (ACTH)—Acth, Acthar, Corticotropin.
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TECHNICAL INFORMATION
INTRODUCTION

Surfaces or Interfaces

Oil and water do not mix, hence, there is a boundary between them.
These boundaries, known as surfaces or interfaces, exist between liquids
and liquids, liquids and solids, solids and solids, solids and gases, and
liquids and gases.
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Surface Tension

Liquids often behave as though there is an elastic skin stretched on
their surface. A water glass, for example, can be filled to a point where the
water level is above the rim of the glass, or a needle can be floated on the
surface of the water. The strong "elastic membrane' or high surface tension
of the water makes these effects possible. If you were to add a detergent to

IMPORTANT NOTICE TO PURCHASER: All statements, technical information and recommendations contained herein are based on tests
we believe to be reliable, but the accuracy or completeness thereof is not guarantesd, and the following is made in lieu of all warranties,
express or implied:

Seller's and manufacturer’s only obligation shall be to replace such quantity of the product proved to be defective. Neither seller
nor manufacturer shall be liable for any injury, loss or damage, direct or consequential, arising out of the use of or the inability to use the
product. Before using, user shall determine the suitability of the product foi his intended use, and user assumes all risk and liability
whatsoever in connection therewith,

No statement or recommendation not contained herein shall have any force or effect unless in an agreement signed by officers of
seller and manufocturer.

Since the manufacturer of the product described in this technical data sheet has no means of controlling the final use of the preduct
by the consumer or user, it is the responsibility of the immediate purchaser and any intermediate seller or sellers 1o inform the user of
the purposes for which the product may be fit and suvitoble ond of the properties of the product, including the precautionary measures
which must be taken in order to ansure the safety of the user and of other third persons and property.

WARNING! Do not take internally. Avoid breathing dust. Wash thoroughly after handiing.
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Surface Tension (continued)

the water, the glass could not be filled above the rim and the needle would
not float. The elastic skin loses its strength; the water becomes wetter;

its surface tension is reduced. Measurements of surface tension are, there-
fore, able to compare the effectiveness of compounds to concentrate at the
surface and so effect the properties.

Surfactants

Any material capable of reducing the surface tension of a liquid is a
surfactant, or surface active agent. In the illustration above, a detergent
reduced the surface tension of water. Hydrocarbon detergents are excellent
surfactants and are capable of reducing the surface tension of water from
72 dynes/cm. to 30-35 dynes/cm. These materials are commonly used in
many processes such as washing clothes and dishes, emulsifying components
of paint, industrial cleaning and etching, textile dyeing, and countless other
applications.

Fluorochemical Surfactants

A fluorochemical surfactant contains a completely fluorinated tail
and solubilizing group. These compounds are capable of reducing the
surface tension of water from 72 dynes/cm. to 15-20 dynes/cm. Like the
hydrocarbon surfactants, they are also active at all interfaces.

The difference between hydrocarbon and fluorochemical surfactants is
further illustrated by concentration requirements. Minimum surface tension
reduction of hydrocarbon surfactants (30-35 dynes/cm.) is generally achieved
at concentrations of 0.1-1% by weight; while fluorochemical surfactants can
achieve a minimum surface tension (15-20 dynes/cm.) at approximately
0.01% by weight (100 parts per million).

Determination of Surface Tension

Surface tensions can be measured in any one of a number of ways.

Capillary Rise; This method is the oldest, going back to Leonardo de
Vinci. When a vertical capillary is immersed in a liquid which wets
it, the liquid rises to a height, h, which is inversely proportional to
the surface tension, '

AL NN

capillary
tube

liquid

-4 -
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Determination of Surface Tension (continued)

The internal radius of the capillary tube, density of the liquid, and
the acceleration due to gravity must also be known. Exact measure-
ments of height and radius of the capillary are extremely difficult;
hence, accuracy of the method is limited.

2. Drop Weight: The weight of a drop which falls from a capillary tube
is proportional to the surface tension of the liquid and the radius of
the capillary. Instruments currently available, called drop-counter=
and stalagmometers, are based on this principle. A serious disad-
vantage of the method exists, however, in that drops must be formed very
slowly, only one in every several minutes. This measurement is neither
accurate nor rapid.

3. Rupture of the Surface. "Tensiometer': Probably the fastest and most
reliable method of surface tension measurement is the pull-ring method
by duNouy. The procedure measures the '"tension' or pull required to
cause a ring to break free from the liquid surface. The tensile force is
proportional to the surface tension.

ring

" liquid

The accuracy of the duNouy Tensiometer is especially great if liquids
having similar properties are compared. It is also a fast procedure,
capable of measuring surface tension of rapidly aging systems.
Platinum rings are used; hence, clean-up between measurements is
simplified over the capillary methods.

Additional information on surface tension measurements is found in the

bibliography references (1, 2). The extremely low surface energy of the
fluorocarbon tail is also discussed (3, 4).

-5
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CHARACTERISTICS OF 3M BRAND FLUOROCHEMICAL SURFACTANTS

The main features which distinguish these materials from conventional
surfactants are as follows:

1. Stability
a. Chemical - Several are stable in 90% H,O,, anhydrous
hydrazine, hot concentrated mineral acids,
and alkalis.

b. Thermal - Certain members of this family are stable
up to 750°F,

c. Biological - Some are completely resistant to biological
attack.

2. Surface Activity

a. Aqueous Systems - Capable of surface tension reduction,
10-15 dynes/cm. lower than conventional
surfactants.

b. Organic Systems - Many 3M surfactants are active in organic

systems, causing reductions in the surface
tensions of organic solvents.

c. Wetting - Wetting of materials can be greatly improved.
Or, a variety of substrates can be made
hydrophobic and/or oleophobic,

d. Foams - Stable, long-lasting foams can be produced
in media which would be destructive to
conventional surface active agents. Low
foaming materials are also available.

3. Efficiency
a. Economical - Effective at extremely low concentrations,
. frequently at 50-100 parts per million
or less.
-6 -
3MA01201635
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SOLUBILITY OF FLUOROCARBON SURFACTANTS

SOLUBILITY
Grams Surfactant per 1000 Grams of Solvent, 25°C.

SOLVENT FC-95 FC-98 FC-128 FC-134 FX-161 FC-170 FX-172
Acetone 100 20 2 >10 >1000 600 1000
Benzene 0.8 0.2 0.2 0.6 2 500 1
Carbon Tetra-

chloride 0.04 0.04 0.1 Nil 0.8 470 2
Ethyl Alcohol 2 20 10 100 80 >1000 > 1000
Heptane "~ 0.03 0. 09 0.03 Nil 0.7 7 1
Isopropyl Alcohol 3 30 8 10 >1000 > 1000 >1000
Isopropyl Ether 0.1 0.3 0.2 0. 04 20 250 15
Methyl Alcohol 60 40 69 80 70 >1000 >1000
Perchloro-

" ethylene 0.07 0.09 0.2 0. 04 0.7 690 100
Toluene 1 0.2 0.1 0.1 1 550 10
Water 2 10 200 >5 10 > 300 > 500

(gel) (gel) (gel) (Foam)

Procedure Used Above: Saturated surfactant solutions were equilibrated and

filtered. Solubilities were determined after evaporation of the solvent,

SOLUBILITIES IN ACIDS AND ALKALI

FC-95 FC-98 FX-161

Hydrochloric acid, ,125% > 1 <10 < 0.01
Hydrochloric acid, 37% 0.1

Nitric acid, 122% -1 < 20 < 0,01
Nitric acid, 70% > 5

Phosphoric acid, 123% 1

Phosphoric acid, 85% >1

Sulfuric acid, 123% 10 <10 <0.01
Sulfuric acid, 97% 0.5

Potassium hydroxide, 20%

—
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HANDLING AND USE

The solubilities of the 3M Brand Fluorochemical Surfactants in
aqueous and organic media are usually lower than those of conventional
hydrocarbon surfactants. Although the solubility limits of a given 3M
surfactant in water may be 0.1% or less, this is not necessarily restrictive
of its capacity to function effectively. However, the surfactant must have
some solubility in a system if it is to be effective. Surface tension should
be checked when solubility is in question, to determine whether or not the
material is actually present in adequate levels to affect surface properties
of the system significantly. Examination for color change and foaming
can also be used as guides to indicate adequate solubility. In the case of
surfactant use as a primary emulsifier, addition levels higher than 0.1%
are usually required. Their use as secondary emulsifiers or stabilizers
may not require use levels greater than this,

Where solubilities are not sufficient to achieve results in a particular
media, it is recommended that the use of cosolvents be investigated. In
many cases this will mean the addition of only a few percent of a cosolvent
(or cosolvents) to form a binary or ternary system. For example, the
addition of 5% acetone or isopropanol greatly increases the solubility of

many fluorochemical surfactants in water. Similar examples occur with
organic systems.

Because of low solubilities, 3M Brand Surfactants may be slow to
dissolve. The use of heat will greatly increase solution rates and is
recommmended whenever possible. In some cases, pre-dissolving the
surfactant in a small amount of a compatible solvent in which its solubility
is large will greatly facilitate its solution. In such cases, very little of
the pre-solvent will be needed; in fact, simple wetting out of a solid surfactant

will often serve to increase its rate and degree of solution. It should be
emphasized that:

Wherever possible, the surfactant should be added to a liquid
system in a compatible liquid form. (This will insure that all of the
surfactant which has been added is being utilized.)

The following is intended as a guide to helpful cosolvents for various
3M Brand Fluorochemical Surfactants.

SURFACTANT COSOLVENTS FOR COSOLVENTS FOR
WATER SOLUTIONS ORGANIC SOLUTIONS
FC-95 Acetone or "50:50 CCly:methanol or
FC-98 Methanol 50:50 acetone:isopropanol
FC-128 Acetone or Same as above
Isopropanol
FC-134 Acetone Carbon tetrachloride
Methyl cellosolve or
Dimethyl formamide
FX-161 Acetone or Same as FC-95
Isopropanol
FC-170 None required Toluene
Alcohol
FX-172 Acetone or Acetone
Isopropanol Isopropanol

1042.0009
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SURFACE PROPERTIES

Surface tension measurements are included to show the effect of 3M
Brand Fluorochemical Surfactants in water, various acids, alkalis, and
other media.

Generally speaking, lowered surface tension values imply better
wetting properties of the surfactant solution. This is true for many of
them in many media. However, some of these surfactants are very capable
of preferential absorption on many surfaces which, in effect, would de-
crease the wettability of that surfactant solution to that particular surface.
An example of this diverse effect is the use of Fluorochemical Surfactants
in hydrochloric acid. FC-95 will cause a great increase in the rate of -
attack of HC1 on aluminum, while FX-161 can actually stop the corrosion
of aluminum by formation of a tenacious monomolecular corrosion-
resistant barrier film on the aluminum. It should be emphasized that the
surfactant effects just' described are very selective, The solvent,
surfactant, and substrate are dependent upon one another. Our laboratories
will be pleased to assist in the selection of the proper fluorochemical
surfactant for problem applications upon receipt of complete information
on the system and the effects desired.

Unless stated to the contrary, all surface tension data presented

were obtained with a duNouy tensiometer on solutions which had aged
16-24 hours prior to measurement. (See introduction)

SURFACE TENSIONS IN WATER

Figure 1 compares surface tension vs. concentration of 3M Brand
Fluorochemical Surfactants in water. It should be noted that extremely
low concentrations of FC-134 and FC-170 give remarkably low surface
tensions in water. For example, 0.001% (parts per million) FC-134
reduces the surface tension of water from about 72 dynes/centimeter to
about 24 dynes/cm.

Figure 2 represents the effect of temperature on the surface
tensions of FC-128 and FC-134 solutions; each at concentrations of 0.1,
0.01, and 0.001 (1,000, 100, and 10 ppm respectively).

3MA01201638
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SURFACE TENSION, 25°C., DYNES/CM.

SURFACE TENSIONS OF 3M BRAND FLUOROCHEMICAL SURFACTANTS IN WATER
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SURFACE TENSION, DYNES/CM.

40

30

20

10

SURFACE TENSION vs. TEMPERATURE OF FC-128, FC-134

IN WATER
N
e L FC-128
~—— - T — [—|—-0.001%
\\‘ .
\\
= ?— FC-134
FC-128 =TT~ = 0.001%
FC-134 v || —
1 1L : 30.01%
Fc-128 4 | 1 — — ~+ | 1 13019

10

20 30
- TEMPERATURE, °C.

-11 -

1042.0012

40

50

3MA01201640



SURFACE TENSIONS IN ACIDS

The stability of certain 3M Brand Fluorochemical Surfactants to
strong mineral acids provides a unique means of reducing surface
tensions of these highly corrosive chemicals. Certain of the fluoro-
chemical surfactants are extremely stable in these acids even at
elevated temperatures, and are often the only materials which provide
surface activity in these media.

The effectiveness of materials such as FC-95 and FC-98 in
reducing surface tension of acidic media is in marked contrast to their
effect in water. The importance of solution pH is, therefore, not to be
overlooked. Both solubility and activity are dependent on pH, the
presence of other dissolved salts, etc.

1. Hydrochloric Acid

Curves for FC-95 in 123%, 25%, and 37% hydrochloric acid are
found in Figure 3, Note that minimum surface tension is attained
at from 50 to 100 ppm (. 005-0.01%) FC-95.

-12 -
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SURFACE TENSION, DYNES/CM

SURFACE TENSIONS OF FLUOROCHEMICAL SURFACTANTS IN HYDROCHLORIC ACID
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2, Nitric Acid

Figure 4 presents surface tensic:n vs. concentration curves for
FC-95 in 12%, 25, 50, 70, and 90% HNO3. Bar charts are included
showing the effect of\ FC-95 and FC-128 in white fuming nitric acid.
The area at the left of the bar chart indicates the surface tension

of the pure acid.
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SURFACE TENSIONS OF FLUOROCHEMICAL SURFACTANTS IN NITRIC ACID

SURFACE TENSION, DYNES/CM
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3. Phosphoric Acid
Curves indicating the effect of FC-95 in 12%, 25, 50, and 85%
H3POy, are given in Figure 5. Note that minimum surface tensions

are achieved at concentrations of 50-500 ppm (0.005-0. 05%)FC-95.
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SURFACE TENSION, DYNES/CM.

SURFACE TENSIONS OF 3M FLUOROCHEMICAL SURFACTANTS IN PHOSPHORIC ACID
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4, Sulfuric Acid

Many 3M Brand Fluorochemical Surfactants show excellent
surface activity in sulfuric acid as shown in Figure 6. Curves of
surface tension wvs. concentration are given for FC-95 in 12%, 25,
50, and 97% H2S504, for FC-98 in 25% HSOy, for FC-134 in 30%
H2S504, and for FX-161 in 10% HpSO4. By way of comparison, the
surface tensions of the pure sulfuric acid solutions are given in the

upper right-hand corner.
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SURFACE TENSION, DYNES/CM.
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In acid media it is often possible to observe an even lower

surface tension with time. The following table illustrates this effect.

FC-134 in 30% Sulfuric Acid vs. Time

Concentration of FC-134% 0.1 0.01 0.001 0.0001
Freshly mixed 15.2 16.4 24. 4 71.9
After 48 hrs. standing 15.5 16.0 16.8 29. 4

After 48 hrs. standing
plus heating 16 hrs. @78°C. 14.1 24.5

SURFACE TENSIONS IN ALKALIS

3M Brand Fluorochemical Surfactants show excellent surface

tension reduction at low concentrations in alkaline systems.

1. Potassium Hydroxide

Curves for the effect of FC-95 in 10 and 25% KOH are given in Figure 7.
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SURFACE TENSION, DYNES/CM

SURFACE TENSIONS OF FLUOROCHEMICAL SURFACTANTS IN POTASSIUM HYDROXIDE
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2, Sodium Hvydroxide

Surface tension vs. concentration curves are presented in Figure 8
for FC-95 in 10 and 25% NaOH and for FC-98 and FC-128 in 25% NaOH.
Bar charts illustrate the effect of other surfactants in 10, 40 and 50%
NaOH. The bars at the left indicate the surface tension of the

solution without surfactant.
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SURFACE TENSION, DYNES/CM

SURFACE TENSIONS OF FLUOROCHEMICAL SURFACTANTS IN SODIUM HYDROXIDE
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SURFACE TENSIONS IN OTHER MEDIA

The following bar chart, Figure 9 presents data on surface tensions
of a variety of media containing fluorochemical surfactants:

1. 10% Acetic acid

2. 20% Calcium chloride

3. 95% Hydrazine .

4. 30% Hydrogen Peroxide (at 180C.)
5. 50% Lithium Bromide

6. 20% Sodium Chloride

Effectiveness and stability in such rigorous media as hydrazine and
hydrogen peroxide is an important characteristic of these versatile
surfactants.
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SURFACE TENSIONS IN OTHER MEDIA

<0.19, FC-128
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SURFACE TENSION REDUCTION IN DETERGENTS

FC-134 effectively reduces the surface tension of a commercial
dishwashing compound (0. 8% in water at 145°F. ) as noted below:

FC-134 CONCENTRATION SURFACE TENSION,
%o : dynes/cm.
0 (control) 30.3
0. 002 21.0
0.003 ’ 16.2
0. 005 14,2

A comparison of these values with points on the curve of FC-134 in water,
Figure 1, indicates a slight synergistic effect between the two compounds.

INTERFACIAL TENSION

The interfacial tensions between acids and organic liquids can be
greatly reduced with FC-95. For example, the interfacial tension
bgtween concentrated hydrochloric acid and an organic ester, tributyl
aconitate, was lowered from 12.6 to 1.8 dynes/cm by the addition of
0.5% FC-95 to the acid phase. Figure 10 illustrates the effect of
FC-95 on the interfacial tension between n-decane and dilute sulfuric
acid solutions of various strengths: :

FIGURE 10
INTERFACIAL TENSION OF DECANE-DILUTE SULFURIC ACID

SOLUTIONS CONTAINING FC-95

MOLAR CONCENTRATION OF SULFURIC ACID SOLUTION

- 26 -
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EMULSIFICATION

Fluorochemical surfactants are effective emulsifiers. However,
it is usually necessary to use concentrations equal to those required for
hydrocarbon surfactants which often imposes an economic restriction
on their use. Those applications which are destructive to conventional
surfactants by heat or chemical attack are excellent areas for the use
of the fluorochemicals as emulsifiers.

Synergistic effects are often encountered when fluorochemical
surfactants are used in addition to conventional hydrocarbon emulsifier
blends. Effectiveness at considerably lower total surfactant concentration
is often realized.

Many vinyl polymers have been prepared by emulsion polymerization
utilizing fluorochemical surfactants as the emulsifiers (see U, S, Patent
2, 559, 752). It has been demonstrated that significantly lower emulsifier
concentrations may be used when fluorocarbons are used instead of
hydrocarbon emulsifiers.

FC-128 and FC-170 are used to advantage for emulsifying liquids
of low surface energy (silicones and fluorocarbons). An homogenizer is
generally required.

FX-172 is an excellent stabilizer for latexes.

In applications where wetting is required, but where emulsification
is not desired, fluorochemical surfactants should receive first consideration.
Here, the normal, very low concentrations are used to provide excellent

wetting with a low degree of emulsification.

FC-1701is also used to break cetain emulsions,

- 27 -
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FOAMING POWER IN WATER

(Ross-Miles Test, ASTM Method D 1173-53).

SURFACTANT CONCENTRATION, TEMPE(;:{ATURE,

FOAM HEIGHT, mm.

% C Immediate After 5 Min,
FC-95 0.5 25 126 65
0.5 50 169 97
0.1 25 10 4
0.1 50 103 17
FC-128 0.5 25 213 207
0.5 50 259 233
0.1 25 188 185
0.1 50 232 210
0,01 25 12 6
0.01 50 15 7
FC-134 0.5 25 164 164
0.5 50 232 222
0.1 25 87 86
0.1 50 159 149
0.01 25 9 9
0.01 50 14 12

FC-134 forms remarkably stable foams which, in some cases, will
FC-95 gives foams especially stable in basic- media.

last for several hours.

FC-95 and FC-98 give stable foams in acids.

solvents can be formed by FC-134.
(producing very stable ''dry' foams) and in neutral aqueous media.

Foams in certain organic

FX-172 is excellent in strong acids

Although in many cases the foams produced by fluorochemical sur-
factants do not appear as good as foams produced by conventional surfactants,
they have a demonstrated stability to heat and chemicals which makes them
Users of fluorochemical surfactants in
foams have noted that many ''unhealthy' looking foams were outstandingly

invaluable in these applications.

effective in their applications.

Defoaming of certain organic systems is possible through the use of

FX-161 and FC-170.

- 28 -
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FOAMING POWER IN OTHER MEDIA

Foams produced by many surfactants are sensitive to water hardness
and pH of the solution. These conditions have been tested with FC-128
where it was found that FC-128 produces its maximum foam at a pH of
about 10. As the pH decreases, the foam does also. At a pH of 7 or

below, little or no foam is produced.

Hardness in water also reduces the foams in FC-128 solutions.
This factor is easily overcome by the use of water softening or se-

questering agents.

WETTING POWER IN WATER

(Draves-Clarkson Test - Reference: American Association of Textile

Chemists and Colorists Technical Manual and Yearbook).

SURFACTANT CONCENTRATION, TEMPERATURE, SINKING TIME

% oC. sec.
FC-95 0.1 25 over 300
0.1 50 24
0.1 70 35
FC-128 0.1 25 52
0.1 50 13
0.1 70 7
0.05 2h 223
0. 05 50 30
0.05 70 19
FC-134 0.05 25 over 300
0. 05 70 25

FX-172 and FC-170 also show excellent wetting power. FX-172 is
superior to FC-128 and FC-134 and considerably better than FX-161 and
FC-170 in the wetting of fabrics at the 0, 05-0, 1% level.

- 29 -
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APPLICATIONS OF 3M BRAND FLUOROCHEMICAL SURFACTANTS

New uses for this class of industrial surfactants are continually
being found. Examples of their diverse applications are presented below.
These commercial products will continue to find additional problems
which they can sol¥e effectively and economically. In this respect they
are augmented by a growing list of experimental laboratory fluoro-
chemical surfactants whose structures are specifically designed for an
even wider area of consumer applications. A request to our laboratories
with full particulars as to the system involved and effects desired will
result in recommendations of the experimental or production fluorochemical
surfactants most likely suited to your application.

The highly specific nature of these materials makes any generalizations
regarding their use extremely difficult. The "Guide to the Use of 3M Brand
Fluorochemical Surfactants' on the following page lists the most important
properties of each commercial product, The major outstanding charac-
teristic of each product is underlined for emphasis.

It should be added that in comparative evaluations of these materials,
it is frequently observed that one surfactant performs best in one test
while another is definitely superior in a different effect. It is then very
advisable to evaluate surfactant blends. These blends provide the major
effects required and, synergistically, can often show performance vs.
concentration characteristics superior to either surfactant alone. These
effects are available with blends of fluorochemical surfactants as well as
with hydrocarbon/fluorochemical surfactant blends.
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GUIDE TO THE SELEGTION OF 3M BRAND FLUOROCHEMICAL SURFACTANTS

roves flow of
powders.

FC-95 FC-98
TYPE anionic anionic
FORM & white, free white, free
APPEARANCE flowing pd. flowing pd.
STABILITY
to heat, 390°C., 350°C.,
chemicals excellent excellent
others
SUBSTANTIVE TO; | -------- essentially nothing
WETTING fair fair-good
PENETRATION
FOAMING very good good *
in acids &
bases
METAL Descaling Aluminum
TREATMENTS; assist; bright dip
CORROSION increase
acid attack
on metals;
cooling tower
waters.
OTHER USES Increases Improves
acid activity flow of
in hetero- powders;
geneous rea- similar to
ctions; imp- FC-95, but

more solu-
ble.

FC-128
anionic
light tan, free
flowing powder

good,
good

light
sensitive

good

good in
water, bases

Alkaline
cleaners -
reduces
smutting and
decreases

immersion time.

Leaf wetting;
remove buffing

compounds; dis-

perse solids;
concrete anti-
foam; floor

waxes; excellent

leveling; wets
plastics without

stress cracking;
emulsion stabil-

izer.

* FC-98 and FC-134, 50/50, good antifoam in organics

FC-134
cationic

brown, waxy
solid

good,
good

metals,
cellulosics,
glass

poor

good in
water ¥

Inhibitor

for aluminum

in acid; pick-
ling inhib. for
SS8'in mNmOﬁ acid
copper strike.

Improves
flow of
solid part-
icles; floor
waxes; good
leveling.

FX-161
anionic
light colored
solid

FC-170
nonionic
amber
liquid

and chemical
barrier film

good, good, avoid
good strong bases
low

hardness

tolerance

metals, metals,
glass metallic
silica oxides

poor very good
very low good to poor
Inhibitor Pickle in-
for metals; hibitor in
reduces smut | 15% H,SO

in bases. with FC-134
Monomolecu- Wets plastics
lar films: without
reéduces ice stress crac-
adhesion on king; fair
metals, oil antistat;

extrusion aid;
glass clean-
ing; excell-
ent surface
tension depre-
ssant; emulsion
breaker,

FX-172
amphoteric
viscous liqg.

good,
good

essentially
nothing

excellent

excellent in

water, acids

Fair descal-
ing assist.

Latex
stabilizer:
hydroscopic;
evaporation
inhibitor;
excellent
wetting agent,
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CLEANERS

FC-98 possesses outstanding surface activity in highly alkaline
systems. Concentrations as low as 0.002% (20 parts per million) in 25%
caustic at 50°C. result in surface tensions of 30 dynes per cm. FC-95
and FC-128 are similarly effective.

L. ALKALINE CLEANERS

Commercial alkaline cleaners are highly selective and specific in
their cleaning action. The high chemical stability and surface activity
of the fluorochemical surfactants offer a new approach to improving the
efficiency and broadening the selectivity range of these alkaline cleaners.

The following formulation is typical of an effective alkaline cleaner
used to remove paint and other deposits from steel:

5% sodium hydroxide
0.01% *C-128
Temperature: 180°F.

The use of FC-128 in the cleaner requires half the immersion time and
doubles its effective life.

An alkaline cleaning bath used on missile products uses 12 ppm

FC-128. Cleaning speed is increased substantially at lower cost than
the previous systems. :

2. BOTTLE CLEANERS

These are used primarily where removal of aluminum labels is
necessary. FC-98at5ppm is superior to FC-95 primarily due to the
requirement of supplying the cleaner in a concentrate form containing
50% NaOH + 5% gluconic acid. FC-95 is not sufficiently soluble to be
used in this concentrate.

3. CONCRETE CLEANERS

Phosphoric-hydrochloric acid concrete cleaners show improved
wetting of oily surfaces when FC-134 is used at levels of 25-100 ppm.
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CORROSION INHIBITORS -

CORROSION RESISTANT FILMS

It has been found that 3M Brand Fluorochemical Surfactants act as
corrosion inhibitors in various metal-acid systems. They may be used as
additives to the acid media or they may be applied as a thin, protective film
on the metal prior to contact with the acid. In some cases, they exhibit
a pronounced synergistic effect with organic corrosion inhibitors.

1. CORROSION INHIBITORS - GENERAL

Examples of corrosion inhibiting power of fluorochemical surfactants
as shown in following data:

CORROSION RATE,

SYSTEM MILS PER YEAR
304 Stainless steel in 10% hydrochloric

acid at 150°F. 175

Same, with 0,01% FC-134 21
Aluminum in 2N (7%) hydrochloric acid

at 75°F, 1410

Same, with 0,01 FC-134 190

From the above, the effectiveness of FC-134 in reducing corrosion of
aluminum and stainless steel in hydrochloric acid is evident.

The importance of inhibitor concentration and its means of addition
is illustrated in the following data:

CORROSION RATE,

SYSTEM MILS PER YEAR
1100 Aluminum in 10% hydrochloric
acid at 75°F. 2320
Same, with 0.02% FX-161 * - 710
Same, with 0.2% FX-161 * 204
Same, with 2.0% FX-161 %% 264

2. STEEL

A very smooth etch is obtained when FC-95 is used in conjunction
with thio-urea or ethyl mercaptan as a corrosion inhibitor for cold rolled
steel in 5% H2504. A synergistic effect is observed with ethyl mercaptan
and FC-95.

The following table lists corrosion rates, in mils per year, for
the various systems.

¥ FX-161 added as 10% solution in acetone
#% No cosolvent used. FX-161 was not all being utilized
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2. STEEL (continued)

INHIBITION OF CORROSION ON COLD ROLLED STEEL BY 5% H504
AT ROOM TEMPERATURE

CORROSION RATE _ MILS PER YEAR

Inhibitor 0-4 hrs., 0-146 hrs. 146-1035 hrs,
None 456

0. 5% FC-95 275

0.011% Thiourea 8.8 15.6
0.011% Thiourea + 0.5% FC-95 8.1 12,5
0.093% Ethyl mercaptan _ 4.9 13.4
0.093% Ethyl mercaptan + 0.5% FC-95 5.0 1.1

3. PROTECTIVE COATINGS

Properly applied, FX-161 and FC-134 will improve the tarnish re -
sistance of many metals exposed to corrosive environments as long as
flushing conditions do not prevail. These films have oil and water repel-
lency and resistance to fingerprinting. On sealed, anodized aluminum,
increased salt spray resistance results, and 3% hydrochloric acid will
not attack the surface. Similar effects have been noted on other metals
including steel, brass, and copper. An effective procedure for preparation
of these thin films is described below: .

FX-161 on Aluminum

FX-161 is best applied to aluminum from acetone, alcohol,
alcohol:water, or acetone:water solutions. Usually 0.5-2. 0% solutions of
FX-161 in isopropanol, ethanol, or acetone suffice to assure uniform coat -
ings in single immersion dips of 10-30 seconds.

The aluminum to be dipped should first be cleaned and degreased
completely (so that no water break is noted). Common degreasing solvents
followed by a dip in dilute base and a complete flushing rinse will properly
prepare the surface. Abrasive cleaning with "SCOTCHBRITE" following
the degreasing is also recommended.

Slow removal of treated pieces from the bath will insure almost
complete drainage. It is often possible to observe during withdrawal that
the bath no longer ''wets' the piece. Pieces should immediately be given
a quick rinse in distilled water to remove any excess solution which, upon
drying, might cause spotting. Heating the metal after treatment often im-
proves the permanence and tenacity of the film.

The presence of the film is easily detected because of the auto-
repellency of the bath (it no longer "wets" the metal) or by placing a drop
of mineral oil on the surface. The drop should '"bead up' showing a contact
angle of 45° or more.
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Contact Angle, 6 Wetting Non-wetting

Note that where wetting occurs, the contact angle, 6, is very small. A
drop exhibiting non-wetting has a large contact angle and there is no
tendency for the drop to spread.

FC-134 is applied in the same manner from the same solvents or from
acidified water. It provides good tarnish resistance for copper and brass
even in the presence of high humidity and H>S or SO5.

Fingerprint and soiling resistance are also improved.
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DIPS, ETCHES, AND STRIKES

Unusual effects are frequently observed when the fluorochemical
surfactants are included in etches, strikes, stripping solutions, and
dips utilized to achieve matte, or bright finishes, and the like. Such
effects may include either accelerated reaction rate, inhibition of
reaction, improved appearance and uniformity of attack, protection from
staining after dipping, and development of water repellent surfaces.

1, ALUMINUM BRIGHT DIPS

FC-95 in a concentration of 0.005% (50 parts per million) causes an
increase in the reaction rate of conventional phosphoric-nitric acid-based
aluminum bright dips.

REACTION RATES

TREATMENT mg per sq.in, per 15 sec.
Aluminum in 90% phosphoric acid + 10%

nitric acid at 170°F. 5.2

Same, with 0.005% (50 ppm) FC-95 11.7

Improved brightening is imparted. Due to the formation of a layer of
foam at the bath surface, the mist and spray normally associated with
these baths is eliminated.

FC-98 has a similar effect in these dips in the 25-50 ppm range.
Increased reaction rate, improved brightening, and reduced drag-out losses
occur.

FC-134 and FX-161 are useful in 10-15% hydrochloric acid bright dips
for aluminum. Here, however, reaction rate is sharply reduced allowing
very smooth, blue-bright finishes on aluminum alloys which would normally
be spotty after such a dip. (See Corrosion Inhibitors,)

2. COPPER AND BRASS BRIGHT DIPS

FC-134 and FX-161 produce brighter finishes with reduced drag-out
and improved stain resistance when incorporated into a 50% sulfuric
25% nitric, trace hydrochloric acid, copper bright dip solution. Superior
fingerprint resistance and a lower degree of staining in nitrous oxide fumes
is imparted when the final rinses contain 0. 05-0. 1% of the same surfactant.
plus 10-20% alcohol.

Similar advantageous effects are obtained with brass:

REACTION RATE

TREATMENT mg per sq. in. per 30 sec.
Brass in 50% Sulfuric acid + 25% Nitric
acid at 75°F. - 7.8
Same, with 0.02% FX-161 9.5
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2. COPPER AND BRASS BRIGHT DIPS (continued)

Drag out losses were reduced 25% and the brass was brighter a.fter treatment
with the bright dip containing 0. 02% (200 ppm) FX-161.

3. ALUMINUM ACID ETCH

Smoother etches are obtained in a 15% hydrochloric acid system at
150-180°F. when 0.01% FC-134 or FX-161 is used. The reaction rate is
reduced. (See Corrosion Inhibitors). The same quantities of FC-95 or
FC-98 will sharply raise the rate of etch. If this is desired, FC-98 is
preferred since FC-95 can cause blackening.

4. ALUMINUM BASE ETCH

FX-161 and FFC-134 can be ut111zed in 2% sodium hydroxide to alter
etching rates. For example, at 75°F 0. 01% FC-134 will reduce the rate
of attack about 10% while 0.02% FX-161 can increase this rate by 0-20%.
Due to the speed of reaction, little or no increase in rate is observed
during a short etch with FX-161. A longer immersion is required to show
the 20% rate increase. The use of either surfactant will reduce surface
tension of the bath which should result in reduced losses due to drag out.

5. MAGNESIUM ETCHES

In a 20% chromic acid or in an 8% nitric - 2% sulfuric acid etch.
50 ppm FC-95 sharply raises the rate of attack.

FC-95 and FC-98 are also effective in mist suppression, elimination
of gray powder, and in producing a more desirable miscroscopically pebbled
coating in chrome pickle for magnesium. This is a sodium dichromate,
nitric acid solution at 70-90°F. FC-95 is suggested at the 0.02% level;
FC-98 at 0. 08%.

6. COPPER STRIKES

FC-134 and FX-161 are effective in a 3% copper sulfate, 3% sulfuric
acid, 0.5% Carbowax 20M formulation. Used at the 0.01-0. 1% level, these
surfactants allow a several-fold increase in immersion time for the same
deposition of copper. This results in a plating which is considerably more
durable.
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ELECTROLYTIC PROCESSES

1, CHROME PLATING (5, 6)

FC-95 andFC-98 possess extreme chemical resistance and surface
activity in acid media. They are used to eliminate misting of decorative
chrome plating baths, duetotheir ability to develop stable, fine foam
blankets on top of the bath. In addition, drag out losses are reduced
considerably and hazards to operating personnel are minimized.
Decreased exhaust velocities and reductions in corrosion of exhaust
systems is also attained.

These surfactants generally leave some pin holes in hard chrome
plates but can be used to advantage in those applications where such an
effect is tenable.

2. NICKEL PLATING

FX-161, 20 ppm, is useful as a non-foaming surfactant in the Watts
type bright nickel plating bath. A significant reduction in surface tension
of the bath is effected even at this low concentration.

3. ELECTROCHEMICAL MILLING

FC-128 has been shown effective in increasing the rate of metal
removal in these applications at 10-100 ppm concentrations. Surface
tension of a 25% sulfuric acid drilling electrolyte for a nickel alloy was
reduced from 75 to 23 dynes/cm.

FX-161 at 10-100 ppm increases the rate of milling by a factor of
about 2 without foaming. FC-128 causes foaming at these concentrations.
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EVAPORATION INHIBITION

Reducing losses from eva.pora.tibn is readily a.ccomplished through
the use of fluorochemical surfactants. The following illustrates the types
of effects obtained in this application.

1. 1,1,1-Trichloroethane - Tests were conducted in open beakers,
not in a draft, at room temperature

% SOLVENT RE TENTION

SAMPLE after 114 hours

Control 19

0.01% FX-172 90

0.1% FX-172 92

2. Methylene Chloride - Tests were conducted in wide-mouth jars at

room temperature in the draft of a laboratory hood. Approximating
commercial practice, a layer of water was floated on the top of the
solvent. The height of each phase remaining after 2 days is recorded.

Surfactant Used

None FC-128 FC-134 FX-172

Water Phase

Original thickness, mm. 11.5 14.0 14.0 6.5

Retention, % 0 21 11 0
Methylene Chloride Phase

Original thickness, mm 57.5 75.5 76.0 75.5 .

Retention, % 22 98.7 98.7 91.4

A sample with no water layer and no surfactant evaporated to dryness
within six hours. FC-128 and FC-134 were used at 100 ppm in the water
phase; FX-172 at 100 ppm in the methylene chloride phase.

3. JP-1 Aviation Kerosene - This jet fuel was evaluated at 140°F in
a laboratory hood for 84 hours.

% FUEL RETENTION

SAMPLE after 84 hours
Control : 52%
100 ppm FX-172 63%

Inhibition of solvent evaporation with fluorochemical surfactants is
highly specific as to the solvent type. Our laboratories will be pleased
to assist in selecting the best surfactant for a particular solvent.
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PICKLING OR DESCALING OF STAINLESS STEEL

A 10% hydrochloric écid bath is effectively inhibited by 0.01%

FC-134. Corrosion is essentially stopped 30-60 seconds after immersion.

RESINS AND PLASTICS

The addition of Fluorochemical Surfactants to liquid resins reduces
their surface tensions considerably. For example, the addition of 0.1%
FC-134 to a liquid epoxy resin, reduced the surface tension to 34 dynes/cm.
after 1 hour (from 48 dynes/cm. without surfactant). Such effects can be
used to advantage to speed up the wetting of glass fibers or other fillers
for the resin, to increase the rate of release of trapped air bubbles from
these viscous resin systems, and to improve wetting of concrete, metal or
other substrates to which they may be applied.

FC-170 in 0.1% concentration added to a phenolic resin (55% solids)
from a 50:50 cellosolve:water solution, will reduce surface tension from

46.5 dynes/cm. to 24.2 dynes/cm. Improved speed and thoroughness of
wetting asbestos or other fillers will result.

FC-128 and FC-170 may be used as wetting agents for water on poly-
ethylene or other plastics. Unlike conventional surface active agents,
they do not cause stress-cracking.

—— — ——

In many resin systems, water, oil, or ‘soil resistance can be upgraded

by the incorporation of small gquantities of 3M Brand Fluorochemical
Surfactants.

- SOLVENTS

FC-128 and FX-161 speed up the rate of removal of epoxy resin
based paints from magnesium and aluminum by methylene chloride paint
strippers. Solvent evaporation may be reduced by certain fluorochemical
surfactants. This effect is highly selective depending on the particular
solvent involved since the solubility of the surfactant in the solvent is an
extremely important factor. See the Evaporation Inhibition Section.
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WATER TREATMENTS

1. Open Cooling Water Systems (8)

Laboratory studies indicated low corrosion rates would be obtained
on mild steel in synthetic cooling water if F'C-95 were used in conjunction
with the noraml chromatic inhibitor. A summary of these 6-day test results
of corrosion rate in mils per year follows:

CORROSION RATES OF MILD STEEL CORROSOMETER
PROBES IN SYNTHETIC COOLING WATER

CORROSION RATE,
INHIBITOR _ Mils Per Year

None . 60+

15 ppm Chromate*
25 ppm Chromate
40 ppm Chromate

Wk~
wom

5 ppm FC-95 + 15 ppm Chromate*
5 ppm FC-95 +-40 ppm Chromate

oW

10 ppm FC-95 + 15 ppm Chromate*
10 ppm FC-95 + 25 ppm Chromate
10 ppm FC-95 + 40 ppm Chromate

OO
BRO oo

%pH 4,0-4.5; all others pH 6.5-7.5

As a result of this laboratory work, this effect was verified in a
forced draft cooling tower for 300 ton air conditioning condenser. The
cooling system operated twelve hours a day and had a capacity of 3000
gallons. The circulating water temperature averaged 85 F., and the heat
exchanger surface temperature was about 105°F, Circulation rate was
900 gpm, and blow-down averaged 4 gpm initially. After the first 49 days
of the 115-day test, blowdown was discontinued to increase the scaling
potential of the water.

Results were monitored with mild steel Corrosometer probes,
With no inhibitor, a corrosion rate of 73 mpy was obtained. A level of
60 ppm chromate for filming the system, followed by 15 ppm chromate
for film maintenance gave a 2.5 mpy corrosion rate. The addition of 10
ppm FC-95 to the 15 ppm chromate reduced the rate to 1.2 mpy in 3 weeks
and to 0.9 mpy in 7 weeks, Duplication of the synergistic effect noted in
the laboratory work was excellent.

2. Closed Heating System (8)

Another application of fluorochemical surfactants in the water
treatment field has been in closed heating systems, Their use as a
corrosion inhibitor in these systems evolved during an investigation of
a somewhat unrelated problem, that of wear on pump seal rings in closed
heating systems. .
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2. Closed Heating System (8) (continued)

The graphite seal rings were wearing to failure at a rapid rate in
systems inhibited with 300 ppm chromate. It was believed that most of
this wear was due to the evaporation of the high chromate water at the
seal surface forming abrasive chromate crystals,

One of the systems in which a failure had taken place was charged
with the combination 25 ppm chromate - 10 ppm FC-95. New graphite
seal rings were measured by micrometer and installed in the pumps.
Mild steel and Admiralty brass probes also were installed in the system.
Results of this evaluation are shown below:

CORROSION AND SEAL WEAR EVALUATION

CORROSICN RATE, mpy SEAL RING WEAR

PERIOD INHIBITOR " Steel Admiralty mils /month
8.5 months None » 1.1 - 1.6
6 weeks 300 ppm Chromate 0.4 - 28.6
8 months 25 ppm chromate 0.1 0.1 0.4

+ 10 ppm FC-95

It is seen that besides maintaining or reducing the low corrosion rate,
the FC-95 - low chromate combination inhibitor markedly reduced seal wear
rates. It is possible that the surfactant is also acting as a surface lubricant
on the seal rings.
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WAXES

1. Alkaline Systems

Self-polishing floor waxes, based on polystyrene or acrylic emulsions
are an excellent application for fluorochemical surfactants (7). These
products require a high gloss, excellent durability to acid or neutral media,
ease of application, stain and abrasion resistance, re-buffability, re-
coatability, and ready removal with alkaline cleaners.

A typical formulation follows:

85 pbw - Emulsion polymer, 40% solids

5-10 pbw - Wax emulsion

5-10 pbw - Alkali soluble resin

2 pbw - Plasticizer '

1 pbw - Fluorochemical surfactant, 1% solution

The emulsion polymer is the basic vehicle and can be acrylic, styrene,
or a blend of the two. The wax emulsion gives buffability to the system.
In the acrylic system, the alkali soluble resin acts as a leveling agent,
while in the polystyrene system it acts as a carrier for the polymer and
promotes ease of removal with alkaline cleaners. A plasticizer is required
for the styrene systems - not for the acrylics. FC-128 or FC-134 are used
to improve leveling, gloss, wetting power, and minimize streaking. At
low concentrations (70 parts per million) no adverse effects on water
resistance are noted.

2. "Lock and Key'' Systems

The "Lock and Key'' systems are those which employ resins which are
insoluble in alkaline compounds, such as soaps and detergents, and which
can be easily removed with acidic cleaners. The major advantages of these
systems are:

(1.) Scrubability with household cleaners without removing the
finish.

(2.) Higher gloss due to easy re-coatability, and
(3.) Easy removal.

Formulation of these products is basically the same as the alkaline
soluble systems, excpt that the resins are modified for acid solubility -
alkali insolubility. Here, again, the floorochemical surfactant does
what normal surfactants could do in improving the compatibility and/or
solubility of the various phases in each other, but at a level which will
not cause sensitivity of the dried film to water or alkali

In applications of this type, it is recommended that both FC-128 and
FC-134 be evaluated and compared.
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TOXICITY

Toxicity classifications of 3M Brand Fluorochemical Surfactants
range from slightly toxic to moderately toxic. Listed below are LDgg
values obtained by determination of acute oral dosage to adult rats and
mice. LD

SURFACTANT gm/Kg ofSBSody Wegt. CLASSIFICATION
FC-95 0. 45 moderately toxic
¥C-98 0.18 moderately toxic
FC-128 0.75 slightly toxic
FC-134 0.5 slightly toxic
FX-161 6.2 slightly toxic
FC-170 : 3.2 slightly toxic
FX-174 2.0 slightly toxic

Due care should be exercised in handling these materials until
further information is available on their physiological properties.
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I. SYNOPSIS

In a 90-day feeding study, male and female albino rats were

fed diets containing (R 1evels of 100, 500 or 2500 ppm.
After 35 days of continuous feeding, the 500 and 2500 ppm. dietary

levels were increased to 1000 and 5000 ppm., respectively for the
remainder of the study,; After the prescribed 90-d4y period of com-
pound administration, representative animals were placed on a with-
drawal study.

All rats appeared essentially normal with respect to behavior
and appearance throughout the study,

No adverse effect on body weight gain was found at any dietary

level employed in this study, both in the active compound administra-

‘&:‘Q ' tion phase and in the withdrawal period,
. Average total weekly food consumption measured in grams/rat/weekv
in those groups fed 100 and 500 - 1000 ppm. of [ ic the atee

compared favorably with the control rats throughout the study. At

the 2500 - 5000 ppm. dietary level, food consumption of the male

rats ranged from 1.1 to 8.7 per cent less than control male rats,

and food consumption of the female rats ranged from 5.2 to 16.4 per -
cent less than the female control réts. These differences were first

noted in the 8th week for males and in the 4th week for females and

continued throughout the treatment period,

No meaningful differences in food consumption were reflected by
the treated groups of rats in comparison to the control group on the

basis of grams of food consumed per day per kilogram of body weight.

No compound-related hematologic or biochemical changes were found

® =m
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at the 100 and 500 - 1000 ppm. dietary levels of — However,
slightly decreased values for erythrocyte counts, hematocrits and
hemoglobin concentrations were found for males and females at the
2500 - 5000 ppm. level, particularly at the terminal (90-day)
cliﬁicopathology examination, Urinalyses were normal at all times,
Compound-related changes observed at the 90-day mecropsy examina-
tion consisted of increased liver and kidney weight at the 1000 and
5000 ppm. dosage levels and pale yellowish livers in some male rats
from the 500 - 1000 and 2500 - 5000 ppm. dosage levels. 1In histologic
section, only livers from the 2500 - 5000 ppm. dosage level shoWéd any
change and this consisted of a slight hypertrophy of centrolobular
hepatocytes, The increase in ljver and kidney weights and centro-
lobular hepatocyte hypertrophy persisted with diminished magnitude
through 21 days of compound withdrawal, Similar organ weight and

histologic changes were observed at the 30 and 60-day interim sacri-

fices.
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II. COMPOUND

The test compound was received from E. I. duPont de Nemours and

Company, Wilmington, Delaware, on June 19, 1965. It was a brown

amorphous solid in containers bea;'ing the label-
‘ —Haskell No. 4212."
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CLINICAL STUDIES:

A. METHODS:
1. General Procedure:
Eighty male (weighing from 45 to 64 grams) and eighty female

(weighing from 47 to 63 grams) albino rats of the Charles River strain
were used for this study.

The rats were housed iridividually in cages suspended above the
droppings in an air-conditioned room throughout the study and were fed

a diet of Purina Laboratory Chow for rats ad libitum, Water also was
available at all times. '
The animals were divided into onme comtrol group and three

treated groups of 20 male and 20 female rats each.

The rats in each sex group were selected so that the average

body weight of each group was similar to that of the other groups of
‘the same sex.

2. Compound Administration:

-as incorporated into the standard powdered laboratory
" diet of Purina Laboratory Chow and offered to the treated groups of

rats ad libitum. The test diet was freshly prepared each week and the
compound-in-diet levels mixed so that the rats receivediat
dietary levels of 100, 500, or 2500 ppm. In the sixth week of com-
pound administration those groups receiving 500 or 2500 ppm. were

increased in concentration to dietary levels of 1000 or 5000 ppm.,

respectively. Those animals receiving 100 ppm. of—in the diet
continued to receive this level throughout the 13-week study period.

The control groups of rats received the powdered diet of Purina

Laboratory Chow, but without —
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Following 13 weeks of compound administration rats in all

groups were sacrificed and subjected to necropsy examination with the
exception ‘of certain selected animals from the control ‘group and from
the treated groups at the 1000 and 5000 ppm. dietary levels which were

continued on study in a compound withdrawal phase. The withdrawal

phase of this study willfbé.feported in its entirety in a subsequent
and separate report.

3. Observations:
The control and test animals were observed daily for mortality,

alteration in general appearance and behavior, and signs of pharmaco-
dynamic and/or toxic effects. '
Body weights, food consumption, and food efficiency values were

recorded for each rat weekly throughout the study.

4. Laboratory Tests:

a. Hematology:

Hematologic examination consisted of erythrocyte counts,

1 . . .
total” and differential leucocyte counts, hematocrits , and hemoglobin
concentrations. These studies were performed individually on 6 male

and 6 female rats randomly selected in the control and each test group
during the control period and again at 30, 60, and 90 days.
b. Urinalysis:
Urine samples were obtained from the same animals at the

same time intervals used to obtain blood for hematology. Urinalysis

‘1 Coulter Particle Size Counter, Model A., Coulter Electronics,
590 W. 20th Street, Hialeah, Florida.

2 Miller, S., Microcapillary Method, Textbook of Clinical Pathology,
1960, Williams and Wilkins Company, Philadelphia, Pa., p. 43,

3 Miller, S., Cyanmethemoglobin Method, Textbook of Clinical Pathology,
1960, Williams and Wilkins Company, Philadelphia, Pa., p. 35.
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consisted of qualitative tests for glucose,h’s’ bilirubin7, occult

8,9,10 4,11,12,13 measurements of volume, pH14 and

blood, and albumin,

specific gravity, and microscopic examination of the urinary sediments.

c. Biochemistry:

, Biochemical examinations were conducted at the same inter-
vals as for hématology. Sérum transaminase (SGOT ahd'SGPT)I?géﬁdi-:_r

plasma alkaline phosphatase det:erminations16 were performed on 6 male

§ 4 "Combistix" (Ames Reagent Strips).
> "Clinistix" (Ames Reagent Strips).
- 6 "Clinitest" (Ames Reagent Tablets).
\ 7 "Ictotest" (Ames Reagent Tablets)..
.> 8 "Hemastix" (Ames Reagent Strips).
- ’ "Hematest" (Ames Reagent Tablets).
10'"Occultest" (Ames Reagent Tablets).
11 "Albustix" (Ames Reagent Strips).
12 "Bumintest" (Ames Reagent Tablets).

13 Heller's Ring Test, Practical Physiologic Chemistry, Hawk, Oser and
Summerson, 13th Ed., p. 830.

14 Beckman Expanded Scale pH Meter, Model No. 76.

15 Reitman, S., and Frankel, S., Colorimetric Method for the Determina-
tion of Serum Transaminase Activity, Am. J. of Clin. Path., 28: 56,

1957.
16'Marsh, W., Modified King-Armstrong Method, Clin. Chem. 5: 119, 1959,

/-—“i::; { 125-0@
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and 6 female rats randomly selected from the control and treated groups.
The animals chosen for hematology values were not used for these bio- '

chemical determinations.

B. RESULTS:
1. General Behavior and Appearance:
No adverse changes in behavior or appearance were encountered

that could be related to the administration of—

Animals in the control and all treated groups appeared essen-

tially normal each day with the exception of an occasional rat in each

group that exhibited slight nasal and/or ocular porphyrin discharge.

Other incidental findings, unrelated to compound administration,
included one treated female animal (Rat #14374) at the 5000 ppm. dietary
level which exhibited a swollen nose in the 13th week of study, one

treated male (Rat #14298) at this dietary level which exhibited a mass
on the flank froﬁ the 16th week (withdrawal period) until terminal
necropsy examination, and one treated male (Rat #14324) at this same
dietary level which exhibited destruction of the right eye, from the

15th week to the terminal (in the withdrawal period) necropsy examina~-
tion.

2. Body Weights (Tables 1-8 and Figures 1 and 2):

a. Control:
The control animals maintained body weight curves which

were consistent with those curves exhibited by control animals of the

same age and strain maintained in these laboratories from time-to-time.

b. 100 and 500 ppm.*:
Male and female rats at these dietary levels maintained

body weights which paralleled closely those of their respective control

groups.
* 500 ppm. dietary level increased to 1000 ppm. in the 6th week of study.

-

mpany Sanitized. Does not contain TSCA CBI
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c. 2500 ppm.¥*:

No marked body weight changes occurred among male and female.
rats at this dietary level during the course of compound administration,
Male animals in the 9th week exhibited a body weight gain 8.8 per-‘cent
less than control males. This difference in body weight gain persistéd
for the duration of the study period. Durihg the withdrawal phase of
this study the greatest decrease in body weight gain occurred. Even
then, however, this difference was only about 10 per cent less than that of

the male control animals,

_ Female treated animals in this group in the 7th week of
study exhibited a weight gain which was 11.5 per cent less than that of
the control female animals. This difference in body weight gain per-

sisted for the duration of the treatment period. The greatest differ-

ence in body weight gain of the female group was noted in the 12th

week of study at which time a difference of only 1ll.7 per cent occurred.

3. Food Consumption (TabLes 10 and 11):

a. Grams/Rat/Week:
Average total weekly food consumption for male and female

rats in those groups receiving 100 ppm. and 500 ppm.* compared

favorably with similar measurements obtained from the control group.

Treated rats receiving 2500 ppm.** showed food consumption
values less than those of control animals beginning in the 4th week
for treated females and in the 8th week for treated males. This
decrease in food consumption continued throughout the study period and
ranged from 1.1 to 8.7 per cent for the males and 5.2 to 16.4 per cent

for the females in this group. The decreased food consumption in this

* 500 ppm. dietary level increased to 1000 ppm. in the 6th week of study,
*% 2500 ppm. dietary level increased to 5000 ppm. in the 6th week of study.

- Company Sanitized. Does not contain TSCA CBJ
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group continued in both sexes for the duration of the treatment

period.

b. Grams/Kg./Day: -
No biologically meaningful differences were observed on

food consumption in the treated groups of rats when compared with the

control group on a basis of grams/kg./day food consumed.

4, Survival (Table 9):

Other than for those animals subjected to interim necropsy
examination at 30 and 60 days, all control and treated animals survived
‘the course of study with two exceptions. One control female (Rat
#14160) succumbed in the terminal (13th) week of study and one treated

.) male (Rat #14212) at the 100 ppm. level of NJJPsuccumbed in the

11th week of study.

5. Laboratory Tests:
a. Hematology:

No compound-related hematologic changes were found at the
100 and 500 ppm. dietary levels o- At the 2500 ppm, level,
group values for both sexes, with respect to erythrocyte count, hema-
tocrit and hemoglobin concentration, generally were slightly lower
than those for the control animals and rats at the 100 and 500 ppm.
dietary levels of-Although some changes in these parameters
were seen at the 60-day interval of examination, they were overall more
pronounced after 90 days of compound administration. It is of interest
that inspection of these values for individual rats in the high dietary
level groups failed to reveal marked changes for any given animal, that
is, whereby that animal's value would tend to markedly lower the group
average, but rather that lower values, with a relatively small spread

from individual to individual, were found for most of these rats.

‘ Company Sanitized. Does not coniain TSCA CB¥
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Group average values are summarized for male rats in Table

12 and for female rats in Table 13. Individual values for all male and
female rats appear in Tables 14 through 17. .

b. Plasma Biochemistry:

No compound-related changes were found at any period of
examination with respect to serum alkaline phosphatase activity or

serum glutamic pyruvic transaminase (SGPT) or serum glutamic exalacetic
transaminase (SGOT) activities.
Values obtained in these studies appear in Tables 18 through

21.

N c. Urinalysis:
.j o Urinalysis examinations failed to reveal changes which were

considered to be related to treatment with the test compound. Results

of these measurements appear in Tables 22 through 25.

Lompany Sanitized. Dess nof contain TSCA CBI
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PATHOLOGICAL STUDIES

A. METHODS:

1. Gross Examination:

After 30 and 60 days of compound administration, 3 male and
3 female rats from the control and each treated group were sacri-
fiéed by exsanguination and subjected to.necropsy examination.
After 90 days of compound administration, 10 male and 10 female rats
from the control, 1000, and 5000 ppm. dietary level groups and all

surviving rats from the 100 ppm. group were sacrificed by exsanguina-

tion and subjected to necropsy examination. Three male and 3 female
rats from the control, 1000 and 5000 ppm. groups were sacrificed and
subjected to necropsy examination after a 21-day compound withdrawal

period. (Other rats that remained on withdrawal beyond 21 days will

be reported on in a separate report.)

At necropsy major organs were weighed and representétive
tissues from each rat were collected into 10 per cent neutral
buffered formalin for subsequent histologic processing. At the
90-day sacrifice, specimens of brain, liver, kidneys, muscle, fat,
spleen, testes and blood were pooled by sex and dietgrygroup, frozen

and forwarded to the sponsor. Specimens of liver from the interim and
withdrawal sacrifice were also pooled by sex and dietary group, frozen
and shipped to the sponsor.

Rats which died on study were also subjected to necropsy

examination unless this was precluded by advanced autolysis.

2. Microscopic Examination:

The following tissues from each of 3 male and 3 female rats
from the control and high dosage groups from the 30 and 60-day interim

and 21-day withdrawal sacrifices and from each of 10 male and 10

- m e Rantond, Does not contain TSCREED
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female control and highdietary group rats from the 90-day terminal

sacrifice were paraffin-embedded, sectioned, stained with hematoxylin

and- eosin and examined microscopically:

brain heart pancreas
spinal cord spleen liver

peripheral nerve lymph node kidneys

eye thymus urinary bladder
‘pituitary bone marrow testes or ovaries
thyroid salivary gland prostate or uterus
parathyroid stomach skeletal muscle
adrenal small intestine skin

lung large intestine bone

Sections of liver from 10 male and 10 female rats from the

1000 ppm. level - 90-day sacrifice rats were also processed as above

and examined.
B. RESULTS: A
1. Gross Pathology (Table26) and Organ Weights (Tables 27 and 28):
Compound related gross changes observed at necropsy were

limited to male rats from the 1000 and 5000 ppm. dietary level groups

and consisted of pale, yellowish livers in some but not all male
rats from the 5000 ppm. dietary level group and in a few rats from

the 1000 ppm. dietary level group.

None of the rats dying on study died of compound related
causes. Rat #14160 (Control) died of pneumonia. Autolysis precluded
diagnostic necropsy of Rat #14212 (100 ppm.).

Compound related variations in organ weights were limited to
the livers and kidneys of treated rats. At the 90-day sacrifice
there was a moderate increase in actual and relative liver weights
of the 1000 and 5000 ppm. dietary level rats. This increase was

T also seen in the 5000 ppm. dietary level rats at the 60-day interim

Company Sanitized. Roes not contain TSCA CBF
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sacrifice and in the 2500 ppm. dietary level rats at the 30-day
interim sacrifice. After 21 days of compound withdrawal, a slight

increase in* liver weight persisted at the 5000 ppm. dietary level. .

Mean actual and relative kidney weights were slightlyﬁ?;&zhe
1000 and 5000 ppm. dietary level rats at the 90-day sacrifice.
'Kidney weights were also slightly increased in the 1000 and 5000
ppm. level rats at the 60-day interim sacrifice and 2l-day"’

withdrawal sacrifice and in the 500 and 2500 ppm. level at the

30-day interim sacrifice. Although the values from the interim and

withdrawal sacrifices represent only 3 rats per sex group, these

variations in kidney weights always had a dietary-level relationship.

‘%\%ﬁ) ‘2, Histopathology (Tables 29 and 30):
A

Compound related histopathologic changes were found only in
the livers of rats from the highest (2500-5000 ppm.) dietary level
and consisted of slight hypertrophy of centrolobular hepatocytes.
Affected liver cells had cytoplasm which was less coarsely granular
and more homogeneous than the unaffected cells at the periphery of

the liver lobules and in the livers of rats in the control and lower dietary

levels. This change, to a slight degree was seen after 30 days at the

2500 ppm. level. After this group was raised to 5000 ppm., the change

was more marked at the 60 and 90-day sacrifices. A very slight change

- persisted in the 5000 ppm. level male rats sacrificed after a 21-day

compound withdrawal period. This liver change was always more marked

in male rats and was seen only at the highest (2500-5000 ppm.) dietary

level. 7
No lesions in other organs were considered to have been of

compound related origin. No histologic basis was found for the

slight increase in kidney weights in treated rats.

. ~ enpany Sanitized. Does not contain TSCA cBl



Ninety~Day Feeding Study in the Rat.
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TABLE 1. Individual Weekly Body Weights, Grams.

Rat Control Perjod Compound Administration Week

Number 1 2 1 2 3 4 5 6 -7 8- 9 1C
Control - Female:

14142 55 93 129 149 175 185 195 Sacrificed

14143 54 68 95 123 136 144 155 169 191 198 Sacrificed
14144 56 99 134 163 187 207 249 260 285 296 306 314
14145 56 83 107 130 142 159 166 Sacrificed -

14146 56 94 136 161 184 196 217 Sacrificed

14147 55 91 123 141 160 179 184 191 231 218 221 236
14148 57 88 124 149 170 178 197 214 249 241 252 268
14149 60 101: 135 162 177 199 215 230 261 265 Sacrificed
14150 55 72 103 126 149 164 191 213 243 243 252 271
14151 58 83 116 137 158 181 189 202 237 224 224 234
14152 56 67 114 133 154 171 189 203 235 226 Sacrificed
14153 50 52 93 122 138 143 166 - 183 231 207 216 248
14154 57 63 82 117 141 156 172 195 237 225 233 246
14155 57 71 116 142 160 170 192 203 239 223 . 244 258
14156 51 67 115 139 161 161 196 210 243 241 250 261
14157 58 64 105 121 134 154 153 166 165 174 178 185
14158 57 73 106 132 153 149 172 190 - 232 244, 215 236
14159 58 54 99 146 156 181 199 219 240 232 250 264
14160 50 76 124 147 162 157 189 206 221 215 239 256
14161 54 48 91 128 148 144 178 192 231 214 226 236
Mean 55 75 112 138 157 169 188 203 234 229 236 251

Comp

any Sanitized. Does not contain TSCA CBi
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Ninety~Day Feeding Study in the Rat,

TABLE 1. Continued. Individual Weekly Body Weights, Grams.

Rat Compound Administration Weeks

Number 11 12 13 14% 15 16 17 18 19
Control -~ Female: -

14144 320 326 332

14147 244 252 332

14148 271 285 267

14150 285 288 233

14151 241 251 242

14153 260 248 244

14154 256 263 241 '
14155 265 271 238

14156 275 283 259

14157 200 200 191

14158 245 253 231 250 264 266 Sacrificed

14159 277 281 282 289 299 310 Sacrificed

14160 265 271 Died |

14161 241 251 257 261 268 276 Sacrificed

14313 242 249 251 256 255 254
Mean 260 266 258 261 270 276 256 255 254

%

Initiation of withdrawal period (l4th week).

61 28eg



Ninety-Day Feeding Study in the Rat.

TABLE 2. Individual Weekly Body Weights, Grams,
Rat Control Period
Number 1 2 1 2

Control - Male:

14162 64 99 143 185
14163 62 97 151 207
L4164 60 100 89 169
14165 59 94 157 214
14166 55 92 133 175
14167 50 67 103 145
14168 61 98 147 189
14169 45 74 113 143
14170 58 95 136 185
14171 51 83 119 158
14172 60 83 152 205
14173 52 55 105 153
14174 51 64 113 155
14175 54 76 137 185
14176 57 76 136 180
14177 54 71 123 167
14178 62 64 117 153
14179 52 66 130 181
14180 53 67 : 120 172
14181 55 67 128 177
Mean 55 79 128 175

- i ————
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- Compound Administration Weeks
3 4 5 6 7 8 9 10
230 244 263 Sacrificed
256 294 309 338 354 388 402 412
229 288 324, 366 388 446 461 480
251 309 346 Sacrificed
211 248 274 300 321 344 360 379
187 231 260, 290 311 308 Sacrificed
243 276 308 Sacrificed
224 274 307 337 365 395 413 433
231 265 285 317 348 380 Sacrificed
191 260 257 287 310 349 364 390
263 307 300 336 371 417 443, 467
199 242 263 291 306 334 346 370
204 238 273 318 341 373 382 412
234 251 293 317 370 422 449 469
222 264 294 328 354 390 393 420
209 24] 271 300 +318 336 341 358
200 234 250 283 311 340 Sacrificed
231 238 261 322 347 380 395 420
224 272 300 334 360 388 398 423
234 241 300 344 373 401 409 441
224 261 287 318 344 376 397 420

91 @28eg



Ninety-Day Feeding Study in the Rat,

!

N

TABLE 2. Continued. Individual Weekly Body Weights, Grams,
Rat Compound Administration Weeks
Number 11 12 13  14% 15 16 17 18 19
Control - Male:
14163 406 391 375
14164 505 505 495
14166 398 409 383
14169 446 453 431
14171 412 423 385 .
14172 488 483 478
14173 389 405 376
14174 427 440 401
14175 498 496 . 506
14176 442 452 425
14177 365 374 357 396 402 414 Sacrificed
14179 435 455 461 479 489 500 Sacrificed
14180 415 463 461 489 472 514 Sacrificed”
14181 451 463 472 476 466 497 506 515 522
14314 538 518 556 574 571 585
14315 512 503 523 539 544 559
Mean 434 444 429 482 475 501 540 543 555

* Initiation of withdrawal period (l4th week).

@ompany Sanitized, Does not contain TSCA CcP:
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Ninety-Day Feeding Study in the Rat.

TABLE 3. Individual Weekly Body Weight, Grams.

Rat gontrol Period = Compound Administration Weeks

Number 1 2 1 2 3 4 5 6 7 8 9 10
100 ppm. - Female: _

14182 56 86 112 131 151 167 175 Sacrificed

14183 51 77 123 153 171 203 210 231 250 262 273 285
14184 59 82 113 - 126 145 165 182 194 211 218 Sacrificed
14185 55 87 110 135 154 174 186 Sacrificed

14186 57 101 144 176 210 252 251 275 290 303 307 331
14187 55 76 " 109 134 155 175 194 . 206 230 245 252 269
14188 55 80 111 124 - 139 149 162 Sacrificed

14189 55 63 91 119 150 ° 168 177 198 216 230 245 257
14190 55 88 116 137 154 176 180 200 211 225 225 242
14191 53 84 122 153 177 187 208 223 241 258 269 286
14192 54 60 106 127 141 172 174 185 193 207 215 234
14193 53 67 113 141 158 181 199 210 222 238 Sacrificed
14194 61 73 .90 124 148 160 179 203 221 234 Sacr@ficed
14195 59 69 107 133 157 175 190 211 231 245 243 265
14196 57 65 105 147 159 179 183 199 213 227 236 267
14197 50 58 .98 121 146 157 179 197 207 227 238 258
14198 62 76 123 141 167 195 202 220 237 253 259 . 270
14199 51 ‘60 102 125 141 144 180 197 215 236 241 256
14200 53 70 123 147 165 184 197 212 224 244 246 264
14201 59 65. 115 152 179 183 208 235 245 263 271 275
Mean 56 74 112 137 158 177 191 212 227 242 251 269

g ‘Company Sanitized. Does not contain TSCA CBI



u Ninety-Day Feeding Study in the Rat,

TABLE 3. Continued. Individual Weekly Body Weights, Grams.

Rat wc= . -Compound Administration Weeks
Number 11 12 13 T4 15 16 17 18 . 19
100 ppm.:~ Female:

14183 290 306 283

14186 345 353 333

14187 271 285 258

14189 272 274 252

14190 248 255 227

14191 287 303 283

14192 236 248 221

14195 280 286 261

14196 277 276 247

14197 251 262 244

14198 283 296 278

14199 261 269 273

14200 273 278 285

14201 298 301 308

Mean 277 285 268

Bempany Sanitized. Does not contain TSCA CBj
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Ninety-Day Feeding Study in the Rat.

TABLE 4, Individual Weekly Body Weight, Grams.

Rat Control Period Compound Administration Weeks
Number 1 2 1 2 3 4 5 6 7 8 9 "10
100 ppm. - Male:
14202 58 79 119 168 214 246 1270 Sacrificed
14203 51 76 116 157 201 224 261 296 328 356 376 400
14204 62 87 149 203 256 310 343 . 371 407 448 467 495
14205 55 86 139 189 242 275 286 Sacrificed
14206 63 103 160 215 255 298 320 346 373 403 405 434
14207 54 85 124 165 209 248 282. 306 338 363 378 402
14208 55 ° 8L - 120 159 199 211 228 Sacrificed
14209 55 88 128 166 209 244 254 269 301 327 347 372
14210 60 86 142 197 252 303 330 354 388 398 417 454
14211 54 87 134 173 217 251 284 312 339 369 385 410
14212 50 60 108 122 130 168 211 250 256 296 317 300
14213 53 81 116 161 195 238 T 243 271 290 305 308 335
14214 61 83 149 205 267 284 326 352 377 399 407 - 441
14215 63 83 136 171 210 . 250 259 267 289 320 349 375
14216 53 70 126 164 217 271 308 247 377 407 420 457
14217 49 58 97 . 135 168 186 - 219 260 286 316 Sacrificed
14218 58 64 100 142 199 247 286 330 369 398 321 454
14219 55 73 121 155 207 216 275 310 333 358 364 393
14220 61 68 110 136 196 213 264 287 307 329 Sacrificed
14221 60 74 135 176 227 255 281 308 331 357 Sacrificed
Mean 57 79 127 168 214 252 277 308 335 362 376 - 409

Q kemag 4% B#Ritlsed: Bees not contain TSCA CBI -
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Q Ninety-Day Feeding Study in the Rat. !

=

TABIE &, Continued. Individual Weekly Body Weight, Grams. ‘
Rat ) Compound Administration Weeks
Number 11 12 13 14 15 16 17 18 19
100 ppm. - Male:
14203 411 440 427
14204 521 527 515 .
14206 450 468 432 : ) :
14207 423 436 410
14209 385 398 363
14210 © 462 477 481
14211 432 456 432
14212 Died
14213 353 368 348
14214 446 456 448
14215 385 405 383
14216 482 501 500
14218 473 496 507
14219 406 421 430
Mean 433 450 437 .
Co,
Mpany Sanitize
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Ninety-Day Feeding Study in the Rat.

TABLE 5. Individual Weekly Body Weight, Grams.

Rat Control Period Compound Administration Weeks
Number 1 2 1 2 3 4 5 6 7 8 9 10
500 ppm. - Female:%*

14222 55 88 126 153 177 190 204 Sacrificed .

14223 60 83 116 134 154 172 181 195 202 213 Sacrificed
14224 58 92 111 127 141 163 185. 200 212 238 273 260
14225 48 59 ‘91 115 136 141 154 Sacrificed

14226 57 73 115 140 161 182 188 204 215 223 235 247
14227 57 92 130 157 178 201 210... 230 244 256 264 276
14228 55 86 130 154 166 178 197 Sacrificed

14229 55 78 113 140 160 174 184 202 215 237 254 261
14230 55 90 119 134 147 158 175 190 202 215 Sacrificed
14231 52 76 114 153 184 195 219 237 254 272 287 303
14232 50 57 100 134 147 174 186 204 216 234 241 253
14233 52 64 105 125 130 148 160 170 181 191 201 204
14234 59 73 110 129 140 140 164 176 187 195 Sacrificed
14235 58 68 119 148 175 201 214 255 249 266 279 297
14236 56 76 117 150 171 193 213 216 236 242 248 263
14237 52 52 86 123 145 146 168 188 200 212 221 223
14238 50 77 119 150 171 195 199 211 222 227 236 243
14239 57 74 129 146 163 183 198 206 221 234 242 253
14240 55 75 117 138 154 157 188 197 214 224 230 245
14241 55 72 100 128 144 143 180 188 200 206 216 236
Mean 55 75 113 139 157 172 188 204 216 229 243 255

e

Z‘ompany Sanitized. Does not contain TSCA CBi
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Ninety-Day Feeding Study in the Rat.

TABLE 5. Continued. Individual Weekly Body Weights, Grams.

Rat Compound Administration Weeks

Number 11 12 13 14 15 16 17 18 19
200 ppm. - Female:

14224 267 279 263

14226 246 257 239

14227 244 282 269

14229 265 277 270

14231 310 314 268

14232 255 269 “251

14233 212 216 207

14235 304 312 299

14236 262 272 254

14237 232 244 234

14238 253 256 242 263 276 278 Sacrificed

14239 259 266 261 262 272 279 Sacrificed

14240 256 263 259 274 278 280 Sacrificed

14241 235 245 246 254 269 - 267 269 282 276
14306 254 266 270 272 284 284
14308 249 258 266 265 273 283
14320 234 236 241 246 250 253
Mean 257 268 254 256 265 269 263 272 274

*

Cnmpany Sanitized. Does not contain TSCA CBI
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Ninety-Day Feeding Study in the Rat.

TABLE. 6. Individual Weekly Body Weight, Grams.

Rat Control Period Compound Administration Weeks

Number 1 2 1 2 3 4 5 6 7 8 ) 10
500 ppm. - Male:* . )

14242 58 85 124 155 185 201 228 Sacrificed

14243 57 92 136 178 226 269 297 325 351 374 387 410
14244 56 78 : 134 196 249 295 314 371 412 443 465 485
14245 63 96 136 172 213 251 265 Sacrificed

14246 56 63 91 133 172 210 234 268 292 320 Sacrificed
14247 58 72 120 162 209 266 305 . 342 365 386 407 . 430
142438 55 83 114 149 183 208 234 Sacrificed

14249 62 90 134 176 224 270 291 325 356 381 378 415
14250 58 85 130 192 236 276 300 321 334 359 379 397
14251 52 75 124 165 207 239 272 297 328 357 Sacrificed
14252 63 89 147 195 249 293 321 355 326 391 399 445
14253 62 78 144 189 230 238 299 327 355 379 Sacrificed
14254 55 75 134 187 235 258 297 317 348 381 396 423
14255 57 70 123 162 188 221 250 281 306 329 345 368
14256 55 67 102 140 182 221 258 280 300 328 334 351
14257 53 81 117 154 192 219 268 306 339 369 365 © 390
14258 56 98 151 189 235 285 328 359 385 412 425 453
14259 52 63 105 145 191 225 249 274 303 330 346 372
14260 58 69 124 169 220 229 289 324 352 "372 385 398
14261 59 79 151 203 271 285 324 377 408 436 446 467
Mean 57 79 127 170 215 248 281 . 321 345 373 390 415

* Dosage level increased in the 5th week of study to 1000 ppm.
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- Ninety-Day Feeding Study in the Rat.

TABLE 6. Continued. 1Individual Weekly Body Weights, Grams.
Rat Compound Administration Weeks
Number 11 12 13 14% 15 L6 17 18 19
500 ppm. - Male:
14243 445 435 422
14244 509 525 499
14247 449 471 - 447
14249 434 451 441
14250 412 431 411
14252 453 463 434
14254 452 437 428
14255 382 396 380
14256 369 377 348
14257 408 415 390
14258 478 - 499 477 517 496 545 Sacrificed
14259 384 404 419 435 446 465 Sacrificed
14260 400 417 434 452 458 476 Sacrificed
14261 500 520 548 568 542 563 582 612 632
14321 507 487 532 538 559 544
14322 516 497 531 545 550 549
14325 549 525 562 569 586 577
Mean 434 446 434 506 493 525 559 577 576
* TInitiation

of withdrawal period (l4th week),

>ompany Sanitizeq. Does not contajn TSCA CBI
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Ninety-Day Feeding Study in the Rat.

TABLE 7. Individual Weekly Body Weights, Grams.

Rat Control Period Compound Administration Weeks

Number 1 2 1 2 3 4 5 6 7 8 9 10
% 2500 ppm. - Female

14262 52 87 120 138 164 174 181% Sacrificed

14263 53 79 119 145 166 182 200 230 246 264 Sacrificed
14264 53 71 107 124 140 149 160 169 180 195 194 207
14265 55 72 . 104 127 143 154 165 Sacrificed

14266 50 63 78 109 133, 153 171 181 195 208 222 228 .
14267 55 76 113 134 147 163 175 188 202 216 223 232
14268 63 85 114 132 137 135 158 Sacrificed

14269 56 86 115 130 148 163 173 182 192 200 202 216
14270 56 85 116 136 151 161 171 174 184 193 Sacrificed
14271 60 95 134 161 180 187 212 225 240 246 256 260
14272 58 74 117 134 148 158 173 186 193 200 207 213
14273 51 66 116 140 161. 169 185 197 202 210 220 226
14274 47 61 99 133 151 171 182 195 206 219 215 225
14275 57 75 122 144 168 174 198 207 222 233 Sacrificed
14276 52 63 107 135 148 162 179 191 209 226 231 243
14277 52 66 106 134 152 151 168 188 196 208 205 223
14278 47 55 85 115 141 149 174 189 198 216 221 230
14279 61 76 123 144 160 155 185 206 211 222 230 236
14280 56 75 126 154 178 173 204 221 233 244 256 265
14281 53 66 108 132 146 142 171 180 189 193 207 207
Mean 55 75 113 136 154 161 179 196 207 218 221 229
* Dosage level increased in the 5th week of study to 5000 ppm.

Company Sanitized. Does Az_lqj_gomain TSCA Qg%
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! Ninety-Day Feeding Study in the Rat.

TABLE 7, Continued. Individual Weekly Body Weights, Grams.

Rat : Compound Administration Weeks :
Number 11 12 13 14% 15 16 17 18 - 19
2500 ppm. - Female:

14264 205 216 201

14266 226 228 213 . .
14267 234 244 213

14269 214 217 208

14271 261 264 244

14272 207 210 204

14273 226 233 . 223

14274 226 218 212

14276 262 260 263

14277 228 232 212 ‘

14278 229 241 231 249 259 270 Sacrificed

14279 236 239 237 257 254 269 Sacrificed

14280 274 276 276 278 284 285 Sacrificed

14281 214 216 218 222 239 245 252 258 257
14311 233 246 253 260 278 278
14326 233 236 239 246 258 261
14329 198 202 209 207 220 218
Mean 232 235 225 239 246 253 241 254 254

* Initiation of withdrawal period. (l4th week)

Company Sanitized. Does not contain TSCA CBI
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Ninety-Day Feeding Study in the Rat.
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TABLE 8. Individual Weekly Body Weights, Grams.

Rat Control Period Compound Administration Weeks
Number 1 2 1 2 3 4 5 6 7 8 9 10
* 2500 ppm. - Male

14282 60 80 117 141 184 225 246 Sacrificed

14283 53 84 124 151 193 237 268 . 299 321 343 354 374
14284 55 76 129 182 219 277 310 351 382 416 440 454
14285 55 84 133 178 226 260 283 Sacrificed

14286 52 65 92 125 147 173 203 222 245 270 291 302
14287 55 84 133 181 227 262 289 308 332 357 371 388
14288 46 71 193 171 227 265 274 Sacrificed

14289 60 98 151 194 249 298 322 373 404 437 Sacrificed
14290 56 84 125 154 193 234 275 314 335 366 387 399
14291 57 60 107 163 206 228 271 306 332 354 370 381
14292 52 69 72 104 138 181 203 239 273 297 315 334
14293 57 82 143 184 228 261 285 312 339 364 Sacrificed
14294 58 82 133 165 207 231 266 291 315 337 339 355
14295 64 92 149 189 228 265 294 341 378 416 Sacrificed
14296 61 84 144 189 ..231. . 272 295 321 345 363 365 385
14297 58 75 133 196 247 281 323 363 396 385 422 446
14298 52 82 107 140 178 214 236 258 284 306 312 331
14299 63 89 143 190 241 290 325 351 378 406 411 435
14300 55 78 114 135 197 215 272 303 325 342 345 370
14301 . 52 76 132 169 205 240 271 292 312 332 345 370
Mean 56 80 129 165 209 245 276 308 335 358 362 380

* Dosage level increased in the 5th week of study to SOOO'ppm.

;ompany Sanitized. Does not contain TSCA CB
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‘Ninety-Day Feeding Study in the Rat.

TABLE 8. Continued. Individual Weekly Body Weights, Grams.

Rat Compound Administration Weeks

Number 11 12 13 14% 15 16 17 18 19
2500 ppm. - Male:

14283 394 410 393

14284 478 507 497

14286 318 328 316

14287 400 414 401

14290 415 425 413

14291 401 410 385

14292 344 373 357

14294 367 388 364

14296 405 418 412

14297 468 480 456

14298 349 465 327 341 339 342 Sacrificed

14299 453 463 476 472 473 512 Sacrificed

14300 381 395 407 416 429 - 442 Sacrificed

14301 382 398 414 431 447 448 466 486 508
14327 362 377 390 497 427 433
14328 492 500 517 537 550 556
14324 461 478 489 500 516 531
Mean 397 420 401 425 435 449 500 495 507

* Initiation of withdrawal period. (1l4th week)

~ \>ompany Sanitized. Does not contaijn TSCA CBi
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_ Ninety~Day Feeding Study in the Rat.

BLE 9. Mean Body Weights, Grams; Weight Ranges, Grams; and Survival: FEMALE RATS,
mpound Control 100 ppm. v ' 500 ppm,#* 2500 ppm,*%
lmigis- Mean Mean Mean Mean
‘ation  Body W=ight Body Weight Body Weight Body Weight
leeks wt, Ranges Survival Wt. Ranges Survival wt. Ranges Survival wte. Ranges Survival
0 55 50~60 20/20 56 51-62 20/20 55 ' 48-60 20/20 55 47-63 20/20
0 75 48~101 20/20 74 58-101 20/20 75 52-92 20/20 75 55-95 20/20
1 112 B2-136 20/20 112 91-144 . 20/20 113 86~130 20/20 113 78=-134 20/20
2 138 117-163 20/20 137 119-176A 20/20 139 115-157 20/20 136 109-161 20/20
3 157 134-187 20/20 158 139-210 20/20 157 130-184 20/20 154 133-180 20/20
4 169 143-207 20/20 177 144-252 20/20 172 140-201 20/20 161 135-187 20/20
5 188 153-249 17/20 191 174-251 17/20 188 154-219 17/20 179 160-212 17/20
6 203 166~-260 17/20 212 185-275 17/20 204 170~237 17(20 196 169-230 17/20
7 234 155-285 17/20 227 193-290 17/20 216 181-254 17/20 207 180-246 17/20
8 229 174-296 17/20 242 207-303 17/20 229 191-272 17/20 218 193-264 17/20
9 236 178-306 14/20 251 215-307 14/20 243 201-287 14/20 221 194-256 14/20
10 251 135-314 14720 269 234-331 14/20 255 204-303 ~14/20 229 207-265 14/20
11 260 230-320 14/20 277 236-345 . 14/20 257 212-310 14/20 232 207-274 14/20
12 266 230-326 14/20 285 248~353 14/20 268 216~314 14/20 235 210-276 14/20
13 258 131-332 13/20 268 221-333 14/20 254 207-299 14/20 225 201-276 14/20
14 267 250~-289 3/20 0/20 259 249-274 6/22 248 222-278 5/22
15 277 254-299 3/20 h 270 258-278 6/22 256 239-284} 5/22
16 284 256-310 3/20 o273 .266-280 6/22 264 . 253-285 5/22
17 0/20 : g 269 265-272 3/22 256 252-260 2/22
18 o o 280 273-284 3/22 268 258-278 2/22
19 281 276-284 3/22 243 228-257 2/22

T'E - Withdrawal period was initiated following 13-weeks of compound administration.
the period of withdrawal which continues at the writing of this report.

. ’ in TSCA CBl E
* Dosage level in this group increased to 1000 ppm. in the 5th week of StUdtompany Sanitized. Does not contain 9
% Dosage level in this group increased to 5000 ppm: ih the 5th week of study., ®

Selected animals were continued into



BLE 9. Continued. Mean Body Weights, Grams; Weight Ranges, Grams; and Survival: MALE RATS,

smpound Control 100 ppm, 500 ppm.* 2500 ppm,*¥
lminis- Mean Mean Mean Mean
‘ation  Body Weight Body Weight Body Weight Body Weight
leeks Wt. Ranges Survival Wt. Ranges Survival wt. Ranges Survival Wt. Ranges Survival
0 55 45-64 20/20 57 49-63 20/20 58 52-63 20/20 56 45=-64 20/20
0 79 55-100 20/20 79 58~103 20/20 80 63-98 20/20 80 60-98 - 20/20
1 128 89-157 20/20 127 97-160 20/20 127 91-151 20/20 129 72-193 20/20
z 175 143-214 20/20 168 122-215 20/20 169 125-203 20/20 165 104-196 20/20
3 224 187-263 20/20 214 130267 20/20 215 172-271 20/20 209 138-249 20/20
4 261 231-309 20/20 252 168-310 20/20 248 201-293 20/20 245 173-298 20/20
5 287 250~346 17/20 277 211-343 - 17/20 281 234-324 17/20 276 203-325 17/20
6 318 283-366 17/20 308 250-371 17/20 321 268-377 17/20 308 222-373 17/20
7 344 306-388 17/20 335 256-407 17/20 345 292-412 17/20 335 245-404 17/20
8 376 308-446 17/20 362 296-448 17/20 373 320-443 17/20 358 270-437 17/20
9 397 341-461 14/20 376 317=-467 14/20 390 334-465 14/20 362 291-440 14/20
10 420 358-480 14/20 409 300~495 14/20 415 351-~485 14/20 380 302~454 14/20
11 434 365-505 14/20 429 353-521 13/20 434 369-509 14/20 397 318-478 14/20
12 4y 374~505 14/20 446 368~527 13/20 446 377-525 14/20 420 328-507 14/20
13 429 357-506 14/20 437 363-515 13/20 434 '348-548 14/20 401 316-497 14/20
14 447 242-538 7/23 0/20 472 234-568 8/24 378 198-492 9/25
L5 443 249-518 7/23 L 461 236-542 8/24 387 202-500 9/25
L6 465 251~556 7/23 ; 489 241-563 '8/24 399 209-517 9/25
17 469 256=574 4/23 S 496 246-582 5/24 394 207=537 6/25
18 471 255-571 4/23 o 511 250-612 5/24 410 220-550 6/25
L9 480 254-585 4/23 O 511 253-632 5/24 418 218-556 6725

TE - Withdrawal period was initiated following 13~weeks of compound administration,
period of withdrawal which continues at the writing of this report.
* Dosage level in this group increased to 1000 ppm. in the 5th week of study,
2 Dosage level in this group increased to 500

Selected animals were continued into th

15 28eg

O ppm: in the 5th week of study
it yEon'ipany Sanitized, Does not Contain TSCA cpy)



— Ninety-Day Feeding Study in the Rat.

TABLE 10. FEMALE RATS:

Mean Food Consumption, Grams/Rat/Week and Grams /Kilogram/Day;

Compound Consumption as
Miligrams/Kilograms/Day and Food Efficiency.

gzzgz:zc_‘ CONTROL 100 ppm. 500 ppm. * , 2500, ppm. ** o
- FOOD : FOOD CPD, FOOD CPD, FOOD . CPD,
tration - :

week g/r/wk g/kg/d Eff. g/r/wk g/kg/d Eff. wmg/kg/d g/r/wk g/kg/d Eff. mg/kg/d g/r/wk g/kg/d Eff. wmg/kg/d
0 -—

1 96.1 122.3 99.6 126.8 12.7 .98.9 124.8 ©62.4 91.4 115.9 289.8
2 110.5 114.5 .24 110.7 115.3 0.23 11.5 111.9 115.1 ° 0.23 57.6 107.0 112.5 0.21 304.0
3 110.8 100.6 0.17 116.6 105.7 0.18 10.6 117.9 107.0 ~-0.15 53.5 108.9 101.3 0.17 253.3
4 104.4 88.1 0.11 - 113.7 91.5 0.17 9.2 108.1 89.5 0.14 44.8 95.4 84.5 0.07 211.3
5 113.8 86.7 0.17 113.1 84.8 0.12 8.5 110.2 83.5 0.15 41.8  107.6 86.0 0.17 215.0
6 105.7 74.4 0.14 110¢.8 74.5 0.13 7.5 105.5 74.0 0.15 74.0 100.2 73.0 0.17 365.0
7 111.5 67.9 0.28 115.4 72.7 0.13 7.3 '110.5 73.1 0.11 73.1 102.7 71.0 0.11 355.0
8 113.2 70.7 =.04 117.7 69.4 0.13 6.9 111.7 69.9 0.12 69.9 103.5 67.9 0.10 339.5
9 108.1 65.3 0.07 112.8 64.1 0.08 6.4 112.2 65.8 0.12 65.8 93.6 60.6 0.03 303.0
10 102.4 58.2 0.15 121.4 64.3 0.15 6.4 123.9 69.4 0.10 55.9 107.8 67.2 0.07 336.0
11 112.6 61.6 0.09 129.4 66.8 0.06 6.7 116.7 65.0 0.02 '65.0 98.0 60.3 0.03 301.5°
12 116.2 62.4 0.05 124.0 62.1 0.06 6.2 116.8 62.3 0.09 62.3 97.2 59.1 0.03 295.5
13 123.9 68.6 -.05 128.1 68.3 -.13 6.8 128.8 72.4 -.11 72.4 112.0 71.1 -.09 355.5
14 *%%58.0 54.3 +.09 *%%59.7 57.5 +.05 *%%66.8 63.7 +.20

15 110.7 57.0 +.09 , 113.7 60.0 +.10 118.0 66.0 +.07

16 114.0 57.4 +.06 111.0 58.2 +.03 115.2 61.4 +.07

17 109.3 58.0 -.04 : 121.0 67.6 -.07

18 111.0 56.8 +.01 119.5 63.8 +.10

19 110.7 56.2 +.01 111.5 65.4 -.22

NOTE ~ Withdrawal period was initiated following: 13-tveeks of compound administration. Selected animals were continued

into the period of withdrawal which continues at the writing of this report.
* Dosage level increased to 1000 ppm. in the 5th week of study.
** Dosage level increased to 5000 ppm. in the 5th week of study.

*%% Grams/rat/4 days.

z€ 98eq

Company Sanftized. Does not contain TSCA CBY



- Ninety-Day Feeding Study in the Rat.

TABLE 1l. MALE RATS: Mean Food Consumption, Grams/Rat/W
and Food Efficiency.

eek and Grams/Kilograms/Day; Compound Consumption Mg./Kg./Day

Compound CONTROL . 100, ppm. 500 ppm.* : 2500 ppm, ¥%
Adminis- FOOD FOOD CPD., FOOD CPD, FOOD CPD,
tration , . - - :
week g/r/wk g/kg/d Eff. g/r/uk g/kg/d Eff. wmg/kg/d g/¥/wk g/kg/d Eff. mg/kg/d g/r/wk g/kg/d Eff. mg/ke/d
0
1 108.8 121.1 "9¢.6 118.3 11.8 100.4 112.6 56.3 112.2 124.0 310.0
2 135.5 110.9 126.3 107.1 0.33 10.7 128.8 108.9 0.33 54.5 121.6 105.5 0.30 263.8
3 150.3 96.0 141.9 94.9 0.32 9.5 144 .9 96.3 0.31 48.2 140.5 95.7 0.31 239.3
4 151.7 83.1 151.1 85.7 0.25 8.6 145.3 83.9 0.23 42.0 145.0 84.5 0.25 211.3
5 151.0 75.3 0.11 152.8 78.7 0.20 7.9 154.9 78.6 0.21 39.3 151.9 78.6 0.20 196.5
6 146.6 65.7 0.21 148.0 68.5 0.21 6.9 150.0 66.7 0.26 66.7 149.9 69.5 0.21 347.5
7 - 155.1 64.5 0.17 157.1 66.9 0.18 6.7 151.6 62.9 0.16 62.9 152.3 65.1 0.18 325.,5
8 165.2 62.8 0.19 158.2 62.4 0.17 6.2 161.8 61.9 0.17 61.9 154.1 61.5 0.15 307.5
9 154.1 55.4 0.14 154.1 58.5 0.09 5.9 148.6 54.4 0.11 54.4 140.7 55.5 0.03 277.5
10 159.9 54.3 0.14 166.6 58.2 0.20 5.8 162.5 55.9 0.15 55.9 146.8 38.7 0.12 293.5
11 158.1 52.1 0.09 17s5.2 58.3 0.11 5.8 164 .4 54.1 0.12 54.1 156.4 56.2 0.03 281.0
12 162.8 52.5 0.06 170.9 54.7 0.10 5.5 159.6 51.1 0.08 51.1 -150.6 51.2 0.03 256.0
13 184.8 61.5 ~.08 186.2 60.9 -.07 6.1 181.3 59.7 -.07 59.7 178.5 63.6 -.11 318.0
14 *%%80.4 45.0  +.13 *%%89.3 47.2 +.24 *%%79.6 52.6 -.17
15 145.1 46.7 ~.03 150.3 46.6  ~.07 " 138.8 51.2  -~.06
16 159.0 48.8 +.14 ; ‘ 169.0 49.3  +.17 138.4 49.6  +.09
17 162.0 49.3  +.02 , "167.4 48.2 +.04 138.3 50.3 -.04
18 149.3 45.2  +.01 i 145.0 40.5 +.10 143.5 50.0 +.11
19 149.5 44,6 +.06 ~ 161.8 45.2 ¢ 145.5 49.8 +.05
NOTE - Withdrawal period was initiated following 13-weeks of compound administration. Selected animals were continued

into the period of withdrawal which continues at the writing of this report.
* Dosage level increased to 1000 PPm. in the 5th week of study.

¥¥* Dosage level increased to 5000 ppm. in the 5th week of study.
*%% Grams/rat/4 days.

€€ 93eg

Company Sanitized, Does not contain TSCA &
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- Ninety-Day Feeding Study in the Rat.

TABLE 12. Summary of Hematologic Values for Male Rats.

Compound Adminis- .
100 ppm. 500 ppm.* 2500 ppm.**

Comnany Sanitized. Does not contain TSCA CBI

Hematology tration Momnth Control

Hematocrit, % 0 47 45 45 44

- 1 48 46 47 43

2 48 45 45 38

3 48 47 45 38
Hemoglobin 0 12,7 12.7 12.3 12.4
gms. /100 ml. 1 14,6 14.1 14,5 13.3
2 15.9 15.2 15.3 13.2
3 15.7 15.0 14,7 12.0
Eryghrocytes, 0 6.38 6.04 6.21 6.04
x10" / cm. 1 6.60 6.74 6.43 6.31
2 7.21 7.55 7.35 6.29
3 7.16 7.05 7.06 5.90
Leucocytes, 0 10 75 9.90 12,48 11.30
x103/crm. 1 11.79 11.21 8.83 8.62
i 2 11.22 9.40 11.24 11.93
; 3 15.25 10,28 11,15 11.55

.\ Neutrophils, % . |

4 Seg., % 0 15 . 15 15 12

1 7 - 17 14 11

2 14 13 14 11

3 17 20 16 8

Non-Seg., % 0 1 1 0 1

1 0 0 0 0

2 0 0 0] 0

3 0 0 0 0

Lymphocytes, % 0 83 82 83 85

1 90 82 85 87

2 83 84 84 87

3 80 78 82 89

Monocytes, % 0 1 1 1 1

1 2 0 1 1

2 3 2 1 1

3 2 0 1 1

Eosinophils, % 0 0 1 1 1

1 1 1 0 1

2 0 1 1 1

3 1 2 1 2

Basophils, % 0 0 0 0 0

1 0 0 0 0

2 0 0 0 0

3 0 0 0 0

“* Dosage level in this group increased to 1000 ppm. in the 5th week of study.
*% Dosage level in this group increased to 5000 ppm. in the 5th week of study.
N
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- Ninety-Day Feeding Study in the Rat,

TABLE 13. Summary of Hematologic Values for Female Rats,

Compound Adminis-

Company Sanitized. Does not contain TSCA CBjf

Hematology tration Month Control 100 ppm. 500 ppm. * 2500 ppm. **
Hematocrit, % 0 . 49 45 46 46
1 49 46 45 43
2 46 b4 , 41 33
3 45 47 40 33
Hemoglobin 0 13.3 12,3 12.4 12,9
gms, /100 ml. 1 15.1 14.4 14.4 13.5
2 -15.8 14.8 14.3 11.7
3 15.6 14.9 13.6 10.6
Erythrocytes, 0 6.63 6.38 6.23 6.51
x10°/cmm. 1 7.13 - 6.82 6.51 6.30
2 6.74 . 6.81 6.57 5.44
3 6.64 6.82 6.21 - 5.54
Leugocytes, 0 12,64 13.72 11.73 11.72
x10”/cmm. 1 9.41 ©7.40 9.08 11.53
: 2 11.76 9.27 8.76 8.67
! 3 10,96 9.04 10:14 11.38
Neutrophils, % .
Seg., % 0 14 11 14 11
1 15 17 14 15
2 15 13 17 12
3 11 20 ‘ 11 ' 8
Non-Seg., % 0 0 0 0 0
1 0 0 0 0
2 0 0 0 0
3 1 0 0 0
Lymphocytes, % 0 83 87 84 88
1 81 81 84 84
2 82 83 79 87
3 85 77 88 90
Monocytes, % 0 1 2 1 1
1 2 1 1 1
2 2 2 2 1
3 2 2 0 1
Eosinophils, % 0 1 0 1 0
1 2 1 1 0
2 1 2 2 0
3 1 1 1 1
Basophils, % 0 0 0 0 0
1 0 0 0 0
2 0 0 0 0
3 0 0 0 0

* 'Dosage level in this group increased to 1000 ppm. in the 5th week of study.

** Dosage level in this group increased to 5000 ppm. in the 5th week of study.
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m Ninety-Day Feeding Study in the Rat,

TABLE 14, Individual Rat Hematologic Values during Control Period.

Rat Total Differential

No. & Hematocrit Hemoglobin Erythrocytes Leucgcytes Neutrophils Lymphoeytes Monocytes Eosinophils Basophils
Sex % gms. /100 ml. (x106/cm.) (x10%/cum. ) Seg.% Non-Seg.?, % % % %
Control:

14163M 46 12.6 6.09 7.29 7 1 92 0 0 0
14167M 50 14.0 6.90 14.00 13 0 84 3 0 0
14173M 45 12.3 6.42 12.82 31 0 69 0 0 0
14175M 46 12,7 6.01 10.32 9 2 85 4 0 0
14178M 48 12.6 6,94 11.52 21 1 78 0 0 0
14181M 45 12.0 5.91 8.57 9 0 91 0 0 0
Mean 47 12.7 6.38 10.75 15 1 83 1 0 0
14143F 48 13.2 6.14 16.18 9 0 90 1 0 0
14146F 48 12,5 6.14 12,34 19 0 80 1 0 0
14150F 48 13.2 6.89 14,18 20 0 75 3 2 0
14154F 50 13.9 6,98 13,03 8 0 91 1 0 0
14157F 49 13.1 6.40 9.74 7 0 92 0 1 0
14160F 49 13.6 7.22 10.38 21 0 78 0 1 0
Mean 49 13.3 6.63 12,64 14 0 84 1 1 0
100 ppm. :

14204M 49 13.4 6.50 9.65 16 0 78 4 2 0
14208M 43 13.4 5.40 8.63 15 0 84 1 0 0
14210M 44 12,1 6.20 12.96 16 2 81 0 1 0
14205M 43 12,2 5.81 7.36 19 1 78 1 1 0
14216M 45 12,0 6.10 6.44 13 0 87 . 0 0 0
14220M 46 12.9 6.23 14,36 8 0 90 1 1 0
Mean 45 12,7 6.04 9.90 15 1 82 1 1 0
14184F 46 12.1 6.02 25.67 15 0 81 4 0 0
14189F 41 11.1 5.55 14.31 14 0 84 1 1 0
14191F 45 12.0 6.07 10.55 6 0 92 2 0 0
14194F 46 12.6 6.25 10.63 5 0 95 0 0 0
14198F 45 11.7 6.02 9.78 11 0 85 3 1 0
14201F 49 14,1 8.36 11.40 14 0 84 2 0 0
Mean 45 12.3 6.38 13,72 11 0 87 2 0 0]

‘“ompany Sanitized. Does not contain TSCA Csi

Gompany Saindzod. Lous..oig- @
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— Ninety-Day Feeding Study in the Rat,

TABLE 14, Continued,

Individual Rat Hematologic Values during Control Period.

Rat Total’ Differential

No. & Hematocrit Hemoglobin Erythrocytes Leucgcytes Neutrophils Lymphocytes Monocytes Eosinophils Basophils
Sex % gms, /100 ml. (x106/cmm.) (x103/cmm.)f Seg.% Non-Seg.% % % yA %
500 ppm.:

14244M 45 11.5 6.33 10.25 22 0 77 0 1 0
14247M 44 12.3 6.66 13.42 21 0 78 1 0 0
14249M 45 12.3 6.02 12.58 5 0 94 0 1 0
14251M 47 13.0 6.22 10.76 15 0 82 3 0 0
14255M 43 12.1 6.04 10.19 16 0 81 2 1 0
14257M 46 12.6 5.99 17.68 10 0 88 1 1 0
Mean 45 12.3 6.21 12.48 15 0 83 1 L 0
14225F 48 13.3 6.74 23.52 24 0 75 ' 1 0 0
14227F 47 11.3 5.83 9.47 10 0 88 1 1 0
14231F 44 12.8 6.51 10.19 10 0 89 1 0 0
14233F 45 12.5 6.15. 10.35 8 0 90 2 0 0
14236F 45 12.4 6.13 8.58 19 0 79 0 2 0
14241F 45 12.0 6.01 8.26 15 0 82 2 1 0
Mean 46 12.4 6.23 11.73 14 0 84 1 1 0
2500 ppm,:

14284M 44 12.5 6.03 15.14 18 1 79 2 0 0
14288M 46 12,9 6.48 10.32 12 0 88 0 0 0
14290M 44 12.4 6.01 13.88 10 1 87 1 1 0
14295M 43 12.3 5.72 8.92 11 0 86 2 1 0
14298M 42 12.0 6.22 10.30 13 1 85 0 1 0
14301M 44 12.0 5.77 9.21 8 0 90 2 0 0
Mean 44 12.4 6.04 11.30 12 1 85 1 1 0
14264F 46 13.0 6.25 11.62 13 1 85 1 0 0
14267F 46 12.9 6.58 11.10 7 0 91 2 0 0
14269F 45 12.2 6.13 8.96 11 0 87 1 1 0
14276F 51 13.7 6.76 11.35 9 1 89 0 1 0
14278F 43 12.2 7.16 17.47 8 0 90 2 0 0
14281F 45 13.4 6.20 9.84 18 0 81 v 1 0 0
Mean 46 12.9 6.51 11,72 11 0 88 1 0 0

My

Gompany Sanitized. Does not contain TSCA CBI
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Q Ninety-Day Feeding Study in the Rat.
TABLE 15, Individual Rat Hematologic Values at One Month,
Rat Total ' ._Differential
No. & Hematocrit Hemoglobin Erythrocytes Leucocytes Neutrophils LympHocytes Monocytes Eosinophils Basophiils
Sex % gms./100 ml, (x106/cm. ) (x103/cum. ) Seg.% Non=-Seg.% % % % yA
Control:
14162M 50 15.4 7.18 14.40 8 0 86 5 1 0
14165M 46 13.9 6.66 14,75 6 0 91 3 0 0
14168M 47 14.8 6.80 9.27 6 0 90 3 1 0
14171M 47 14.5 6.22 14.34 5 0 94 1 0 0
14174M 48 14.4 6.44 10.88 7 0 92 1 0 0
14177M 47 14.5 6.30 7.08 10 0 88 1 1 0
Mean 48 14.6 6.60 11.79 7 0 90 2 1 0
14142F 48 14,7 6.87 7.82 14 0 82 1 3 0
14144F 48 15.2 7.04 8.80 19 0 77 1 3 0
14146F 50 15.5 8.12 11.60 18 0 77 3 2 0
14148F 51 15.2 7.27 10.53 17 0 80 -1 1 1
14150F 47 14.3 6.61 7.00 14 0 80 3 3 0
14153F 49 15.4 6.89 10.72 9 0 89 1 1 0
Mean 49 15.1 7.13 9.41 15 0 81 2 2 0
100 ppm. : | '
14202M 44 ' 13.6 6.32 19.70 . - 7 0 90 1 2 0
14205M 48 14.8 6.73 7.10 25 0 74 0 1 0
14208M 47 14.6 7.08 8.22 30 0 69 0 1 0
14211M 45 13.7 6.54 6.78 ' 9 0 88 1 2 0
14214M 49 13.8 7.03 11.69 23 0 76 0 1 0
14217M 45 14.1 6.72 13.77 7 0 92 1 0 0
Mean 46 14.1 6.74 11.21 17 .0 82 0] 1 0
14182F 47 - 14,2 6.69 - 9.15 6 0 91 1 2 0
14185F 44 13.6 6.68 3.97 46 3 49 1 1 0
14188F 46 14.3 6.91 8.64 11 0 87 0 2 0
14191F 48 14.8 7.10 6.98 18 0 81 1 0 0
14194F 45 13.9 7.28 6.53 11 0 86 2 1 0
14197F 46 14.4 6.30 9.15 8 0 91 1 0 0
Mean 46 14.4 6.82 7.40 17 0 81 1 1 0 -

v i l
c mpan Sanltlzed. DOGS nOt OOntaln ISCA CB
0
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l Ninety-Day Feeding Study in the Rat,

TABLE 15, Contipued. Individual Rat Hematologic Values at One Month,

Rat Total Differential

No. & Hematocrit Hemoglobin Erythrocytes Leucocytes Neutrophols Lymphocytes Monocytes Bosinophils Basophits
Sex % gms, [100 ml. (x106/c1mn,} ()c103/cmm,) 5eg.% WNon-=Seg.% % % % A
500 ppm. :

14242M 51 15.9 7.07 7.48 17 0 82 0 1 0
14245M 45 13.6 6.03 7.84 14 1 84 1 0 0
14248M a4y 14.6 6.77 9.75 9 0 90 1 0 0
L4251m 46 13.9 6.17 11.62 12 0 87 1 0 0
14254M 47 14.7 5.99 8.16 10 0 90 0 0 0
14257M 48 14,5 6.55 8.13 .20 0 79 0 1 0
Mean 47 14.5 6.43 8.83 14 0 85 1 0 0
14222F 45 14.4 6.55 11.49 8 0] 90 2 0 0
14225F 46 14.3 6.83 9.65 10 0 89 1 0 0
142287F 45 14.4 6.20 7.68 11 0] 87 0 2 0
14231F 45 14.2 6.42 9.95 21 1 77 L 0 0
14234F 46 14.4 6.69 5.79 20 0 79 1 0 0
14237F 45 14.5 6.35 9.90 14 0 83 -1 2 0
Mean 45 14.4 6.51 9.08 f - 14 o] 84 1 1 0
2500 ppm,: .

14282M 42 13.2 6.02 9.79 8 0 91 0 1 0
14285M 44 13.9 6.57 11.49 i1 0 88 1 0 0
14288M 2 12.6 5.93 8.82 9 0 90 1 0 0
14291M 45 13.7 6.68 6.71 18 0 82 0 0 0
14294M 41 12.5 6.14 6.54 11 0 85 3 1 0
14297M 45 13.9 6.50 8.34 10 0 89 0 1 0
Mean 43 13.3 6.31 8.62 11 0 87 1 1 0
14262F 44 13.6 6.12 19.29 9 0 88 3 o) 0
14265F 42 13.3 6.07 9.08 16 0 83 1 - 0 0
14268F 46 14.6 7.19 6.28 14 0 85 0 1 0
14271F 41 13.0 5.96 13.43 18 0 80 1 1 0
14274F 40 12.9 5.95 8.84 16 0 83 1 0 0
14277F 44 13.8 6.53 12,23 16 1 81 2 0 0
Mean 43 13.5 6.30 11.53 15 0 84 1 0 0

Eﬂmnsnv Banitized. Doeg not contain TSCA CBl

5¢ 93eg
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— Ninety-Day Feeding Study in the Rat.

TABLE 16. Individuasl Rat Hematologic Values at Two Months,

Rat Total i Differential

No. & Hematocrit Hemoglobin Erythrocytes Leucocytes Neutrophils Lympl':nocytes Monocytes Eosinophils Basophils
Sex % gms. /100 mi. (x106/cmm.) (}:103/c1mn.) Seg.7% Non-Seg.?% % % % %
Control:

14164M 47 15.4 7.02 11.44 7 0 90 2 1 0
L4i67m 49 6.5 7.43 13.95 12 0 83 5 0 0
L4170M 52 16.6 7.47 11,11 5 0 93 1 1 0
t4174M 47 15.6 7.07 9.73 31 0 64 5 0 0
14178M +7 16.0 7.00 11.22 19 0 81 0 0 0
14181M 48 15.4 7.24 9.88 8 0 20 2 0 0
Mean 48 15.9 7.21 11.22 14 0 83 3 0] 0
141437 47 15.4 6,67 11.86 32 0 67 1 0 0
14147F 48 16.2 6.78 15.15 9 0 87 3 1 0
L14149F 49 16.4 7.26 10.64 9 0 88 1 2 0
14152F 41 15.2 6.36 10.92 22 0 78 0 0 0
14154F 50 15.8 7.03 12.83 7 0 90 3 0 0
14158F 42 16.0 6.31 9.16 8 0 90 2 0 0
Mean 46 15.8 6.74 11.76 - 15 0 82 2 1 0
100 ppm,:

14204M 50 16.0 7.84 10.75 19 0 75 3 3 0
14210M 44 14.9 7.55 9.29 8 0 90 1 1 0
14213M 41 14.8 7.87 12.15 14 0 84 1 1 0
14217M 42 14.9 6.84 7.30 8 0 91 1 0 0
14220M 50 15.8 8.02 9.37 15 0 82 2 1 0
14221M 40 14.5 7.20 7.56 12 0 85 3 0 0
Mean 45 15.2 7.55 9.40 13 0 84 2 1 0
14184F 45 15.2 6.85 10.00 7 0 90 1 2 0
14190F 45 15.0 6.74 6.42 22 2 69 4 3 0
14193F 41 13.6 6.12 7.11 10 0 87 2 1 0
14194F 44 15.1 6.71 6.23 12 0 83 3 2 0
14196F 43 15.1 6.98 13.75 14 0 85 0 1 0
14200F 43 14.5 7.47 12.12 10 0 90 0 0 0
Mean 44 14.8 6.81 9.27 13 0 83 2 2 0

_y

Sompany Sanitized. Does not eontain TSGACB:
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- Vinety-Day Feeding Study in the Rat.

TABLE 16. Continued. Individual Rat Hematologic Values at Two Months.

Rat : Total Differential

No. & Hematocrit  Hemoglobin Erythrocytes Leucocytes Neutrophils Lymphocytes Monocytes Eosinophils Basophils
Sex % gms. /100 ml, (x106/cmm.,) (2103/cmm. ) Seg.% Non-Seg.% % % % %
1000 ppm,:

14243M 42 15.4 7.7v 9.97 23 0 75 1 1 0
14246M 46 15.2 7.11 12,04 13 0 84 1 2 0
14251M 47 15.4 7.42 12.47 i1 0 87 1 1 0
14253M 46 14.8 6.94 8.86 15 1 82 1 1 0
14257m 46 15.9 8.03 10.67. 6 0 93 0 1 0
14261M 42 15.1 6.89 13.43 13 1 82 2 2 0
Mean 45 15.3 7.35 11.24 14 0 84 1 1 0
14223F 42 15.5 7.28 8.34 16 1 81 0 2 0
14226F 43 14.2 6.63 6.64 18 0 72 5 5 0
14230F 41 14.3 6.28 10.28 8 0 92 0 0 0
14234F 37 13.6 6.63 6.17 24 0] 74 1 1 0
14237F 43 15.8 6.85 13.43 28 0 62 8 2 0
14240F 38 12.4 5.77 7.68 : 6 0 94 0 0 0
Mean 41 14.3 6.57 8.76 17 0 79 2 2 0
5000 ppm.:

14283M 42 13.3 6.33 11,96 7 0 92 0 1 0
14289M 34 12.0 6.12 '17.50 23 0 76 1 0 0
14293M 35 12.3 6.09 11.20 17 0 81 1 1 0
14295M 36 12,7 6.13 6.97 8 0 91 0 1 0
14297M 38 13.6 6.08 14.49 4 0 94 1 L 0
14300M 44 15.0 6.96 9.46 9 1 87 3 0 0
Mean 38 13.2 6.29 11.93 11 0 87 1 1 0
14263F 37 13.0 5.60 11.57 10 1 87 2 0 0
14270F 29 11.2 5.31 5.16 14 0 84 2 0 0
14273F 35 12.1 5.64 9.55 8 0 91 1 0 0
14275F 33 11.8 5.47 8.90 8 0 92 0 0 0
14279F 30 10.4 4,93 6.78 17 0 81 1 1 0
14281F 33 11.7 5.68 10.07 17 0 82 0 1 0
Mean 33 1t.7 5.44 8.67 12 0 87 1 0 0

d. Does not contain TSCA CBI

Sompany Sanitize
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Ninety-Day Feeding Study in the Rat.

TABLE 17. Individual Rat Hematologic Values at Three Months;

Rat Total Differential

No. & Hematocrit Hemoglobin Erythrocytes Leucocytes Neutrophils Lymphocytes Monocytes Eosinophils Basophiils
Sex yA gms./100 ml. (x106/cmm.) (x103/ctm. ) Seg.% Non-Seg.?% % % % %
Control:

l4164M 53 16.1 7.52 17.93 15 0 82 3 0 0
14169M 46 16.0 6.68 21,59 6 0 94 0 0 0
14172M 47 15.6 7.14 14,62 23 0 70 5 2 0
t4176M 48 15.6 6.79 13.86 15 0 84 1 0 0
14179M 47 15.2 7.53 10.06 17 0 80 1 2 0
14181M 50 15.6 ' 7.10 13.45 - 24 0 74 2 1 0
Mean 48 15.7 7.16 15.25 17 0 80 2 1 0
14147F 46 16.9 6.64 13.71 7 1 89 2 1 0
14151F 43 15.1 6.52 7.16 18 2 80 0 0 0
14154F 45 - 15.2 6.66 12.03 15 1 79 1 4 0
14156F 41 15.1 6.33 7.12 9 1 88 1 1 0
14158F 47 16.0 7.02 11.53 5 0 91 2 2 0
14161F 45 15.2 6.69 14.18 13 0 84 2 1 0
Mean 45 15,6 6.64 10.96 11 1 85 1 2 0
100 ppm.:

14203M 45 14.5 6.60 13.85 40 1 58 1 0 0
14206M 50 15.2 7.47 10.73 .24 0 73 0 3 0
14210M 47 14.8 6.91 9.58 7 0 91 0 2 0
14215M 46 15.1 : 6.80 7.47 20 1 78 0 1 0
14218M 46 14.6 6.90 12.35 16 0 82 0 2 0
14219M 50 15.6 7.60 7.71 12 0 87 0 1 0
Mean 47 15.0 7.05 10.28 20 0 78 0 2 0
14183F 49 15.6 6.89 12.16 13 0 85 2 0 0
14186F 50 15.3 7.26 10.83 29 0 69 1 0 1
14190F 38 12.0 6.09 6.65 28 3 63 3 2 1
14195F 49 15.9 6.89 5.57 11 0 87 1 1 0
14197F 50 16.0 6.77 11.79 15 0 85 0 0 0
14200F 46 14.8 7.03 7.25 26 0 73 : 1 0] 0
Mean 47 14.9 6.82 9.04 20 0 77 2 1 0]

i Bl
Company Sanitized. Does not contain TSCAC
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— Ninety-Day Feeding Study in the Rat.
TABLE 17. Continued. Individual Rat Hematologic Values at Three Months.
Rat : Total Differential
No. & Hematocrit Hemoglobin Erythrocytes Leucocytes Neutrophils Lymphocytes Monocytes Eosinophils Basophils
Sex A gms./100 ml. (x106/cmm.) (x103/cmm.) Seg.% Non-Seg.% 9, % % %
500 ppm.:
14244M 48 15.6 7.59 8.18 7 0 92 0 1 0
14247M 45 14.4 "6.91 10.44 23 0 74 0 3 0
14252M 47 15.1 7.28 8.53 9 0 90 0 1 0
14255M 44 13.9 6.48 11.35 12 0 86 0 2 0
14257M 46 15.0 7.27 12.50 31 0 68 1 0 0
14260M 43 14.0 6.82 15.89 13 0 84 2 1 0
Mean 45 14.7 7.06 11.15 16 0 82 1 1 0
14224F 43 14.2 6.14 9.40 6 0 93 0 1 0
14227F 36 12.7 6.07 12.13 18 0 82 0 0 0
14232F 41 14.6 6.52 12.63 16 0 84 0 -0 0
- 14236F 45 14.6 6.39 7.02 13 0 87 0 0 0
14238F 39 12.8 6.22 9.94 6 0 94 0 0 0
14240F 38 12.6 5.90 9.70 8 0 89 1 2 0
Mean 40 13.6 6.21 10.14 11 0 88 0 1 0
2500 ppm.:
14283M 38 12.1 6.20 13.87 6 0 93 1 0 0
14287M 35 11.8 5.29 8.41 8 0 91 0 1 0
14291M 37 11.9 5.82 10.18 7 0 92 1 0 0
14294M 35 11.0 5.15 12.18 11 1 84 0 4 0]
14297M 41 11.8 6.19 13.55 4 0 94 1 1 0
14300M 41 13.4 6.73 11.12 13 1 79 4 3 0
Mean 38 12.0 5.90 11.55 8 0 89 1 2 0
14266F 31 9.7 5.25 13.37 8 0 91 0 1 0
14269F 34 10.5 5.04 13,63 8 1 89 2 0 0
14272F 36 11.6 6.38 8.95 10 © 0 88 2 0 0
14276F 34 10.5 5.54 9.45 8 1 89 1 1 0
14278F 30 9.5 5.42 14.55 2 0 95 2 1 0
14281F 36 12.0 5.63 8.35 10 0 88 1 1 0
Mean 33 10.6 5.54 11.38 8 0 90 1 1 0
_ . ntain TSCA CBI
,CompanySanhued.D095“°t°°
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’ Ninety-Day Feeding Study in the Rat.

TABLE 18. Individual and Mean Results of Biochemical Studies During
Contrcl Period

Group Rat No. Alkaline Phosphatase scorl SGpT2
Control, Female 14142 78
14145 78
14149 75
14153 105
14156 93
14154 45
14144 34 24
14147 : 27 24
14152 29 23
14155 28 23
14158 28 23
14160 30 25
Mean 79 29 24
Control, Male 14162 99
14164 93
14166 57
14172 93
14177 93
| 14179 99
f ' 14170 29 23
’ 14168 30 22
14174 31 24
14176 27 22
14180 32 23
14171 29 26
Mean 89 30 23
100 ppm., Female 14183 36
. 14188 48
14192 39
14199 48
14182 90
14196 45
14185 26 22
14190 29 23
14193 29 22
14200 29 25
14197 29 24
14195 29 24
Mean 51 29 23
‘i) .1 Serum Glutamic Oxalacetic Transaminase

Serum Glutamic Pyruvic Transaminase

Company ganitized. Does not contain TSCA CBi
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— Ninety-Day Feeding Study in the Rat.

TABLE 18. Coatinued, Individual and Mean Results of Biochemical
Studies During Control Period.

Group Rat No. Alkaline Phosphatase seor! sGpT?
100 ppm., Male 14202 57
14209 87
S 14211 - 63
! 14219 93
’ 14214 96
114221 36
14203 29 23
14206 : 27 23
14212 30 23
14215 29 23
14218 26 24
14217 30 26
Mean 72 29 23 .
: 500 ppm., Female 14230 90
. 14224 87
‘§} 14222 84
oo 14240 96
14235 99
14232 20 .
14229 29 24
14228 25 22
14223 29 22
14239 30 22
14237 28 25
14234 . 27 22
Mean 91 28 23
500 ppm., Male 14242 51
14245 57
14248 54
14252 93
14254 39
14258 87
14243 27 22
14246 29 22
14250 26 24
14253 29 22
14256 27 22
14259 25 23
Mean 64 27 22

Serum Glutamic Oxalacetic Transaminase

Serum Glutamic Pyruvic Transaminase

I _ vOmpEny Sanitized, Doss not SO IBOL CBE
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—-' Ninety-Day Feeding Study in the Rat.

TABLE 18. Continued. Individual and Mean Results of Blochemlcal
Studies During Control Period

Group Rat No. Alkaline Phosphatase scot! SGPT?
2500 ppm., Female 14271 39
14266 75
: 14262 57 :
14273 99
14274 78
14277 69 .
14268 27 22
14265 ' 32 24
14263 28 21
14272 31 24
14275 28 23
14280 29 23
; Mean _ 70 ' 29 23
' 2500 ppm., Male 14282 90
‘x 14286 90
14296 51
' 14283 51
14289 . 93
14297 48 .
14287 32 27
14291 27 25
14300 26 24
14285 29 22
14292 29 23
14299 27 21
Mean 71 28 24
.> 1 Serum Glutamic Oxalacetic Transaminase

2 Serum Glutamic Pyruvic Transaminase

‘ Company Sanitized. Does not contain TSCA ¥l
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! Ninety-Day Feeding Study in the Rat.

TABLE 19. Individual and Mean Results of Biochemical Studies at One

Month.
Group Rat No. Alkaline Phosphatase - seor! SGPT?
Control, Female 14143 60 26 24
14145 84 28 25
14147 . 90 25 23
14149 78 26 25
14151 96 24 23
14154 72 28 25
Mean 80 26 24
Control, Male 14163 72 25 24
14166 53 24 21
14169 129 25 24
14172 63 28 23
14175 114 27 24
14178 129 i 24 24
Mean 93 26 23
100 ppm.; Female 14183 45 26 23
‘ 14186 - 75 26 24
14189 117 25 24
o 14192 54 25 22
' 14195 108 25 23
14198 114 25 24
Mean 86 25 23
100 ppm., Male 14203 84 25 24
14206 129 27 25
14209 132 27 24
14212 105 26 23
14215 105 26 24
14218 126 25 23
Mean 114 26 24
500 ppm., Female 14223 52 28 25
14226 99 28 25
14229 84 26 23
14232 117 27 23
14235 123 28 26
14238 102 26 25
Mean 96 27 25
‘3] - Serum Glutamic Oxalacetic Transaminase

Serum Glutamic Pyruvic Transaminase Company Sanftized. Does not contain TSCA CB#

S
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_ Ninety-Day Feeding Study in the Rat.

TABLE 19. Continued. Individual and Mean Results of Biochemical
Studies at One Month.

Group Rat No. Alkaline Phosphatase scor! SGPT?
500 ppm., Male 14243 72 27 23
14246 132 27 25
14249 132 - 26 24
14252 96 26 24
14255 87 25 23
. 14258 132 25 25
Mean 109 26 24
2500 ppm., Female 14263 84 28 24
14266 51 27 24
14269 60 26 23
14272 72 28 24
14275 84 28 24
14278 45 28 25
9 Mean 66 ) 28 24
Q) 2500 ppm., Male 14283 72 : 28 23
e 14286 117 27 24
14289 117 24 23
’ 14292 69 25 23
14295 105 ' 26 23
': 14298 81 25 24
Mean 94 26 24

Serum Glutamic Oxalacetic Transaminase

>
Serum Glutamic Pyruvic Transaminase

- _ Company Sanitized. Doss not contain TSCA CBI
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—‘ Ninety-Day Feeding Study in the Rat.

TABLE 20, Individual and Mean Results of Biochemical Studies at Two
Months.

Group Rat No. Alkaline Phosphatase scor! sePr2
Contrcl, Female 14144 60 ' 27 21
14148 73 26 24
.14150 59 25 - 22
14151 56 19 22
14153 67 25 22
14155 67 26 22
Mean ? 64 25 22
Control, Male 14163 54 28 20
14166 38 28 23
14169 79 26 23
14171 98 27 24
14172 78 24 24
14173 78 25 22
Mean 71 26 23
“‘ 100 ppm., Female 14183 31 : 24 21
‘MﬁQ ' 14186 47 23 23
14187 58 25 22
14192 39 24 21
14195 36 30 22
14198 37 29 22
Mean 41 26 22
100 ppm., Male 14203 56 25 24
14206 36 28 21
14209 111 27 22
14211 64 27 22
14216 33 29 24
14219 46 29 23
Mean : 58 28 23
1000 ppm., Female 14224 62 26 21
14227 58 27 22
14229 64 29 24
14232 63 26 22
14235 46 31 22
14236 27 25 21
Mean 53 27 22

1 , . .
- Serum Glutamic Oxalacetic Transaminase

Serum Glutamic Pyruvic Transaminase
Company Sanitized, Does not contain TSCA c&y
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_ Ninety-Day Feeding Study in the Rat.

TABLE 20. Continued. Individual and Mean Results of Bidchemical
Studies at Two Months,

Group Rat No. Alkaline Phosphatase sgor! sgpr?

1000 ppm., Male 14242 39 26 23

14247 45 27 22

14249 . 53 29 21

14254 41 26 23

14256 38 29 21

14259 70 28 22

Mean 48 28 22

5000 ppm., Female 14264 64 27 20

. 14267 32 ' 27 21
14269 32 26 21
‘ 14271 36 : 27 21
7 14274 28 29 21
: 14277 37 28 22
: Mean 40 27 21
.) 5000 ppm., Male 14284 47 26 23
= 14289 49 27 21
14292 82 27 21

14294 27 27 20

14296 50 29 24

14298 88 28 23

Mean ’ 57 27 22

Serum Glutamic Oxalacetic Transaminase

Serum Glutamic Pyruvic Transaminase

“ompany Sanitized. Does not contain TSCA CB}
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g Ninety-Day Feeding Study in the Rat.

TABLE 21. Individual and Mean Results of Biochemical Studies at Three
Months.
Group Rat No. Alkaline Phosphatase scor! SGPT?
Control, Female 14144 26 30 23
X 14248 59 . .23 24
14155 21 26 22
' 14157 20 28 22
14159 31 27 23
14160 28 28 26
Mean 31 27 23
Control, Male 14174 24 26 21
14171 30 26 23
14173 32 27 22
14175 79 25 25
14177 77 27 24
14180 107 28 27
~ Mean 58 27 24
Q) L0O0 ppm., Female 14187 22 ’ 25 22
‘ 3 14189 29 26 23
14192 : 18 25 21
14196 14 22 21
14198 68 23 22
14199 32 24 21
Mean 31 24 22
100 ppm., Male 14204 16 24 22
14207 25 23 21
14209 47 26 20
14211 25 25 21
14213 35 ' 24 21
14216 41 22 22
Mean 32 24 21
1000 ppm., Female 14226 39 23 24
14229 53 26 24
14233 73 25 23
14235 55 25 25
14237 50 25 22
14239 22 23 20
Mean 49 25 23
/’”wg) ]
’) Serum Glutamic Oxalacetic Transaminase

Serum Glutamic Pyruvic Transaminase

— Company Sanitized. Does not coniain TSCA CB
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— Niﬁety-Day Feeding Study in the Rat.

TABLE 2]1. Continued. Individual and Mean Results of Biochemical
Studies at Three Months.

Group Rat No. Alkaline Phosphatase scor! sepT?
1000 ppm., Male 14243 41 29 27
14250 43 25 22
14254 - 15 26 19
14256 26 23 20
14259 87 23 23
14261 34 : 22 22
Mean 41 25 22
5000 ppm., Female 14264 26 25 22
14277 19 25 21
14271 18 25 20
14274 18 26 22
14280 26 28 22
14279 16. 25 19
Mean 21 26 21
i 5000 ppm., Male 14284 49 27 24
@Q 14286 66 25 24
14290 37 24 21
14292 75 24 22
14296 45 24 22
14298 33 24 21
Mean 51 25 22
ﬁ 1 Serum Glutamic Oxalacetic Transaminase
2 Serum Glutamic Pyruvic Transaminase

- Company Sanitized. Does not contain TSCA CBI
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- Ninety-Day Feeding Study in the Rat.
3LE 22, Urinalysis Values for Male and Female Rats during Control Period.
*Microscopic
S Cal- Blac
at Volume Appear- -Specific Albu- Bili- @liu- 7Occ., . Epi. Amor. Amm, Triple cium Bact- dex
.  Sex (ml.) ance pH Gravity  min rubin cose'- Blood " WBC RBC Cells Urates Urates Phos. Ox. eria Worn
1itrol:
43 F 5 S;cC 7.0 1,028 ‘N N N N oce F F
46 T 12 LS;cl 6.9 1.030 N N N N F F M
50 F 3 5;cl 6.3 1.032 N N N N F F M
54 F 5 5;cC 6.8 1.032 N N N N F M F
57 F 6 S;C 7.0 1.032 N N ‘N F M
60 F 6 S;C 7.2 1.030 N N N N M F
.63 M 21 LS;C 6.5 1.030 N N N N occ F F
67 M 1 Am;C 6.4 1.063 3+ N N - N. oce 1-3 F
73 M 1 LAm;C 6,2 1.065 N N N - N F F F
75 M 4 S;cl 6.8 1.040 N N N N oce F M
78 M 2 S;cl 6.4 1.045 N N N N F M
8l M 12 LS;C 9.0 1.030 N N N N F F
'_ppm, : .
84 F 6 LS;cl 6.8 1.030 N N N N occ F F F
89 F 7 LS;cl 8.8 1.030 N N N N F F F
91 F 4 S;:C 6.5 1.030 N N N N occ F M
94 F 3 S;ecl 8.8 1.040 N N N N occ M F F
98 F 13 LS;C 9.0 1.030 N N N N occ F F
01 F 3 LAm;C 6.8 1.045 N N N N F F F
04 M 6 LS;cl 8.5 1.030 N N N N occ F M
08 ™ 3 S;C 6.2 1,055 N N N N F M F
10 M 2 S;C 6.5 1.042 N N N N M F F
05 M 4 S;el 6.8 1.030 N N N N oce F F F
16 M 4 LS;C 7.0 1.032 N N N N M F
20 M 9 LS;ecl 9.0 1.030 N N N N F M F
e: S - Straw C - Clear N ~ Negative F - Few A
LS - Light Straw cl - Cloudy 1+ - Trace-to-Slight : M - Many o
Am - Amber 2+ - Slight~-to~Moderate occ -~ Occasional o
LAm - Light Amber Z_—:: - Moderate esnotcon‘a‘“TSCACB“ &

- Marked Cemoany Sanitized. Do
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ﬁ Ninety-Day Feeding Study in the Rat.

LE 22. Continued. Urinalysis Values for Male and Female Rats during Control Period,

Microscopic
Cal- Blad
t Volume Appear- Specific Albu- Bjili- (Clu- . Occ, Epi., Amor, = Amm, Triple cium Bact- der
. Sex (ml.) ance PH Gravity min rubin cose ' Blood WBC RBC Cells Urates Urates Phos, Ox. eria Worm
ppm, :
25 F 1 S;C 6.3 1.045 N N N N occ F M F
27 F 3 S;cl 8.8 1.042 N N N N F M
31 F 3 S;C 6.3 1.045 N N N N 1-2 , F F
33 F 3 S;cl 8.0 1.040 N N N N F F M M
36 F 7 LS;cl 6.5 1.030 N N N N F L F
41 F 3 LAm;C 6,0 1,045 N N N N F F F
44% M 4 S;C 6.2 1.040 N N N N F F F
47 M 4 Sicl 9.0 1.035 N N N N F M F M
49 M 5 S;cl 8.3 1.032 N N N N occe M M M
51 M 4 S;:el 6.7 1.045 N N N N F F oce M
55 M 6 LS;cl 6,7 1.030 N N N N occ oce M
57 M 4 S;cl 6.5 1.042 N N N N occ M F M
)_ppm, :
% F 1 Am;C 6.5 1.065 N N N N F M M F
57 F 6 S;cl 6,9 1.030 N N N N occ F occ M
9 F 21 LS;C 7.0 1.030 N N N N F occ occ F
6 F 4 S;cl 7.3 1.030 N N N N occ M occ M
8 F 4 5;C 7.4 1.033 N N N N occ M M F
31 F 2 DS;C 9.0 1.042 N N N N F F F F
34 M 2 S;C 7.0 1.048 N N N N F M oce M
8 M 2 S;cl 9.0 1.053 N N N N occ M M
0 M 5 S;cl 9.0 1,037 N N N N M F
5 M 10 LS;cl 9,0 1.030 N N N N occ _ . F M M
8 M 12 S;cl 6.9 1.030 N N N N ' oce M M L
1 M 1 Am;C 6.2 1.055 N N N N occ 2-3 F F F
S - Straw C - Clear N ~ Negative F - Few * Occasional uric acid g
LS - Light Straw cl - Cloudy 1+ - Trace-~to-Slight M - Many : o
DS - Dark Straw 2+ - Slight-to-Moderate L - Loaded ®
Am - Amber 3+ - Moderate occ ~ Occasional ma‘nTSOACBl 0
- Light Amber 4+ - Marked :

anitized. Does notco

¥,

Company S
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_ Ninety~-Day Feeding Study in the Rat. ' )
LE 23, Urinalysis Values for Male and Female Rats at One Month.
Microscopic .
Cal- Blad-
t Volume Appear- Specific Albu- Bili- Glu- Oce, Epi. Amor. Amm, Triple cium Bact- der
. Sex (ml.) ance pH Gravity min  rubin cose Blood WBC RBC Cells Urates Urates Phos. Ox. eria Worm:
trol
62 M 12 1S;cl 8.5 1.013 N N N N 1-2 F F
65 M 12 LS;ecl 7.9 1.016 N N N N occ F M occ M
68 M 17 LS;cl 8.9 1.014 ‘N N N N 1-2 M T F
71 ™ 4 LS3cl 7.2 1,048 N N N N F F M
74 M 15 LS;el 7.0 1.013 N N N "N oce M F F
77 M 9 LS;cl 6.9 1.020 N N N N 1-2 F F
42 F 10 1S;cl 6.5 1.017 N N N N F M
45 § 7 Sscl 9.0 1.041 N N N N F M F
46 F 15 LS;el 7.1 1.012 N N N N F F F
48 F 6 DAm;C 8.9 1.031 N N N N 1-2 F F F
50 F 12 LS;cl 6.2 1.011 N N N N occ. M
53 F 7 S;cl 6.9 1.035 N N N N F F M
b ppm.:
02 M 7 S;cl 7.0 1.044 N N N N F F F M
05 M 26 LS;cl 7.3 1.008 N N N N F M F
08 ™ 10 S;cl 6.9 1,021 N N N N~ F F oce
‘11 M 16 LS;cl 9.0 1,009 N N N N occ M M occ
14 M 14 S;cl 6.5 1.013 N N N N 1-2 F M occ
17 M 10 S;cl 6.3 1.021 N N N N occ F F M
82 F 4 S;el 7.0 1.042 N N N N F L F
.85 F 13 LS;cl 7.1 1,011 N N N N oce F F
.88 F 14 Ls;C 9.0 1.007 N N N N F F F
91 F 12 LS;cl 6.8 1.016 N N N N F M
9% F 7 S;cl 9.0 1.019 N N N N occ F M F
97 F 9 S;cl 6.5 1.017 N N N, N occ F F M
le: S - Straw C - Clear N - Negative F ~ Few -
LS - Light Straw cl ~ Cloudy 14+ - Trace-to-Slight M - Many o
DAm - Dark Amber 2+ - Slight-to~-Moderate L - Loaded ®
3+ - Moderate occ - Occasional el
s i Bl b
. 4+ - Marked Company Sanitized. Does not contain TSCAC
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TABLE 23. Continued. Urinalysis Values for Male and Female Rats at One Month.

Microscopic

Cal- Blad-
Rat Volume Appear- Specific Albu- Bili- (Glu- Occ. - Epi. Amor. Amm, Triple cium Bact- der
No. Sex (ml.) ance pH Gravity min rubin cose - Blood WBC RBC Cells Urates Urates Phos.

500 ppm.:

Ox. eria Worm:

14242 M 12 LS;cl 7.1 1.012 N N N N F F

14245 M 10 LS;cl 9.0 1.023 N N N N 1-2 F M F

14248 M 12 LS;cl 9.0 1.011 N N N N F M occ

‘14251 M 13 LS;el 6.1 1.015 N N N N 1-2 F F M

14254 M 16 LS;cl 6.8 1,011 N N N N F F M

14257 M 17 LS;cl 8.9 1.012 N N N N F M M occ

14222 F 8 S;cl 6.5 1.024 N N N N F F M

14225 F 4 S;cl 6.5 1.048 N N -N N ocec F F

14228 F 6 S;cl 6.6 1.034 N N N N 1-2 F F

14231 F 14 S;cl 7.2 1.012 N N N N oce F M F

14234 F 3 DS;cl 6.1 1.050 N N N N ace F F

14237 F 16 LS;cl 8.8 1.010 N N N N F L F

2500 ppm, :

14282 M 14 LS;C 7.1 1.023 N N N N F M F

14285 M 7 LS;cl 7.3 1.035 N N N N 1-2 F F F occ

14288 M 17 LS;cl 8.8 1.015 ‘N N N N L F

14291 M 14 . 1LS;el 9.0 1.012 N N N N F F F occ

14294 M 4 DS;cl 8.9 1.042 N N N N occ M F

14297 M 17 S;cl 6.9 1.014 N N N N F F F oce

14262 F 4 S;cl 7.0 1,044 N N N N occ F F

14265 F 4 S;el 6.1 1.040 N N N N 2-3 F M

14268 F 6 S;el 6.5 1.025 N N "N N F F F

14271 F 15 LS;cl 7.0 1.011 N N N N F F M

14274 F 14 S;ecl 6.7 1.013 N N N N oce F M

14277 F 8 S;cl 7.1 1.017 N N N N occe F- M M

Code: S - Straw C - Clear N - Negative F - Few A
LS - Light Straw cl - Cloudy 1+ - Trace=to-Slight M - Many *
DS - Dark Straw - 24 - Slight-to-Moderate "L -- Loaded w

34+ - Moderate : oce - Occasional o
( p 44 -~ Marked

- )

Company Sanitized. Does not contain TSCA CBI
—
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TABLE 24. Urinalysis Values for Male and Female Rats at. Two Months.
Microscopic
_ : ' Cal- Blad-
Rat Volume Appear- Specific Albu- Bili- Glu- Oce. Epi. Amor. Amm. Triple cium Bant- der
No. Sex (ml.) ance -pH @Gravity min rubin cose Blood WBC RBC GCells Urates Urates Phos. Ox. eria Wornws
Control:-
14164 M 28 LS;cl 7.0 1.015 N N N N M M M F
14167 M 16 LS;el 7.1 1.022 N N N N M F M
14170 ™ 12 LS;cl 7.0 1.028 N N N N M F M 1
14174 M 25 LS;cl 9.0 1,014 N N N N F v
14178 M 24 LS;ecl 7.5 1.012 N N N N occ M ¥ M
14181 ™M 30 LS;cl 8.0 1.009 N - N N N F F M ¥
14143 F 6 LS;cl 7.5 1.030 N N N N occ F F M
14147 F 13 L3;C 7.7 1.022 N N N N F M M
14149 F 6 S;cl 9.0 1.030 N N N N F M ¥
14152 F 11 LS;cl 9.0 1.024 N N N N F L F
14154 F 3 S;C 6.2 1,065 N N N N F occ M F
14158 F 4 5;C 6.0 1.047 N N N N F F F F
100 ppm.: .
142046 M 30 Ls;C. 7.8 1,016 N N N N M M F F
14210 M 18 LS;cl 8.8 1.022 N N N N occ F F F M F
14213 M 21 LS3;ecl 9.0 1.016 N N - N N F M F F F
14217 M 17 S;cl 9.0 1.015 N N N N F F F F
14220 M 30 LS;cl 8.0 1.008 N N N N oce F F M F
14221 M 23 1.S;¢l 9.0 1.011 N N N N F F F
14184 F 4 S;el 7.5 1.044 N N N N oce M M F
14190 F 20 LS;cl 8.4 1.008 N N N N F M F
14193 F 24 LS;cl 6.4 1.006 N N N N M occ M
14194 F 6 S;cl 9.0 1.028 N N N N M F M M
14196 F 5 S;cl 6.8 1.028 N N N N F F M
14200 F 8 S:cl 6.2 1,030 N N N N F F
Code: S - Straw - C - Clear N ~ Negative F - Few
LS - Light Straw cl - Cloudy 1+ - Trace-ta-Slight M - Many 9
. 24 = Slight-to-Moderate L - Loaded oo
- 34+ - Moderate ' oce - Occasional ®
M i 4+ - Marked Z

Company Sanitized. Does not contain TSCA CBI
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TABLE 24. Continued. Urinaysis Values for Male and Female Rats at Two Months,

Microscopic
Cal- Blad-
Rat Volume Appear- Specific Albu- Bili- Glu- Occ. Epi- Amor, Amm, Triple cium Bact- der
No. Sex  (ml.) ance pH Gravity min rubin cose Blood WBC RBG Cells Urates Urates  Phos. 0x. eria Worm:
1000: ppm.: - - : .
14243 M 24 LS;el 9.0 1,013 N N N N F F F T
14246 M 16 LS;cl 6.8 1.017 N N N N F M )
14251 M 12 LS;cl 6.0 1.026 N N N N occ F F F - F F
14253 M 30 Ls;C 7.8 1,010 N N N 1+ F F M :
el & 88 &t 73 k8B ¥ N N B P P ¥
14223 F 11 S;cl 7.2 1.013 N N N N F M oce M
14226 F 10 S;cl 9.0 1.030 N N N N F M F
14230 F 12 LS;cl 8.8 1.016 N N N N F F F M
14234 F 7 S;el 6.4 1.023 N N N N F F F M
14237 F 14 LS;C 7.5 1.010 N N N N F E F
14240 F 15 LS;cl 7.8 1,009 N N - N N F M M
5000 ppm,:
14283 ™ 14 LS;cl 9.0 1.021 N N N N M F F F
14289 M 27 LS;cl 9.0 1.013 N N N N F F F
14293 M 10 S;cl 9.0 1,034 N N N N oce F F F F
14295 M 40 LS;cl 9.0 1.006 N N N N F F F M
14297 M 27 LS;cl 9.0 1.012 N N N N F F F F
14300 M 23 LS;cl 6.7 1.010 N N N N F M F F
14263 F 12 S;cl 7.0 1.020 N N N N F F F
14270 F 10 S;el 7.2 1.017 N N N N occ F F F
14273 F 14 LS;cl 9.0 1.013 N N N N F M F
14275 F 5 -Am;cl 8.5 1.024 N N N N F M M M
14279 F 8 5;C 6.0 1.026 ) N N N N F F F
14281 F 4 S;C 8.2 . 1,028 N N N N F F F
Code: S - Straw C - Clear N - Negative F - Few -
LS - Light Straw ¢l - Cloudy 14+ - Trace-to~-Slight M - Many 2 '
Am - Amber 24+ =~ Slight~-to=Moderate L - Loaded o
34+ - Moderate . occ = Occasional w
A bt - Marked

- =

Company Sanitized. Does not contain TSCA CBI
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‘ABLE 25 Urinalysis Values for Male and Female Rats at Three Months.
Microscopic
. Cal- Blad-
Rat Volume Appear- Specific Albu- Bili- Q@lu- Occ. Epi. Amor, Amm, Triple ium Bact- dex
No. Sex (mi.) ance pH Gravity min rubin c¢ose Blood WBC RBE Cells Urates Urates  Fhos. Ox., eria Worm:
Control:
145164 M 8 1S;cl 6.8 1.053 N N N N F M M T
15169 ™ 7 S3cl 7.3 1.055 N N N N F F M ¥ 7
14172 M 11 LS;cl 9,0 1.035 N N N N F F M F
14176 M 5 S5;3cl 6.5 1.066 N N N N 1-2 F M ¥ T
15179 ™M 4 S;cl 7.8 1.058 N N N N F F M F ¥
14181 ™M 7 S;cl 6.9 1.052 N N N N F M F ¥
14147 F 1 S;C 6,1 1.080 N N N N F F F
14151 F 2 S;cC 6.3 1,069 N N N N F M F
14154 F 2 S3cl 7.4 1.065 N N N N occ F M M
14156 ¥ -2 S;cl 6.1 1.065 N N N N : F F F ¥
14158 F 1 5;C 6.0 1.080 N N N N 1-2 F F ¥
14161 F 2 5;C 6.7 1.065 N N N N occ oce F M F
100 ppm. :
14203 M 7 S;cl 6.7 1,058 N N N N F F M
14206 M 7 LS;cl 7.0 1.048 N N N N F F F M
14210 M 6 S;cl 9.0 1.055 N N N N 2-3 F ¥ T
14215 M 3 DS;cl 6.0 1,080 N N N N F F M F
14218 M 9 S;cl 9.0 1.045 N N N - N F F F F
14219 M 6 1S;el 6.3 1.049 N N N N oce M F
14183 F 1 5;C 6.0 1.080 N N N N F F F
14186 F 6 LS;cl 8.0 1.045 N N N N F L F
14190 F 6 S;cl 7.0 1.035 N N N N 1-2 F F M
14195 F 6 LS;cl 6.2 1.035 N N N N F F M
14197 F 1 S;C 7.7 1.072 N N N N M F F
14200 F 2 S;cl 6.0 1,065 N N N N occ F M F
Code: S - Straw : C - Clear N - Negative F - Few Ay
LS - Light Straw cl - Cloudy 1+ - Trace-to-Slight M - Many ]
DS - Dark Straw 2+ - Slight-to-Moderate L - Loaded W
- Moderate occ = Occasional e
~ Marked

Company Sanitized. Does not contain TSCACBI
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TABLE 25, Continued. Urinalysis Values:'for Male: and . Female Rats at Three Months.

Microscopic
) Cal- Blad-
Rat Volume Appear- Specific - Albu- Bili- Glu- Oce. Epi. Amor. Amm, Triple cium Bact- der
No. Sex (ml.) ance pH Gravity min rubin cose Blood WBC RBC Cells Urates Urates Phos., Ox. eria Worm:
1000 ppm; :
14244 M 10 LS;el 7.0  1.035 N N N3k oce F F M ¥
14247 M 6 S;cl 6.8 1.057 N N N . N F M F
14252 M 5 S;cl 6.6 1.065 N N N N 2-3 F F F F
14255 M 4 S;C 6.0 1.065 N N N N oce F F F F
14257 M 10 LS;cl 9.0 1.037 . N N N 2-3 F M M M
14260 M 3 S;cl 6.7 1.073 N N N N 1-2 F M F
14224 F 5 S;cl 9.0 1.045 N N N N F F M
14227 F 2 S;C 6.7 1.068 N N N N ¥ F ¥
14232 F 3 S;ecl 5.9 1.057 N N N N occ F F M
14236 F 2 S;C 6.0 1.075 N N N N 1-2 F F F
14238 F 2 S;el 6.5 1.065 N N. N N F F F
14240 F 1 5;C 6.2 1.078 N N N N F F F
5000 ppm. :
14283 M 2 Am;Cl 6.2 1.075 N N N N occ F F F F
14287 M 4 S;cl 6.8 1.073 N N N N F F F F
14291 M 6 S;cl 8.8 1.045 2+ N N ‘N F M M F
14294 M 2 DS;cl 7.7 1.080 N N N N F M F F
14297 M 4 DS;C 6.1 1.075 N N N N oce F F F F
14300 M 4 S;cl 6.8 1.065 N N N N F F F F M
14266 F 1 S;C 7.0 1.080 N N N N F F F
14269 F 2 S;el 6.2  1.068 N N N N  occ F M F
14272 F 1 DS;C 5.8 1.065 N N N N occ ¥ F ‘M F
14276 F 1 DS;C 6.6 1,065 N N N N 1-2 F M F
14278 F 2 8;C 6.3 1.065 N N N N 1-2 F M F
14281 F 1 DS;€ 6.0 1.080 N N N N 1-2 F F M
Code: S - Straw C - Clear N - Negative F - Few o
: LS - Light Straw cl -~ Cloudy 1+ - Trace-to-Slight M - Many a9
DS - Dark Straw 24+ - Slight-to-Moderate L - Loaded o
Am - Amber 3+ - Moderate ' occ - Occasional o
r 4+ - Marked

‘% Repeat 3+

Company Sanitized. Does not contain TSCA CBI
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TABLE 26. Necropsy Observations. Thirty-Day Interim Sacrifice.
Animal ‘

Number Sex Organ Comment

Rats were normal except as noted below:

. Control:
14165 M thymus
14146 F uterus
100 ppm. :
14202 M lung

- 14208 M lung
14185 F uterus
2500 ppm.:
14288 M spleen
14262 F spleen

Few petechial hemorrhages.

Mild hydrouterus.

Mbderate pneumonia.
Mild pneumonia.
Mild hydrouterus.

Slightly enlarged.
Slightly enlarged.

Company Sanitized. Does not contain TSCA CBI

—_—
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M Ninety-Day Feeding Study in the Rat.
o

Necropsy Observations. Sixty-Day Interim Sacrifice.

TABLE.26.. Continued.
Animal
Number Sex Organ Comment

Rats were normal except as noted below:

Control:

14149

100 ppm.:
14221

5000 ppm.:
14289

.J) 14293

14295

F

=

lung

liver
lung

liver
testes

liver

liver

Few scattered gray areas.

Pale.
Gray pinpoint areas scattered throughout.

Slightly pale.
Left testis approximately twice the size of

right.
Pale.

Pale yellow in color.

summmit

Company Sanitized. Does not contain TSCA cBi
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TABLE 26./Continued. Necropsy Observations. Ninety-Day Terminal Sacrifice.

Animal
Number Sex Organ Comment

Rat were normal except as noted below:

Control:

14175 | M lung Mild pne.umonia.‘
14153 F lung Mild pneumonia.
100 ppm.:
14214 M lung Mild pneumonia.
1000 ppm.:
14252 M liver Slightly yellowish.
14254 M lung Mild pneumonia. -
14227 F- abdominal ,
cavity 6 mm. firm hemorrhagic area in abdominal fat.
14233 F lung Mild pneumon:ia.
14237 F lung Mild pneumonia.
5000 ppm.:
14284 M liver Slight yellowish cast.
14286 M lung Mild pneumonia.
14291 M liver Slight yellowish cast.
14294 M liver Slight yellowish cast.
14297 M liver Slight yellowish cast. .
14266 F lung Moderate pneumonia and bronchiectasis.
14274 F kidney . Hydronephorsis, right kidney.

(v

Company Sanitized. Does not contain TSCA CBI
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TABLE 26. Continued. Necropsy Observations. 21-Day Compound Withdrawal.

Animal
Number Sex Organ Comment

Rats were normal except as noted below:

5000 ppm.:

14299 M liver Slightly pale.

14300 M liver Slightly pale.
. \

Company Sanitized. Does not contain TSCACBI
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TABLE 27. Mean Actual (Grams) and Relative (% Body Weight) Organ Weights.

. Terminal Testes/
Dietary Body Wt. Spleen Liver Adrenals Kidneys Qvaries
Level Sex o Go, % _om. % _Ga. % _Gm. % Gm. %
30-Day Interim Sacrifice:
0 M 315 0.97 0.308 14.11 4.479 0.039 0.010 2.66 0.844 2.99 0.949
0 F 202 0.70 0.347 8.74 4.327 0.069 0.034 1.73 0.856 0.089 0.040
100 M 268 0.70 0.261 11.65 4.347 0.044 0.020 2.22 0.828 2.69 1.003
100 F 212 0.69 0.326 7.28 3.434 0.054 0.025 1.56 0.736 0.092 0.040
500 M 243 0.62 0.255 10.06 &4.136 0.037 0.015 2.30 0.946 2.74 1.127
500 F 188 0.47 0.250 8.26 &4.394 0.054 0.029 1.86 0.990 0.097 0.050
2500 M 2717 1.12 0.404 15.68 5.661 0.044 0.016 2.80 1.011 2.74 0.989
2500 F 173 0.59 0.341 8.65 5.000 0.068 0.039 1.85 1.069 0.123 0.070
60-Day Interim Sacrifice:
0 M 355 0.76 0.214 13.02 3.668 0.062 0.017 2.62 0.738 3.07 0.865
0 F 233 0.52 0.22 '8.25 3.541 0.070 0.030 .1.72 0.738 0.133 0.060
100 M 338 0.79 0.234 10.91 3.228 0.048 0.014 2.53 0.749 3.30 0.976
. 100 F 230 0.52 0.226 8.00 3.478 0.065 0.028 1.70 0.739 0.132 0.060
.;aooo M 355 0.74 0.208 12.94 3.645 0.046 0.013 2.70 0.761 3.08 0.868
1000 F 210 0.54 0.257 ~7.89 3.757 0.075 0.036 1.92 0.914 0.162 0.080
5000 M 412 0.90 0.218 21.71 5.269 0.071 0.017 3.46 0.840 3.82 0.927
5000 F 232 0.62 0.267 12.04 5.190 .0.067 0.029 2.36 1.017 0.145 0.060
90-~Day Terminal Sacrifice: :
0 M 495 1.08 0.218 14.12 2.853 0.066 0.013 2.87 0.580 3.32 0.670
0 F 270 0.71 0.263 8.17 3.026 0.075 0.028 1.73 0.641 0.154 0.057
100 M 469 1.14 0.243 14.19 3.026 0.057 0.012 2.95 0.629 3.39 0.723
100 F 284 0.81 0.285 8.27 2.912 0.071 0.025 1.87 0.658 0.171 0.060
1000 M 452 0.97 0.215 15.02 3.323 0.060 0.013 3.05 0.675 3.39 0.750
1000 F 284 0.77 0.271 10.59 3.729 0.087 0.031 2.30 0.810 0.155 0.055
5000 M 425 0.98 0.231 20.38 4.795 0.057 0.013 3.33 0.783 3.37 0.793
5000 F 237 0.81 0.342 10.95 4.620 0.072 0.030 2.25 0.949 0.142 0.060
21-Day Compound Withdrawal: :
0 M 490 0.70 0.143 14.82 3.024 0.056 0.014 2.97 0.606 3.36 0.686
0 F 297 0.56 0.189 9.17 3.087 0.073 0.025 2.09 0.704 0.224 0.080
1000 M 507 0.91 0.179 17.41 3.434 0.065 0.013 3.36 0.663 3.59 0.709
1000 F 287 0.61 0.213 9.35 3,258 0.077 0.027 2.25 0.784 0.177 0.060
5000 M 440 0.61L 0.139 16.55 3.761 0.058 0.013 3.18 0.723 3.32 0.755
F 277 0.57 0.206 10.75 3.881 0.083 0.030 2.45 0.884 0.162 0.060

5000

()

Company Sanitized. Does not contain TSCACBI
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Thymus. Heart Lung Thyroid Brain Pituitary
Gm. % _Gm. % Gm. % Gm. % Gm.. % _Gm. %
0.90 0.286 1.15 0.365 1.63 0.517 0.023 0.007 1.86 0.591 0.009 0.003
0.68 0.337 0.78 0.386 1.32 0.653 0.021 0.010 1.79 0.886 0.007 0.003
0.73 0.272 0.98 0.366 1.56 0,582 0.027 0.010 1.74 0.649 0.009 0.003
0.47 0.222 0.69 0.325 1.25 0.590 0.018 0.008 1.74 0.820 0.009 0.004
0.67 0.276 0.94 0.386 1.58 0.650 0.024 0.010 1.84 0.757 0.008 0.003
0.71 0.378 0.77 0.410 1.28 0.681 0.024 0.013 1.74 0.926 0.008 0.004
0.76 0.267 1.06 0.383 1.65 0.596 0.018 0.006 1.96 0.708 0.006 0.002
0.59 0.341 0.68 0.393 1.34 0.774 0.018 0.010 1.80 1.040 0.004 0.002

: 0.64 0.180 1.41 0.397 1.91 0.538 0.026 0.007 1.61 0.454 0.014 0.004
0.57 0.244 0.86 0.369 1.16 0.498 0.024 0.010 1.79 0.768 0.011 0.005
0.79 0.234 1.17 0.346 1.70 0.503 0.027 0.008 1.88 0.556 0.010 0.003
0.50 0.217 0.76 0.330 1.44 0.626 0.036 0.016 1.75 0.761 0.012 0.005

‘) 0.66 0.186 1.09 0.307 1.92 0.501 0.022 0.007 2.00 0.563 0.010 0.003
)./ 0.56 0.267 0.8L 0.386 1.41 0.671 0.033 0.016 1.87 0.890 0.010 0.005
0.90 0.218 1.36 0.330 2.06 0.500 0.030 0.007 1.98 0.481 0.012 0.003
0.56 0.241 -0.85 0.366 1.34 0.578 0.025 0.011 1.86 0.802 0.013 0.006
0.66 0.130 1.37 0.277 2.02 0.408 0.028 0.006 1.92 0.388 0.014 0.003
0.51 0.189 0.8 0.311 1.37 0.507 0.025 0.009 1.82 0.674 0.013 0.005
0.64 0.136 1.42 0.303 2.11 0.450 0.027 0.006 1.99 0.424 0.011 0.002
0.52 0.183 0.87 0.306 1.40 0.493 0.024 0.008 1.87 0.658 0.013 0.005
0.59 0.131 1.32 0.292 2.08 0.460 0.028 0.006 1.96 0.434 0.013 0.003
0.50 0.176 0.98 0.345 1.48 0.521 0.031 0.011 1.89 0.665 0.013 0.005
0.66 0.155 1.29 0.304 1.91 0.449 0.025 0.006 2.00 0.471 0.010 0.002
0.50 0.211 0.85 0.359 1.54 0.650 0.022 0.009 1.85 0.781 0.010 0.004
0.79 0.161 1.32 0.269 2.47 0.504 0.035 0.007 2.07 0.422 0.010 0.002
0.52 0.175 0.89 0.300 1,53 0.515 0.026 0.009 1.87 0.630 0.012 0.004
0.8, 0.166 1.51 0.298 2.29 0.452 0.036 0.007 2.12 0.418 0.014 0.003
0.58 0.202 0.8 0.293 1.63 0.568 0.029 0.010 1.95 0.680 0.014 0.005
0.67 0.152 1.28 0.291 1.82 0.414 0.030 0.007 2.01 0.457 0.012 0.003
0.62 0.224 0.93 0.336 1.60 0.578 0.030 0.010 1.90 0.686 0.012 0.005

()

If“\

e

Company Sanitized. Does not contain TSCA CBI
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TABLE 28. Organ Weights, Grams

Animal Terminal . Testes/

No. & Weight Spleen Liver Adrenals Kidneys Ovaries Thymus Heart Lung Thyroid Brain Pituitary
Group Sex Grams_

30-DAY INTERIM SACRIFICE:

Control:

14162 M 270 1.09 12.02 0.024 2.35 3.06 0.75 0.90 1.44 0.020 1.84 0.007
14165 M 360 0.92 17.02 0.051 3.11 2.81 0.93 1.43 1.68 0.024 1.83 0.010
14168 M 315 0.89 13.30 0.043 2.52 3.10 1.01 1.12 1.76 0.025 1.92 0.008
14142 F 205 0.52 8.63 0.079 1.79 0.084 0.79 0.79 1.30 0.022 8.80 0.008
14145 F 175 0.99 8.11 0.056 1.50 0.063 0.53 0.71 1.22 0.020 1.78 0.006
14146 F 225 0.60 9.49 0.071 1.91 0.120 0.71 0.85 1.45 0.021 1.80 0.007
100 ppm.:

14202 M 275 0.94 12,51 0.044 2.39 2.76 0.81 0.93 1.84 0.025 1.90 0.009
14205 M 300 0.67 13.42 0.050 2.41 3.11 0.69 1.07 1.47 0.027 1.72 0.008
14208 M 230 0.50 9.02 0.038 1.86 2.19 0.70 0.93 1.37 0.029 1.61 0.010
14182 F 280 0.57 7.75 0.060 l.61 0.110 0.60 0.72 1.30 0.030 1.70 0.010
14185 F 190 1.10 7.81 0.053 1.67 0.092 0.41 0.65 1.36 0.012 1.72 0.010
14188 F 165 0.40 6.28 0.048 1.42 0.075 0.39 0.70 1.08 0.012 1.79 0.007
500 ppm,: .

14242 M 225 0.49 9.49 0.028 2.16 2.83 0.50 0.99 1.76  0.033 1.73 0.006
14245 M 270 0.79 11.02 0.046 2.52 2.82 0.93 1.03 1.60 0.023 2.00 0.010
14248 M 235 0.59 *9.66 0.036 2.21 2.56 0.58 0.79 1.38 0.016 1.78 0.007
14222 F 205 0.50 9.20 0.052 1.96 0.084 0.80 0.81 1.31 0.028 1.71 0.007
14225 F 160 0.40 7.08 0.051 1.59 0.083 0.45 0.70 1.14 0.026 1.71 0.007
14228 F 200 0.50 8.51 0.060 2.04 0.123 0.87 0.80 1.38 0.018 1.79 0.009
2500 ppm.:

14282 M 255 0.71 14.75 0.061 2.49 2.29 0.65. 0.96 1.46 0.026 1.93 0.005
14285 M 290 0.90 15.29 0.051 2,90 2.83 0.88 1.02 1.40 0.019 2.01 0.006
14288 M 285 1.76 16.99 0.019 3.00 3.10 0.70 1.20 2.08 0.010 1.94 0.007
14262 F 195 0.99 10.35 0.079 2.12 0.100 0.67 0.76 1.41 0.021 1,81 0.003
14265 F 170 0.47 7.78 0.056 1.70 0.117 0.61 0.65 1,14 0.013 1.75 0.002
14268 F 155 0.32 7.82 0.068 1.74 0.153 0.50 0.63 1.47 0.020 1.83 0.006

(<)
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Company Sanitized. Does hot contain TSCA CBI

L9 °8ed



K

Ry

—\ Ninety-Day Feeding Study in the Rat.

[ 4
TABLE 28. Continued. Organ Weights, Grams.
Animal Terminal Testes/
No. & Weight Spleen Liver Adrenals Kidneys Ovaries Thymus Heart Lung Thyroid Brain Pituitary
Group Sex Grams
21-DAY COMPOUND WITHDRAWAL:
Control: ;
14177 M 420 0.60 11.80 0.050 2.67 3.30 0.58 1.18 2.43 0.030 2.21 0.010
14179 M 520 0.65 14.98 0.064 3.02 3.29 0.88 1.41 2.23 0.034 2.07 0.010
14180 M 530 0.85 17.68 0.055 3.22 3.50 0.90 1.38 2.75 0.042 1.93 0.010
14158 F 280 0.42 8.48 0.071 1.98 0.185 0.41 0.93 1.57 0.041 1.80 0.011
14159 F 320 0.53 9.34 0.072 2.15 0.248 0.64 0.90 1.50 0.018 1.92 0.010
14161 F 290 0.73 9.70 0.075 2.15 0.239 0.51 0.85 1.52 0.020 1.90 0.014
1000 ppm.:
14258 M 560 1.05 18.65 0.064 3.65 3.80 0.90 1.70 2.23 0.035 2.15 0.014
14259 M 470 0.63 17.40 0.068 3.20 3.55 0.83 1.41 2.30 0.034 2.00 0.015
14260 M 490 1.05 16.17 0.062 3.23 3.41 0.80 1.41 2.34 0.038 2.22 0.012
14238 F 280 0.68 8.90 0.081 2.26 0.180 0.52 0.80 . 2.11 0.027 1.98 0.015
14239 F 290 0.57 9.63 0.069 2.40 0.192 0.61 0.91 1.42 0.023 1.81 0.010
14240 F 290 0.59 9.52 0.081 2.09 0.160 0.60 0.82 1.35 0.037 2.06 0.017
5000 ppm. : - :
14298 M 340 0.55 11.10 0.051 2.80 3.32 . 0.58 1.05 1.64 0.018 2.01 0.012
14299 M 535 0.78 22.95 0.074 3.75 3.40 ©0.75 1.60 2.09 0.044 2.13 0.014
14300 M 445 0.50 15.61 0.048 2.98 3.25 0.68 1.20 1.72 0.028 1.90 0.010
14278 F 280 0.57 11.10 0.087 2.30 0.124 0.61 0.88 1.70 0.029 1.78 0.009
14279 F 260 0.53 10.13 0.085 2.52 0.160 0.60 0.92 1.32 0.034 1.93 0.014
14280 F 290 0.62 11.01 0.077 2.52 0.203 ‘0.65 1.00 1.78 0.028 1.98 0.013

Company Sanitized, Does not contain TSCA CBI
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—\ . Ninety-Day Feeding Study in the Rat.

ABLE 28, Continued. Organ Weights, Grams.
Animal Terminal Testes/

No. & Weight  Spleen Liver Adrenals Kidneys Ovaries Thymus Heart Lung Thyroid Brain Pituitary
Group Sex  Grams

60-DAY- INTERIM SACRIFICE:

Control: .

14167 M 340 0.81 13.13 0.058 2.60 3.14 0.69 1.16 1.67 0.027 1.81 0.014
14170 M 385 0.71 14,70 0.069 2,90 2.89 0.70 1.48 2.03 0.027 1.20 0.017
14178 M 340 0.75 11.24 0.059 2.36 3.19 - 0.52 1.58 2.02 0.025 1.81 * 0.011
14143 F 200 0.49 7.28 0.059 1.55 0.170 0.49 0.75 1.07 0.015 1.87 0.01
14149 F 260 0.47 8.88 0.071 1.90 0.100 0.69 0.98 1.22 0.031 1.74 0.009
14152 F 240 0.59 8.58 0.080 1.71 0.130 0.53 0.84 1.19 0.027 1.75 0.014
100 ppm,: :

14217 M 325 0.79 11.78 :0.051 2.69 3.32 0.83 1.13 1.60 0.037 2.01 0.010
14220 M 340 0.79 10.52 0.053 2.31 3.31 0.96 1.22 1.81 0.025 1.71 0.009
14221 M 350 0.79 10.44 0.041 2.59 3.27 0.59 1.15 1.69 0.019 1.92 -
14184 F 215 0.41 0.062 - 1.61 0.144 0.45 0.70 - 1.15 0.044 1.79 0.012
14193 F 235 0.54 8.29 0.064 1.66 0.135 0.47 0.80 1.78 0.023 1.73 0.013
14194 F 240 0.61 7.70 0.069 1.82 0.118 0.58 0.78 1.38 0.042 1.73 0.010
1000 ppm.:

14246 M 320 0.62 11.75 0.050 2.57 2.70 0.60 1.12 1.95 0.024 1.91 0.010
14251 M 360 0.79 14.00 0.048 3.09 3.17 ~ 0.62 1.11 1.81 0.029 1.99 0.012
14253 M 385 0.81 13.08 0.041 2.45 3.37 0.77 1.05 2.01 0.014 2.09 0.008
14223 F 215 0.55 -8.24 0.081 1.89 0.138 0.58 0.89 1.40 0.042 1.82 0.010
14230 F 220 0.65 8.01 0.076 2.01 0.200 0.50 0.88 1.62 0.038 1.90 0.009
14234 F 195 0.41 7.42 0.068 1.85 0.149 0.60 0.66 1.21 0.018 1.90 0.010
5000 ppm.: .

14289 M 450 0.71 26.05 0.070 3.49 1.69, 2,95 1,00 1.40 1.89 0.029 1.90 0.014
14293 M 355 1.34 16.75 0.067 3.33 3.32 0.91 1.38 2,19 0.036 1.96 0.013
14295 M 430 0.66 22,33 0.075 3.56 3.49 0.78 1.29 2,11 0.025 2.08 0.009
14263 F 265 0.50 13.71 0.074 2.46 0.168 0.68 0.87 1.29 0.021 1.80 0.019
14270 F 200 0.55 10.29 0.063 2.20 0.079 0.50 0.80 1.44 0.033 1.88 0.012
14275 F 230 0.80 12.11 0.065 2.41 0.188 0.50 0.89 1.30 0.022 1.90 0.007

Company Sanitized. Does not contain TSCA CBI
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_\ Ninety-Day Feeding Study in the Rat.

7
TABLE 28. Continued. Organ Weights, Grams.
Animal Terminal Testes/
No. & Weight Spleen Liver Adrenals Kidneys Ovaries Thymus Heart Lung IThyroid Brain Pituitary
Group Sex Grams
90-DAY TERMINAYL, SACRIFICE:
Control:
14163 M 410 1.10 11.63 0.061 2,29 2.80 0.52 1.22 2.00 0.040 1.88 0.009
14164 M 545 1.22 17.92 0.059 3.71 3.58° 1.09 1.90 2.38 0.051 2,02 0.017
14166 M 420 0.91 12.83 0.053 2.51 3.22 0.43 1.13 1.64 0.019 1.88 °~ 0.014
14169 M 460 1.11 14.18 0.063 3.10 3.65 0.71 1.23 1.78 0.036 2.01 0.012
14171 M 430 1.32 13.8L 0.066 2.79 3.37 0.59 1.40 2.09 0.021 1.81 0.014
14172 M 490 1.10 15.47 0.078 3.10 3.19 0.95 1.38 2.07 0.024 1.91 0.013
14173 M 800 0.99 11.91 0.058 2.39 3.15 0.41 1.12 2.03 0.020 1.80 0.014
14174 M 450 1.00 15.12 0.080 3.02 3.31 0.69 1.38 1.60 0.019 1.85 0.015
14175 M 545 1.28 17.71 0.065 3.12 3.49 0.60 1.58 2.92 0.026 2,00 0.015
14176 M 400 0.75 10.48 0.081 2.65 3.42 0.58 1.39 1.68 0.025 2.08 0.012
14144 F 325 1.00 9.90 0.096 2.49 0.242 0.60 1.05 1.71 0.031 1.85 0.014
14147 F 255 0.51 7.11 0.065 1.52 0.134 0.52 0.80 1.00 0.015 1.70 0.013
14148 F 280 0.76 8.62 0,060 1,70 0.155 0.39 0.71 1.35 0.024 1.80 0.013
14150 F 300 0.75 9.80 0.084 1.92 ° 0,167 0.51 0.98 1.52 0.031 1.92 0.013 4
14151 F 250 0.71 7.50 0.051 1.61 0.104 0.60 0.75 1.21 0.031 1.65
14153 F 255 0.69 7.88 0.080 1.58 0.147 0.60 0.83 1.61 0.023 1.85
14154 F 275 0.72 8.39 0.078 1.72 0.140 0.51 0.78 1.48 0.030 1.82: 0.014
14155 F 255 0.81 8.32 0.090 1.60 0.170 0.53 0.85 1.37 0.024 1.80 0.016
14156 F 290 0.78 8.63 0.090 1.89 0.154 0.38 0.89 1.40 0.023 1.89 0.012
14157 F 210 0.39 5.58 0.055 1.23 0.123 0.41 0.73 1

.05 0.018 1.89 0.008

Company Sanitized. Does not contain TSCA cBl
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TABLE 28. Continued.

Qrgan Weights, Grams.

Animal Terminal Testes/

Vo. & Weight Spleen Liver Adrenals Kidneys Ovaries Thymus Heart Lung Thyroid Brain Pituitary
sroup Sex Grams

30-DAY TERMINAL SACRIFICE:

100 ppm.:

14203 M 455 1.49 14,08 0.051 2.50 3.05 0.41 1.43 2.28 0.019 1.85 0.007
14204 M 560 0.99 17.48 0.061 3.38 3.70 0.60 1.73 2.10 0.025 1.93 0.014
142006 M 465 1.20 14.60 0.067 3.25 ° 3.50 0.60 1.38 2.72 0.024 2.08 0.011
14207 M 435 1.20 12.02 0.060 3.05 3.93 0.82 1.22 1.74 0.023 2.08 0.009
14209 M 400 1.21 12.07 0.054 2.72 3.19 0.44 1.28 1.90 0.025 1.82 0.009
14210 M 520 1.24 15.48 0.053 2.79 3.10 1.11 1.39 2.20 0.021 1.90 0.010
14211 ™ 470 1.48 13.78 0.035 3.10 3.42 0.36 1.43 1.95 0.039 2.19 0.011
14213 M 380 1.03 11.20 0.051 2.61 3.43 0.58 1.20 1.62 2.09 0.009
14214 M 485 1.02 14.03 0.061 2.89 3.50 0.60 1.46 2.71 0.027 2.09 0.013
14215 M 420 0.70 12.49 0.056 2.80. 3.33 0.90 1.30 2.08 0.028 2.00 0.011
14216 M 535 0.90 15.90 0.055 3.29 3.32 0.59 1.50 2.02 0.036 1.97 0.013
14218 M 520 1.41 17.65 0.081 3.02 3.74 0.72 1.71 2.21 0.022 1.83 0.015
14219 M 450 1.00 13.65 0.055 2.95 2.85 0.54 1.40 1.90 0.029 2.08 0.010
14183 F 310 0.64 8.78 0.076 1.93 0.210 0.50 0.80 1.52 0.028 1.78 0.014
14186 F 345 0.81 9.62 0.093 2.15 0.203 - 0.58 1.14 1.34 0.034 2.02 0.014
14187 F 280 0.81 8.00 0.074 1.77 0.186 0.44 0.79  1.21 0.026 1.90 0.018
14189 F 265 1.10 8.40 0.081 1.91 0.183 0.81 0.83 1.42 0.027 1.73 0.015
14190 F 255 0.70 7.58 0.067 1.58 0.165 0.33 0.71 1.29 0.023 1.75 0.011
14191 F 290 1.22 7.51 0.061 1.96 0.168 0.56 0.92 1.43 0.016 1.89 0.012
14192 F 245 0.68 7.58 0.069 1.80 0.161 0.30 0.72 1.43 0.023 1.91 0.011
14195 F 280 0.71 8.50 0.093 2.01 0.161 0.60 0.93 1.30 0.026 1.88 0.014
14196 F 270 0.89 8.59 0.064 1.80 0.177 0.48 0.89 1.53 0.028 1.92 0.008
14197 F 260 0.54 7.32 0.049 1.72 0.116 0.49 0.88 1.28 0.022 1.77 0.012
14198 F 295 1.00 8.40 0.055 1.79 0.181 0.42 0.79 1.60 0.014 1.92 0.013
14199 F 280 0.76 8.83 0.050 1.81 0.170 0.61 1.01 1.41 0.019 1.81 0.015
14200 F 285 0.81 8.80 0.077 1.98 0.119 0.71 0.81 1.37 0.023 1.87 0.014
14201 F 310 0.68 7.88 0.084 1.99 0.198 0.48 0.93 1.50 0.020 2.09 0.013

\
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v Ninety-Day Feeding Study in the Rat.
“SPARLE 28. Lontinued. Organ Weights, Grams.
Animal Terminal . Testes/
No. &

Welght Spleen Liver Adrenals Kidneys Ovaries
Group  Sex _Grams '

90-DAY TERMINAI, SACRIFICE:

Thymus Heart Lung Thyroid Brain Pituitary

1000 ppm.:

14243 M 455 1.09 12.68 0.054 2.87 3.39 0.27 1.30 1.92 0.019 1.82 0.030
14244 M 535 0.97 17.13 0.065 3.51 3.60° 0.98 1.50 2.94 0.026 . 1.98 0.012
14247 M 475 0.99 16.20 0.053 3.00 3.40 0.41 1.31 2.21 0.031 2.25 0.010
14249 M 470 1.17 15.88 0.082 3.21 . 3.58 0.68 1.51 1.65 0.034 1.93 0.012
14250 M 4450 0.89 16.13 0.057 3.01 3.30 0.42 1.32 1.98 0.031 1.91 0.013
14252 M 470 0.79 16.61 0.067 3.42 3.80 0.60 1.39 1.93 0.029 1.89 Missed
14254 M 460 1.18 15.50 0.058 3.23 3.41 0.59 1.31 2.75 0.017 1,81 0.012
14255 M 410 1.00 12.80 0.053 2.60 3.30 0.79 1.21 2.00 0,026 2.01 0.012
14256 M 385 1.01 12.39 0.055 2.58 2.81 0.35 1.10 1.71 0.024 1.98 0.008
14257 M 415 0.63 14.90 0.055 3.03 3.29 0.78 1.21 1.68 0.040 1.99 0.009
14224 F 290 0.69 12.38 0.107 2.60 0.172 0.40 0.90 .1.49 0.027 1.81 0.011
14226 F ~270 0.51 8.91 0.066 2.21 0.097 0.22 1.40 1.39 0.037 1.89 0.005
14227 F 295 0.50 9.40 0.073 2.49 0.127 0.35 0.85 1.52 Missed 1.90 0.009
14229 F 305 0.89 10.75 0.075 2,10 0,186 0.61 0.98 1.35 Missed 1.91 0.012
14231 F 320 0.77 11.55 0.097 2.55 0.206 0.37 1.09 1.83 0.026 2.08 0.010
14232 F 280 0.77 11.00 0.096 2.17 0.201 0.80 0.88 1.24 0.040 1.90 0.014
14233 F 230 1.22 14.39 0.116 2.89 0.171 0.68 1.12 1.65 0.031 1.99 0.019
14235 F 325 0.84 8.14 Missed 1.73 0.130 0.31 0.70 1.20 0.022 1.68 0.014
14236 F 275 0.61 10.52 0.074 2.21 0.144 0.50 0.91 1.33 0.028 1.92 0.017
14237 F 250 0.88 8.81 0.077 2.08 0.117 0.75 1.00 1.79 0.034 1.85 0.016

(&= —

Company Sanitized. Does not contain TSCA (o] :]]
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TABLE 28. Continued, Organ Weights, Grams.

Animal Terminal Testes/ .
No. & Weight Spleen Liver Adrenals Kidneys Ovaries Thymus Heart Lung Thyroid Brain Pituitary
Group  Sex _Grams . '

90-DAY TERMINAL, SACRIFICE:

1000 ppm, :

14243 M 455 1.09 12.68 0.054 2.87 3.39 0.27 1.30 1.92 0.019 1.82 0.030
14244 M 535 0.97 17.13 0.065 3.51 3.60 0.98 1.50 2.94 0.026 - 1.98 0.012
14247 M - 475 0.99 16.20 0.053 3.00 3.40 0.41 1.31 2.21 0.031 2.25 0.010
14249 M 470 1.17 15.88 0.082 3.21 3.58 0.68 1.51 1.65 0,034 1.93 0.012
14250 M 440 0.89 16.13 0.057 3.01 3.30 0.42 1.32 1.98 0.031 1.91 0.013
14252 M 470 0.79 16.61 0.067 3.42 3.80 0.60 1.39 1.93 0.029 1.89 Missed
14254 M 460 1.18 15.50 0.058 3.23 3.41 0.59 1.31 2,75 0.017 1.81 0.012
14255 M 410 1.00 12.80 0.053 2.60 3.30 0.79 1.21 2.00 0.026 2.01 0.012
14256 M 385 1.01 1239 0.055 2.58 2.81 0.35 1.10 1.71 0.024 1.98 0.008
14257 M 415 0.63 14.90 0,055 3.03 3.29 0.78 1.21 1.68 0.040 1.99 0.009
14224 F 290 0.69 12.38 0.107 2.60 - 0.172 0.40 0.90 1.49 0.027 1.81 0.011
14226 F 270 0.51 8.91 0,066 2,21 0.097 0.22 1.40 1.39 0.037 1.89 0.005
14227 F 295 0.50 9.40 0.073 2.49 0.127 0.35 0.85 1,52 Missged 1.90 0.009
14229 F 305 0.89 10.75 0.075 2.10 0.186 0.61 0.98 1.35 Missed 1.91 0.012
14231 F 320 0.77 11.55 0.097 2.55 0.206 0.37 1.09 1.8 0.026 2.08 0.010
14232 F 280 0.77 11.00 0.096 2.17 0.201 .0.80 0.88 1.24 0.040 1.90 0.014
14233 F 230 1.22 14,39 0.116 2.89 0.171 - 0.68 1,12 1.65 0.031 1.99 0.019
14235 F 325 0.84 8.14  Missed 1.73 0.130 0.31 0.70 1.20 0.022 1.68 0.014
14236 ¥ 275 0.61 10.52 0.074 2.21 0.144 0.50 0.91 1.33 0.028 1.92 0.017
14237 F 250 0.88 8.81 0.077 2.08 0.117 0.75 1,00 1.79 0.034 1.85 0.016

(o) m—

Company Sanitized. Does not contain TSCA CBI
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" Ninety-Day Feeding Study in the Rat.

\TABLE 28. éontinued. Organ Weights, Grams.
Animal Terminal Testes/ -
No. & Weight Spleen Liver Adrenals Kidneys Ovaries Ihymus Heart Lung Thyroid Brain Pituitary
Group Sex Grams .

90-DAY TERMINAL SACRIFICE:

5000 ppm.: . |

14283 M 420 1.30 19.57 0.058 3.30 3.30 0.58 1.21 1.88 0.024 2.04 0.010
14284 M 525 1.02 25.68 0.065 3.91  2.87 1.32 1.43 2.35 0.035 2.09 0.015
14286 M 345 0.98 15.13 0.059 2.62  3.21 0.69 0.91 2.18 0.023 2.08 - 0.008
14287 M 425 1.11  20.11 0.050 3.30 3.39. 0.80 1.30 1.98 0.029 2.10 0.011
14290 M 430 0.90 21.49 0.059 3.38  3.60 0.42 1.58 1.61 0.027 1.92 0.012
14291 M 410 0.51 21.65 0.060 3.18  3.20 0.59 1.17 2.02 0.031 1.83 0.010
14292 M 390 1.19 19.82 0.050 3.20 3.49 0.63 1.20 1.42 0.019 2.02 . 0.009
14294 M 395 0.77 18.30 0.054 3.30  3.40 0.30 1.38 2.09 0.021 1.90 0.008
14296 M 430 1.12 19.82 0.054 3.31  3.60 0.79 1.42 1.60 0.023 1.92 0.010
14297 M 480 0.91 22.19 0.058 3.80  3.61 0.5} 1.28 1.92 0.017 2.05 0.011
14264  F 220 0.90 9.8 0.063 2.00 0.146 0.41 ©0.78 1.38 0.020 1.78 0.010
14266  F 225 0.83 11.40 0.077 2.03  0.122 0.80 '2.93 0.018 1.88 0.011
14267  F 250 0.48 10.85 0.067 2.28 0.178 0.58 0,72 1.28 0.019 1.80 0.012
14269 F 220 0.58 11.01 0.068 2.25 0.092 0.53 0.83 1.13 0.024 1.91 0.011
14271 F 270 1.08 11.91 0.072 2.78 . 0.57 0.98 1.40 0.018 1.79

14272  F 215 0.67 9.57 0.083 1.80 0.130 0.58 0.70 1.32 0.032 1.91 0.010
14273  F 240 0.70 11.75 0.062 2.38- 0.180 - 0.42 0.90 1.21 0.018 1.98 0.007
14274 F 240 1.51  10.41 . 0.059 2.45 0.107 0.51 0.83 1.60 0.015 1.81 0.008
14276  F 250 0.48 11.30 0.085 2.12  0.14%  0.43 1.03 1.6l 0.031 1.81 0.013
14277  F 235 0.83 11.41 0.079 2.40 0.182  0.48 0.95 1.51 0.025 1.78

,,

\—) S

Company Sanitized. Does not contain TSCA CBI
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4
TABLE 29. Incidence of Histopathologic Lesions.

30 Day 60 Day
Interim Sacrifice Interim Sacrifice
Control 2500 ppm. Control 5000 ppm.

Tissue and Lesion M F M F M F M F

brain - no lesion 3/3 3/3 3/3 3/3 3/3 3/3 3/3 3/3

- glial nodules
2/2 3/3 3/3 3/3 3/3 3/3

peripheral nerve - no lesion . 3/3 3/3 3/3 3/3 3/3 3/3 3/3 3/3
3/3 3/3 3/3 3/3 3/3 3/3 3/3 2/2
2/2 3/3 2/2 1/1 3/3 2/2 3/3 2/2
3/3 3/3 3/3 3/3 3/3 3/3 3/3 3/3
1/1 3/3 3/3 2/2 11

spinal cord - no lesion 3/3 3/3

eye - no lesion
pituitary - no lesion
thyroid - no lesion

parathyroid - no lesion

adrenal - no lesion 3/3 3/3 3/3 3/3 3/3 3/3 3/3 3/3
‘) - ossification :
lung - no lesion 3/3 2/3 3/3 2/3 3/3 2/3 3/3 3/3
- chronic respiratory disease’ 1/3 1/3 . 1/3
heart - no lesion 3/3 3/3 3/3 3/3 3/3 3/3 3/3 3/3
- arteritis .

3/3 3/3 2/3 3/3 3/3 3/3 3/3 3/3
1/3
3/3 3/3 3/3 3/3 2/2 3/3 3/3 3/3
3/3 3/3 3/3 3/3 3/3 3/3 3/3
bone marrow - no lesion 3/3 3/3 3/3 3/3 3/3 3/3 3/3 3/3
- 3/3 3/3 3/3 3/3 3/3 2/2 3/3 3/3
stomach - no lesion 3/3 3/3 3/3 3/3 3/3 3/3 3/3 3/3
3/3 3/3 3/3 3/3 3/3 3/3 3/3 3/3
3/3 3/3 3/3 3/3 3/3 3/3 2/3 3/3
1/3

spleen - no lesion
- hematopoesis
lymph node - no lesion

thymus - no lesion 3/3
salivary gland - no lesion
small intestine - no lesion

large intestine - no lesion

- nematodes

Company Sanitized. Does not contain TSC
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90 Day . 21 Day
Terminal Sacrifice Withdrawal

Control 1000 ppm.. 5000 ppm. Control 5000 ppm.

M F M F M F M F M F
10/10 10/10 9/10 10/10 3/3 3/3 3/3 3/3

1/10

8/8  9/9 9/9  9/9 3/3 3/3 3/3 3/3
9/9  9/9 9/9  8/8 3/3°3/3 3/3 3/3

10/10  9/9 9/9  9/9 3/3 3/3 3/3 3/3
9/9  3/3 g/8  1/1 3/3 3/3 3/3 3/3

10/10  9/9 10/10  9/9 3/3 3/3 3/3 3/3
5/5  6/6 3/3 2/2 1/1 1/1 3/3 1/1

10/10 10/10 9/10 10/10 3/3 3/3 3/3 3/3

’ | 1/10 |

S 5/10 9/10 7/10 7/10 2/3 1/3 2/3 ‘1/3
5/10 1/10 3/10 3/10 1/3 2/3 1/3 2/3
9/10 10/10 10/10 10/10 3/3 3/3 3/3 3/3
1/10 -

10/10 10/10 9/9  10/10 3/3 3/3 3/3 3/3
9/9  8/8 8/8 10/10 3/3 2/2 3/3 3/3
9/9  9/9 9/9  8/8 3/3 3/3 3/3 3/3

10/10 10/10 9/9 10/10 3/3 3/3 3/3 3/3
9/9  9/9 9/9 - 8/8 3/3 3/3 3/3 3/3

10/10 10/10 10/10 10/10 3/3 3/3 3/3 3/3

10/10 10/10 10/10 10/10 3/3 3/3 3/3 3/3

10/10 10/10 10/10  9/10 3/3 3/3 3/3 3/3

1/10

Company Sanitized. Does not contain TSCA CBI



Ninety-Day Feeding Study in the Rat.

ABLE 29, Continued. Incidence of Histopathologic Lesioms.,

30 Day 60 Day
Interim Sacrifice Interim Sacrifice

Control 2500 ppm. Control 5000 ppm.
Tissue and Lesion M F M F M F M F

pancreas - no lesion 3/3 3/3 3/3 3/3 3/3 3/3 3/3 3/3

pancreatitis, focal

liver - no lesion 2/3 3/3 0/3 2/3 2/3 2/3 0/3 0/3
- portal inflammatory infiltrate 1/3 ©1/3 1/3 1/3 1/3 1/3
- centrolobular change 3/3 3/3 2/2

kidney - no lesion 3/3 3/3 3/3 2/3 3/3 3/3 3/3 3/3
- focal nephritis 1/3
- hyaline droplets

urinary bladder - no lesion 2/3 3/3 3/3 3/3-3/3 3/3 3/3 3/3

)Y, - siminal plug 1/3

“testes or ovaries - no lesion 3/3 3/3 3/3 3/3 3/3 3/3 2/3 3/3
- edema : 1/3

prostate or uterus - mo lesion 3/3 3/3 3/3 3/3 3/3 3/3 3/3 3/3
- hydrometra

skeletal muscle - no lesion 3/3 3/3 3/3 3/3 3/3 3/3 3/3 3/3

skin - no lesion 3/3 3/3 3/3 3/3 3/3 3/3 3/3 3/3

bone - no lesion : 3/3 3/3 3/3 3/3 3/3 3/3 3/3 3/3

i)

Company Sanitized. Does not contain TSCA CBI
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90 Day 21 Day
Terminal Sacrifice Withdrawal
Control 1000 ppm. 5000 ppm. Control 5000 ppm.
M . F M F M F M F M F
10/10 10/10 10/10 10/10 2/3 3/3 3/3 3/3
1/3

7/10 5/10 7/10 6/10 1/10 -2/10 2/3 2/3 0/3 0/3
3/10 5/10 . 3/10 4/10 1/10 8/10 1/3 1/3 1/3 3/3

1/10 9/10 2/10 ' 2/3
8/10 10/10 10/10 9/10 3/3 3/3 3/3 2/3

1/10 1/3
2/10
6/8  9/9 10/10  9/9 1/2 3/3 3/3-3/3

.“)2/8 _ 1/2 |
+0/10 10/10 . 10/10 10/10 3/3 3/3 3/3 3/3
10/10 9/10 10/10 10/10 3/3' 3/3 2/2 2/2
1/10

9/9 10/10 10/10  9/9 3/3 3/3 3/3 3/3
9/9 10/10 9/9 6/6 3/3 3/3 3/3 3/3

£ 10/10 10/10 10/10 10/10 3/3 3/3 3/3 3/3

Company Sanitized. Does not contain TSCA CBl —
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h) Ninety-Day Feeding Study in the Rat.

A\ ] ,
TABIE‘SQf/ Histopathologic Observations. Thirty-Day Interim Sacrifice.

Animal
Number Sex Tissue Comment

Control:

14162 M liver Mild portal lymphocytic infiltrate.
14165 M No lesion. '
14168 M urinary bladder Seminal plug.
14142 F No lesion..
14145 F lung Small focus of pneumonic consolidation.
14146 F No lesion.
2500 ppm.: .
- 14282 M liver Slight hypertrophy of centrolobular hepatocytes.
.\} 14285 M liver Slight hypertrophy of centrolobular hepatocytes
- - with loss of coarse cytoplasmic granularity.
14288 M liver . Slight hypertrophy of centrolobular hepatocytes
with loss of usual coarse granularity.
spleen Moderate hematopoétié activity. b
14262 F liver Mild portal lymphocytic infiltrate.
kidney Mild focal interstitial lymphocytic infiltrate.
14265 F lung Moderate peribronchial lymphoid hyperplasia.
14268 F No 1esion; ‘

Company Sanitized. Does not contain TSCA CBI
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H Ninety-Day Feeding Study in the Rat.

-

TABLE 30. Continued. Histopathologic Observations.

Sixty-Day Interim Sacrifice.

Animal
Number Sex Tissue Comment

Control:

14167 M No lesiom.

14170 M No lesiomn.

14178 M liver Slight portal lymphocytic infiltrate.

14143 F No lesion.

14149 F liver Slight portal lymphocytic infiltrate.

lung Few small scattered foci of pneumonic consolidation.
14152 F No lesion.
5000 ppm.: _
.) 14289 M large intestine Nematodes. :
: testes ' One testis was edematous and had reduced
spermatogenic activity.
liver Hypertrophy of hepatocytes which was more

pronounced in the centrolobular area;
hepatocytes appeared to have higher glycogen .
content than controls.

14293 M liver Moderate hypertrophy of hepatocytes,. predominately
centrolobular with loss of coarse granularity.
Moderate portal lymphocytic infiltrate with
scattered small nodules of proliferated
reticuloendothelial cells in liver parenchyma.

14295 M liver Hypertrophy of hepatocytes, primarily centrolobular,
hepatocytes appeared to contain more glycogen
than control.

14263 F liver Slight hypertrophy of hepatocytes, predominately
centrolobular.

14270 F liver Slight portal lymphocytic infiltrate.

14275 F liver Slight hypertrophy of centrolobular hepatocytes.

Company Sanitized. Does not contain TSCA CBI
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_ Ninety-Day Feeding Study in the Rat.

TABLE 39. Continued. Histopathologic Observations; Ninety-Day Terminal Sacrifice.

Animal
Number Sex Tissue Comment
Control:
14163 M lung Moderate perivascular lymphocytic cuffing.
14164 M urinary bladder Seminal plug.
14166 M No lesion.
14169 M kidney Small numbers of hyaline droplets in epithelium
of convoluted tubules. '
liver Slight portal lymphocytic infiltrate and bile
duct proliferation. :
14171 M lung Moderate perivascular lymphocytic cuffing
with localized pneumonitis.
14172 M urinary bladder Seminal plug.
lung Slight perivascular lymphocytic cuffing,
peribronchial lymphoid hyperplasia.
14173 M lung _ Slight peribronchial lymphoid hyperplasia.
kidney Moderate numbers of hyaline droplets in
: epithelium of convoluted tubules.
14174 M No lesion.
14175 M liver Slight portal lymphocytic infiltrate,
. centrolobular hepatocytes less coarsely
granular,
lung Slight perivascular lymphocytic cuffing.
14176 M liver Slight portal lymphocytic infiltrate.
heart Moderate mural necrosis and perivascular
. inflammatory infiltrate of a coronary vessel.
14144 F No lesion.
14147 F ) No lesion.
14148 F liver Slight portal lymphocytic infiltrate and bile
duct proliferation.
P
(¥
' Company San;
' any Sanitized. Does not consarm Yo
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— Ninety-Day Feeding Study in the Rat.

TABLE 30, Continued. Histopathologic Observations. Ninety-Day Terminal Sacrifice.

Animal

Number Sex Tissue Comment

Control (cont'd):

14150 F No lesion.
14151 F liver Slight portal lymphocytic infiltrate.
14153 F lung Small area of chronic pneumonitis.
liver Slight portal lymphocytic infiltrate.
14154 F uterus Hydometra.
liver Slight portal lymphocytic infiltrate.
14155 F liver Slight portal lymphocytic infiltrate.
14156 F No lesion.
14157 " F No lesion.
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g Ninety-Day Feeding Study in the Rat.

TABLE 30, Continued. Histopathologic Observations. Ninety-Day Terminal Sacrifice.

Animal

Number Sex Tissue Comment

1000 ppm., Liver Only:

14243 M , No lesion.
No lesion.

14244 M

14247 M Slight portal lymphocytic infiltrate.
14249 M No lesion.

14250 M No lesion.

14252 M No lesion.

14254 M No lesion.

14255 M No lesion.

14256 M Slight portal iymphocytic infiltrate.
14257 M Slight portal lymphocytic infiltrate,
14224 F No lesion. |

14226 - F No lesion.

14227 F No lesion.

14229 F Slight portal lymphocytic infiltrate.
14231 F No lesion.

14232 F Slight portal lymphocytic infiltrate.
14233 F Slight portal lymphocytic infiltrate.
14235 F Slight portal lymphocytic infiltrate.
14236 .F No lesion.. i

14237 F No lesion.

D )
‘ Gompany Sanitized. Does not contain T8CA S
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— Ninety-Day Feeding Study in the Rat.

TABLE 30. Continued. Histopathologic Observations. Ninety-Day Terminal Sacrifice.

Animal

Number Sex Tissue Comment

5000 ppm.:

14283 M liver Centrolobular hepatocytes slightly hypertrophied
cytoplasm less coarsely granular than in
hepatocytes at periphery of lobules.

14284 M liver Centrolobular hepatocytes less coarsely
granular than those at periphery.

lung Slight peribronchial lymphoid hyperplasia.

14286 M brain Glial nodules in medulla, structure resembling

Sgrcosporidia also present.

lung Slight perivascular lymphocytic cuffing,
area of pneumonic consolidation.

liver Centrolobular hepatocytes less granular than
those at periphery of lobule, slight portal
lymphocytic infiltrate.

14287 M adrenal _ Area of osteoid and bone in cortex of one
adrenal. . -

liver . Cytoplasm of centrolobular hepatocytes less -
coarsely granular than cytoplasm of hepatocytes
_ at periphery, slight portal lymphocytic infiltrate.

14290 M No lesion.

14291 M liver Cytoplasm of centrolobular hepatocytes less
coarsely granular than cytoplasm of hepatocytes
at periphery of lobules.

14292 M liver Centrolobular hepatocytes less coarsely
granular than those at periphery of lobules,

. lung Slight peribronchial lymphoid hyperplasia.

14294 M liver Centrolobular hepatocytes less coarsely granular
than those at periphery of lobule.

14296 M liver Marked portal lymphocytic infiltrate, centrolobular

hepatocytes slightly less granular than those at
periphery of lobule.

Na

Company Sanitized, Does noy contain TSCA Cpy
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g Ninety-Day Feeding Study in the Rat.

TABLE 30. Continued. Histopathologic Observations. Ninety-Day Terminal Sacrifice.

Animal
Number Sex Tissue Comment

5000 ppm. (cont'd):

14297 M liver Centrolobular hepatocytes less coarsely
' granular than those at periphery of lobule.

14264 F liver Moderate portal lymphocytic infiltrate.

14266 F liver Centrolobular hepatocytes less coarsely granular
than those at periphery, mild portal lymphocytic
infiltrate.

lung Chronic murine pneumonia of moderate severity.

14267 F liver Mild portal lymphocytic infiltrate.

14269 F liver Slight portal lymphocytic infiltrate.

14271 F kidney Moderate interstitial lymphocytic infiltrate.

liver Mild portal lymphocytic infiltrate.

14272 F liver Mild portal lymphocytic infiltrate.

14273 F liver Mild portal lymphocytic infiltrate.

large intestine Nematodes.

14274 F liver Mild portal lymphocytic infiltrate,
centrolobular hepatocytes less coarsely
granular than those at periphery.

14276 F lung Moderate perivascular lymphocytic cuffing.

14277 F lung Moderate perivascular lymphocytic cuffing.

Company Sanitized, Does not contain TSCA CBl
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_ Ninety-Day Feeding Study in the Rat.

TABLE 30. Continued. Histopathologic Observations. 2l-Day Compound Withdrawal.

Animal )
Number Sex Tissue Comment

Control:

14177 M No lesion.
14179 M pancreas Small area of necrosis and chronic inflammation.
14180 M lung Moderate peribronchial lymphoid hyperplasia.
liver Slight portal lymphocytic infiltrate.
urinary bladder Seminal plug.
14158 F No lesion.
14159 F lung Moderate peribronchial lymphoid hyperplasia.
14161 F liver Slight portal lymphocytic infiltrate.
lung Slight perivascular lymphocytic cuffing.
.) 5000 ppm.:
Dt 14298 M liver Slight portal lymphocytic infiltrate.
: _ lung Mild peribronchial lymphoid hyperplasia.
14299 M urinary bladder Seminal plug. :
liver Centrolobular hepatocytes appeared slightly
hypertrophied.
14300 M liver Centrolobular hepatocytes appeared slightly
hypertrophied.
14278 F kidney Slight interstitial lymphocytic infiltrate,

few calcified tubules.
Moderate lymphocytic inflammatory infiltrate,

liver
primarily in portal areas.
lung : Moderate peribronchial lymphoid hyperplasia.
14279 F liver Mild por£a1 lymphocytic infiltrate, few scattered
vacuolated hepatocytes.
14280 F lung Slight peribronchial lymphoid hyperplasia.
liver Slight portal lymphocytic infiltrate.

‘) Cumpany Sanitized. Does not contain TSCA CBi
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H. A. LIPS
ORGANIC CHEMICALS DEPARTMENT

FOOD ADDITIVE PETITION NO. 5Bl747
"ZONYL" RP PAPER FLUORIDIZER

S. E. Krahler, H. Sherman and the undersigned
met with Messrs. Blumenthal, McLaughlin, Orr and Detwller
of FDA on March 22, 1966, to determine whether there is a
basls upon which the above Food Additive Petition may be
approved.

Initlially, we lngquired of the FDA officlals as
N to the reasons for not accepting the Petitlon for flling.

: They indlcated that with respect to compounds with which
they are not familiar, two-year feeding studles are the
usual standard requirement. In the event ninety-day stud-
ies are utilized, they now look Tor @ no-eriect level of
1,000. The mIgrotionm aota wiiithwemad submlitted Indicated
That approximately 1 ppm might migrate into the food and,
therefore, FDA would require no effect at the 1,000 ppm
level. The toxicity data at the 1,000 ppm level did show
some enlargement of livers, although unaccompanied by his-
tologlcal changes. Such an enlargement is consldered an
"effect" by FDA since, with only the ninety-day studies,
they are unwilling to speculate as to whether the effect
would increase or decrease after feeding was continued for
two years. They indicated that often at the end of ninety |
days the results look thelr worst, and that, if continued
for two years, the apparently adverse results at ninety
days might well appear without significance at the end of
two years.

There thus was no basis upon which we could per-
suade FDA to accept 1 ppm in food on the basis of our
ninety-day studies. Since additlonal toxilcity studles
would appear to be out of the guestlon for reasons of
time and money, we approached the problem on the basis
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that undoubtedly actual migration would be significantly
less than 1 ppm. We presented the revised calculatlons
based on ZONYL RP treatment of 0.25% (OWP) and compared

the average ppm extraction of ZONYL RP solids against such
extractions based upon 0.50% (OWP) treatment. We basically
told them we could live with a regulation limited to .5 ppm
extraction. FDA indicated that this would be unsatisfactory.

However, FDA did indicate that .1 ppm probably
ggg;g_Qg_gggggﬁggégagggggiggggagge Toxlclity data already
submitted. ey no ol exactly what number
would be acceptable but at least we Tlearly know the

Timits: .5 ppm 1s not acceptable and .l ppm would pPe
@cceptablzs

Dr. McLaughlin advanced an interesting idea as
to what actually 1is causing the toxic reactlon in the
compound. He recalled that diethylamine salt has been

~known to cause increased liver welght without histolog-

ical change. Dr. Blumenthal conflrmed this by reference
to toxlclity data developed by the Mellon Institute for
Union Carbide. Thus it may be that the diethylamine salt
rather than the perfluorcalkyl phosphate 1s the bad actor.
If so, FDA would be more inclined to approve our petition
since they have some familliarity with diethylamine salts
and are reluctant to approve a petition involving per-
fluoroalkyl phosphates with which they are totally un-
familiar. Also, there is always the possibllity that we
could elimlnate the diethylamine salt, thereby eliminating
the toxicity problem. However, we did not indicate that
thls was a practical alternative since, even 1f the di-
ethylamine salt were eliminated, we would still have to
submlt data on the perfluorocalkyl phosphate or else abso-

lutely prove that the dlethylamine salt was causing the
toxicity.

Our task 1s now threefold. First, Technical Lab |
will have to determine the maximum level at which we can
expect customers to apply ZONYL to the surface of paper-
board. Obviously, this figure will have to be rather
precise since we cannot afford to have a level of appli-
cation any higher than is absolutely necessary for prac-
tical commercial use. Secondly, Jackson Lab will then
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have to conduct extraction tests based upon the level of
application determined by Technical Lab. Probably two or
three sets of extraction tests should be run on levels of
application close to the figure determined by Technical
Lab. These extraction tests need only be run on water
and Wesson 01l. Third, we will need a wrilte-up by Haskell
as to any ldeas they might have on the toxicity of the di-
ethylamine salt. :

The above information wlll then be prepared as a
supplement to the original petition and we will no doubt
take 1t down to FDA and review it with them. It is ex-
tremely difficult to speculate on the ppm figure which
FDA wlll accept but probably it will not accept anything
more than .3. This must be borne in mind in determining

levels of application.
‘W&V

CHARD H. REA

RHR:4f
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TABLE 1—TI1rPLS OF RAW AND ProcESSED FOODS

L Nonacid, squcous Froducts: may contsin salt or
suger or both (pH sbove 5.0).

sugar or both, cnd (ncluding oll-lo-wuter emule
: slons of low- ¢r high-fat ccatent. )
L Aqueous, ncld or monacid products containing
- . . _ free ol] or fat; moy contain salt, and Including Y
. water-In-otl emuisions of low- or high-fot content. o ‘
- IV. Duiry products and mod!ifications: : ) ¢
. Water-ic-cil emulsions, high- or low-fat, .. .
) . Oildn-watcr emulsioas, high- or low-fat, - : i
- - V. Low-moizture fats and oils. S
VL Beverages: ’ i
A. Contalolng up to 8 pereent of alcobol.
g {s’on:ﬂcohc)llc.
. Containing more than 8 percent of nlcohol.
VIL Bokery products other than thg.:e included uader I - B
3 V1IT or IX of this toble: Do ) ” !
A, Moist hakery products with surface contain. ' o |
N . . X ng free fat or oll, : ) ;
s . . B. Molst bekery products with surface con- B I
N ) talning ne free fat or oil. : - ’
R - . . VIIL Dry solids with the surface contalning no free [at o ’ (‘
or ofl (no cnd test required). * : v
o &Y D&wnd: with the surfaco contalning free fat or e Al

13
i
IL Acid, squcous products; may contaln sslt or ) o ' . . ;‘[
i
{
!

iy

* 1
. i . :
Fanrx 3—Trsr Paoczpurzs With Tine TEAPERATURE CONDITIONS POR DETERWINING AMVOUNTOY EXTRACTIVEY
F20M TRE FOOD-CONTACT STRFACEZ Or UNcoaTED OR CoaTID Paren axp ParenBoaRrD, UsING BOLYENTS
EMULATING TTPZ3 07 FooDs AND BEvERAGES
. Yood-simulating solvents
) Tyves of food
Condition of use (see table 1)
Water Heptane ! 8 peroenit | 50 percent
. - . cohol alcohol
Time ond Time and Ttmeend | Thneand
temperulurt temperaturs  |temperalure lemperature
A Hich temprraturs heatalerflized (1 IV-N, VI-B. .0 270 Fu2hteeeeanaess vevccaeslecemasasasnc|sesvonucaan .
@.x., over 212° 7). %%Lv!;\;-ﬁ, Vil-A . :30‘;‘..320 hr{._ 150°F.,2hr_..
. 5 DR I3 /4 QI o + 111+ T8 DR
B. Bolling water stertized— {1 Wi 0700l 1% B S0 min | 1567 ¥ B0 i -
. - 1, IV-B..........| Fill bolling,
R ool to100° F. .
©. Hot fillod or pastearized above {111, IV-A ..o .. Fill bolling, 120°F., 15mln.
150°F. . .| coolto10°
. ; 120°F., 13 min. :
~ 30 1 NN DI,
Y, 2 hr...| 100° F., 30 min. :
! ot filled ar pasteurized below - 100° F., 0 min.
380° ¥.
. ' ’ VI-C .o
i gﬁn"]—B.VLB, 120°F., 24 hr._
E. Boom lemperatuss filed and [|111, TV-A, VIT-A_.| 120° F., 24 hr | T0° P, 0 min.
stored (0o thermal trestment {/V, X . 70° F., 30 min.
tn ths contalrer). VI-A. B
VI-C !
- LIV-A, VII-A. ] TO°F., S hr T0*F.,0min.. e
o . L1, IV-B,VI-B, | 70" F., 43 br. :
¥. Religerated storage (no thermal VKH‘B' mr, 4l
treatrnent in the contaliner). e br. esesemenee ;
: : . T0°F., 48 -
- .. N hr R hr. - -
O. Frozen storags (no thermal R P2 U
trestment {n the contnlner). 70° F.. 24 br...| 76°F., N mia..
HE. Frozcn or refrizersted siorags: .
Ready-prepared foods in- _
tended to be reheated ln con-
tainer at time of use: - .
1. Aqueous or oil-ln-wster I,ILIV-B,VI-B.} Z12° F, 30 .
eru'ston of _hlr‘b- or low- min,
fat. . :
& Aqueous, high- or low.free | ITT, IV-A, VI-A_| 212° 7, 30 | 10°F, % : SO
ofl or fat. min, mia .
. - )
\ R
A\ - -

F -
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S ndustrial BIO-TEST Laboraturics, Inc

REPORT TO
MINNESOTA MINING AND MANUFACTURING COMPANY

ACUTE ORAL TOXICITY STUDIES ON
TWO MATERIALS

IBT NO. A4414

I. Introduction

Samples of two materials identified as L-1931 (20470-23P) and 1.-1932
(20430-39D) respectively, were received from Minnesota Mining and
Manufacturing Company for the purpose of conducting acute oral toxicity
studies employing albino rats as test animals.
II. Procedure

The proceduré followed in the evaluation of each test material was the
same and is described below.

rHealthy, yoAung albino rats of 'the Sprague -Dawley strain with a body
weight range from 150 to 200 grams were used as test animals. The rats
‘were divicie_d into groups of four animals each (two male and two female)
for dosing purposes.

All animals used were kept under observation for five days prior to
experimental use, during which period they were checked for general

physical health and suitability as test animals. The animals were housed

Made Available by 3M for Inspection and Copying as Confidential Information: 3MA01789596
Subject to Protective Order In Palmer v. 3M, No. C2-04-6309

1053.0002



o ndustial BNOTEST Laboratories, I | 2
in stock céges and permitted a standard laboratory rat diet* plus water
ad libitum until 16 hours immediately prior to oral intubation.

On the morning of the first test day, after a 16-hour fast (water
permitted), the selected dose groﬁps of fbur rats each (two male and two
female) were intubated wibth previously calculated doses of the test
material in the form of an aqueous suspension, All doses were
administered directly into the stomachs of the rats using a hypodermic
syringe equipped with a ball-pointed intubating needle.

Following oral a;iministration of the fest material, the rats were
housed individually in observation cages ( 10" x 8" x 8'") and observed
for the succeeding 30 days. All mortalities and/or reactions displayed
were recorded.

Arrangements were made to autopsy any animal which might succumb
during the study as well as all surviving animals at‘ the end of the 30 days.
At the end of the observation period, all data were collected and

arrangements were made to calculate the acute oral mean lethal dose
(LD5sg) of the test material using the techniques of Weil#%:, Thompson#i,

and Thompson and Weil sk,

* Wayne Lab Blox, Allied Mills, Chicago, Illinois,

**% Weil, Carrol S. : Tables for Convenient Calculation of Median -
Effective Dose (LD5q or EDgg) and Instructions in Their Use,
Biometrics, Sept. 1952, '

*%% Thompson, William R. : Use of Moving Averages and Interpolation

to Estimate Median-Effective Dose, Bact. Rev,, Nov. 1947,

Thompson, William R. and Weil, Carrol S. : On the Construction

of Tables for Moving Average Interpolation. Biometrics, March 1952,

Made Available by 3M for Inspection and Copying as Confidential Information: 3MA01789597

Subject to Protective Order In Palmer v. 3M, No. C2-04-6309
1053.0003



o Iudustial BYO TEST Loboratmrics, I,

III. Results

A. Mortality

The mortality data are presented in Tabiles I and II

TEST MATERIAL: L-1931

Acute Oral Toxicity - Albino Rats

TABLE I

Mortality Data

Dose* Number Number Per Cent

{g/kg) Dead Tested Dead
1.4 | i 4 25
2,0 1 4 25
3.0 2 4 50
4,6 4 4 100

Acute Oral LDgq = 2.6 g/kg

Standard Deviation of LDgg = % 0.6 g/kg

oL

suspension.

Made Available by 3M for Inspection and Copying as Confidential Information:

Subject to Protective Order In Palmer v. 3M, No. C2-04-6309
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TABLE II
TEST MATERIAL: L-1932
Acute Oral Toxicity - Albino Rats

Mortality Data

Dose* Number. Number Per Cent

(g/kg) _ Dead _ Tested Dead
0.6 0 | 4 0

j 0.9 ) 2 4 50
1.4 4 ' 4 100

2.0 : 4 - 4 100

Acute Oral LDgg = 0.9 g/kg
Standard Deviation of LDgg = = 0.1 g/kg

&L

% The test material was administered as 2 10 per cent (w/v) agueous
suspension.

Made Available by 3M for Inspection and Copying as Confidential Information: .3MA01789599
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B. Reactions
Summaries of the untoward behavioral reactions and ’cime of death
following bral administration of the respective test materials are presented
in Tables III and IV.
Necropsy of animals which died during the study as well a§ those
sacrificed at the end of the 30-day observation period revealed no

significant gross pathologic alterations in the tissues and organs examined.

Made Available by 3M for Inspection and Copying as Confidential Information:
Subject to Protective Order In Palmer v. 3M, No. C2-04-6309 . SMADTTESe00
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IV, Summary
Acute oral toxicity studies employing albino rats as test animals

were conducted on two materials identified as L.-1931 (20470-23P)
and L-1932 (20430-39D) respectively. The testlz materials were
administered in the form of aqueous suspensions. The acute oral
mean lethal dose values (LDs5g), expressed in terms of undiluted test
material, were 2.6 + 0. 6 g/kg for L.-1931 and 0.9 + 0, 1 g/kg;‘for
L-1932 res.pectively.‘

Respectfully submitted,

INDUSTRIAL BIO-TEST LABORATORIES, INC,

ﬂﬁﬂé/ cé//’w%zi

Report prepared by: ‘Gerald Schoenig, B.S.
Departmental Director _
Acute Toxicity Department

Report approved by: Otis E, Fancher, Ph. D.
Director

. C, Calandra, Ph.D., M.D.
President

September 21, 1966
nk
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15 June 1970

The Editor -

Fire Journal

~ National Fire Protection Association
60 Batterymarch Street :

" Boston, Massachusetts 02110

Sir:

At the recent NFPA Meeting in Toronto information about

the toxicity of "Light Water' was asked of me frequently.

We had made a limited study.on the effects of '"Light Water'
on marine life in preparation for substantial and controlled
field tests. These effects were highly derogatory to marine
- life and the entire test program had to be abandoned to avoid
severe local stream pollution. Iam asked By concerned
people to report our data on the "Light Water' studied and
do herewith comply. '

The. only commexrcially available product was FC~194 and
this was checked.over a range which allowed for 48~fold to
.. 16, 000~fold dilution. These results are reported. Other
© "Light Water" formulations not commercially available
were also checked and the results were similar.

A series of five ten-gallon tanks were uscd and these were
stocked and restocked with a recommended group ef hardy
fish. Tank temperitures were maintained at 729F i 2°rF,
uniform aeration maintained by Tiger pumps and filter.
Each tank, fitted with stainless lids, housed a) 3 goldfish"
(average length 2-1/4 inches, average weight 1~1/2 grams),
b) 2 Blackmoors (average length 2-1/2 inches, average
weight 3 grams) and c) 2 Calicos (average length 2 inches,
average weight 1-1/2 grams). There were fed standard fish
food at a rate of 0,025 grams per tank per day.  The tanks
contained nine gallons of tapwater and fuam conccntrate as
shown in the following summary chart. :

Exhibit
1083

State of Minnesota v. 3M Co.,
Court File No. 27-CV-10-28862

3M_MNO02267863

1083.0001
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The Editor
" Fire Journal _

Fluorochemical »

16 June 1970
Page 2

Foam Liquid Surface Tension Survival
Type Conc. :% :ppm sdynes/cm Time
FC-194 2.0 1,250 14,8 3-10 min.

n . 0.2 125 16.3. 5«60 min.

" 0.02 - 12.5 36.7 ~ 4-8 hrs.

" 0.006 "’ 4 39.7 2.7 days

" 0.002 1 52,5 Over 7 da.ys

- - 67.5 Over 10.weeks

We regard the 4 parts per million as the threshold concen=

tration with lower concentrations probably safe.

However,

~at all listed concentrations (including the 1 part per million)
erratic motion, loss of stability and other visibly odd effects
were present,

There appeared to be two principal possible causes of death

for all the fish.

The erratic motion, rapid rotation and

general inability to remain upright led to the apparent drowning
of the fish. The same characteristic, by which fluorochemical
greatly lowers the interfacial tension allowing for film-formation,
also permits the intrusion of water asg the oil film on which
protectlion of the fish's stablhzlng mechamsm depends-is de~

stroyed by the fluorochemical.

a. result.

SIK/k

The fish appears to drown as

There also appears to be an attack on his nervous
system as evidenced by high speed swimming and crashlnu
headlong into the 51des and bottom of the tank.

CHEMICAL C(J)NCE

./'

Faithfully yours,

, /-/:")// 0 (/{ ’/[

S. 1. .:Kalkstein -

/_,

Pres ide‘nt_

1083.0002

N}RAjS CORPORATION
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NINETY-DAY FEEDING STUDY IN
RATS AND DOGS WITH ZONYI® Rp

Haskell Laboratory Report No., 68-73

Medical Research Project No. 1491

This feeding study was performed by Mrs. Kathleen
Carroll under the direction of Dr. Henry Sherman. The
clinical laboratory and biochemistry tests were performed
by Mrs, Louise L. Adams, Mr. Norman W, Henry, III,

Mr. John R. Pennington, Jr., and Miss Adele M, Pochomis
under the direction of Dr., John R, Barnes. Gross pathology
and preparaticn of slides were carried out by Dr. Rudolf
Culik, Dr. K. P. Lee, Mr. August H. Stenhelm, Mr. William
I. Swan, Mr., Francis Ulmer, Mr. Anthony T. Dilorenzo,

Mrs. Jean A. Houck and Mrs, Joan A. Dimeler under the
direction of Dr. James G. Aftosmis. Histopathologic
evaluation of the tissues was conducted by Dr. Edwin F.
Stula under Dr. Aftosmis' direction.



NINETY-DAY FEEDING STUDY IN
RATS AND DOGS WITH ZONYI® RP

Haskell Laboratory Report No. 68-73

Medical Research Project No. 1491

SUMMARY

Zonyl® RP has been fed to rats and dogs for ninety days at dietary
levels of 0, 500, 750, and 2,500 ppm. No nutritional or clinical signs of
toxicity were observed in rats or dogs on any of the test levels,

Rats receiving the intermediate and highest dietary levels of
Zonyfa RP showed lower erythrocyte counts, hemoglobin concentrations
and hematocrits than those of the controls; those receiving the highest
dietary level also showed a slightly higher incidence of hematuria and
proteinuria. Male rats receiving the two higher dietary levels of Zonyl® RP
showed slightly larger liver and kidney weights and higher organ/body weight
ratios than did the controls or other test group; all female test rats had
higher kidney weights and kidney/body weight ratios whereas the female rats
on the highest dietary level also had greater liver weights and liver/body
weight ratios. Of all the organs examined histologically, only the livers,
and only those from the male animals receiving 2,500 ppm Zonny RP, showed
changes, and these were comsidered to be reversible,

Dogs receiving the highest dietary level of Zonny RP had lower
erythrocyte counts, hemoglobin concentrations and hematocrit values than
did the controls. Alkaline phosphatase activities were elevated in the
dogs in all test groups, whereas cholesterol values were higher in dogs
receiving 750 and 2,500 ppm Zonyl® RP. The livers of the dogs from
all three test groups were heavier than those from the control dogs. The
liver was the only organ of those examined that exhibited histologic changes
and this was confined to those coming from the highest level group.

Thus, the results of this ninety-day feeding study and those of the
previous one support only 100 ppm as a '"mo-effect" level for Zony1® RP.



PRCCEDURE

Fifty male and 50 female weanling albino rats (ChR-CD) were
housed in pairs, sexes separate, in suspended stainless steel wire
cages and fed ground Purina Laboratory Chow (GPLC) with 1% corn oil
(CO) added. During a pre-test period of five days, the animals were
observed with respect to food consumption, eating habits, and weight
gain., They were divided into four equal average-weight groups of 10
male and 10 female rats each at the end of this period on the basis
of weight gain and freedom from gross respiratory disorders or other
clinical signs of disease, The groups were then assigned at random
to receive the following diets:

Computer .
Group Groups Diet
I (Control) (1 and 2) GPLC + 1% CO
II . (3 and &) GPLC + 1% CO + 500 ppm Zonyl® RP
111 (5 and 6) GPLC + 1% CO + 750 ppm Zonyl® RP
v (7 and 8) GPLC + 1% CO + 2,500 ppm Zonyl® RP

The highest dietary lavel (2,500 ppm) had been suggested by the
FDA to act as a bridge between the present study and the one con-
ducted earlier under MRO-840. The test material was added as active
ingredient, Zonyl® RP, present in the slurry at a 35% concentration. An
amount of water was added to the control diet equivalent to that con-
tributed by the 357 aqueous slurry to the diet in Group 1IV. Diets were
prepared fresh each week and stored at refrigerator temperature until
used,

The animals were weighed once a week during the entire study.
Food consumption data were obtained on a group and sex basis at the
times the animals were weighed.

During the test, the animals were examined routinely for any abnormal
behavior and any clinical manifestations of toxicity.

Hematological, urine and bicchemical analyses were conducted on
ten male and ten female rats from each group after they had been on
their respective diets for one, two, and three months. Hematological
evaluations included an erythrocyte count, a measure of hemoglobin con-
centration, a measure of the hematocrit, and a total and differential
white blood cell count. Urine analysis consisted of a measure of the
24-hour urine volume, concentration in milliosmoles and creatinine, a
test for sugar, bloed, protein, apnd urobilincgen, and an observation
of the color, appearance, and pH. Specimens with a negative test for
blood were combined to form two pools of urine for each group and the
sediment from these pools examined microscopically. All specimens with
a positive test for blood were examined separately, 1In the biochemical
tests, to measure liver function, alkaline phosphatase and glutamic-
pyruvic transaminase activities and bilirubin concentration were
measured in blood taken from the tails of 10 males and 10 females in
each group.
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A, RATS (Continued)

—— e,

PROCEDURE (Continued)

After 91-98 days of continuous feeding, all the animals in each
group were sacrificed by CHCly administration. The following organs
were weighed: brain, heart, lungs, liver, spleen, kidney, testis,
stomach, adrenal, and pituitary. Organs or tissues, preserved in
formalin and stained with hematoxylin-ecsin, included, in addition to
those listed above, the following: eye, exorbital lacrimal gland,
sciatic nerve, skin, mammary gland, bone marrow, lymph node, skeletal
muscle, trachea, aorta, salivary gland, esophagus, colon, cecum, duo-
denum, urinary bladder, prostate and seminal vesicles, uterus,
Fallopian tubes, ovary, thyroid, parathyroid, and thymus. The above
tissues from the control and highest level group (2,500 ppm) were
evaluated histopathologically; only the livers from the animals in
the other two test groups were examined histopathologically.

RESULTS

1. Weight Gain

Average body weight curves for control and test
groups of animals are plotted in Figure 1; average body
weights and average weight gains are summarized in
Tables I, II, V and VI,

The presence of 2,500 ppm Zonyl® RP in the diet of
male and female rats did not adversely affect their rate of

weight gain.

2. TFood Consumption

A summary of the average daily food consumption
data, computed as grams ingested per rat for each group,
is presented in Tables III, IV and V.

There were no meaningful differences among the
control and test groups with respect to the amount of food

they consumed over the entire test.

3. Food Efficiency

Food efficiency data, calculated as gram weight
gain per gram of food consumed, are presented in
Tables III-V.

There were no meaningful differences among control
and test groups with respect to food efficiency.



-4 -

A. RATS (Continued)

———————.

RESULTS (Continued)
4. Dose

The average daily ingestion of test material during
each week was calculated in milligrams of Zonyfa RP per
kilogram of body weight; these data are presented in
Table VI,

The decline in the average dose of test material
received by animals observed in this study is normal and
typical of that observed in most feeding studies where
rapidly growing animals are used initially and the concen-
tration of test material is kept constant throughout the
test. '

5, Clinical Observations

None of the test animals in any. of the three test
groups exhibited any clinical signs of toxicity during the
entire test that could be attributed to the test material.

6. Mortality

None of the animals in the control and test groups
died during the entire feeding study.

7. Hematology

The results of the periodic hematological examina-
tions conducted on rats fed the various levels of Zonyl® RP
and their controls are summarized in Table VII.

The erythrocyte count, hemoglobin concentration
and hematocrit of the rats fed Zonyl® RP were lower than
those of the controls at 750 ppm and above. A one-way
analysis of variance showed that the treatment with
Zonyfa RP had a significant effect on these measurements.
The values for these measurements, observed in the males
but not the females fed 750 ppm Zonny RP, were signifi-
cantly (p < 0.05) lower than those for the controls. Both
sexes were affected by a level of 2,500 ppm in the diet.
The calculated hematologic indices, mean corpuscular volume
(MCV) and mean corpuscular hemoglobin (MCH) indicated that
the erythrocytes of the rats fed 2,500 ppm Zonyl® RP were
macrocytic and hypochromic. There were no effects on the
number or distribution of leucocytes.



A. PRATS (Continued)
RESULTS (Continued)

8. Urinalysis

The results of the periodic urine analyses
conducted on rats fed various levels of Zonyl(D RP are
summarized in Table VIII.

A slightly higher incidence of hematuria and
proteinuria occurred in the rats fed 2,500 ppm Zonyl‘O RP
than in the other groups. All other measurements and
observations made on the urine of the treated rats did
not differ from those of the controls.

9. Biochemistry

The results of the periodic biochemical measure-
ments conducted on the blood of rats fed various levels of
Zonyl® RP are summarized in Table IX.

No effect on any of the biochemical measurements
was found that could be related to the. presence of the
Zonyl® RP in the diet.

10, Pathology

A summary of the average weights of select organs
taken from the control and test groups is presented in
Table X; organ/body weight ratios are summarized in Table XI.

Among the test groups, male animals receiving the
intermediate and high levels of Zonyl® RP showed higher
average liver and kidney weights; both liver/body weight and
kidney/body weight ratios were also slightly greater in these
groups. Among the female test groups, all showed higher
average kidney weights and kidney/body weight ratios than
did the controls; average liver weights and liver/body
weight ratios were slightly greater in the animals receiving
2,500 ppm Zouy"l‘D RP than in the other test groups or the
control.

A summary of the histopathologic findings is
presented in Table XII, where O = no abnormalities detected,
+ = slight degree of lesion present, ard X = organ not on
slide.

Test chemical-related histopathologic effects were
found only in the livers of male rats fed the highest
(2,500 ppm) dietary level of zonyl® RP. Examination of the
livers from rats that received the two lower levels of the
test chemical did not reveal any compound-related effects,
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A, RATS (Continued)

——— e e,

RESULTS (Continued)

10. Pathology (Continued)

The liver changes observed in the males in the highest
dietary level group consisted of fatty change, cytomegaly,
and cytoplasmic hyaline droplets. This type of liver
change is considered to be reversible.

B. _DOGS

PROCEDURE

During a pre-test period of approximately one month, 16 male and
16 female beagle dogs, 9 to 14 months old, were given Wayne Dog Krums®
and water ad libitum between 3:00 p.m., and 7:00 a.m. Animals were
examined daily for any abnormal btehavior and any clinical manifesta-
tions of toxicity. During this period, specimens of blood and urine
were collected from each dog twice for clinical laboratory examina-
tions. The tests included in these examinations are listed below:

Hematology: Erythrocyte count, hemoglobin concentration,
hematocrit, total and differential leucccyte count.

Urinalysis: An observation of color, appearance and pH;
a measure of the 24-hour urine volume, creatinine, and
osmolality; a test for sugar, blood, protein, acetone,
urobilinogen, and bilirubin; a microscopic examination
of the sediment.

Biochemistry: Glucose,urea-nitrogen, creatinine,
cholesterol, alkaline phosphatase, glutamic-pyruvic
transaminase, bilirubin, toial protein, albumin, and
albumin/globulin ratio

Four males and four females were allocated to each of the four
groups on the basis of normal clinical and nutritional evaluations and
assigned at random to receive the following diets:

Group Diet
I (Control) Wayne Dog Food (Krums®)
11 Krums® + 500 ppm Zonyl® RP
III Krums® + 750 ppm Zonyfo RP
v Krums® + 2,500 ppm Zonyl® RP

Diets were prepared fresh each week., Diet was offered ad 1libitum
to the dogs between 3:00 p.m. and 7:00 a.m.; water was available at
all times,
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B. DOGS (Continued)

PROCEDURE (Continued)

Diet consumption and body weight data were obtained each week and
calculations were made to determine the approximate daily dose each
week of Zonyl® RP per kilogram of body weight. Animals were examined
daily for any clinical signs of toxicity.

The same clinical laboratory examinations made during the pre-
test period were conducted on each dog after one, two, and three
months of feeding.

After 98-105 days of continuous feeding, all dogs were sacri-
ficed by electrocution and submitted to gross and histopathologic
evaluation. Organ weights were obtained for the following: brain,
heart, lungs, liver, spleen, pancreas, kidney, testis, prostate,
stomach, thymus, adrenals, pituitary, and thyroid. Organs and
tissues were preserved in formalin and stained with hematoxylin-
eosin; these included, in addition to those mentioned above, the
following: epididymis, Fallopian tubes, aorta, esophagus, uterus,
ovary, duodenum, cecum, mammary gland, urinary bladder, spinal cord,
trachea, salivary gland, bone marrow, lymph node, colon, sciatic
nerve, skeletal muscle, eye, and skin., All tissues taken from the
dogs on the control diet and highest test level diet were evaluated
histologically; only the liversfrom the animals receiving the low and
intermediate levels of Zonyfa RP were examined histologically. The
livers from the control and highest level dogs were stained with 0il
Red 0.

RESULTS

1. Body Weight

The weekly body weight data of the individual dogs
are presented in Tables XIII and XIV.

All dogs, control and test, showed normal body
weight gains during the study.

2. Diet Consumption

Values calculated for average daily diet consump-
tion for each dog are presented in Tables XV and XVI.

The amount of diet consumed by z2ach dog varied
from week to week. However, there was no adverse effect
by the test material upon diet intake.

3. Dose
The average daily intake of Zonny RP in milli-

grams per kilogram of body weight was calculated for each
dog; these results are presented in Tables XVII and XVIII,



RESULTS (Continued)
3. Dose (Continued)
Since the body weights of most of the dogs remained
relatively constant throughout the test, the dose of Zonyf®
RP received by each treated dog each week fluctuated with

diet intake.

4. Clinical Signs

Regular examination disclosed no clinical changes in
any of the test dogs that could be attributed to the feeding
of Zonny RP.

All dogs survived the 90-day feeding period without
incident.

5. Hematology

The results of the hematological measurements con-
ducted throughout the feeding study are summarized in
Table XIX; the numbersrepresent average values obtained
during pretreatment and treatment periods. Individual values
are presented in Appendix I,

The erythrocyte count, hemoglobin concentration, and
hematocrit of the dogs fed 2,500 ppm Zonny RP were generally
lower than those of the other dogs, control and test, during
treatment. A one-way analysis of variance indicated that the
treatment with Zonyl® RP significantly affected the hemoglobin
concentration and hematocrit, whether expressed as grams of
hemoglobin per 100 ml and percent of packed cells, or as the
change from the pre-test observation for these measurements.

6. Urinalysis

The results of the urine analysis measurements con-
ducted throughout the feeding study are summarized in Table XX;
the numbers represent average values obtained during the pre-
treatment and treatment periods., Individual values are
presented in Appendix I.

No effect attributable to the addition of Zonyl(3 RP

to the dogs' diet was found in any of the measurements or
observations made on the urine.

7. Biochemistry

The results of the biochemical measurements conducted
throughout the feeding study are summarized in Table XXI; the
figures recorded represent average values obtained during the



RESULTS (Continued)

7. Biochemistry (Continued)

pretreatment and treatment periods. Individual values are
presented in Appendix I,

There was no effect on the glucose,urea-nitrogen,
creatinine, transaminase, bilirubin, or plasma protein values,
A one-way analysis of variance, however, showed that the
total cholesterol and alkaline phosphatase activity of the
dogs fed Zonyf9 RP were significantly affected by the treat-
ment. The alkaline phosphatase activity of the dogs fed the
lowest dose, 500 ppm Zonyl® RP, was elevated significantly
(p < 0.05). Both alkaline phosphatase and cholesterol values
were elevated in the dogs fed 750 ppm and 2,500 ppm Zonyl® RP,
This effect occurred after one month, was maximum at two
months, and then stzbilized, or decreased slightly, at three
months. The effect was significant for the relative change
from the pre-exposure, expressed as a percent, as well as for
the increase in Bessey units (alkaline phosphatase) or mg %
(cholesterol) for the Zonyl‘D RP treated dogs.

8. Pathology

The individual organ weights of the dogs sacrificed
after three months' feeding of Zonyfa RP are presented in
Tables XXII and XXTITI.

The small group sizes and large variation do not per-
mit a complete statistical analysis of the liver weights.
However, a variance analysis of liver/body weight ratios
indicates that there was a difference between control and test
groups with respect to this ratio, a heavier liver being the
effect of treatment, This is summarized in Table XXIV, where
mean values are recorded. It would appear that the livers of
all three groups, i.e., low, intermediate, and high dietary
levels of Zonyl‘D RP, were affected by the presence of ZonyﬁE
RP in the diet.

A summary of the histopathologic findings is presented
in Tables XXV-XXVIII.

The livers from the highest level of feeding were
pale and had rounded edges with a tight capsule. Histo-
logically, the liver from the dogs in the highest level of
feeding (2,500 ppm Zonyl‘D RP) was the only organ affected.

The liver changes were difficult to detect. They consisted

of a slight enlargement of hepatocytes (hypertrophy) together
with an uneven distribution of cytoplasmic particles (degenera-
tion). Examination of the livers from control and high level
dogs stained with 0il Red O did not reveal an increase of
lipid.
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RESULTS {(Continued)

8. Pathology (Continued)

No compound-related abnormalities were detected in
the livers of the dogs receiving 500 and 750 ppm Zonyl® RP,

DISCUSSION

In the previously-reported ninety-day feeding study in rats and
dogs (MRO-840), the lowest level fed, i00 ppm, was considered the "no-
effect" level. The other two levels, 500-1,000 ppm and 2,500-5,000 ppm,
did produce changes in both rats and dogs. 1In rats, this consisted of
hematological changes at 2,500-5,000 ppm, increased liver and kidney
weights at 500-1,000 ppm and 2,500-5,000 ppm levels, and pale yellowish
livers in some male rats at the mid and highest levels; histologic
changes were observed in only the livers from the highest level, 2,500-
5,000 ppm. In dogs, plasma cholesterol and alkaline phosphatase were
elevated in those fed 2,500-5,000 ppm ZonyﬁD RP, suggesting liver
damage. Liver weights were increased at the middle and highest dietary
levels; histologic changes were observed in only the livers of dogs
receiving the highest dietary level.

The present study confirms the results obtained earlier. There
does not appear to be a "no-effect'" level in this present study, since
increased liver and kidney weights were observed at the lowest dietary
level in rats and since increased alkaline phosphatase activity and
increased liver weights were observed in the lowest level in the dogs.

Thus, the results of this ninety-day feeding study and those of the
previous one support only 100 ppm as a "no-effect" level for Zonyi® RE.

SUMMARY

Zonyfa RP has been fed to rats and dogs for ninety days at dietary
levels of 0, 500, 750, and 2,500 ppm. No nutritional or clinical signs
of toxicity were observed in rats or dogs on any of the test levels,

Rats receiving the intermediate and highest dietary levels of
zonyl® RP showed lower erythrocyte counts, hemoglobin concentrations
and hematocrits than those of the controls; those receiving the highest
dietary level also showed a slightly higher incidence of hematuria and
proteinuria. Male rats receiving the two higher dietary levels of
Zonyl® RP showed slightly larger liver and kidney weights and higher
organ/body weight ratios than did the controls or other test group;
all female test rats had higher kidney weights and kidney/body weight
ratios whereas the female rats on the highest dietary level also had
greater liver weights and liver/body weight ratios, Of all the organs
examined histologically, only the livers, and only those from the male
animals receiving 2,500 ppm Zony1® RP, showed changes, and these were
considered to be reversible,

Dogs receiving the highest dietary level of Zonyf® RP had icwer
erythrocyte counts, lower hemoglobin concentrations, and hematocrit values



- 11 -
SUMMARY (Continued)

than did the controls. Alkaline phosphatase activities were elevated in
the dogs in all test groups, whereas cholesterol values were higher in
dogs receiving 750 and 2,500 ppm Zonyl® RP., The livers of the dogs from
all three test groups were heavier than those from the control dogs. The
liver was the only organ of those examined that exhibited histologic
changes and this was confined to those coming from the highest level
group.

Thus, the results of this ninety-day feeding study and those of
the previous one support only 100 ppm as a "no-effect" level for
Zonyl(D RP.
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TABLE I

AVERAGE BODY WEIGHTS AND AVERAGE WEIGHT GAINS OF
MALE RATS FED VARIOUS LEVELS OF ZONYI® RP

Zony1<D RP
Days on Group I Group II Group III Group IV
Test Control 500 ppm 750 ppm 2,500 ppm

Average Body Weight (gm)

0 70 69 69 68

7 123 120 119 117
14 179 174 172 168
21 233 227 229 221
28 266 280 267 267
35 321 323 320 310
42 358 358 358 345
49 388 396 396 377
56 411 413 423 404
63 432 431 441 423
70 452 451 461 448
77 472 470 478 471
84 487 482 492 489
91 500 497 510 495

Average Weight Gain (gm)

0- 7 - 53 51 50 49
7-14 56 54 53 51
14-21 54 53 57 53
21-28 33 53 38 46
28-35 55 43 53 33
35-42 37 35 38 35
42-49 30 32 38 32
49-56 23 23 27 27
56-63 21 18 18 19
63-70 20 20 20 25
70-77 20 19 17 23
77-84 1 12 14 18

84-91 13 15 18 6



TABLE II

AVERAGE BODY WEIGHTS AND AVERAGE WEIGHT GAINS OF
FEMALE RATS FED VARTIOUS LEVELS OF ZONYI® Rp

Zonyl‘:R> RP
Days on Group 1 Group I1 Group III Group 1V
Test Control 500 ppm 750 ppm 2,500 ppm

Average Body Weight (gm)

0 69 70 70 70

7 113 114 110 112
14 147 148 149 150
21 170 173 175 176
28 189 194 196 195
35 205 208 214 208
42 220 225 228 217
49 238 236 244 236
56 250 247 257 246
63 250 253 262 247
70 259 260 273 261
77 270 268 286 267
84 279 276 290 275
91 282 277 295 276

Average Weight Gain (gm)

0- 7 A 44 40 42

7-14 35 34 39 38
14-21 22 .25 26 26
21-28 19 21 21 19
28-35 16 14 18 13
35-42 15 17 14 9
42-49 18 11 16 19
49-56 12 11 13 10
56-63 0 6 5 1
63-70 9 7 11 14
70-77 11 8 13 6
77-84 9 8 4 8
84-91 3 1 5 1



TABLE IIT

AVERAGE DAILY FOOD CONSUMPTION AND FOOD EFFICIENCY OF
MALE RATS FED VARIOUS LEVELS OF ZONYI® RP

Zonyfo RP
Days on Group 1 Group II Group III Group IV
Test Controi 500 ppm 750 pom 2,500 ppm

Average Daily Food Consumpticn (gm)

0- 7 14.9 14.8 14.0 14,1
7-14 20.1 18.4 18.5 18.2
14-21 19.4 20,7 21,1 20,1
21-28 23.3 24,3 23,3 23.1
28-35 25.0 22.1 25.5 24.8
35-42 25,4 25.8 25,8 25.4
42-49 24,4 25,2 26.1 25,6
49-56 25,6 25.7 25,8 26.1
56-63 25,6 25.5 25,8 24,2
63-70 24 .4 24,9 25.9 26,1
70-77 24,5 24,5 25.9 27.9
77-84 25.0 24,7 26.3 27.4
84-91 23.8 23.1 25,4 25.4
Gram Weight Gain/Gram Food Consumed

0- 7 0.51 0.50 C.51 0.49

7-14 0.40 0.42 0.41 0.40
14-21 0.40 0.37 0.38 0.38
21-28 0.20 0.31 0.23 0.28
28-35 0.31 0.28 0.30 0.25
35-42 0.21 0.19 0.21 0.19
42-49 0.18 0.18 0.20 0.18
49-56 0.13 0.13 0.15 0.15
56-63 0.11 0.10 0.10 0.11
63-70 .12 0.11 0.11 C.14
70-77 0.11 0.11 0.09 0.12
77-84 0.09 0.07 0.08 0.09
84-91 0.08 0.09 0.10 0.03



TABLE IV

AVERAGE DATLY FOOD CONSUMPTION AND FOOD EFFICIENCY OF
FEMALE RATS FED VARIOUS LEVELS OF ZONYI® Rp

zony1® RP
Days on Group 1 Group II Group III Group 1V
Test Control 500 ppm 750 ppm 2,500 ppm

Average Daily Food Consumption (gm)

0- 7 13.5 14,0 13.0 13.1

7-14 16.1 16.9 16.0 15.9
14-21 12.9 16.8 15.6 14,7
21-28 17.0 18.2 17.3 17.4
28-35 17.6 16.9 17.2 16.9
35-42 17.8 19.1 18.1 17.3
42-49 18.2 17.7 18.8 18.1
49-56 18.8 20.4 19.1 18,9
56-63 21.2 20.6 18.3 18.2
63-70 16,2 17.6 ©17.3 17.3
70-77 18.2 19.2 20.2 18.9
77-84 18.5 19.0 18.6 18.3
84-91 17.0 16.9 17.9 16.5

Gram Weight Gain/Gram Food Consumed

0- 7 - 0.46 0.45 0.44 0.46

7-14 0.31 0.29 0.35 0.34
14-21 0.24 0.21 0.24 0.25
21-28 0.16 0.16 0.17 0.16
28-35 0.13 0.12 0.15 0.11
35-42 0.12 0.13 0.11 0.08
42-49 0.14 0.09 0.12 0.15
49-56 0.09 0.08 0.10 0.08
56-63 - 0.04 0.04 0.01
63-70 0.08 0.06 0.09 0.11
70-77 0.08 0.06 0.09 0.05
77-84 0.07 0.06 0.03 0.06
84-91 0.02 0.01 0.04 0.01



TABLE V

AVERAGE WEIGHT GAIN, FOOD CONSUMPTION, AND FOOD EFFICIENCY DATA,

CALCUIATED AT APPROXIMATELY MONTHLY INTERVALS, OF MALE AND
FEMALE RATS FED VARIOUS LEVELS OF ZONYI® RP

MALES

Days Weight Food Con- Food

on Gain sumption Effi-
Group Test (gm) (gm) ciency

I 0-28 196 - 544 0.36
(Control) 28-56 145 703 0.21
56-91 89 863 0.10

Total 430 2110 0.20

II 0-28 211 548 0.38
{500 ppm 28-56 133 692 0.19
Zonyl® RP)  56-91 84 859 0.10
Total 428 2099 0.20

III 0-28 198 539 0.37
(750 ppm 28-56 156 723 0.22
Zonyl® RP)  56-91 87 905 0.10
Total 441 2167 0.20

v 0-28 199 529 0.38
{2500 ppm 28-56 137 713 0.19
Zonyl® RP) 56-91 91 917 0.10

' Total 427 2159 0.20

FEMALES
Weight  Food Con- Food
Gain sumption Effi-
(gm) (gm) ciency
120 417 0.29
61 507 0.12
32 637 0.05
213 1561 0.14
124 461 0.27
53 519 0.10
30 654 0.05
207 1634 0.13
126 434 0.29
61 512 0.12
38 647 0.06
225 1593 0.14
125 428 0.29
51 499 0.10
30 625 0.05
206 1552 0.13



TABLE VI

AVERAGE DAILY INTAKE OF ZONYI® Rp

Average Dose in Milligrams/Kilogram/Day

Zony1® RP
Days on Group I Group II Group II1 Group IV
Test Control 500 ppm 750 ppm 2,500 ppm
MALES
0- 7 - 78 112 382
7-14 - 63 95 319
14-21 - 52 79 259
21-28 - 48 70 237
28-35 - 37 65 215
35-42 - 38 57 194
42-49 - 34 52 177
49-56 - 32 47 167
56-63 - 30 45 144
63-70 - 28 43 149
70-77 - 27 41 152
77-84 - 26 41 42
84-91 - 24 38 129
FEMALES
0- 7 - 76 108 361
7-14 Co- 65 92 303
14-21 - 52 72 226
21-28 - 50 70 234
28-35 - 42 63 209
35-42 - Lh 61 204
42-49 - 38 60 200
49-56 - 42 57 196
56-63 - 41 53 185
63-70 - 34 48 170
70-77 - 36 53 179
77-84 - 35 49 169

84-91 - 31 46 150



TABLE VIT

SUMMARY OF HEMATOLOGIC MEASUREMENTS ON RATS FED ZONYI® RP FOR THREE MONTHS

ppm MALES FEMALES
in Months on Test Months on Test
Diet 1 2 3 1 2
0 5.98 6.14 6.38 5.87 4,65 6.04
Erythrocytes 500 - 5.65 5.70 - 5.38 5.66
x 106 /mm3 750 5.64 5.39 6.12 5.86 4,33 5.93
) 2,500 5.58 4,92 5.27 5.9 4,18 5.17
0 14,9 15,6 16.7 15.4 13.5 16.6
Hemoglobin 500 - 15,6 15.2 - 15,1 15.9
gm/100 ml 750 13.9 14.5 15.6 15.2 12,1 16,2
2,500 13.3 13.7 15.5 14,9 11.8 15.3
0 43 45 49 44 37 46
Hematocrit 500 - 43 43 - 43 44
% 750 39 42 45 41 33 45
2,500 38 39 44 41 32 42
0 13.4 13.2 12.6 10.8 10.5 7.1
Leucocytes 500 - 12.4 10.7 - - 9.3 7.3
x 103/mm3 750 12.9 14.1 12,3 10.2 10.6 8.9
2,500 13.7 15.9 14,5 14.4 14,2 10.1
0 22 19 18 20 22 20
Neutrophils 500 - 22 23 - 17 20
% 750 26 21 22 21 21 19
2,500 25 19 21 19 19 21
0 75 77 79 77 74 76
Lymphocytes 500 - 75 75 - 80 77
% 750 72 75 75 76 75 78
2,500 73 79 76 78 77 75




TABLE VII (Continued)

SUMMARY OF HEMATOLOGIC MEASUREMENTS ON RATS FED ZONYI® RP FOR THREE MONTHS

ppm MALES FEMALES
in Months on Test Months on Test
Diet 1 2 3 1 2 3
0 1.0 0.9 0.1 0.3 1.0 0.5
Monocytes 500 - 0.6 0.6 - 0.1 0.7
% 750 1.5 0.4 0.1 1.0 0.9 0.5
2,500 1.4 0.5 0.5 0.9 1.2 0.8
0 2.0 2.4 2.5 2.5 4,7 3.5
Eosinophils 500 - 2.3 2.1 - 2.7 2.7
% 750 1.1 3.2 2.8 2.2 3.2 2.4
2,500 1.4 2,2 2.9 2.1 3.2 3.4
0 0.1 0 0 0 0 0.1
Basophils 500 - 0.1 0.1 - 0 0
% 750 0.1 0.1 0 0.1 0.1 0
2,500 0 0 0.1 0 0.1 0.1
0 0 0 0 0 0 0
Atypical Cells 500 - 0 0 - 0 0
% 750 0 0 0 0 0 0
2,500 0 0 0 0 0 0
0 0 0.1 0 0 0 0
Nucleated RBC's 500 - 0 0 - 0 0
per 100 WBC's 750 0 0.1 0 0 0 0
2,500 0 0 0 0 0 0




TABLE VIII

SUMMARY OF URINALYSIS DATA ON RATS FED ZONYI® RP FOR THREE MONTHS

pPpm MALES FEMALES
in Months on Test Months on Test
| Diet 1 2 3 1 2 3
0 18 19 17 13 19 14
Volume 500 - 22 16 - 15 12
ml/24 hrs, 750 15 18 18 12 15 15
2,500 15 20 21 13 18 13
0 1349 1696 18657 1590 1473 1619
Osmolality 500 - 1818 2012 - 1763 1926
mOs /L 750 1578 1845 1860 1849 1792 1852
2,500 1760 1757 1711 1783 1644 1842
0 9. 17.4 15.2 7.1 11.8 9.0
Creatinine 500 - 16.7 15. - 16.0 8.2
mg/24 hrs, 750 9. 17.8 17.0 7.1 10.8 9.5
2,500 9. 16.7 16,7 7.4 10.3 8.6
0 0 1 0 0 1 0
Blood 500 - 0 0 - 1 0
Number Pesitive 750 0 0 0 0 0 0
2,500 1 2 1 1 3 1
0 0 0 0 0 0 0
Sugar 1) 500 - 0 0 - 0 0
Number Abnormal 750 0 G 0 0 0 0
2,500 0 0 0 0 0 0
0 0 0 0 0 0 0
Bilirubin 500 - 0 0 - 0 0
Number Positive 750 0 0 0 0 0 0
2,500 0 0 0 0 0 0

1) Number ++ or greater by Clinitest®
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SUMMARY OF BIOCHEMICAL MEASUREMENTS ON RATS FED ZONYI® RP FOR THREE MONTHS

TABLE TIX

pPpm MALES FEMALES
in Months on Test Months on Test
Diet 1 2 3 1 2 3
0 44 38 32 35 22 19
Alkaline Phosphatase 500 - - - - - -
Bessey Units 750 47 38 33 33 23 17
2,500 41 33 24 26 20 14
0 18 12 8 14 19 14
Transaminase 500 - - - - - -
Reitman-Frankel Units 750 18 10 9 15 18 12
2,500 18 12 18 17 21 15
0 1.1 1.7 0.6 1.0 0.3 0.5
Bilirubin 500 - - - -~ - -
mg % 750 0.6 1.5 0.3 0.9 0.4 0.5
2,500 0.5 1.4 0.4 1,2 0.4 0.4
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HASKELL £ - T247

YEST # ~_33 _MRe

# - 1491001

" COHPOUND - "2ONYL® MP (35% SLURRY QF WZONYL™ RP)

ANIMAL #

LIVER HYPERIRUPHY
PANCREAS -
aLeGIL STRUCTURES
ZSOFHAGUS NURMAL MORPHOLNGIC STRULT
URES

STOMALH NUKMAL MORPHOLOGIC STRUCTUR
[ 20

DULNDFNUM NOEMAL MORPHCLOGIC STRUGLTU
RES

CoLINE NOEAAL MORPHOLOGIC STRUCTURES
CrCuUM MNORMAL HORPHNOLOGIC STRUMLTUKRES

. NDRMAL MORPH

KIDKIY NUORMAL MORPHOIOGIL STRUCTURE
N

UZ THARY BLAUDER NORMAL MOKPHOLOGIC

STRaUCTYUrtEsS

PIOSTATE AND SEMINAL VESTCLE NOHRMAL
MORPHOLOGEL STEUCTURFS

ITSTIS NGIMAL MORPHROLDGIC STRUCTURE
S

EPININYMIS NOPMAL MORPHILOGLIC STHRUC
TUFRES
UL RyS,

cruers

FALLDIPTAN TUDE NURAAL MOPPHULUGIC S
TAUCTURFES

OVARY NUr4AL MORPHULDGIC STRUCTURES
PITUITARY GLAND NORMAL MOUPHOLOGIC
STRUCTURLS

ADR - MAL GLAND NORMAL MORPHOLOGLC ST
BLUCTUG S

THYRGID CLAND NURMAL MORPHOLDGIC ST
RUCTURES -

TEHYR0 ) GLAND ORGAN MISSING
PARATHYROID GLAND NURMAL MORPHOLOOGI

C SYRULTURES

PARATHYROTL GLAND URULAN MISSING
THYMAUS NURMAL HORPHULUGIC STRUCTURE
S

MORMAL MORPHCLOGIC STRU
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COMPQUND — #ZONYL™ MP {35% SLURRY OF WZUMNYL® 2P

AMIMAL ¥

SROUP ¥

TREATHENT DAYS
POST—TREATMENT DAYS
DICT/DOSE VALUE
INITIAL WCZIGHT

LOW WEIGHT

FINAL WEIGHT

SEX

Dren/satlrIceh

EYR NORHMAL MIRPIHOULOGIC STRUCTURES
EANAEITAL LACRIMAL GLAND RORMAL MUR
PHOLCSGIC STHUCTUAES

BXAIN WAL MORPHOLOLIC STRUCTURES
MeSULLA OsLONGAT A NORMAL MURPHOLOGE
C STRUCTURE

SCIATIC HERVE HUXMAL MORPHOLDGIC ST
RUCTURES

SKIN NOOMAL MORPHULOGIC STRUCTURES
QORGAN MISSING

RY GLAND NORMAL MURPHILOGIC ST
RUCTURES

ARY SULAND ORGAN MISSIT G

YARKOW MNUGRMAL MOFPHILOGIC STRU

PLEEN NO<MAL MORPHOLOGIC STRUCTURE

LYMPH NUODE NORMAL MORPHOLJIGIC STRUC
TURES

H MJJE ORGAN MISSING

SKEILETAL MUSCLE NUAMAL MORPHOLDGIC
STRUCTURES

THACHEA NURMAL MORFHILOGIC STRUCTUR

ZﬁuxyﬂxDLvIOﬂCGHGMﬁ:CPﬁCLmM
INTFLSTITIAL PHEUMONIA

HUART NOFMAL MORPHULOGIC STRUCTURES
AGRTA NOHMAL MORPHOLUGIC STRUCTURES

SALIVARY GLAND NORMAL MORPHULOGIC §
TRUCTURES

LIYER NORMAL MORPHOLUGIC STRUCTURES
LIVER GRANULDOMA

LIVER CLOUDY SWELLIRNG

LIVER HYALINE DROPLET DEGENERATION

"LIVER CYTOPLASMIC LIPID DROPLET ALT

T4
0
9

fopr it

2500
70
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AnimMaL #

Gnye #
TREATHENT DAYS
POST=TREATIHENT
DifT/0USt VALUE
INTTIAL Wi IGHT
LUd WFIoHY
FINAL WEIGHT
StX

DIt/ SACRIFICED

OAYS

FYE NMORMAL MORPHULOGIC STRUCTURES

EXOXRITAL LACKIMAL GLAND NORMAL MOR

PHOLOGIC STRUCTURES

mfzpf MOAMAL MONPHOGLOGIC STRUCTURES
MEDULLA OOLONGATA NORMAL MCRPHOLOGI

ﬁ STUULTURES

. L B M . . -
SCTATIC NERvE

RUCTURYS

NOCMAL MORPHOLOGIC ST

HORPHOLNGIC STRUCTURES
A1SSING :
SULAND NUKMAL MORPHULOGIC ST

ARY
RUCTUNES
AMMARY GLARD ORCAM MISSING
EOMARPOW NOxMAL MORPHOLOGIC
TURE

SPLEEN NOR

3.,)3("-{/\

STRU

MAL MOHRPHULGGIC STRUCTURE

v O G

LYMPil
TULVES
HONDDE BRGAN
SKeLETAL MUSCLY
STRUCTUZES
TRACHEA NORMAL
ES

LUNG NORMAL MORPHOLGGIC STRUCTURE
uD INTERSTITIAL PNEUMONIA

AL MORPHCLOGIC STRUCTURES
DPJ#D ZJLZLr MURPHOLOGIC STRUCTURES

NODE NGRMAL MORPIHGLUIGIC STRUC

MISHING
NOKMAL MUKPIICLOGIC

MORPHOLASIC STRUCTUR

SALIVARY SLAND NORMAL MOKPHOLOGIC S
TSXUCTURES .

iR MAL zcxn:o~50~n STRUCTURES
ANULOM
nf Uy mZmFFnZC
HYALINE DRCPLET DEGENERATION

‘CYTOPLASMIC LIPIO DROPLET ALT

MRe ¥ -

TL32
08
92

2500
o7

303

£
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1491001
MP (35% SLURRY OF mZOKYL" RP)

© o

TABLE XII-B

HISTUOPATHULUGY TO-DATE

7503 7613 T59U  TSK9
08 08 08 03
92 92 92 92

‘2500 2500 2500 2500
73 74 75 78

260 268 319 274
F F F F
S s 3 S
0 0 0 0
) 0 0 0
0 0 0 .0
) 0 0 )
0 ) 0 0
0 0 ) 0
0 ] Q 0
) ) 0 )
0 0 0 0
0 0 ) 0
o) 0 0 0
0 ) 0 0
0 0 0

+
0 0 0 0
) 0 o 0
0 0 ) 0
0 c ) 0
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92
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X
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F
S

RAT
T61a 1542
08 03
92 96
2500 500
80 63
250 433
F M
S S
0
0
0
0
0
0
X
0
0
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¢}
Q
0
(¢}
0
0
0] 0

7572

2
>

96

500
68

453

(4]

1547
03
96

500
63

%77

1559
o3
95

500
68

521
S

1563

96

500
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547
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CHASKELL # - 7247

.MR.

# = 1491001

COMPUUND — “ZONYL™ MP (353 SLURRY OF “ZONYL™ RP)

ANIMAL #

LIVER HYPERTKOPHY
PANCREAS

OLNGIC STRUCTURFS
ESOPHAGUS NNKMAL MORPHILIGIC STRUCT
UIES

STCMALH MNURMAL MNARPHULOGIC STRUCTUR
£S

CUODENUM TTURMAL MORPHULUGIC STRUCTU
RES

CHLAN NOPMAL MORPHOLCGIC STPUCTURES
CECUM HORMAL MORPHOLOGIC STRUCTURES

 NORMAL MORPH

KIONEY NOCMAL MORPHOLOGIC STRUCTURE
S

UPINMARKY BUADDRER NOKMAL MOepOLOGIC
STRULTURES

PUYOSTATFE AN SEMINAL VFSICLE NOVMAL
MORPHOLCLIC STHEUCTURES ’

TESTIS NORMAL MORPHOLNGIC STRUCTURE
S

EPININYMIS tNKMAL MURPHOLGGIC STHRUC
TURES

UTFRUS NORMAL MORPHINLDBGIC STRU

CTuxts

FALLUPIAN TUBE NCOKMAL MOKPHOLOGIC S

TRUCTUKE Y,

OV ARY NUSXMAL MURPHOLOGTIC STRUCTUAES

PITUITARY LANT NURMAL MORPHOLOGLIC

STHUCTU S

ALSTHMAL GUAND NURMAL MORPHILNGIC SY
RULTURES

THYLOHL1H GLAND NNORMAL MORPHOLUGIC ST

TULTURES

THYROGT D GLAND ORGAN MISSING
PARATHYRGT, GLAND MURIMAL MORPHOLNG!

C STRUCTU':S

PARATHYRMO Y GLAND ORGLAN MISSING
THYMUS NUQMAL MCRPHOLUGIC STRUCTURE

S

o o©

QOO0 ©

oCo

TABLE X1I-B (Continued)
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C o o
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oo o

000 © © (o]

o000 O o
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o0 O
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_HISTOPATHOLOGY TO-DATE SUMMARY - RAT

0O © o Q

SJULY 10¢ 1972
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TABLE XITI

BODY WEIGHTS OF INDIVIDUAL MALE DOGS FED ZONYI® RP

Weekly Weight in Kilograms

Dog
No.

11 12 13 Avg.

10
8.2

0

Group

8.2
11.
11.

8.4

8.4
11.4

8.4

3

8.
11.3

8.2 8.2
11.2

1
10.8

.9

7
11.0

4

8.

8.2

1
.2

8.
11

1150
1154
1158
1162

11.5
11.9

11.2
11.7
6

11.4

1
8

11.
11.
9.5

11.0

11.1
11.6

11.0

10.9

6
5

12,0

11.8

12.0

11.5 11.5 11.8

1
3

11.

11.4
9

11.4

11.4

{Centrol)

9. 9.7 9.9 9.

9.7

9.6

9.7

9.6

9.5

9.

S.4

.2

9.2

9.5

10.8 11.3 11.1

9

1153

9.4 9.5
14.9 14.0 14.3
9

.3 9.2

1155
1159
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TABLE XIV

BODY WEIGHTS OF INDIVIDUAL FEMALE DOGS FED ZONYI® RP

Weekly Weight in Kilograms

Dog
No.

11 12 13 Avg,
11.0 10.9

11.0

10
10.9

0

Group

1137 10.5 0.6 10.7 10.9 10.7 10.8 10.9 11.0 11.0 10.8
1141

1145
1147

11.5 11.4 11.5

11.7 11.6 11.5

12,0 12,0 12.2 12.0

12,0

11.8

(Control)

8.7 8.5 8.5 8.5 2 8.3

8.5

8.4

1135 8.2 8.1 8.1 8.3

1140
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N
~

N

™~

™
™~

7.0

I1
(500 ppm

<t o
o0

o.

O
o0

7.0

[eo)
(e8]

6.9

6
7.0

8.5
7.1

8.4
7.0

8.
6

8.6
6.9

8
6.8

2 8.0
6.8 6.8

8.0
6.6

6.5

8.1
6.3

Zony1® RP)

4
6.8

—~ ™o
“+ w0
3

—~ N O
1 O N
Ll

10.6

M~ O

10.7

1y 0
—

3
7
9

2
8.4
8

1
8.
10.2 10.2

15,

4.4 14.9
8.5 8.4
8.8 8.8

10.0 10.2

8.4

14.1
8.9
10.0

13.8
8.0
8.7
9.8

13,7
8.0
8.8
9.8

8.6
9.4

13.3 13.2 13.3 13.4
7 7.8 7.9 7.9
8.5 8.3 8.8
9.8 9.4 9.6

.2
.6

13.0
8.0
9
9

1136
1139
1144
1148

Zonyl‘3 RP)

III
(750 ppm

<
©

6.7

6.0 6.1 1 6.2 1 6.2 6.4 6.4 6.5 6.6 6. 6.7
8.8 8.9

1134
1138

3 M~
Oy 0 WO

N ™M
o\ O

6,5

3 3
o\ 0O

6.4

T
o 0

6.6

0 1y O
o\ 0O

6.

8
6
7.0

9.4 . . 0 8 .
.2 b A
7.0 6,9 6,8 6.9 6,8 7.2

9.0
7.1

8.4
9.2
7.0

9.6
7.0

1142
1146

v
Pm
1&% RP)

(2,500
Zony



TABLE XV

DIET CONSUMPTION OF INDIVIDUAL MALE DOGS FED ZONYI® Rp

Dog Average Daily Diet Consumption in Grams During Week
Group No. 1 2 3 4 5 6 7 8 9 10 11 12 13 Avg.
1156 290 350 289 295 313 336 300 361 317 291 360 346 331 321
I 1154 328 365 340 363 310 326 358 350 325 374 324 391 364 348

(Control) 1158 410 400 390 370 432 381 415 393 384 417 375 3% 467 402
1162 318 316 361 336 345 335 336 351 258 318 321 339 382 332

1153 345 389 380 427 439 384 415 381 408 373 419 383 385 394

I1 1155 326 403 339 392 417 387 414 404 348 421 394 416 345 385
{500 ppm 1159 429 555 500 489 541 517 567 502 525 544 569 461 526 517
Zony1® RP) 1165 330 352 339 346 338 320 386 327 381 361 375 352 418 356

1152 320 441 435 429 329 382 414 429 390 381 333 412 408 392

III 1156 241 279 269 254 267 263 270 301 256 322 343 356 262 283
(750 ppm 1160 314 356 375 381 349 326 327 359 293 322 389 352 369 347
Zony1® RP) 1164 308 333 306 350 286 259 315 328 262 293 281 221 263 293

1151 320 416 396 421 438 370 409 429 430 380 448 371 330 397

v 1157 379 417 418 404 432 387 426 426 361 382 420 382 421 404
(2,500 ppm 1161 260 306 370 347 305 314 371 384 314 304 355 355 362 334
Zonyl¥? RP) 1163 296 333 352 318 370 341 330 356 293 314 323 300 341 328



TABLE XVI

DIET CONSUMPTION OF INDIVIDUAL FEMALE DOGS FED ZONYL® RP

Dog Average Daily Diet Consumption in Grams During Week
Group No. 1 2 3 4 5 6 7 8 9 10 11 12 13 Avg.
1137 382 396 406 364 338 378 386 391 312 316 338 358 374 364
I 1141 428 373 372 453 287 286 280 395 356 401 470 452 500 389
(Control) 1145 263 287 303 284 281 331 290 259 226 311 312 285 274 285
1147 200 198 280 321 334 262 327 321 359 295 318 306 330 296
1135 251 323 329 332 320 329 319 356 355 305 244 202 331 307
II 1140 265 267 283 277 254 273 329 301 232 231 200 261 285 266
(500 ppm 1143 258 297 375 380 392 386 343 338 362 326 247 349 338 338
zony1® RP) 1149 349 362 369 362 412 359 369 366 373 337 367 381 409 370
1136 427 409 368 426 388 429 450 492 538 449 455 403 420 435
IT1I 1139 304 317 317 357 309 283 319 331 293 257 332 310 240 305
(750 ppm 1144 197 250 304 305 298 313 291 271 259 296 308 317 307 289
zonyl® RP) 1148 346 372 361 364 382 353 335 318 360 244 272 402 380 345
1134 279 270 280 284 320 293 311 261 253 251 276 260 280 278
v 1138 300 448 422 414 350 399 377 370 398 352 233 254 319 357
(2,500 %Pm 1142 275 277 309 277 183 261 344 328 342 256 352 421 429 320
Zonyl® RP 1146 244 267 261 252 284 256 255 282 217 198 276 104 248 242



AVERAGE DOSES OF INDIVIDUAL MALE DOGS FED ZONYI® RP

TABLE XVII

Dog Average Daily Dose in Milligrams/Kilograms during Week
Group No, 1 2 3 4 5 6 7 8 9 10 11 12 13 Avg.
1150 - - - - - - - - - - - - - -
I 1154 - - - - - - - - - - - - - -
Control 1158 - - - - - - - - - - - - - -
1162 - - - - - - - - - - - - - -
1153 45 50 17 19 20 17 18 17 18 16 18 16 17 22
11 1155 51 62 18 21 22 21 22 21 18 22 20 21 17 26
500 ppm 1159 42 55 18 17 19 18 20 17 18 18 19 16 18 23
Zonyl® RP 1165 51 53 18 18 18 17 20 17 20 18 19 i8 21 24
1152 62 86 9 28 2 6 27 28 6 25 22 27 26 33
I1I 1156 63 73 24 23 25 24 25 27 23 29 31 32 23 32
750 ppm 1160 74 85 31 31 28 26 26 29 23 26 31 28 29 36
Zony1® RP 1164 87 94 29 33 28 25 30 30 25 28 26 21 25 - 37
1151 192 252 94 99 103 86 95 99 99 86 102 86 78 113
v 1157 230 253 97 93 101 90 98 99 82 85 96 87 96 116
2,500 ppm 1161 19¢ 223 105 99 87 91 106 109 89 86 101 100 101 114
Zonyl® RP 1163 192 214 86 79 92 84 79 85 70 75 75 71 81 99



AVERAGE DOSES BY INDIVIDUAL FEMALE DOGS FED ZONYI® RP

TABLE XVIII

Dog Average Daily Dose in Milligrams/Kilogram during Week
Group No. 1 2 3 4 5 6 7 8 9 10 11 12 13 Avg.
1137 - - - - - - - - - - - - - -
I 1141 - - - - - - - - - - - - - -
Control 1145 - - - - - - - - - - - - - -
1147 - - - - ~ - - - - - - - - -
1135 44 57 20 20 19 19 19 21 21 18 15 12 20 24
It 1140 54 54 20 20 18 19 .23 21 16 16 14 18 20 24
500 ppm 1143 44 50 23 24 24 22 20 20 21 19 14 20 19 25
Zonyl® RP 1149 78 78 28 27 30 26 27 26 27 24 26 27 29 3
1136 69 66 21 24 21 23 24 26 28 22 22 20 21 30
IiI 1139 82 87 30 34 29 2 29 30 26 23 2 27 21 36
750 ppm 1144 50 74 26 26 26 27 25 23 22 25 26 2 26 3
Zonyl® RP 1148 7 3 28 29 30 27 25 24 27 18 20 29 27 34
1134 300 284 115 114 129 116 121 102 96 95 105 97 105 137
iv 1138 224 334 115 110 93 108 95 92 99 90 61 67 86 121
2,500 ppm 1142 188 195 85 77 53 78 102 98 99 104 105 125 128 110
Zony1® &P 11456 224 245 93 90 104 94 94 101 76 72 103 40 97 110
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TABLE XX

SUMMARY OF URINALYSIS DATA ON DOGS FED ZONYL® RP FOR THREE MONTHS

ppm MALES FEMALES
in Months on Test Months on Test
Diet Pre-Test* 1 2 3 Pre-Test 1 2 3
0 178 135 165 150 159 126 134 150
Volune 500 228 209 180 176 169 140 149 150
ml/24 hrs. 750 178 134 114 116 153 150 97 140
2,500 266 163 159 199 203 209 178 151
0 1549 1944 1775 2004 1648 1900 1794 1684
Osmolality 500 1091 1482 1790 1638 1366 1639 1725 1861
mOs /L 750 1612 1875 1951 1906 1635 1627 1348 1807
2,500 1513 1500 1651 1516 1527 1456 1594 1859
0 142 179 173 207 177 175 184 170
Creatinine 500 96 114 153 158 130 113 154 160
mz /100 ml 750 145 137 179 192 151 112 126 194
2,500 116 98 158 145 119 106 125 170
0 0 0 0 0 0 0 0 0
Blood 500 0 0 0 0 1 0 0 0
Number Positive 750 0 0 0 0 0 0 2 0
2,500 1 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0
Sugar 500 0 0 0 0 0 0 0 0
Number Abnormal 750 0 0 0 0 0 0 0 0
2,500 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0
Acetone 500 0 0 0 0 0 0 0 0
Number Positive 750 0 0 0 0 0 0 0 0
2,500 0 0 0 0 0 0 0 0
0 8 4 3 4 2 3 4 3
Bilirubin 500 5 3 4 4 0 1 2 4
Number Positive 750 6 4 4 4 3 3 4 4
2,500 4 2 3 4 0 0 2 2

* Average of the measurement per dog for volume, osmolality, creatinine; number positive or abnormal in
eight specimens for blood, sugar, acetone, bilirubin, protein.




TABLE XX (Continued)

SUMMARY OF URINALYSIS DATA ON DOGS FED ZONYI® RP FOR THREE MONTHS
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TABLE XXI

SUMMARY OF BIOCHEMICAL MEASUREMENTS ON DOGS FED ZONYI® RP FOR THREE MONTHS

ppm MALES FEMALES
D;Zt Pre-test - MOTthb ;n Test - Pre-test : Months gn Test ;
0 123 137 125 116 112 108 123 106
Glucose 500 128 140 126 112 119 112 108 106
mg 7% 750 111 111 116 109 107 95 113 105
2,500 114 101 117 107 107 96 114 112
0 14 14 15 14 14 21 22 27
Urea Nitrogen 500 16 22 19 20 17 21 25 25
i mg % 750 14 21 17 16 18 23 19 21
2,500 17 23 21 19 16 21 21 18
0 137 133 150 138 158 164 168 195
Cholesterol 500 146 140 174 163 156 180 205 230
mg % 750 161 184 206 189 157 209 258 263
2,500 148 181 206 188 159 277 314 2586
0 4.2 3.2 3.3 3.0 4.3 3.9 3.6 5.2
Alkaline Phosphatase 500 6.4 6.9 8.1 8.2 6.4 8.4 7.4 6.1
Bessey Units 750 4,4 6.6 6.9 5.3 4.4 6.2 7.2 7.3
L 2,500 4.4 10.7 11.3 11.7 5.2 10.5 12.3 11.6
5 0 8 17 15 13 6 9 14 12
Transaminase 500 7 14 15 11 6 12 10 10
Reitman-Frankel Units 750 8 15 18 17 5 i0 11 9
2,500 7 11 15 13 5 13 18 15
0 6.3 6.1 6.2 6.4 6.2 6.0 6.0 6.3
Total Protein 500 6.2 6.0 6.2 6.2 6.3 5.8 6.2 6.5
g/100 ml 750 6.1 5.9 6.1 6.2 6.1 6.1 6.5 6.8
2,500 6.0 6.2 6.3 6.3 6.3 6.4 | 6.6 6.5
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TABLE XXIT

ORGAN WEIGHTS IN GRAMS OF INDIVIDUAL MALE DOGS SACRIFICED AFTER THREE MONTHS' FEEDING OF ZONYL® RP

9] V) 5] 'E?

] e “~ -z — Y o

=] ] > 1] « [} Q 0 m 8 o

=) 4 o] ] (] & ) L 4 o o 2 & ks o)

o = o0 3] o 3 = o @ 9 = E a3 o Y

Body Wt, o g > — = o w o w c S o B

H ] 3 - o ) o 9] Y] — D s o o R<

Group Dog No. (kg) m = = - L R S 2 e 2 = < A =
I 1158 12,0 90 106 127 397 30 40 64 25 1.8 5.2 110 9.5 1.3 0.068 0.85
Control 1154 11.5 73 102 175 332 27 32 70 19 7.0 6.9 95 8.3 1.7 0.059 0.92
1162 11.0 74 111 132 301 25 29 69 24 5.0 6.3 92 5.8 1.2 0.070 0.76

1150 8.0 77 76 95 270 24 25 47 14 4.6 4.6 86 9.2 1.0 0.05¢6 0.7
II 1153 11.5 73 108 174 408 36 25 73 24 5.3 5.6 93 36.3 1.5 0.077 0.45
500 ppm 1165 9.9 71 90 144 400 26 29 59 21 4.9 5.0 93 13.7 1.2 0.068 0.25
Zonyl® RP 1159 14.9 85 143 191 593 22 32 77 32 8.0 8.8 128 13.7 1.8 0.082 1.62
1155 10.0 75 74 153 370 20 25 70 14 8.9 4.9 86 4.3 1.1 0.066 0.91
ITI 1164 8.2 69 68 120 320 15 32 57 17 6.4 6.2 74 8.8 0.8 0.05¢9 0.25
750 ppm 1160 9.8 82 95 121 357 24 29 55 17 5.9 4.8 80 13.2 1.4 0.044 0.65
Zonyf® RP 1152 11.8 91 88 157 454 29 26 59 17 1.2 4.9 108 9.6 1.6 0.057 0.96
: 1156 8.6 85 60 121 309 23 18 46 17 7.3 3.2 78 3.7 0.9 0.064 0.57
v 1163 10.3 84 84 113 486 24 25 68 25 6.2 5.6 99 11.0 1.5 0.084 1.21
2,500 ppm 1161 9.0 81 80 113 493 20 18 62 19 3.4 4.4 87 9.8 1.1 0.064 0.65
Zonyfa RP 1151 11.0 75 87 149 541 22 22 60 20 3.3 5.6 108 16.6 1.0 0.050 1.10
1157 11.0 90 101 197 516 29 32 63 16 4,3 4.0 99 6.7 1.2 0.073 0.86




TABLE XXTITII

ORGAN WEIGHTS IN GRAMS OF INDIVIDUAL FEMALE DOGS SACRIFICED AFTER THREE MONTHS' FELDING OF ZONYI® Rp
>

; < I

e s o« x £ % 0§ 3§ 4 %

Body Wt. ’S Q téo g 3 8 'g g E 2 3 ;

Ll (] =] o [N R o + = o o £

Group Dog No. (kg) M o i w1 R T~ I 2 B < P~ &
T 1137 11.4 78 107 172 349 25 24 57 103 6.2 1.1 0.072 1.19
Control 1141 11.7 76 107 161 372 23 20 66 111 14.5 1.8 0.058 1.03
1145 9.2 75 65 140 347 19 26 46 83 7.6 1.7 0.059 0.381
1147 9.6 65 94 152 308 28 31 62 2 12.3 2,0 0.078 0.65
II 1135 8.3 68 81 114 356 22 22 54 87 5.3 1.0 0.076 0.37
500 ppm 1140 7.5 65 60 98 274 22 21 43 76 10.2 1.0 0.072 0.7
Zony1® RP 1143 8.8 381 70 121 397 19 30 46 88 17.6 1.4 0.074 0.78
1141 7.6 75 78 134 357 15 22 42 80 4.4 1.6 0.054 1.06
I1I 1148 10.8 74 74 126 352 16 21 44 77 11.4 1.5 0.062 1.01
750 ppm 1139 8.6 78 73 138 416 23 30 60 83 11.7 1.8 0.071 0.82
Zony1® RP 1144 9.4 60 67 118 350 17 21 47 75 6.9 1.3 0.06G 0.88
1136 15.3 84 99 189 - 533 30 3 69 117 13.9 1.5 0.074 0.856
v 1146 6.8 72 55 90 342 11 21 39 76 6.3 1.2 0.061 0.57
2,500 ppm 1138 9.2 82 80 109 520 17 24 54 80 11,7 1.8 0.049 0.37
Zonyl® RP 1142 8.6 76 79 104 430 21 24 53 7 9.0 1.2 0.056 G.74
1134 6.8 73 67 80 351 12 22 42 70 10,2 1.7 0.035 0.22




TABLE XXIV

AVERAGE LIVER WEIGHTS AND LIVER/BODY WEIGHT RATIOS OF DOGS FED ZONYL® RP

MATES FEMALES
Final Liver Final Liver
ppm Body Weight Weight  Liver Weight X 160 Body Weight  Weight Liver Weight X 100
Group Zogy1® RP (kg) (g) Body Weight (kg) (g) Bedy Weight
I 0] 10.4 325 3.15 10.5 344 3.29
11 500 11.6 442 3.82 8.0 346 4,28
11T 750 9.6 360 3.75 11.0 413 3.83
v 2,500 10,3 509 4,95 7.8 411 5.22



TABLE XXV

mw\mﬁo@mﬂwowom% - Group I (Controi) - H-72L7 - MR-1L91

RESPTRATORY AND

CARDIOVASCULAR DIGESTIVE GENITOURINARY
e (0]
] = Ko
@ 5
g | AN
M a0 [} m m_ a
g
+ S m Wu % mb /O/ mv._nm /Lcuwv H
3] o @ ] 3 %] Lolen ] Q ™
&~ L @ « [} m o > ~ &~ K=t ord — O 5P o} )
V] O b + S| o) (o] o 9] ] o + g S~ e} =
s 2 0§ 5 2 2 & 3 # B &4 S & =3 f£2 3 ¢
Dog No. Sex A =) o < ) A O O % & jiE £ = AR DM m [
1150 d A+ - - - - - - - - - - - - - - -
115k o - - - - - - - - - - - - B+ - -
1158 3 C+ - - - - - - - - - - - - - -
1142 u; - - - - - - - - - - - - - - -
1137 Q C+ - - - - - - - - - ~ - - - -
1141 Q - - - - - - - - - - - - - - -
HHrm Q - - - - - - - - - - - - - - -
HHVQ Q - - - - - - - - - - - - - - -

Code: A = Focal pleural fibrosis.

= Focal germinal cell atrophy or hypoplasia.
= Focal suppurativepneumonitis.

~ = No abncrmalities detected.

Slight degree of lesion.

Q@
i

+
it



TABLE XXV (Continued)

Histopathology = Group I (Control) - H-7247 - MR-1LO1

NERVOUS AND SKIN AND
ENDOCRINE _ MUSCULOSKELETAL , _ APPENDAGES, .__HEMIC AND TYMPHATIC
Lol - =
& ; 8 : 3
@ g > — @ [9) = w .mm
+ o < o + 0 — ~ = i~ 2

5 08 B 5 oY §g g 2 1Y s 5§ & %
ays On = oF B F wsoghb o A4 g B: o2 & o4 E
Dog No. Test Sex & = By < BE w2 o & & S5 @ & &' = ey
1150 104 By - - 0 - - - - - - - - - - - -
1154 98 d - - 0 - - - - - - 0 - - - - -
1158 98 Ry - - 0 - - - - - - 0 - - - - -
1162 : 98 d - - - - - - - - - 0 0 - - - -
1137 99 ? - - - - - - - - - 0 - - - - -
1141 99 ? - - 0 - - - - - - 0 - - - - -
1145 99 ? - - - - - - - - - - - - - - -
1147 99 ? - - - - - - - - - - - - - - -

Code; -~ No abnormalities detected.

O
"

No tissue available on slide.



TABLE XXVI

Histopathology = Group IV - H-7247 - MR-1491

RESPTRATORY AND

CARDIOVASCULAR DIGESTIVE ENTITOURINARY
(5}
=
~
[43]
= (%] g g % [}
3 < g £ @ & ~ ES 8 &
Q 3] o @ ) « %) g ad o) >
S P o @ o § o > g & & ! A > 40 S 2 T o
) R 2 £ g o 05 9 ) o P e A Hw o© £
g o TIPS S o) e 3] e — It > o v g A OO0 @ 3
) = ST ¥ 0 o) e 2 Q 0 g — © o 0 O g PE o o
1157 d C+ - - - - - - - - - D+ - B+ - -
1151 d - - - - - - - - - - D+ - B+ - -
1161 d - - - - - - - - - - D+ - - - -
1163 d C+ - - - - - - - - - D+ - - - -
1134 ? - - - - - - - - - - D+ - - - -
1142 Q C++ - - - - - - - - - D+ - - - -
1146 Q - - - - - - - - - - D+ - - - -
1138 ? - - - - - - - - - - D+ - - - -
Code: C = Focal suppurative pneumonitis.
B g Focal germinal cell atrophy or hypoplasia.
D = Hepatocyte hypertrovhy and degeneration.
-~ = No abnormalities detected.
+ = Slight degree of lesion.
++ = Moderate degree of lesion.



TABLE XXVI (Continued)

Histopathology - Group IV - H-7247 - MR-1491

NERVOUS AND SKIN AND
ENDOCRINE MUSCULOSKELETAL APPENDAGES HEMIC AND LYMPHATIC
i g 8 @
) O O o] Lo}
& & — & & o)
@ 4S & — @ o & @ =
i) o < [ EE)) o ~ ~ = o %)
i 8 B 8 &9 Bg 5§ 2 T
o F B & gi o3k R & ¢ 304 ¢ 2 0B B
Dog No. Sex ™ = ~ < BE o= M ) ) PSRBT % m 0 = e
1157 d - - - - - - - - - 0 - - - - -
1151 d - - - - - - - - - 0 - - - - -
1161 d - - - - - - - - - 0 - - - - -
1163 d - - - - - - - - - 0 - - - - -
1134 ? - - - - - - - - - 0 - - - - -
1142 ? - - - - - - - - - 0 - - - - B+
1146 g - - - - - - - - - - - - - - -
1138 Q - - - - - - - - - - - - - - -
Code: E = Subcapsular eosinophil infiltration.
~ = No abnormalities detected.
0 = No tissue available on slide,

+ « Slight degree of lesion.



TABLE XXVII

Histcpathology - Group IT - H-7247 - MR-1491

Dog No. Sex Liver
1155 d -
1159 d | -
1165 d -
1153 J -
1149 Q , -
1143 Q o
1140 ? -
1135 ? ’ -

Code: - a No abnormalities detected.



TABLE XXVIII

——— e

Histopathology = Group IIT - H-7247 - MR-14Q1

Dog No. Sex Liver
1156 7 -
1152 g -
1160 g -
1164 d -
1136 ? -
SRR Q -
1139 Q -
1148 Q -

Code: - = No abnormalities detected.



APPENDIX I



APPENDIX I (1)

CLINICAL LABORATORY DATA ON INDIVIDUAL DOGS
FED ZONYL® RP FOR THREE MONTHS

Dog No.: 1150
Sex: Male
Group: Control
Menths cn Test
Control 1 2 3
Hematology
Erythrocytes 6.56 6.8 7.84 7.24 7.28
Hemoglobin 16,1 17.4 18.6 18.3 16.2
Hematocrit 40 45 50 49 49
Leucocytes 8.1 8.5 9.3 11,2 11.5
DIFFERENTTAL
Neutrophils 63 52 74 50 57
Seg. 62 52 73 50 57
Juv, 1 0 1 0 0
Myel. 0 0 0 0 0
Lymphocytes 24 44 21 28 28
Eosinophils 10 4 4 22 13
Monocytes 2 0 1 0 2
Basophils 1 0 0 0 0
Atypicals 0 0 0 0 0
Nucleated RBC 0 0 0 0 0
Biochemistry
Glucose 118 119 120 132 134
Urea Nitrogen 22 17 17 19 13
Cholesterol 110 130 120 130 120
Alk, Phos, 2.9 3.0 2.6 2.5 2.3
GPT 6 5 16 16 14
Total Protein 6.4 6,3 6.2 6,2 6.1
A/G 1.10 1.2 1.44 1.02 0.97
Creatinine 0.6 0.8 0.5 0.8 0.7
Bilirubin 0.3 0.4 0.4 0.5 0.2
Albumin 3.7 3.5 3.7 3.1 3.0
Urinalysis
Volume 185 160 155 125 110
Appearance D,Y,C1,P D,Y,Cl,P A, C1 D,Y,Cl,P D,Y,C1
Osmolality 1950 1373 2146 2159 2081
Occult Blood N N N N N
Sugar N N Tr N N
Acetone N N N N N
pE 6,8 7.0 6.8 6.8 7.0
Urobilinogen 1.0 1.0 1.0 1.0 1.0
Bilirubin P P P P P
Protein Tr Tr 1+ 1+ 1+
Creatinine 132 108 150 166 212
MICROSCOPIC
RBC's 0] 0 0 0 0
WBC's 0-2 1-4 0-3 0-1 0
Epithelial 0 0 0 0-1
Bacteria 2+ 2+ 2+ 2+ 2+
Cast 0 0 0 0 0
Sperm 0 1-5 0 2-6 5-10




APPENDIX I (2)

CLINICAL IABORATORY DATA ON INDIVIDUAL DOGS
FED ZONYI® RP FOR THREE MONTHS

Dog No.: 1154
Sex: Male
Group: Control
Months on Test
Control 1 2 3
Hematology
Erythrocytes 7.28 7.24 8.04 7.88 7.64
Hemcglobin 18.7 18.1 19.4 19.0 19,2
Hematocrit 51 48 54 49 51
Leucocytes 15.0 11.5 12.5 12,1 11.7
DIFFERENTIAL
Neutrophils 74 70 67 63 68
Seg. 71 70 67 63 66
Juv, 3 0 0 0 2
Myel. 0 0 0 0 0
Lymphocytes 22 24 25 32 23
Fosinophils 4 6 7 5 9
Monocytes 0 0 1 0 0
Basophils 0 0 0 0 0
Atypicals 0 0 0 0 0
Nucleated RBC 0 0 0 0 0
Biochemistry
Glucose 150 124 180 126 124
Urea Nitrogen 13 10 14 10 12
Cholesterol 145 175 145 160 150
Alk. Phos. &7 4.9 3.4 3.8 3.3
GPT 12 5 20 13 12
Total Protein 6.4 6,6 6.2 6.3 6.7
A/G 1.04 1,07 1.17 1.14 1.24
Creatinine 0.5 0.8 0.6 0.8 0.8
Bilirubin 0.1 0.1 0.4 0.2 0.2
Albumin 3.3 3.4 3.3 3.4 3.7
Drinalysis
Volume 245 275 205 270 185
Appearance Y,Cl,P Y,Cl,P A,C1 Y,Ci,P D,Y,Ci,P
Osmolality 1357 1194 1740 1142 1845
Occult Blood N N N N N
Sugar N N Tr N N
Acetone N N N N N
pH 7.0 7.2 7.0 7.2 7.2
Urcbilinogen 1.0 0.1 1.0 0.1 1.0
Bilirubin P P P N ?
Protein 1+ N Tr Tr Tr
Creatinine 130 114 138 114 180
MICROSCOPIC
RBC's 0 0 0 0 0
WBC's 0 0 0 0 0
Epithelial 0-1 0 0-1 0 0-1
Bacteria 2+ 14 2+ 1+ 1+
Cast 0 0 0 0 0
Sperm 0-1 0 1-4 2- 0




APPENDIX I (3)

CLINICAL LABORATORY DATA ON INDIVIDUAL DOGS

FED ZONYL® Rp FOR THREE MONTHS
Dog No.: 1158
Sex: Male
Group: Control
Months on Tes
Control . 1 2 3
Hematology
Erythrocytes 6.56 6.32 7.00 7.00 6.48
Hemoglobin 16.1 16.4 16.8 17.4 17.4
Hematocrit 42 44 46 47 47
Leucocytes 5.9 9.8 9.4 16.9 10.9
DIFFERENTIAL
Neutrophils 67 72 62 68 73
- Seg. 67 72 62 67 73
Juv. 0 0 0 1 0
Myel. 0 0 0 0 0
Lymphocytes 27 24 32 26 21
Eosinophils 4 3 2 3 6
Monocytes 2 0 4 3 0
Basophils 0 1 0 0 0
Atypicals 0 0 0 0 0
Nucleated RBC 0 0 0 0 0
Biochemistry
Glucose 116 122 134 12 101
Urea Nitrogen 14 15 16 19 18
Cholesterol 135 145 135 165 150
Alk. Phos, 3.6 5.3 2.9 3.3 2.9
GPT 8 - 15 15 14
Total Protein 5.7 6.2 6.0 6,2 6,2
A/G 1.19 1.09 1.09 0.73 0.75
Creatinine 0.4 1.0 0.6 0.8 0.8
Bilirubin 0.1 0.1 0.3 0.3 0.3
Albumin 3.1 3.2 3.1 2.6 2,7
Urinalysis
Volume 95 75 50 90 95
Appearance A,C1,P L,A,C1 A,Cl D,Y,Cl D,Y,Cl
Osmolality 1929 1520 1919 1908 1955
Occult Blood N N N N N
Sugar 1+ Tr 1+ Tr N
Acetone N N N N N
pH 7.0 6.4 6.2 6.4 6.8
Urobilinogen 1.0 1.0 1.0 1.0 1.0
Bilirubin P P P ? P
Protein 1+ Tr 1+ 1+ Tr
Creatinine 132 260 242 222 262
MICROSCOPIC
RBC's 0 0 0 0 0
WBC's 0-1 0 0-2 0 -1
Epithelial 0 0 0 0 0-1
Bacteria 1+ 1+ 1+ 2+ 2+
Cast 0 0 0 0 0
Sperm 0 0 1-5 0 4-5




APPENDIX I (4)

CLINICAL LABORATORY DATA ON INDIVIDUAL DOGS
FED ZONYL® RP FOR THREE MONTUS

Dog No.: 1162
Sex: Male
Group: Control
Months on Test
Control 1 2 3
Hematology
Erxrythrocytes 6.08 6.08 7.16 7.20 5,80
Hemoglobin 15,3 15.6 17.1 17.2 17.1
Hematocrit 40 40 47 46 46
Leucocytes 14,6 16,8 15.0 16.9 11.3
DIFFERENTIAL
Neutrophils 67 67 65 70 54
Seg. 67 65 65 70 54
Juv, 0 2 0 0 0
Myel. 0 0 0 G 0
Lymphocytes 27 23 22 25 30
Eosinophils 2 8 13 4 15
Monocytes 4 2 0 1 1
Basophils 0 0 0 0 0
Atypicals 0 0 0 0 0
Nucleated RBC 0 0 0 0 0
Biochemistry
Glucose 118 114 112 118 106
Urea Nitrogen 9 8 10 i1 14
Cholesterol 115 140 130 145 130
Alk, Phos. 5.0 4.5 3.9 3.6 3.6
GPT 9 8 15 14 11
Total Protein 6.2 6.9 6.1 6.0 6.4
A/G 1.04 1.06 1.38 1.0G 1.03
Creatinine 0.5 0.7 0.5 0.6 0.7
Bilirubin 0.1 0.1 0.3 0.2 0.2
Albumin 3.2 3.6 3.5 3.0 3.2
Urinalysis
Vo lune 160 225 130 175 210
Appearance D,Y,Cl1,P L,A,Cl,P A,Cl,P Y¥,Cl,?p L,A,CL,P
Osmolality 1556 1514 1971 1892 2133
Occult Blood N N N N N
Sugar N N N N N
Acetone N N N N N
pH 8.0 7.2 7.0 7.2 7.0
Urobilinogen 1.0 1.0 1.0 1.0 0.1
Bilirubin P P P P P
Protein 1+ Tr 1+ 1+ 1+
Creatinine 128 132 184 190 172
MICRQSCOPIC
RBC's 0 0 0 0 0
WBC's 0-1 0 1-3 0 0
Epithnelial 0 0-1 1-3 0 0-1
Bacteria i+ 2+ 1+ 2+ i+
Cast 0 C 0 0 0
Sperm 0 0-1 0-2 1-3 3-6




APPENDIX I (5)

CLINICAL LABORATCRY DATA ON INDIVIDUAL DOGS
FED ZONYI® RP FOR THREE MONTHS

Dog No,: 1153
Sex: Male
Group: 500 ppm
Months on Test
Control 1 2 3
Hematology
Erythrocytes 7.00 7.68 7.84 8.08 7.60
Hemoglobin 17.3 18.8 18.7 19,7 18.7
Hematocrit 48 50 52 53 50
Leucocytes 13.3 11.1 11.0 15.4 9.9
DIFFERENTIAL
Neutrcphils 66 60 62 62 63
Seg. 66 60 61 61 62
Juv, 0 0 1 1 1
Myel. 0 0 0 0 0
Lymphocytes 30 34 33 30 28
Eosinophils 4 2 2 8 7
Monocytes 0 4 3 0 2
Basophils 0 0 0 0 0
Atypicals 0 0 0 0 0
Nucleated RBC 0 0 0 0 0
Biochemistry
Glucose 116 158 140 142 104
Urea Nitrogen 13 14 21 18 23
Cholesterol 140 160 100 170 160
Alk. Phos. 6.4 6.1 7.8 8.2 8.6
GPT 9 7 20 18 10
Total Protein 6.2 6.5 6.3 6.3 6,6
A/G 1.3 0.89 1.21 1.18 0.98
Creatinine 0.4 0.8 - 0.9 0.9
Bilirubin 0.1 0.1 0.4 0.3 0.4
Albumin 3.6 3.1 3.4 3.4 3.3
Urinalysis
Volume 245 185 215 110 210
Appearance Y,C1,? Y,Cl,P A,C1,P Y,CL,7P b,Y,C1,P
Osmolality 605 1268 1147 1567 1331
Occult Blood N N N N N
Sugar N N N N N
Acetone N N N N N
pH 8.0 7.0 7.0 7.6 6.8
Urobilinogen 0.1 1.0 0.1 0.1 1.0
Bilirubin N P P P P
Protein N Tr Tr 1+ Tr
Creatinine 60 118 88 130 138
MICROSCOPIC
RBC's 0 0 0 0 0
WBC's 0 0-1 0-1 0 0
Epithelial 0 0 0 0] 0-1
Bacteria 3+ 2+ 3+ 2+ 2+
Cast 0 0 0 0] 0
Sperm 0 0 1-5 2-5 3-10




APPENDIX T (6)
CLINICAL LABORATORY DATA ON INDIVIDUAL DOGS
FED ZONYI® RP FOR THREE MONTHS

Dog Mo.: 1153

Sex: Male
Group: 500 ppm
Months on Test
Control 1 2 3
Hematology
Erythrocytes 5.92 5.68 6.56 6,76 6.64
Hemoglebin 14,9 14,4 15.6 16.1 15,9
Hematocerit 39 37 42 41 41
Leucocytes 13.0 13.9 13.2 12.5 9.2
DIFFERENTTIAL
Neutrophils 65 62 66 63 69
Seg. 65 62 66 67 69
Juv, 0 0 0. 1 0
Myel. 0 0 0 0 0
Lymphocytes 28 26 28 28 28
Eosinophils 6 9 6 4 3
Monocytes 1 3 0 0] 0
Basophils 0 0 0 0 0
Atypicals 0 0] 0 0 0
Nucleated RBC 0] 0 0] 0 0
Biochemistry
Glucose 112 114 120 126 120
Urea Nitrogen 20 17 26 21 ‘11
Cholesterol 115 135 135 160 145
Alk. Phos, 7.6 7.1 8.1 10.6 12,0
GPT 6 4 15 13 11
Total Protein 5.8 6.1 6.0 6.5 6,1
A/G 1.00 1.08 1.00 1.06 1.30
Creatinine 0.6 0.8 0.6 0.8 0.7
Bilirubin 0.1 0.1 0.5 Q.2 0.1
Albumin 2.9 3.2 3.0 3.3 3.4
Urinalysis
Volume 195 245 125 185 155
Appearance Y,CL,P Y,CL1,P A,C1,P D,Y,C1,?P L,A,C1,F
Osmolality 1478 1273 1819 1966 2181
Occult Blood N N N N N
Sugar N N Tr N N
Acetone N N N N N
pH 7.0 7.0 7.0 7.0 6.8
Urobilinogen 0.1 1.0 1.0 1.0 1.0
Bilirutin N P N P P
Protein Tr N 1+ 1+ 1+
Creatinine . 104 92 124 158 208
MICROSCOPIC
RBC's 0 0 0 0 0
WBC's 0 0-2 0 0 0
Epithelial 0-1 0 0 0 0
Bacteria 2+ 2+ 1+ 2+ 3+
Cast ' 0 0 0 0 0
Sperm 0 0 0-1 0 0-1




CLINICAL LABORATORY DATA ON INDIVIDUAL DOGS

APPENDIX T

AN
t)

FED 70NYI® RP FOR THREE MONTHS

Dog No,: 1159

Sex: Male
Group: 500 ppm
Months on Test
Control 1 2 2
Hematology
Erythrocytes 5.64 5.60 5.84 5.48 5,60
Hemoglobin 15.2 15.3 14.9 14,3 14,3
Hematocrit 40 39 39 36 36
Leucocytes 11.0 12,3 12.6 13,7 12,9
DIFFERENTIAL
Neutrophils 72 60 60 75 71
Seg, 71 60 58 75 70
Juv. 1 0 2 0 1
Myel, 0 0 0 0 0
Lymphocytes 27 32 31 17 23
Eosinophils 1 5 5 6 €
Monocytes 0 3 4 2 0]
Basophils 0 0 0 0 0
Atypicals 0 0 0 0 0
Nucleated RBC 0 0 0 0 0
Biochemistry
Glucose 116 124 118 118 109
Urea Nitrogen 18 17 17 17 19
Cholesterol 165 175 175 195 185
Alk, Phos. 6.6 6.4 7.5 8.7 8.3
GPT 7 6 9 13 12
Total Protein 6.2 6.3 6.1 6.0 6,1
A/G 0.92 1.4 1.40 1.13 0.93
Creatinine 0.5 0.9 0.5 0.8 0.9
Bilirubin 0.1 0.1 0.2 0.1 0,2
Albumin 3.0 3.8 3.6 3.2 2,9
Urinalysis
Volume 350 165 185 235 275
Appearance L,Y,Cl,P Y,Cl,P D,A,C1,F A,CL,D L,A,Cl,P
Osmolality 560 1121 1945 1925 1656
Occult Blood N N N N N
Sugar N N Tr Tr N
Acetone N N N N N
pH 6.2 7.2 7.4 7.0 7.0
Urobilinogen 0.1 1.0 1.0 0.1 1.0
Bilirubin N P P P P
Protein N Tr 1+ Tr Tr
Creatinine 52 130 168 182 170
MICROSCOPIC
RBC's 0 0 0 0 0
WBC's 0 0 0 0 5-10
Epithelial 0 0 0-1 0 0-1
Bacteria 2+ 3+ 2+ 2+ 2+
Cast 0 0 0 0 0
Sperm 0 0 0-1 0- 0-2




APPENDIX I (3)
CLINICAL LABORATQRY DATA ON INDIVIDUAL DOGS
FED ZONYL® RP FOR THREE MONTHS

Dog No.: 1165

Sex: Male
Group: 50C ppm
Months on Test
Control 1 2 3
Hematology
Erythrocytes 4,96 5.92 7.24 6.48 6.32
Hemoglobin 13.2 15.7 17.6 16.6 16.3
Hematocrit 33 41 49 44 44
Leucocytes 10.4 16.2 15.0 13.2 12,2
DIFFERENTIAL
Neutrophils 60 64 62 69 66
Seg. ’ 60 64 62 ' 69 66
Juv, 0 0 0 0 0
Myel, . 0 0 0 0 0
Lymphocytes 38 35 35 30 27
Eosinophils 1 1 3 0 7
Monocytes O 0 0 1 0
Basophils 1 0 0 0 0
Atypicals 0 0 0 0 0
Nucleated RBC 0 0 0 0 0
Biochemistry
Glucose 134 150 1182 116 116
Urea Nitrogen 12 16 23 18 25
Cholesterol - 135 150 17¢C 160
Alk., Phos. 6.5 4,8 4,2 4,8 4,0
GPT 12 7 13 14 12
Total Protein 6,2 6.2 5.5 6.1 6.1
A/G 1.11 1.35 1.03 1.22 c.91
Creatinine ' - C.9 0.6 0.8 0.9
Bilirubin 0.2 0.1 0.3 0.2 0.2
Albumin 3.3 3.6 2,8 3.4 2.9
Urinalysis
Vo lume 200 240 310 190 65
Appearance L,A,C1,P D,Y,Cl,P Y,C1 A,Ci,P Y,C1l
Osmolality 1283 1136 1016 1698 1383
Occult Blood N N . N N N
Sugar N N N N N
Acetone N N N N N
pH 7.2 6.8 6.8 7.0 7.0
Urobilinogen 0.1 0.1 0.1 1.0 0.1
Bilirubin. P P P P P
Protein Tr Tr N 1+ Tr
Creatinine - 114 92 76 142 116
MICROSCOPIC
RBC's 0] 0 0 0 0
WBC's 0-1 0 C G-1 0-3
Epithelial 0-1 0 0 0
Bacteria 3+ 1+ 3+ 2+ 2+
Cast 0 0 0 0
Sperm ) 0 0 0 0-3 0-1




APPENDIX I (9)
CLINICAL LABORATORY DATA ON INDIVIDUAL DOGS

FED ZONYL® RP FOR THREE MONTHS

Dog No.: 1152
Sex: Male
Group: 750 ppm
Mcnths on Test
Control 1 2 3
Hematology
Ervthrocytes 6.56 6.80 7.04 7.36 7.08
Hemoglobin 16.9 17.0 17.1 17.9 17.8
Hematocrit 45 45 48 49 49
Leucocytes 8.9 8.2 10.9 13.6 1.8
DIFFERENTIAL
Neutrophils 69 66 78 74 68
Seg. 68 65 78 74 68
Juv, 1 1 0 0 0
Myel. 0 0 0 0 0
Lymphocytes 26 31 22 25 28
Eosinophils 2 0 0 1 1
Monocytes 3 3 0 0 3
Basophils 0 0 0 0 0
Atypicals 0 0 0 0 0
Nucleated RBC 0 0 0 0 0
Biochemistry
Glucose 112 120 116 120 111
Urea Nitrogen 16 24 28 23 19
Cholesterol 150 165 185 215 195
Alk. Phos. 4.2 4.4 8.1 8.3 6.
GPT 7 6 15 21 19
Total Protein 6.4 6.4 6.1 6.3 6.2
A/G 1.23 1.05 1,55 1.28 0.80
Creatinine 0.5 1.1 0.6 0.9 1.0
Bilirubin 0.1 0.1 0.2 0.3 0.2
Albumin 3.5 3.3 3.7 3.5 2.8
Urinalysis
Volume 105 150 110 135 180
Appearance A,Cl,P D,Y,CL,P A,Cl1 D,Y,C1,P D,Y,Cl1,P
Osmolality 1850 1987 2120 2420 1861
Occult Blood N N N N N
Sugar N N Tr Tr Tr
Acetone N N N N N
pH 7.2 7.0 6.4 6.8 7.0
Urobilinogen 0.1 1.0 1.0 1.0 1.0
Bilirubin P P P P P
Protein 1+ Tr Tr 1+ 1+
Creatinine 236 180 180 182 180
MICROSCOPIC
RBC's 0 0 0 0 0
WBC's 0 0 0 0-4 0-1
Epithelial 0 0 -1 G 0-2
Bacteria 2+ 2+ 2+ 24- 2+
Cast 0 0 0 0 0
Sperm 0 0-1 0 0-1 0




APPENDIX I (i0)
CLINICAL LABORATORY DATA ON INDIVIDUAL DOGS
FED ZONYL® RP FOR THREE MONTHS

Dog No.: 1156

Sex: Male
Group: 750 ppm
Months on Test
Control 1 2 3
Hematology
Erythrocytes 5.68 6.12 6.56 6.52 6.40
Hemoglobin 14,1 15.9 16,1 15.7 16,0
Hematocrit 36 42 43 42 43
Leucocytes 11.1 10.5 : 12.9 11.4 11.7
DIFFERENTIAL
Neutrophils 66 64 61 57 65
Seg. 65 64 £l 57 65
Juv. 1 0 0 0 0
Myel. 0 0 0 0 0
Lymphocytes 32 34 32 29 26
Eosinophils 2 1 3 12 9
Monocytes 0 1 4 2 0
Basophils 0 0 0 0 0
Atypicals 0 0 0 0 0
Nucleated RBC 0 0 0 0 0
Biochemistry
Glucose 106 104 110 104 109
Urea Nitrogen 17 15 24 19 15
Cholesterol 160 180 180 190 180
Alk. Phos., 3.7 3.5 . 3.7 4,2 3.3
GPT 7 4 16 17 18
Total Protein 5.9 6.0 5.6 5.7 5.9
A/G 0.93 0.79 1.09 1.09 1.27
Creatinine 0.6 0.9 0.5 0.7 c.¢%
Bilirutin 0.1 0.1 0.5 0.1 0.1
Albumin 2.8 2.6 2.9 3.0 3.3
Urinalysis
Volume 140 255 125 90 90
Appeareance Y,Cl,P L,A,C1,F A,C1,P A,CL,P D,Y,Cl
Osmolality 1924 1777 2045 1971 2207
Occult Blood N N N N N
Sugar Tr N Tr Tr Tr
Acetone N N N N N
pH 6.8 7.6 6.8 7.0 6.8
Urobilinogen 1.0 0.1 1.0 1.0 1.0
Bilirubin N P P P P
Protein Tr Tr 1+ 1+ 1+
Creatinine ; 138 116 130 196 224
MICROSCOPIC
RBC's 0 0 0 0
WBC's 2-6 0 0-2 0-2 2-5
Epithelial C 0 0-1 0 0-1
Bacteria 2+ 2+ 1+ 2-+ 2+
Cast 0 0 0 0 0
Sperm 1-2 0-1 0 4-8 1-6




APPENDIX I (11)

CLINICAL LABORATORY DATA ON INDIVIDUAL DOGS
FED zONYI® RP FOR THREE MONTHS

Dog No.: 1160
Sex: Male
Group: 750 ppm
Months on Test
Control 1 2 3
Hematology
Erythrocytes 5.92 5.68 6.20 6.44 6.4
Hemoglobin 15,5 15.7 16.3 16.9 17.2
Hematocrit 39 42 43 42 46
Leucocytes 8.1 8.5 9.6 8.9 14.4
DIFFERENTIAL
Neutrophils 69 67 74 70 80
Seg. 69 67 73 70 80
Juv, 0 0 1 0 0
Myel. 0 0 0 0 4]
Lymphocytes 29 30 25 29 18
Eosinophils 1 2 0 1 2
Monocytes 1 1 1 0 0
Basophils 0 0 0 0 0
Atypicals 0 0 0 0 c
Nucleated RBC 0 0 0 0 G
Biochemistry
Glucose 108 112 104 112 104
Urea Nitrogen 11 6 19 15 20
Cholesterol 160 180 200 230 200
Alk, Phos, 5.2 5.3 7.2 8.0 6.1
GPT 8 6 13 16 16
Total Protein 5.8 6.4 5.8 6.2 6.3
A/G 1.2 1.62 1.06 1.22 0.8
Creatinine 0.4 0.7 0.4 C.7 0.8
Bilirubin 0.1 0.1 0.2 0.2 0.2
Albumin 3.2 4,0 3.0 3.4 2.9
Urinalysis
Volume 205 170 115 70 130
Appearance Y,Cl,P Y,C1l,P A,C1 D,Y,Cl,P L,A,C1,P
Osmolality 1215 1289 1992 1877 2151
Occult Blood N N N N N
Sugar N N Tr Tr N
Acetone N N N N N
pH 7.0 7.0 6.8 7.2 6.8
Urobilinogen 0.1 1.0 0.1 0.1 1.0
Bilirubin P P P P T
Protein Tr Tr Tr Tr 1+
Creatinine 112 130 140 196 180
MICROSCOPIC
RBC's 0 0 0 0
WBC's 0 0 0-1 0 0
Epithelial 0 0 - 0 0 0-1
Bacteria 1+ 2+ 2+ 2+ 2+
Cast 0 0 0 0 0
Sperm 0-1 0 0-2 0 0-1




APPENDIX I (12)

CLINICAL LARORATORY DATA ON INDIVIDUAL DOGS
FED ZONYI® RP FOR THREE MONTHS

Dog No.: 1164

Sex: Male
Group: 750 ppm . _
Months on Test
Control 1 2 3
Hematology
Erythrocytes 6.24 5.76 6.40 6.28 6.56
Hemoglobin 16.8 15,1 15.7 16,0 16,7
Hematocrit 44 40 42 42 44
Leucocytes 17.1 16.3 18.3 16,2 14,6
DIFFERENTIAL
Neutrophils 59 62 67 66 64
Seg. 59 62 67 64 64
Juv, 0 0 0 2 0
Myel. 0 0 0 0 0
Lymphocytes 32 29 27 20 25
Eosinophils 5 9 6 14 11
Mcnocytes 4 0 0 0 0
Basophils 0 0 0 0 0
Atypicals 0 0 0 0 0
Nucleated RBC 0 0 0 0 0
Biochemistry
Glucose 114 114 114 127 110
Urea Nitrogen 11 9 12 12 11
Cholesterol 140 155 170 190 180
Alk. Phos, 4,2 4.4 7.4 7.2 5.3
GPT 8 15 14 17 15
Total Protein 5.8 6.3 6.1 6.1 6,2
A/G 1.0 1.00 1.29 1.12 1.13
Creatinine 0.4 0.8 0.5 0.6 0.7
Bilirubin 0.1 0.1 0.2 0.1 0.1
Albumin 3.0 3.2 3.4 3.2 3.3
Urinalysis
Volume 225 170 185 160 65
Appearance D,Y,Cl,P Y,CL,P Y,Cl,P D,Y,C1,P Y,Cl1
O=smolality 1373 1478 1341 1535 1404
Occult Blood N N N N N
Sugar N N Tr N N
Acetone N N N N N
pH 7.0 7.4 7.0 7.2 6.8
Urobilinogen 0.1 1.0 1.0 0.1 1.C
Bilirutin P N P P P
Protein Tr N 1+ Ty 1+
Creatinine 132 118 96 142 182
MICROSCOFIC
RBC's 0 0 0 0 0
WBC's 0 0 n-1 0 0-1
Epithelial 0 0 0 0 0-1
Bacteria 1+ 2+ 3+ 2+ 4+
Cast 0 0 0 0 0
Sperm 0 0-1 0-1 0 0




APPENDIX I (13)
CLINICAL LABORATORY DATA ON INDIVIDUAL DOGS
FED ZONYI® RP FOR THREE MONTHS

Dog No.: 1151

Sex: Male
Group: 2500 ppm
Months on Test
Control 1 2 3
Hematology
Erythrocytes 6.64 6.48 7.00 6.68 6.20
Hemoglobin 17.2 17.3 16.5 16.4 16.3
Hematocrit 46 45 45 43 43
Leucocytes 13.0 12.1 16.7 16.5 21.9
DIFFERENTIAL )
Neutrophils 72 62 67 67 80
Seg. 71 62 64 67 77
Juv. 1 0 3 0 3
Myel, 0 0 0 0 0
Lymphocytes 23 37 26 27 14
Eosinophils 5 1 7 5 5
Monocytes 0 0 0 1 1
Basophils 0 0 0 0 0
Atypicals 0 0 0 0] 0
Nucleated RBC 0 0 0 0] 0
Biochemistry
Glucose 92 114 94 108 102
Urea Nitrogen 18 14 21 24 10
Cholesterol 150 155 185 230 200
Alk, Phos. 5.5 5.4 10.8 13.6 12,2
GPT 5 4 10 12 9
Total Protein 6.6 65,1 5.9 6.3 6.2
A/G 1.07 1.04 1.05 0.78 1.21
Creatinine 0.4 0.8 0.6 0,7 0.7
Bilirubin 0.2 0.1 0.2 C.1 0.1
Albumin 3.4 3.1 3.0 2.8 3.4
Urinalysis
Volume 260 130 105 125 100
Appearance L,A,Cl,P b,Y,C1,P Y,C1 A,Cl1,E D,Y,Cl,P
Osmolality 1651 1745 1730 . 1908 1824
Occult Blood N N N N i
Sugar N N N N N
Acetone N N N N N
pH 7.0 7.6 7.0 7.0 6.8
Urobilinogen 0.1 1.0 1.0 1.0 1.0
Bilirubin P P P P P
Protein Tr Tr Tr Tr Tr
Creatinine - 128 154 . 108 - 168 220
MICROSCOPIC »
RBC's 0 0 0 0 0
WBC's 0 0-1 0-1 0 0-3
Epithelial 0 0 0 0 0-1
Bacteria 2+ 2+ 3+ 2+ bt
Cast 0 0 0 0 0
Sperm 0 0 0-1 0-1 0




APPENDIN T (14}
CLINICAL LABORATORY DATA ON INDIVIDUAL DOGS
FED ZONYL® RP FOR THREE MONTHS

Dog No.: 1157
Sex: Male
Group: 2500 ppm
Menths on Test
Control 1 2 3
Hematology
Erythrocytes 6.68 6.48 6.92 6.56 5.76
Hemoglobin 16.¢ 16.5 16.8 16,0 15.1
Hematocrit 44 44 45 42 40
Leucocytes 12,8 10.8 11.8 13.1 13,8
DIFFERENTIAL
Neutrophils 78 73 67 73 68
Seg. 78 72 67 73 68
Juv, 0 1 0 0 0
Myel. 0 0 @] 0 0
Lymphocytes 22 25 26 20 23
Eosinophils 0 2 7 4 9
Monocytes 0 0 0 3 0
Basophils 0 0 0 0 0
Atypicals 0 0 0 0 0
Nucleated RBC 0 0 0 0 0
Biochemistry
Glucose 116 114 94 122 103
Urea Nitrogen 25 18 27 17 22
Cholesterol 145 145 170 185 170
Alk. Phos. 4,1 4,2 12.6 10.1 11.7
GPT 10 4 11 14 12
Total Protein 5.8 5.9 6.3 6.0 6,2
A/G 1.03 1.02 1.03 1.11 1.08
Creatinine 0.6 0.9 0.6 0.7 0.7
Bilirubin 0.1 0.1 0.3 0.1 0.1
Albumin 2.9 3,0 3.2 3.2 3.2
Urinalysis
Volume 240 150 175 90 180
Appearance A,C1,P Y,C1,P A,C1,P A, CL,P D,Y,Ci,F
Osmolalicy 2138 1619 1961 1814 1567
Occult Blood N N N N N
Sugar N N N N N
Acetone N I N N N
pH 7.2 6.8 7.0 7.2 7.2
Urobilinogen 0.1 0.1 0.1 1.0 1.0
Bilirubin P P N P P
Protein Tr N Tr Tr Tx
Creatinine 136 122 130 226 144
MICROSCOPIC
RBC's 0 0 0 0 0
WBC's 0 0 0-1 0-1 0-2
Epithelial 0 0-1 0 0 0-1
Bacteria 2+ 1+ 2+ 3+ 3+
Cast 0 0 0 0 0
Sperm 0 0 1-3 0-1 0-4




APPENDIX I (15)
CLINICAL LABORATORY DATA ON INDIVIDUAIL DOGS

FED ZONYI® RP FOR THREE MONTHS

Dog No.: 1161

Sex: Male
Group: 2500 ppm
Months on Test
Control 1 2 3
Hematology
Erythrocytes 6.64 6.60 6.68 6.12 6.52
Hemcglobin 17.0 16.8 15.8 15,1 15.7
Hematocrit 44 44 42 39 42
Leucocytes 8.3 8.9 12,3 10.8 11.6
DIFFERENTIAL
Neutrophils 61 56 66 65 67
Seg. 61 56 64 65 67
Juv, 0 0 2 0 0
Myel. 0 0 0 0 0
Lymphocytes 36 35 22 32 27
Eosinophils 3 8 11 3 5
Monocytes 0 1 1 0 1
Basophils 0 0 0 0 0
Atypicals 0 0 0 0 0
Nucleated RBC 0 0 0 0 0
Biochemistry
Glucose 119 120 105 112 10C
Urea Nitrogen 20 12 30 22 27
Cholesterol 130 140 1€0 190 180
Alk. Phos, 3.7 3.6 8.6 8.7 10.1
GPT 9 8 12 17 14
Total Protein 6.3 6.1 6.2 6.4 6.4
A/G 1.08 1.1 1.08 1.0 1.28
Creatinine 0.5 0.7 0.6 0.7 0.8
Bilirubin 0.1 0.1 0.3 0.2 0.2
Albumin 3.3 3.3 3.2 3.3 3.6
Uringlysis
Volume 140 120 180 150 170
Appearance D,Y,Cl,P L,A,Cl,P A,Cl D,Y,Cl,P n,vy,C1
Osmolality 1961 2272 1955 2164 21063
Occult Blood P N N N N
Sugar N N N N N
Acetone N N I N N
pH 6.8 7.0 6.8 7.0 6.8
Urobilinogen 1.0 1.0 1.0 1.0 1.0
Bilirubin N N P P P
Protein Tr Tr Tr 1+ Tr
Creatinine 156 174 120 52 150
MICROSCOPIC
"RBC's 0 0 0 0 0
WBC's 0-1 2-6 2-10 1-5 0-3
Epithelial 0 0 0-1 0 0-2
Bacteria 2+ 1+ 2+ 2+ 2+
Cast 0 0 0 0 0
Sperm 0-1 0 0-2 0 5-10




APPENDIX I (16)

CLINICAL LABORATORY DATA ON INDIVIDUAL DOGS
FED ZONYL® RP FOR THREE MONTHS

Dog No.: 1163

Sex: Male
Group: 2500 ppm
Months on Test
Control 1 2 3
Hematoclogy
Erythrocytes 5.12 5.24 5.76 6.08 5.88
Hemoglobin 13.1 13.7 13.8 14.6 14,2
Hematocrit 33 35 36 38 37
Leucocytes 12,4 12.8 11.8 13.4 14.1
DIFFERENTIAL ’
Neutrophils 76 67 63 68 73
Seg. 75 66 62 68 70
Juv, 1 1 1 0 3
Myel, 0 0 0 0 0
Lymphocytes 23 27 31 24 21
Eosinophils 1 6 6 6 6
Monocytes 0 0 0 2 0
Basophils 0 0 0 0 0
Atypicals 0 0 0 0 0
Nucleated RBC 0 0 0 0 0
Biochemistry ‘
Glucose 112 124 - 110 127 122
Urea Nitrogen 13 12 14 20 1
Cholesterol 150 165 210 220 200
Alk. Phos, 5.0 3.8 , 10.8 12,7 12.8
GPT 9 9 11 16 15
Total Protein 5.6 5.9 6.2 6.4 6.3
A/G 0.98 1.18 1.02 0.94 0.95
Creatinine - 0.7 0.6 0.8 0.8
Bilirubin 0.1 0.1 0.2 0.5 0.5
Albumin 2,8 3.2 3.1 3.1 3.1
Urinalysis
Volume 630 460 190 270 345
Appearance 1,Y,Cl,P L,Y,Ci,P 1,,Y,C1 Y,Cl,?P Y,Cl,P
Osmolality 248 471 352 718 570
Occult Blood N N N N N
Sugar N N N N N
Acetone N N N N N
pH 7.0 7.0 7.6 7.2 7.0
Urobilinogen 0.1 0.1 0.1 0.1 0.1
Bilirubin N N N N P
Protein N N N Tr N
Creatinine . 18 38 34 84 66
MICROSCOPIC
RBC's 0 0 0 0 0
WBC's 0-5 0-2 0-1 0-2 0
Epithelial 0 0 0-1 0-1
Bacteria b4t 3+ 4+ 3+ 4+
Cast 0 0 0 0 0
Sperm 0 0 0 0 0




APPENDIX I (17)

CLINICAL TABORATORY DATA ON INDIVIDUAL DOGS
FED ZONYI® RP FOR THREE MONTES

Dog No.: 1137

Sex: Female
Group: Control
Months on Test
Control 1 2 3
Hematology
Erythrocytes 6.72 6.68 7.40 7.28 7.76
Hemoglobin 17.8 18.3 18.5 18.9 19,7
Hematocrit 47 48 51 51 54
Leucocytes 12,4 11.4 13.1 10.6 9.1
DIFFERENTIAL
Neutrophils 60 62 76 71 66
Seg. 58 62 76 71 66
Juv, 2 0 0 0 0
Myel, 0 0 0 0 0
Lymphocytes 28 25 20 24 25
Eosinophils 12 10 4 5 9
Monocytes 0 3 0 0 0
Basophils 0 0 0 0 0
Atypicals 0 0 0 0 0
Nucleated RBC 0] 0 0 0 0
Biochemistry
Glucose 114 109 111 110 101
Urea Nitrogen 10 12 16 19 26
Cholesterol 160 150 160 185 165
Alk, Phos, 4.5 4.7 4.1 3.9 10.1
GPT 7 3 8 9 15
Total Protein 6.4 5.5 6.3 6.4 6.7
A/G 1.20 1,15 1.50 1.21 1.06
Creatinine 0.5 0.5 0.5 0.7 0.8
Bilirubin 0.1 0.2 0.2 0.2 0.2
Albumin 3.5 2.9 3.8 3.5 3.4
Urinalysis
Vo lume 125 235 165 190 140
Appearance D,Y,C1,P D,Y,C1,P A,Cl,F A,C1,P A,C1,P
Osmolality 1359 1651 2142 2013 1646
Occult Blood N N N N N
Sugar N N Tr N N
Acetone N N N N N
pH 8.5 6.8 6.8 7.0 6.8
Urobilinogen 1.0 1.0 1.0 1.0 1.0
Bilirubin P N P P P
Protein Ty Tr Tr Tr 1+
Creatinine 146 114 164 168 156
MICROSCOPIC
RBC's 0 0 0 0 0
WBC's 0 0-1 2-8 0 0
Epithelial 0-1 0 0 0 0
Bacteria 3+ 1+ 2+ 2+ 2+
Cast 0] 0 0 0 0




APPENDIX T (18)

CLINICAL LABGRATORY DATA ON INDIVIDUAL DOGS
FED zONYL® RP FOR THREE MONTHS

Dog No.: 1141
Sex: Female
Group: Control
Months on Test
Control 1 2 3
Hematology
Erythrocytes 6.52 6. 60 6.00 6. 64 6.28
Hemoglobin 17.5 17.6 14.9 17.2 16,2
Hematocrit 45 45 39 45 43
Leucocytes 10,4 11.1 9.0 10.8 7.8
DIFFERENTIAL
Neutrophils 72 74 73 77 65
Seg. 72 71 73 75 65
Juv, 0 3 0 2 0
Myel. 0 0 0 0 0
Lymphocytes 21 15 26 20 27
Eosinophils 6 8 1 2 6
Monocytes 1 3 0 1 2
Basophils 0 0 0 0 0
Atypicals 0 0 0 0 0
Nucleated RBC 0 0 0 0 0
Biochemistry
Glucose 114 112 112 147 112
. Urea Nitrogen 10 15 17 11 16
Cholesterol 145 140 190 160 145
Alk, Phos. 5.0 5.3 4.1 3.6 4.3
GPT 10 3 12 19 13
Total Protein 6.3 6.5 6.3 6.3 6.2
A/G 0.92 0.95 1.10 1.23 1.50
Creatinine 0.5 0.7 0.6 0.9 0.8
Bilirubin 0.1 0.3 0.2 0.1 .1
Albumin 3.0 3.2 3.3 3.5 3.7
Urinalysis
Volume 250 190 150 85 175
Appearance D,Y,Cl,P L,A,Cl,P D,Y,Cl1,?P D,Y,CL,P A,C1,P
Osmolaliity 1546 2018 1625 1924 1856
Occult Blocd N N N N N
Sugar N N Tr N N
Acetone N N N N N
pH 7.0 6.6 7.0 8.0 7.0
Urobilinogen 1,0 1.0 1.0 1.0 1.0
Bilirubin N N N P N
Protein Tr Tr Tr Tr Tr
Creatinine 144 152 142 230 174
MICROSCOPIC
RBC's 0 0 0 0 0
WBC's 0-1 0 0 0-1 0-2
Epithelial 0-2 0-1 0-3 0-1 1-5
Bacteria 2+ 1+ 3+ 3+ 2+
Cast 0 0 0 0 0




CLINICAL LABORATORY DATA CON INDIVIDUAL DOGS

APPENDIX I (19)

FED zONYI® RP FOR THREE MONTHS

Dog No,: 1145
Sex: Female
Group: Control
Months on Test
Control 1 2 3
Hematology
Erythrocytes 7.08 6.72 6.88 7.20 6,76
Hemoglobin 16,9 16.0 16,2 17,8 16,8
Hematocrit 43 41 43 47 42
Leucocytes 9.2 11.2 9.5 12,6 8.3
DIFFERENTIAL
Neutrophils 74 64 78 74 66
Seg. 74 63 78 74 65
Juv, 0 1 0 0 1
Myel, 0 0 0 0 0
Lymphocytes 24 30 20 26 33
Eosinophils 2 3 2 0 1
Monocytes 0 3 0 0 0
Basophils 0 0 0 0 0
Atypicals 0 0 0 0 0
Nucleated RBC 0 0 0 0 0
Biochemistry
Glucose 106 118 110 118 102
Urea Nitrogen 13 11 14 15 21
Cholesterol 155 175 155 160 295
Alk. Phos, 3.5 3.4 3.5 3.2 3.1
GPT 7 6 10 17 13
Total Protein 5.9 5.9 5.4 5.7 6.5
A/G 1.16 1.47 1.58 0.99 1.32
Creatinine 0.7 0.8 0.6 0.8 1.0
Bilirutin 0.6 0,2 0.2 0.2 0.2
Albumin 3.2 3.5 3.3 2.8 3.7
Urinalysis
Volume 190 80 110 120 175
Appearance Y,Cl,P A,Cl1,P A,C1,P D,Y,Cl,P L,A,C1,P
Osmolality 1289 2303 1824 1871 17325
Occult Blood N N N N N
Sugar N N Tr N Tr
Acetone N N N N N
pH 7.6 8.0 7.2 7.0 7.0
Urobilinogen 1.0 1.0 1.0 1.0 1.0
Bilirubin N N P P P
Protein N Tr Tr 1+ 1+
Creatinine 128 236 186 196 180
MICROSCOPIC
RBC's 0 0 0 0 0
WBC's 0 0-1 0 0 0
Epithelial 0-1 0 0-1 0-1 0
Bacteria 2+ 1+ 2+ 2+ 1+
Cast 0 0 0 0 0




APPENDTX I (20)
CLINICAL LABORATORY DATA ON INDTVIDUAL DOGS
FED ZONYL® RP FCR THR

EX MONTHS

Dog No.: 1147

Sex: Female
Control
Months on Test
Control 1 2 3
Hematology
Erythrocytes 6.32 6.52 6.16 6.60 5.84
Hemoglobin 16.1 17.1 15.5 17.1 17.4
Hematocrit 43 44 43 45 46
Leucocytes 11.8 11.5 17.2 15,2 12.8
DIFFERENTIAL
Neutrophils 61 60 60 66 60
Seg. 61 60 60 66 59
Juv, 0 0 0 0 1
Myel. 0 0 0 ¢ 0
Lymphocytes 27 30 34 28 24
Eosinophils 11 6 5 5 16
Monocytes 1 4 1 1 0
Basophils C 0 0 0 0
Atypicals 0 0 0 0 G
Nucleated RBC 0 0 0 0 0
Biochemistry
Glucose 114 110 100 116 1096
Urea Nitrogen 20 22 36 41 46
Cholesterol 170 170 150 165 175
Alk, Phos. 4.4 3.9 4.0 3.6 3.1
GPT 8 5 6 10 3
Total Protein 5.8 6.4 5.8 5.7 5.8
A/G 1.04 1,02 0.98 0.94 1.27
Creatinine 0.8 1,1 1.0 1.2 1.8
Bilirubin 0.1 0.1 0.2 0.1 0.1
Albumin 3.5 3.2 2.9 2.8 3.2
Urinalysis
Volume 150 50 80 140 110
Appearance Y,Cl,P D,Y,Cl D,Y,Cl D,Y.Cl D,Y,Ci
Osmolality 1073 1945 2008 1267 1499
Occult Blood N N N N N
Sugar N N Tr N N
Acetone N N N N N
pHE 6.8 7.0 6.4 7.2 7.0
Urobilinogen 0.1 1.0 1.0 0.1 1.0
Bilirubin P N P P P
Protein Tr Tr Tr Tr Tr
Creatinine 152 340 208 138 170
MICROSCOPIC
RBC's 0 0 0 0 0
WBC's 0-2 0 0 0 0
Epithelial 0-1 02 0 0 0
Bacteria 2+ 2+ 1+ 2+ 2+
Cast 0 0 o] 0 0




APPENDIX I (21)

CLINICAL LABORATORY DATA ON INDIVIDUAL DOGS
FED ZONYI® RP FOR THREE MONTIS

Dog No,: 1135
Sex: Female
Group: 500 ppm
Months on Test
Control 1 2 3
Hematology
Erythrocytes 7.04 5.68 7.08 7.24 6. 64
Hemoglobin 18.8 14.6 17.8 18.0 16.5
Hematocrit 49 47 48 48 43
Leucocytes 10.9 11.2 11.4 12.4 11.2
DIFFERENTTIAL
Neutrophils 66 72 71 74 60
Seg. 66 71 69 72 58
Juv, 0 1 2 2 2
Myel. 0 0] 0 0 0
Lymphocytes 32 25 24 24 22
Eosinophils 1 0 5 2 16
Monocytes 1 3 0 0 2
Basophils 0 0 0 0 0
Atypicals 0 0 0 0 0
Nucleated RBC 0 0 0 0 ¢
Biochemistry
Glucose 102 110 118 104 110
Urea Nitrogen 13 3 11 23 22
Cholestercl 130 150 205 235 285
Alk, Phos. 7.0 6.6 8.0 6.5 4,2
GPT 6 2 9 10 9
Total Protein 6.7 5.8 5.8 6,6 6.8
A/G 1.40 1.09 1.05 0.90 0.&0
Creatinine 0.5 0.5 0.6 0.7 0.5
Bilirubin 0.2 0.2 0.3 0.4 0.3
Albumin 3.9 3.0 3.0 3.1 3.0
Urinalysis
Vo lume 60 165 160 160 145
Appearance D,Y,Cl,P Y,C1,P A,Cl1,P D,Y,C1,P A,Cl
Osmolality 1871 1136 1467 1488 2098
Occult Blood N N N N N
Sugar Tr N 1+ Tr N
Acetone N N N N N
pH 6.6 7.0 8.0 7.0 6.8
Urobilinogen 0.1 0.1 1.0 1.0 1.0
Bilirubin N N P N P
Protein Tr Tr 1+ Tr Tr
Creatinine 202 88 118 154 182
MICROSCOPIC
RBC's 0 0 0 0 0
WBC's 0-1 0-2 0-1 0 0
Epithelial 0-2 0 0-5 . 0- 0
Bacteria 1+ 1+ 24 2+ 1+
Cast 0 0 0 0 0




APPENDIX I (22)

CLINICAL LABORATORY DATA ON INDTIVIDUAL DOGS
FED ZONYL¥® RP FOR THREE MONTHS

Dog No.: 1140
Sex: Female
Group: 500 ppm

Hematology

Erythrocytes
Hemoglobin
Hematocrit
Leucocytes
DIFFERENTIAL
Neutrophils
Seg.
Juv,
Myel.
Lymphocytes
Eosinophils
Monocytes
Basophils
Atypicals
Nucleated RBC

Biochemistry

Glucose

Urea Nitrogen
Cholesterol
Alk, Phos.
GPT

Total Protein
A/G
Creatinine
Bilirubin
Albumin

Urinalysis

Volume
Appearance
Osmolality
Occult Blood
Sugar
Acetone
pH
Urobilinogen
Bilirubin
Protein
Creatinine
MICROSCOPIC
RBC's
WBC's
Epithelial
Bacteria
Cast

Control
6,20 6.40
15.5 16.5
41 44
8.2 7.3
62 72
61 71
1 1
0 0
34 26
3 2
0 0
1 0
0 0
0 0
119 122
10 9
170 170
10.7 10.9
7 3
6.1 6.0
1.25 1.30
0.8 0.6
0.1 0.1
3.4 3.4
485 165
L,Y,CL,pP Y,C1l,P
209 951
N N
N N
N N
7.2 8.0
0.1 0.1
N N
N N
14 74
0 0
0-2 0
0-2 0-1
3+ 2-+
0 0

Months on Test
1 2 3
6.44 6.68 6.16
16.4 17.1 15.7
45 45 41
10.5 11.1 7.7
61 69 68
61 69 68
0 0 0
0 0 0
33 26 25
4 5 7
2 0 0
0 0 0
0 0 0
0 0 0
120 110 117
17 2 17
165 170 200
8.3 6.9 4.7
10 9 6
5.9 6.1 6.1
1.15 1.12 1.54
0.5 0.6 0.7
0.3 0.3 0.3
3.2 3.2 3.7
100 90 85
D,Y,C1 A,C1 D,Y,Cl,?P
1310 2151 1814
N N N
Tr Tr N
N N N
7.2 7.2 7.2
1.0 1.0 1.0
N P P
Tr 1+ 1+
102 204 196
0 0 0
0-2 0-1 0
0 0 0-1
1+ 1+ 24
0 0 0




APPENDIX I (23)
CLINICAL LABCRATORY DATA ON INDIVIDUAL DOGS
FED ZONYI® RP FOR THREE MONTHS

Dog No.: 1143

Sex: Female
Group: 500 ppm
Months on Test
Control 1 2 3
Hematology
Erythrocytes 5.84 6.28 5.72 6.40 5.92
Hemoglobin 14,3 15.8 13.8 i5.9 15,7
Hematocrit 36 1 37 40 41
Leucocytes 16.1 14,8 11,3 15.5 11.3
DIFFERENTIAL
Neutrophils 70 74 68 60 67
Seg. 68 73 68 60 67
Juv, 2 1 0 0 0
Myel, 0 0 0 0 0
Lymphocytes 24 17 30 31 29
Eosinophils 1 5 2 9 4
Monocytes 5 4 0 0 0
Basophils 0 0 0 0 0
Atypicals 0 0 0 0 0
Nucleated RBC 0 0 0 0 0
Biochemistry
Glucose 116 112 93 106 109
Urea Nitrogen 11 12 32 32 33
Cholesterol 145 160 170 200 220
Alk, Phos,. 3.7 4,7 ' 6.5 5.4 4.1
GPT 7 4 11 9 11
Total Protein 6.1 6.4 5.7 6,6 6,6
A/G 1.12 1.05 0.97 0.99 1.34
Creatinine 0.5 0.8 0.6 0,7 0.9
Bilirubin 0.1 0.1 0.3 0.8 0.9
Albumin 3.2 3.3 2.8 3.3 3.8
Urinalysis
Volume 150 140 170 150 205
Appearance Y.Cl,P Y,CL,P D,Y,C1 Y,Cl,?P D,Y,C1,P
Osmolality 1205 1079 1320 1714 1252
Occult Blood N N N N N
Sugar N N N N N
Acetone N N N N N
pH 7.0 6.8 6.8 6.8 7.0
Urobilinogen 1.0 1.0 1.0 1.0 0.1
Bilirubin N N N P P
Protein Tr Tr Tr Tr Tr
Creatinine - 144 146 102 146 114
MICROSCOPIC
RBC's 0 0 0 0 0
WBC's 0 0 0-1 0 0
Epithelial 0 0-1 0 0 0
Bacteria 2+ 1+ 34 b4t 1+
Cast 0 0 0 0 0




APPENDIX I (24)
CLINICAL LABORATORY DATA ON INDIVIDUAIL DOGS
FED zONYI® RP FOR THREE MONTHS

Dog No.: 1149

Sex: Female
Group: 500 ppm
Months on Test
Control 1 2 3
Hematology
Erythrocytes 6.64 €.40 4,20 6.76 6,52
Hemoglobin 15.9 15.6 14.8 16.6 16.0
Hematocrit 43 41 40 43 43
Leucocytes 11.5 16.0 9.2 12,6 11.0
DIFFERENTIAL :
Neutrophils 78 75 65 70 77
Seg. 78 74 65 70 75
Juv, 0 1 0 0 2
Myel. 0 0] 0 0] 0
Lymphocytes 22 23 33 28 22
Eosinophils 0 0 1 1 1
Monocytes 0 2 1 1 0
Basophils 0 0 0 0 0
Atypicals 0 0 0 0 0
Nucleated RBC 0 0] 0 0 0
Biochemistry
Glucoese 104 170 116 112 89
Urea Nitrogen ' 39 37 23 23 26
Cholesterol 170 150 180 215 215
Alk, Phos, 2.0 5.2 10.7 10.7 11.2
GPT 9 9. 19 11 13
Total Protein 6.7 6.2 5.6 5.6 6.4
A/G 0.76 1.11 1.03 0. 87 0.89
Creatinine - 1.1 0.6 0.7 0.8
Bilirubin 0.1 0.1 0.2 0.2 0.7
Albumin 2.9 3.3 . 2.8 2.6 3.0
Urinalysis
Volume 100 90 130 195 165
Appearance L,A,Cl A,C1 D,A,Cl,P D,Y,Ci,P L,A,CL,P
Osmolality 1950 2525 2460 1546 2281
Occult Blood N P N N N
Sugar N N 1+ N Tr
Acetcne N N N N N
pH 6.4 6.4 6.6 7.0 6.4
Urobilinogen 0.1 0.1 1.0 1.0 1.0
Bilirubin N N N N P
Protein N N Tr Tr Tr
Creatinine - 184 184 130 112 148
MICROSCOPIC
RBC's 0 0 0 0 0
WBC's 0 0 0-1 0-1 0-1
Epithelial 0-1 0-1 0-1 0 0-4
Bacteria 2+ 3+ 1+ 2+ 2+
Cast 0 0 0 0 0




APP

CLINICAT. TABORATORY DATA ON INDIVIDUAL DOGS

ENDIX I (25)

FED zONYI® RP FOR THREE MONTHS

Dog Ho,: 1136

Sex: Female
Group: 750 ppm
Months on Test
Control 1 2 3
Hematology
Erythrocytes 6.40 6.64 7.04 6.48 6.88
Hemoglobin 17.4 17.7 17.4 16,2 17.3
Hematocrit 46 46 48 42 46
Leucocytes 17.3 14.0 16,9 14.8 10.5
DIFFERENTTAL
Neutrophils 68 64 71 63 49
Seg. 68 61 68 62 49
Juv, 0 3 3 1 0
Myel. 0 0 0 0 0
Lymphocytes 27 24 21 26 33
Eosinophils 5 10 8 11 18
Monocytes 0 2 0 0 0
Basophils 0 0 0 0 0
Atypicals 0 0 0 0 0
Nucleated RBC 0 0 0 0 0
Biochemistry
Glucose 102 90 94 106 109
Urea Nitrogen 12 12 21 12 12
Cholesterol 120 140 210 275 235
Alk, Phos. 4.8 4,7 6.3 7.6 7.9
GPT 5 2 8 9 7
Total Protein 6.4 5.9 6.3 6.6 6.9
A/G 1.24 1.50 0.78 0.98 0.63
Creatinine 0.5 0.7 0.6 0.6 0.6
Bilirubin 0.1 0.2 0.4 0.1 0.2
Albumin 3.5 3.5 2,8 3.3 2.7
Urinalysis
Volume 275 185 195 135 150
Appearance D,Y,Cl,? D,Y,CL,P A,C1,P D,Y,C1,P D,Y,Cl,P
Osmolality 1677 1388 1772 1609 1735
Occult Blood N N N N N
Sugar N N Tr Tr Tr
Acetone N N N N N
pH 7.0 8.2 7.0 8.2 7.2
Urobilinogen 0.1 1.0 1.0 1.0 1.0
Bilirubin N N N P P
Protein Tr Tr Tr Tr Ty
Creatinine 130 110 114 132 242
MICROSCQOPIC
RBC's 0 0 0 0 0
WBC's 0 0 0-1 0 1-5
Epithelial 0-1 0-1 0-1 0-2 0-3
Bacteria 1+ 2+ 1+ 1+ 3+
Cast 0 0 0 0




APPENDIX I (26)
CLINICAL TABORATORY DATA ON INDIVIDUAL DOGS
FED ZONYL® RP FOR THREE MONTHS

Dog No.: 1139

Sex: Female
Group: 750 ppm
Months on Test
Control 1 2 3
Hematology
Erythrocytes 6.08 6.24 440 7.28 6,64
Hmoglobin 16.7 17.4 16.5 18.5 17.1
Hematocrit 43 45 44 48 45
Leucocytes 12.7 11.8 11.5 16.6 10,8
DIFFERENTIAL
Neutrophils 66 70 71 79 62
Seg. 66 68 71 78 62
Juv, 0 2 0 1 0
Myel, 0 0 0 0 0
Lymphocytes 29 27 24 21 30
Eosinophils 2 1 5 0 5
Monocytes 3 2 0 0 3
Basophils 0 0 0 0 0
Atypicals 0 0 0 0 0
Nucleated RBC 0 0 0 0 0
Biochemistry
Glucose - 104 110 98 120 99
Urea Nitrogen 19 13 21 14 15
Cholesterol 170 170 190 250 340
Alk, Phos, 6.1 5.9 5.6 10.1 9.3
GPT 7 3 12 13 9
Total Protein 6.2 6.2 5.8 6.4 6.8
A/G 0.97 1.00 1.35 1.16 0.92
Creatinine 0.5 0.6 0.6 0.7 0.6
Bilirubin c.1 0.1 0.3 0.1 0.1
Albumin 3.1 3.1 3.3 3.4 3.3
Urinalysis
Volume 160 80 20 75 90
Appearance Y,C1l,P Y,C1,P Y,Cl Y,Cl,P Y,Cl
Osmolality 1399 1210 1535 1493 1562
Occult Blood N N N P N
Sugar N N Tr N N
Acetone N N N N N
pH 7.0 7.0 7.0 7.0 7.2
Urobilinogen 1.0 .1 1.0 0.1 1.0
Bilirubin N N P P P
Protein Tr Tr Tr Tx Tr
Creatinine 112 128 94 172 158
MICROSCOPIC ’
RBC's 0 0 0 1-6 0
WBC's 0-2 0-2 0-1 0-2 0-2
Epithelial 0-1 0 0-1 0-1 0-4
Bacteria 2+ 2+ 1+ 24+ 2+
Cast 0 0 0 0 0




APPENDIX I (27)
CLINTCAL TABORATORY DATA ON INDIVIDUAL DOGS

FED ZONYI® RP FOR THREE MOWTHS
Dog No.: 1144
Sex: Female
Group: 75C vpn
Months on Test
Control 1 2 3
Hematology
Erythrocytes 6.40 6.80 7.32 7.76 7.12
Hemoglobin 15.0 17.3 18.2 19.2 18.1
Hematocrit 38 45 50 50 48
Leucocytes 12,4 11.0 11.4 13.4 12,5
DIFFERENTIAL .
Neutrophils 80 72 79 77 70
Seg. 77 71 79 75 67
Juv. 3 i 0 2 3
Myel. 0 0 0 0 0
Lymphocytes 17 25 20 22 29
Eosinophils 2 3 1 1 1
Monocytes 1 0 0 0 0
Basophils 0 0 0 0 0
Atypicals 0 0 0 0 0
Nucieated RBC 0 0 0 0 0
Biochemistry
Glucose 112 115 80 104 100
Urea Nitrogen 18 i9 25 27 26
Cholestercl 160 185 200 245 285
Alk. Phos. 4.0 3.5 4,4 6.4 8.6
GPT 7 4 8 S 9
Total Protein 5.9 6.1 6.1 6.6 6.5
A/G 1,31 1,32 1,25 1.10 1,13
reatinine 0.6 0.8 0.7 .9 0.8
Bilirubin 0.2 0,2 0.6 0.7 1.2
Albumin 3.3 3.5 3.4 3.5 3.4
Urinalysis
Volume 150 150 135 145 195
Appearance D,Y.Cl,P A,CL, T A,C1 A,Cl A,CL,T
Osmolality 1898 1877 1766 1898 2194
Occult Rloocd N N N N N
Sugar N Tr 1+ N N
Acetone N N N N N
pH 7.0 7.0 6.6 6.6 6,8
Urobilinogen 1.0 1.0 1,0 1.0 1.0
Bilirubin P N P P P
Protein Tr Tr Tr N Tr
Creatinine 184 188 126 148 166
MICROSCQPIC
REC's 0 0 0 0 0
WBC's 0 0 0 0 0-1
Epithelial 0 0 0-1 0 0-3
Bacteria 2+ 2+ 3+ 1+ 2+
Cast 0 0 0 0 0




APPENDIZ 1 (28)
CLINICAL LABORATORY DATA ON INDIVIDUAL DOGS
FED ZONYL® BPP FOR THREE MONTHS

Dog No.: 1148

Sex: Female
Group: 750 pom
Monihs on Test
Control 1 Z 3
Hematology
Erythrocytes 6.28 6,88 7.08 7.28 7.16
Hemoglobin 15,8 16,5 17.0 17,7 17.3
Hematocrit 42 3 47 46 46
Leucocytes 9.2 11.8 12,9 14,4 11,2
DIFFERENTTAL
Neutrophils 59 71 56 51 67
Seg. 58 70 56 50 66
Juv, 1 1 0 1 i
Myel. 0 0 C 0 0
Lymphocytes 41 29 34 38 28
Eosinophils 0 0 8 9 5
Monocytes 0 0 2 2 0
Basophils 0 0 0 0] 0
Atypicals 0 0 0 0 0
Nucleated RBC 0 0 0 0 0
Biochemistry
Glucose 106 116 108 120 112
Urea Nitrogen 26 25 26 22 31
Cholesterol 150 160 235 260 310
Alk, Phos. 3.1 2.9 4,4 4,6 3.4
GPT 8 12 13 11
Total Protein 5.8 5.9 6.2 6.3 7.0
AJG 1.11 1.10 1,24 1.03 0.9
Creatinine - 0.8 0.7 0.8 0.8
Bilirubin 0.2 0.4 0.3 0.3 0.4
Albumin 3.1 3.1 3.4 3.2 3.4
Urinalysis
Volume 115 110 180 33 125
Appearance D,Y,Cl,P D,Y,C1 D,Y,C1 Y,C1 D,Y,Cl1
Osmolality 1777 1856 1436 392 2034
Occult Bloed N N N P N
Sugar N N N N Tr
Acetone N N N N K
pH 6.8 6.8 7.0 7.0 7.0
Urobilinogen 1.0 1.0 1.0 0.1 1.0
Bilirubin P P P P P
Protein Tr N Tr Tr Tr
Creatinine ) 174 184 114 50 208
MICROSCOPIC
RBC's 0 0 0 0 0
WBC's 0-1 0 0 0-1 0-1
Epithelial 0-1 0 0 0-2 0-2
Bacteria 2+ 1+ 3+ 1 2+
Cast 0 0 0 0




APPENDIX I (29)
CLINICAL LABORATORY DATA ON INDIVIDUAL DOGS
FED ZONYL® RP FOR THREE MONTHS

Dog No.: 1134
Sex: Female
Group: 2500 ppm
Months on Test
Control 1 2 3
Hematology
Erythrocytes 5.68 6.64 6.40 6.60 6. 60
Hemoglobin 17.6 18.1 16.8 17.1 16,8
Hematocrit 44 46 45 44 44
Leucocytes 10.5 9.0 9. 13.2 9.1
DIFFERENTIAL
Neutrophils 57 65 67 75 68
Seg. 57 65 66 73 68
Juv, 0] 0] 1 2 0
Myel, 0 0 0 0 0
Lymphocytes 38 30 27 19 29
Eosinophils 3 3 3 4 3
Monocytes 2 2 3 2 0
Basophils 0 0 0 0 0
Atypicals 0 0 0 0 0
Nucleated RBC 0 0 0 0 0
Biochemistry
Glucose 112 100 91 110 124
Urea Nitrogen 11 9 13 16 17
Cholesterol 140 155 235 290 285
Alk, Phos. 4.4 6.8 15.4 17.7 15.2
GPT 8 3 14 24 17
Total Protein 6.3 6.2 6.5 6.7 6.8
A/G 1.37 1.15 0.9 0.97 1.05
Creatinine 0.5 0.6 0.6 0.8 0.8
Bilirubin 0.1 0.2 0.3 0.2 0.5
Albumin 3.6 3.3 3.1 3.3 3.5
Urinalysis
Volume 120 130 165 175 170
Appearance D,Y,C1l,P D,Y,C1,P A,Cl,P D,Y,C1,P A,Cl,P
Osmolality 2116 1798 1724 1436 1903
Occult Blood N N N N N
Sugar Tr Tr Tr N N
Acetone N N N N N
pH 7.0 7.0 6.8 7.0 7.2
Urobilinogen 1.0 1.0 1.0 1.0 1.0
Bilirubin N N N P P
Protein Tr Tr N N 1+
Creatinine 156 124 | 116 100 144
MICROSCOPIC
RBC's 0 0 0 0 0
WBC's 0-1 0 0-1 0 0
Epithelial 0 0-1 0 0 0-1
Bacteria 2+ 1+ 3+ 3+ 3+
Cast 0 0 0 0 0




APPENDIX T (30)
CLINICAL LABORATCRY DATA ON INDIVIDUAL DOGS
FED ZONYI® RP FOR THREE MOWIHS

Dog No.: 1138

Sex: Female
Group: 2500 ppm
Months on Test
Control 1 2 3
Hematology
Erythrocytes 6.52 6.68 5.84 5.16 6.16
Hemoglobin 17.1 17.4 14.9 12,8 15.
Hematocrit 44 45 39 31 41
Leucocytes 8.5 7.7 10,7 9.7 7
DIFFERENTIAL
Neutrophils 73 69 70 77 63
Seg. 72 69 70 75 60
Juv, 1 0 0 2 3
Myel. 0 0 0 0 0
Lymphocytes 22 20 28 23 34
Eosinophils 3 8 2 0 1
Monocytes 2 3 0 0 2
Basophils 0 0 0 0 0
Atypicals 0 0 0 0 0
Nucleated RBC 0 0 0 0 0
Bjochemistry
Glucose 104 102 90 120 108
Urea Nitrogen 14 11 21 17 16
Cholesterol 175 180 348 436 275
Alk, Phos, 8.0 7.6 12.8 14.1 13,
GPT 6 3 11 16 17
Total Protein 6.5 6,3 6.6 6.7 6.
A/G 1.09 0.97 0.88 0.78 1,
Creatinine 0.4 0.6 0,6 0.7 0.
Bilirubin 0.1 0.2 0.3 0.2 0.
Albumin 3.4 3.1 3.1 2.9 3.
Urinalysis
Volume 270 380 415 290 175
Appearance Y,Cl1,P Y,C1l,P Y,Cl Y,C1,P A,Cl,P
Osmolality 1399 931 684 862 1420
Occult Blood N N N N N
Sugar N N N N N
Acetone N ' N N N N
pH 7.0 7.0 6.8 7.0 7
Urobilinogen 0.1 0.1 0.1 1.0 1.
Bilirubin N N N P N
Protein Tr N N N Tr
Creatinine 104 72 48 82 158
MICROSCOPIC
RBC's 0 0 0 0
WBC's 0-1 0-1 0 0-1 0
Epithelial 0-1 0-~-1 0-1 0 G-
Bacteria 2+ 4+ 3+ 4ot Z
Cast 0 0 & 0




APPENDTIY. T (31)
CLINICAL LABCRATCRY DATA ON INDIVIDUAL DOGS
FED ZONYI® RP FOR THREE MONTHS

Dog No.: 1142

Sex: Female
Group: 2500 ppm
Months on Test
Control 1 2 3
Hematology
Erythrocytes 5.76 6.00 5.28 5.96 5.72
Hemoglobin 16.1 16.3 13.6 15.9 14,9
Hematocrit 41 41 36 40 39
Leucocytes 16,1 12.3 13.3 14.7 8.5
DIFFERENTIAL
Neutrophils 41 65 54 66 61
Seg. 40 65 52 66 61
Juv, 1 0 2 0 0
Myel, 0 0 0 0 0
Ly hocytes 23 28 30 27 25
Eosinophils 36 7 16 7 13
Monocytes 0 0 0 0 1
Basophils 0 0 0 0 0
Atypicals 0 0 0 0 0
Nucleated RBC 0 0 0 0 0
Biochemistry
Glucose 110 120 92 108 102
Urea Nitrogen 29 20 23 28 21
Cholesterol 140 155 265 260 235
Alk, Phos. 3.5 3.8 6.1 9.2 8.6
GPT 8 3 16 16 15
Total Protein 6.4 6.6 6.1 6.6 6.3
A/G 1.11 1.02 1.02 0.89 0.86
Creatinine 0.6 0,8 0.7 0.8 1.0
Bilirubin 0.6 0.2 0.2 0.5 0.2
Albumin 3.4 3.3 3.1 3.1 2.9
Urinalysis
Volume 240 175 115 165 165
Appearance D,Y,C1,P L,A,Cl,P A,C1,P A,C1,P A,CL,?P
Osmolality 1766 2272 2168 2355 2168
Occult Blood N N N N N
Sugar N Tr Tr N N
Acetone N N N N N
pH 6.8 6.8 7.0 6.6 7.0
Urobilinogen 0.1 1.0 1.0 1.0 1.0
Bilirubin N N N N N
Protein N Tr Tr Tr Tr
Creatinine ) 108 144 164 158 178
MICROSCOPIC - 8
RBC's 0 0 0 h gy 0
WBC's 0 0 0-1 2% 0
Epithelial 0 0-3 0-1 23 0
Bacteria 1-+ 1+ 2+ 3 o 2+
Cast 0 0 0 & o 0
(S




CLINICAIL TABCRATORY DATA ON INDIVIDUAT DOGS

AVPENDIX T (32)

FED ZONYIY RP FOR THREEL MONTHS

Dog Ko.: 1146
Sex: Female
Group: 2500 ppm
Months on Test
Control 1 2 3
Hematology
Exrythrocytes 6,48 6,72 5.88 6.00 5.88
Hemoglobin 15.4 16.7 4.3 14,2 15.0
Hematocrit 40 44 38 36 39
Leucocytes 11.1 8.6 11.4 12,3 12.6
DIFFERENTIAL
Neutrophils 67 €4 61 €5 62
Seg. 66 64 61 65 62
Juv, 1 0 0 0 0
Myel, 0 0 -0 0 0
Lvmphocytes 31 35 31 34 30
Eosinophils 0 1 5 0 6
fonocytes 2 0 3 1 2
Basophils 0 0 0] 0 0]
Atypicals 0 0 0 0 0
Nucleated RBC 0 0 0 0 0
Bicchemistry
Glucose 97 108 110 115 112
Urea Nitrogen 18 15 26 23 19
Cholestercl 155 175 260 270 230
Alk, Phos. 3.8 4,0 7.8 8.3 8.9
GPT 6 3 11 17 12
Total Protein 5,8 6.0 6.3 6,2 6.6
AJG 1.17 1.41 1.07 1.0¢ 1,2
Creatinine 0.6 0.7 0.6 0.8 0.9
Bilirubin 0.1 0.1 0.2 0.1 0.1
Albumin 3.1 3.5 3,3 3.2 3.7
Urinalysis
Vo lume 200 110 140 80 95
Appearance Y,Cl,P Y,C1 Y,Cl,7P D,Y,Cl D,A,C1,P
Dsmolality 1189 743 1247 1724 1942
Occult Blood N N N N N
Sugar N N N N Tt
Acetone N N N N N
pH 7.2 7.0 7.0 7.2 8.0
Urobilinogen 0.1 C.1 0.1 1.0 1.0
Bilirubin N N N N P
Protein Tr Tr Tr Tx 1+
Creatinine 108 136 96 158 198
MICROSCOPIC
RBC'S 0 0 0 0] 0
WBC's 0 0-2 0-1 0 0
Epithelial G-1 0-1 0-1 0-2 0-1
Bacteria 2+ 3+ 4+ 2+ 2-F
Cast 0 0 0 0
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L A———E— Subject: pluorocarbons in Human

August 20, 1975 Blood Plasma

CONFIDENTIAL

TO: KROGH - COMMERICAL CHEMICAL DIVISION - 223-6SE
LAZERTE - COMMERCIAL CHEMICAL DIVISION - 236-1
NEWMARK - CENTRAL RESEARCH - 201-2W

PENDERGRASS - MEDICAL DEPARTMENT - 220-2E

OO

FROM: G. H. CRAWFORD - PHOTOGRAPHIC PRODUCTS - 209-18
Record of a Telephone Conversation - August 14, 1975
Person calling - Dr. William Guy

: College of Medicinz
3 University of Florida
Gainesville, Floriida

Dr. Guy called again, following up on the susject (vide my

earlier memo) to see if we had any further ideas as to

{ possible sources of the fluorocarbon carboxylic acids found
i in human blood samples from Texas and New York. I got

i John Pendergrass on the line and Guy brought in a Dr. Tays

{ (who apparently was involved in the original observation).

#

The original sampling involved plasma specim:ns from Albany,
New York, Rochester, New York (low natural fluoride in the
water) Hillsborough, Texas, Andrews, Texas, and Corpus Christi,
Texas (high natural fluoride). There was no measurable
difference by region (16~6 molar F~). Fl9 NMR studies run

by Prof. Wallace Brey (Dept. of Chem., U. of F.) indicate

that the fluorine is organic and the suspected species is
fluorocarbon carboxylic acid with a Cg or C; fluoroalkyl group.
Dr. Brey suspects a branched end on the chain, e.g. perfluoro
t-butyl.

; The discussion involved Dr. Guy's speculative questions as
to where such a "universal" presence of such compounds in

; human blood could come from. (The compounds are not present
% in laboratory animals.) These included:
1. Biosynthesis from inorganic F~.
2. Biosynthesis from aerosol freons (but they don't find
H chlorine). —
i Exhibit
3 1118
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Telephone Conversation - Dr. William Guy
ARagust 20, 1975
Pdage =2~

3. Teflon cookware.
4. "Scotchgarded" fabrics.

Somewhere he got the information that 3M's fluorocarbon
carboxylic acids are used as surfactants and wanted to know

if they were present in "Scotchgard" or other items in general
use by the public. We plead ignorance but advised him that
"Scotchgard" was a polymeric material not a F.C. acid.

Apparently an earlier ('59-'60) study turned up similar quantities
of F~ in human plasma (not necessarily FC derived); this would
presumably antedate the increased use of either "Scotchgard"

or "Teflon" cookware.

They have done experiments involving water bailed in Teflon
cookware with negative results.

S e e =

We suggested obtaining plasma specimens from uncivilized areas,
€.g. New Guinea where they don't use too much "Teflon" cookware
or "Scotchgard".

Of all the unlikely explanations above, the l:2ast unlikely is
residual FC 143 (or whatever) we sell to DuPont to polymerize
TFE in Teflon cookware. This is still pretty far-fetched.
This was not (I hasten to say) suggested to Dr. Guy.

We adopted a position of scientific curiosit, and desire to
assist in any way possible and suggested tha: our own

analytical people might be able to clarify D:-. Brey's NMR
findings (I know Wallace Brey from way back. He is highly
respected, conservative and not given to frivolous speculations).

After we hung up I called CRL Analytical, ta _ked to John
McBrady and Richard Newmark. It turns out that Newmark is
acquainted with Brey and has, in fact, published in a NMR
journal edited by Brey.

My recommendation (with J.P.'s concurrence) :s to get Richard
in touch with Brey, obtain spectra for his ovn interpretation
perhaps samples to run on our equipment, etc. in other words,
keep scientists talking to scientists in the spirit of
cooperative scientific inquiry.

On the positive side - if it is confirmed to our satisfaction
that everybody is going around with fluorocarbon surfactants in
their bloodstreams with no apparent ill-effects, are there

some medical possibilities that would bear lcoking into? We

.

!

7
}
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Telephone Conversation - Dr. William Guy
August 20, 1975
Page =-3-

know that fluorocarbons are good oxygen carriers (but this is
straight FC-75, not dissolved FC 143). Can fluorocarbon
surfactants improve the hemodynamics, wettinj and capillary
permeation of blood in cases of atherosclerosis, kidney blockage,
senility and the like? Can hemolysis, platelet destruction
and other blood damage during hemodialysis and cardiovascular
surgical procedures be reduced by fluorocarbosn surfactants?
This is speculation {(but not completely wildi. I would like
to suggest that we consider some animal experiments to see
just how much of these materials can, in fact, be tolerated
in the bloodstream - both from a defensive point of view and
for the above (to me) intriguing reasons. Wiat do you think,
John?

e

GHC/1r
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Henry Moncure, Jr,, Resear:h Manager,
Fluorocarbon Div,

Peter Phimner, Research Supervisor, Fluorocarbon
. —=-HoOmopolymers
Henry Gllman, Toxicologlst, Haskell Labs.

Mlke Kaplan,
Jim Terrill,

Toxicologlst, Haskell Labs.
Toxicologlst, Haskell Labs.

3M

L. J. Hals

L. S. Cove

J. E. Long

R. J. Seffl

DuPont 1s concerned about the possible toxlc effects of
FC-143 1n the Teflon K used in Harshaw "Dust less Process"
because of 1lts posslible use in, or in contact with, food
products.

Henry Moncure emphasized that dubont is not advocating
the use of Teflon K In food applicatlors and actually
recommends against such use. They do rot plan to file
for an FDA clearance for Teflon K. However, they do
recognize that they can not control all applicatlons and
they would like tc have defenslve informatlon available
to support thelr rosition in the event that a problem
does arilse.

Henry Gibson reported on toxlclty studies carried out
with FC-143 and Teflon K (containing 0.25% FC-143) some
10-15 years ago.

FC-1U43--ALR 670 mg/kg.

Teflon K-=-"Innocuous"

10 day study on rats fed a diet of
25% Teflon K (25~30 g/kg).
Enlarged lilvers, up to three times the
welght of the control depending upon which
(of several tested) fluoro surfactant was used. This
appeared to be a functlion of the surface activity of the
surfactant. Others were worse than FC-143. With FC-143
the liver to body welght ratio was 4.8 vs the control of
3.5. In all cases the enlargement effect was reversible
but did requlire "much time". The other sub acute effect

Acute oral toxiclty:
Sub acute toxiclty:

Observations:

Exhibit
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Field Lectter . Z.J. Seffl
E.I. DuFont - .z/5/75
Page <

noted was tne reduction in sleeping times of rats treated with

pentathl. trus Indlcating possible rapid de-toxification of the

drug by ~rne test group. Further detalls of this study will be

discuszeu on a one-to-one basls between H. jijnmn,and J. Long.
v

DuPor.®. c¢laims that unsintered Tetflon dlspersion which does not
contaln FC-143 does not produce the above #ited sub acute effects.
Ther«=fore they desire defensive information and want to know to
what extent 3M will be willing to provide them with information

on FC-143 relative to possible inhalation toxiclty--sub acute, and
data with which to establish an oral "no effect level".

It was agreed that Jim Long and Henry g&fﬁén would get back to-
gether regarding the details of their tests to date. Subsequently
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