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High Production Volume Chemicals Branch EPA East - Room 6428 Attn: Section 8(e)
U.S. Environmental Protection Agency U.S. Environmental Protection Agency
Office of Pollution Prevention and Toxics Office of Pollution Prevention and Toxics
1200 Pennsylvania Avenue, N.W. 1200 Pennsylvania Avenue, N.W.
Washington, D.C. 20460-0001 Washington, D.C. 20460-0001
=
Re:  TSCA Section 8(e) Reporting For PFOA bt
e
Dear Mr. Hefter: i;
This letter serves as a supplement to our letter of July 3, 2003, in connection with the =
referenced matter providing additional information relating to the extent of E.I. duPont de -
Nemours and Company's ("DuPont's") knowledge of health effects related to exposure to i
ammonium perfluorooctanoate (a’k/a APFO/PFOA/FC-143/C-8) (hereinafter "C-8") at the time ~

that DuPont obtained the pregnancy outcome and drinking water contamination information
referenced in our July 3, 2003 letter. Because of the potential likelihood of substantial harm to
our Class members or the public interest from a lack of complete information on this topic, we
submit the following additional supplemental information obtained from DuPont for
consideration in connection with your Agency's evaluations of the statements made by DuPont's
counsel on this matter in its June 20, 2003, letter responding to your May 22, 2003, letter on this
topic:

1. November 9, 1961 - DuPont's Toxicology Section Chief, Dorothy B. Hood, upon
review of available information relating to toxicity of Teflon® dispersing agents,
concluded that C-8 has "the ability to increase the size of the liver of rats at low
doses,” and "recommended that . . . these materials . . . be handled with extreme
care. Contact with the skin should be strictly avoided." (Exhibit A
(HLAB000232-233))
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February 14, 1962 - DuPont studies on C-8 in rats "proved lethal in high dose
concentrations through injury to the stomach, intestine, brain, lung and pancreas.
At lower dose concentrations the chemical induced enlargement of the liver,

pancreas and kidney, the least dose which included a change in liver being
1.5 mg/kg." (Exhibit A (HLAB000240))

August 19, 1965 - DuPont's medical research projects on the effects of C-8 and
related chemicals on the livers of rats and dogs confirmed that "the most striking

abnormality in animals surviving a single sub-lethal dose was gross enlargement
of the liver." (Exhibit B (HLAB000003-20))

August 31, 1966 - DuPont determined that "[sJome of the solids wastes from the
Fine Powder and Dispersion Area of the [DuPont Washington Works] "Teflon®"
plant contain small amount of toxic perfluorocarboxylic dispersing agents" and
that "[w]ithout a pretreatment, a small amount of the perfluorocarboxylic acid
dispersing agent would be leached into the groundwater." (Exhibit C
(EID193614-8))

October 28, 1966 - DuPont's Washington Works decided that wet ""Teflon®' scrap
is no longer going to the city land-fill" and that "[a]ll wet 'Teflon®' containing C-8
or C-9 dispersing agents (must be kept on the plant for disposal at sea at a future
date)." (Exhibit D (EID193613))

February 18, 1970 - DuPont's Washington Works plant sent a memo to DuPont's
Experimental Station in Wilmington, Delaware stating that:

Past studies made at Haskell Laboratory have
indicated that ammonium perfluorooctanoate (C-8
APFC), which is used in the preparation of
Teflon®" dispersions, is highly toxic when inhaled
and moderately toxic when injected. ... We are
interested in determining the systemic effect for
repetitious skin contacts of short duration with C-8
APFC powder and with the aqueous dispersion of
polytetrafluoroethylene containing C-8 (or
chlorendic acid). We are also interested in
determining the chronic effect of inhalation of
minute quantities of C-8 APFC. In addition to
knowing these effects, we would like guidance on
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the personnel equipment necessary for adequate
protection against these effects.

(Exhibit E (EID123138-43))

May 8. 1970 - DuPont's Bio-Sciences Group Research Manager informed
DuPont's Washington Works plant that "C-8 APFC and C-9 APFC cause liver
enlargement, but we don't know what is the lowest repeated oral dosage that will
cause it. We have no repeated oral dosage study to indicate if C-8 APFC or C-9
APFC accumulates in the body to toxic levels. We do not know the eye or skin
irritation potential for C-8 APFC or C-9 APFC and we do not know whether the
liver enlargement effect occurs in rats or in other species as well." (Exhibit F
(EID072196-99)) After summarizing the potential studies necessary to acquire
the missing toxicology information, DuPont's Bio-Sciences Group Research
Manager informed DuPont's Washington Works plant that "none of the repeated
inhalation studies would be necessary" "if you can eliminate continuous exposure
to C-8 APFC by inhalation." "Similarly, elimination of repeated exposure by skin
absorption would eliminate the need for a repeated skin absorption toxicity study.”
(Id.)

1975 - DuPont completed a Study of Myocardial Infarction at Washington Works
Plant "to evaluate the incidence of cases of myocardial infarction among male
wage and salary roll employees at the Washington Works Plant from 1956 to 1973
.. . because some workers had complained that the occurrence of heart attacks
among employees seemed excessive." (Exhibit G (EID713127-35)) DuPont's
study concluded that:

Among salaried employees, the observed incidence
of myocardial infarction is significantly higher than
the expected number . . . The high overall incidence
is largely the result of elevated rates in recent years.
In the period from 1971 to 1973, the difference
between observed and predicted numbers is great:
12 observed cases verus 5.3 expected cases (P =
0.008). ... Further investigation of occupation
reveals that the high frequency of M.1. cases among
salaried employees 1s seen largely in foreman. . ..
Patrolman, a group representing three percent of the
Washington Works population, also showed a
somewhat elevated incidence of M.L
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(Id.) With respect to the increased rate of M.I. among salaried foreman, DuPont
concluded that "increased incidence in this group cannot be explained by their age
distribution." (/d.)

May 135, 1978 - In connection with an upcoming meeting with 3M on May 30,
1978, DuPont's Haskell Laboratory forwarded to DuPont's Medical Director, Dr.
Bruce Karrh, a copy of an article published in 1976 entitled "Organic Fluoro-
Compounds in Human Plasma: Prevalence and Characterization." (Exhibit H
(EID107111-29)) In the 1976 study, the authors collected plasma samples from
"106 individuals living in five different cities with between 0.1 and 5.6 ppm
fluoride in their public water supply.” (/d., at EID107113) The "[hJuman plasma
was obtained from blood banks in five cities." (/d., at EID107116) The five cities
included in the blood study were Albany, New York, Rochester, New York,
Corpus Christi, Texas, Hillsboro, Texas, and Andrews, Texas. (/d., at
EID107121) Analysis of the blood samples revealed "chemical shifts" consistent
with C-8 and shifts "consistent with the presence of amide or ester derivatives, or
possibly with the presence of a sulfonic acid derivative as the functional group.
One explanation for the additional peaks in the spectrum is the presence of
branched isomers." (/d., at EID107124) The authors of the 1976 study concluded
that:

These findings suggest that there is widespread
contamination of human tissues with trace amounts of
organic fluorocompounds derived from commercial
products. All available information on this subject is in
accordance with this interpretation. A series of compounds
having a structure consistent with that found here for the
predominate form of organic fluorine in human plasma is
widely used commercially for their potent surfactant
properties. For example, they are used as water and oil
repellents in the treatment of fabrics and leather. Other
uses include the production of waxed paper and
formulation of floor waxes. The findings presented here
that the concentration of organic fluorine was not related to
the concentration of inorganic fluoride either in blood or in
the public water supply, and the early finding that they was
little or no organic fluorine in the blood of animals other
than human are all in keeping with environmental sources
such as these.
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The prevalence of organic fluorine in human plasma is
probably quite high since 104 of the 106 plasma samples
tested here and all 35 in an earlier study had measurable
quantities. The prevalence of the particular compounds
isolated and characterized here, i.e., perfluoro fatty acid
(C-6 - C-8) derivatives, is not known since the starting
material for each batch shown . . . was pooled from
between 25 and 30 individuals and since only about one
third of the original organic fluorine content was accounted
for in the fractions containing these compounds.

(Id., at 107126-7)

June 16, 1978 - DuPont reported that the 3M Company "has reported finding
FC143 plus other unidentified fluorochemicals in the blood of potentially exposed
workers." (Exhibit I (EID080229-31)) In response, DuPont's Medical Director,
Dr. Bruce Karrh, recommended that DuPont "[r]eview the medical records of all .
.. persons [who currently work or have worked jobs in which there is or was
potential for exposure to "Telomer A and its non-polymeric derivatives"] still
employed by DuPont, looking for consistent or unusual health occurrences or
trends," and to begin obtaining "blood fluorochemical levels" of exposed and
unexposed workers. (/d.)

June 22, 1978 - DuPont initiated a program to inform employees of its Chambers
Works, New Jersey facility of 3M's finding of organic fluorine in the blood of its
employees and DuPont's program to begin analyzing the blood and medical
records of Chambers Works employees exposed to Telomer A sold under the
"Zonyl" trademark. (Exhibit J (EID110651-3)) (See also Exhibit K (EID080241-
46)) DuPont also informed its Chambers Works "supervision" at the time that
the testing was prompted by a "1976 report [referenced in the memo as the one
authored by Guy, et al.] indicating "that the blood serum of the general population
in the U.S. contains trace quantities of fluorine in both organic and inorganic
form" and that the "concentration of inorganic fluorine has been shown to be
related to fluoride ion in water supplies (natural and added)" but that "[t]here is no
ready explanation for the presence of organic fluorine.” (Exhibit J, at EID 110653)
In response to the anticipated question of : "Will DuPont be informing the
appropriate regulatory agencies of this situation?”" DuPont’s prepared response
was: "At this point in time we see no significant risk associated with the fluorine
content in the blood. The existence of fluorine in blood has been known for 10
years and is published in open literature." (Exhibit K, at EID 080245)
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August 3. 1978 - DuPont's Medical Director, Dr. Bruce Karrh, advised DuPont's
Washington Works plant that DuPont recommended "the same medical
surveillance program" for DuPont's Washington Works employees exposed to C-8
through production of Teflon and FEP dispersions that Dr. Karrh had
recommended for the DuPont Chambers Works employees exposed to Telomers
through Zonyl production. (Exhibit L (EID080236-40))

September 20, 1978 - DuPont Washington Works' Medical Director, Dr. Younger
Power, prepared a memo summarizing his "review of the medical records of
eleven operators and eighteen laboratorians [at the Washington Works Plant] who
have had long-term exposure to C-8." (Exhibit M (EID080233-4)) Dr. Power
concluded that:

[A]s you would anticipate, a great variety of
illnesses and physical findings were found . . .
[s]Jome of the illnesses found are two heart attacks
and five employees with high blood pressure. One
questionable case of skin cancer was found during
an employee's physical examination in 1976. No
further mention of this possible tumor could be
found. Minor elevations of many blood tests did
occur in larger-than-anticipated numbers. ... One
of the liver function tests (SGOT) is most frequently
clevated in the operator group. . .. Since it has been
previously determined that C-8 is an hepatatoxin, it
1s possible that C-8 may be causing very minimal,
and certainly not clinically apparent, toxic effects to
the liver.

(Id.)

December 22, 1978 - DuPont's Medical Director, Dr. Bruce Karrh, prepared a
memo summarizing DuPont's "Chambers Works Fluorosulfactant [sic] Study,"
stating that "there does not seem to be any adverse health effects reported in this
study, with a possible exception of an effect on the liver." (Exhibit N
(EID096510))

February 7, 1979 - 3M forwarded to DuPont copies of 3M's new 90-day subacute
C-8 rat toxicity study and 3M's 90- day subacute C-8 Rhesus monkey toxicity
study. (Exhibit O (EID071855))
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16. March 5, 1979 - DuPont reviewed 3M's new C-8 rat and monkey studies and
agreed that there are compound-related effects indicated in both studies, and that
additional adverse effects apparently were revealed in the data but not reported by
3M in the text of the studies. (Exhibit P (EID123133))

17. March 15, 1979 - DuPont's Epidemiology Section Manager, Sidney Pell, prepared
a memo summarizing "a tabulation of the Dispensary Visits and Disability Wage
incidence in the [Telomer /Zonyl] exposed and control groups” at DuPont's
Chambers Works facility. (Exhibit Q (GK000378-79)) Mr. Pell found that:

In the category, "Allergic, Endocrine, and the
Metabolic" disorders, a significantly higher
incidence was found in the exposed group for both
Dispensary Visits and Disability Wage incidents.
This was attributed in the report to a higher number
of diabetics in the exposed group. The exposed
group also showed significantly higher numbers for
"mental and psychoneurotic" disorders and for
disorders of "skin and cellular tissues." . . .
Explanations for these differences cannot be found
from the available data. ... Although the number
of employees with abnormal liver function tests was
notably higher in the exposed group (6 compared to
1), the difference is not statistically significant

(P <0.05). Nevertheless, the data do suggest that
the exposed group may be at an excess risk of
developing liver disease, so continued surveillance
would be advisable.

(Id.)

18. May 22, 1979 - DuPont prepared a "Status Review: Fluorochemicals in Blood"
report confirming that DuPont’s blood testing had detected organic fluorine in a
"control group" of presumably "non-exposed" DuPont Wilmington, Delaware
employees at between 0-0.38 ppm (average of 0.094 ppm), and that DuPont had
detected organic fluorine in the blood of its Chambers Works, New Jersey
employees at a range of 0-0.37 ppm (average of 0.15 ppm), with one individual in
the "Wilmington Control Group" testing as high as 10.6 ppm for organic fluorine
in blood. (Exhibit R (EID80274)) Because the levels of organic fluorine in the
blood of DuPont’s Chambers Works employees were not viewed as significantly

W0029551.1
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different from the "control group” of Wilmington, Delaware employees, the
recommendation was made to "discontinue program to determine fluorine in
blood, advise employees that blood analysis program has been discontinued due to
uniformly favorable results." (/d., at EID080282) (See also Exhibit S
(EID080267-70))

19. July 20, 1979 - DuPont representatives met with 3M to discuss the status of
organic fluorine blood testing and health studies. (See Exhibit U (EID1071 73))
During the meeting "3M described a gas chromatographic method to determine
perfluorooctanoic acid (FC-143) in blood, urine, liver, and other biological
materials. It can measure as little as 1.5ppb." (/d.) 3M also disclosed to DuPont
during the meeting that "3M got blood samples from 8 peasants in a Chinese
village 30 miles from Canton. The organic fluorine was significantly lower
(0.004-0.017 ppm), than values found in developed countries (e.g., 3M found
0.002-0.13 in 106 members of the general U.S. population).” (Id., at EID107174)
DuPont also apparently planned to discuss with 3M the reportability of the blood
data information to U.S. EPA under TSCA Section 8(e). (See Exhibit T
(EID107194-95))

20. July 25, 1979 - DuPont prepared a memorandum summarizing the status of its
work relating to organic fluorocompounds in human blood, indicating that organic
fluorine levels had been detected in DuPont Washington Works employees at
between 0.4 and 21.1 ppm. (Exhibit V (EID107199)) The memorandum also
confirmed that DuPont "[d]ecided not to report to EPA under 8(e) of TOSCA [sic]
because fluorine in blood per se was disclosed in 1976 article and because no
adverse health effect is known, therefore, no substantial risk." (/d. See also
Exhibit W (EID107196))

21. July 30, 1979 - DuPont prepared a memorandum summarizing information
discussed with 3M on July 26, 1978, including DuPont’s decision not to report the
recent blood data to U.S. EPA. (Exhibit W (EID 107196)) During the
conversation with 3M, DuPont:

Advised Robert Prokop of 3M of our . . .
conclusions with regard to Section 8(¢) and our
general practice of reporting or otherwise
publicizing relevant findings even if they are not
required to be reported under Section §(e).

[Eugene Berman of DuPont] asked Prokop to clarify
what plans 3M had with regard to publicizing this
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fluorine blood level information and/or directly
advising the relevant health agency of this
information. Prokop indicated that he believed 3M
was favorably disposed toward disclosing this
information and promised a more definitive
response next week after reviewing the matter with
Lester Krogh (3M’s Division Vice President).

(Id.)

21. August 28, 1979 - DuPont Epidemiologist, William E. Fayerweather sent a memo
to DuPont Washington Works' Medical Director, Dr. Younger Power, stating that
DuPont’s Medical Director, Dr. Bruce Karrh, had asked him "to look into the liver
function test results for workers with C-8 exposure, and [that Dr. Younger] Power
asked me to examine myocardial infarction cases and deaths at the Plant. Mr.
Fayerweather concluded that:

My preliminary results suggest that C-8 exposed
workers may possibly have positive liver function
tests more often than the plant population as a
whole, and that the number of active wage role
employees having myocardial infarctions from 1974
through 1977 was somewhat higher than was
expected based on company-wide experience. As a
consequence of these preliminary findings, the
following steps are being taken: (1) Liver function
survey ... (2) Coronary heart disease mortality
[study].

(Exhibit X (EID080214-15))
22. October, 1979 - DuPont prepared tables summarizing the levels of organic

fluorine detected in Washington Works employee blood. (See Exhibits Y
(EID080255-60), Z (EID080732-37), and AA (EID107158-60))

23. January 17, 1980 - DuPont obtained organic fluoride levels in blood from
mechanics at its Washington Works plant, indicating an average of 0.66 ppm
organic fluorine in the employees' blood. (Exhibit BB (EID080193))
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24. January 28, 1980 - DuPont’s Assistant Medical Director, Dr. Vann Brewster,
prepared a memo summarizing conclusions reached by DuPont during a meeting
on January 25, 1980 to discuss an ongoing "Liver Enzyme Study of Workers
Exposed to C-8 at Parkersburg." (Exhibit CC (EID099433-34)) Dr. Brewster
noted that "the mean SGOT in the TFE process operator group and the mean AP
in the FEP process group are elevated when compared to other plant groups" and
that "we are unable to explain why only the mean SGOT would be elevated in one
group and only the mean AP would be elevated in another group." (/d.)

25. February 25, 1980 - DuPont prepared a memorandum summarizing the results of
total, inorganic, and organic fluorine in worker blood at its Spruance, Virginia
plant. (Exhibit EE (EID107155-56))

26. February 28, 1980 - DuPont prepared a memorandum summarizing the levels of
total and organic fluorine in worker blood in relationship to workplace C-8 air
levels at DuPont’s Toledo, Philadelphia, Marshall Lab, and Fairfield sites.
(Exhibit DD (EID079084))

27. March 3, 1980 - DuPont prepared a memorandum summarizing the level of
organic fluorine detected in the blood of its employees at its Washington Works,
Wilmington, Delaware, Chambers Works, Experimental Station, and Spruance
facilities, along with DuPont's "Finishes Plants." (Exhibit FF (EID079036))

28. June 9, 1980 - DuPont’s Assistant Medical Director, Dr. Vann Brewster, prepared
a memo expressing his concern that a draft communication to DuPont’s
Washington Works employees regarding the outcome of DuPont’s liver study of
employees "implies that the Medical Division will not continue the study of liver
tests on those employees potentially exposed to C-8." (Exhibit GG (EID102477)).
In response, Dr. Brewster states that:

Even though we have found no "conclusive
evidence of a occupationally related health
problem," we still cannot explain why the mean
SGOT was significantly higher among TFE process
workers and that the mean AP was significantly
higher among FEP process and service workers.
Therefore, I recommend the following changes to
the draft: At the end of the second paragraph, . . .
add: "However, it was recommended that the study
of liver tests continue." [and] [a]t the bottom of

W0029551.1 000010
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page 2, add a fourth item: "Continue to evaluate the
liver tests of employees with potential exposure to
C-8."

(Id.)

29. July 31, 1980 - DuPont conducted a "C-8 communications meeting” and provided
an "Outline, Talk & Charts." (Exhibit HH (EID079399-418)) In those
documents, DuPont confirmed that "C-8 is toxic but can be handled safely.
People working with C-8 generally accumulate organic fluorine in the blood, and
levels generally correlate with job exposure potential. Although this has caused
no adverse health effects, continued exposure is not tolerable." (Id., at
EID079401. See also Exhibit II (EID077237-62))

30. November, 1980 - DuPont prepared an analysis of Washington Works employee
blood results, including a new analysis of the results "obtained by the C-8/GC
method." (Exhibit JJ (EID080726-31) See also Exhibits KK (EID080717-18),
LL (EID080719-24), MM (EID079382-85) and NN (EID079386))

\ Al

R/obert A Bilott

RAB:mdm
Enclosures
cc: Dr. Charles M. Auer (USEPA OPPT) (w/o encls.) (letter by telecopy)
Mary Dominiak (USEPA OPPT) (for inclusion in AR-226) (w/encls.)(letter by telecopy)
Jennifer Seed (USEPA) (w/encls.) (letter by telecopy - enclosures by hard copy)
R. Edison Hill, Esq. (w/ encls.)
Larry A. Winter, Esq. (w/ encls.)
Gerald J. Rapien, Esq. (w/o encls.)
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BIOCHENISTRY
Asmonton perflucrosapryiste (CEFUIAY, smmomive + Ypdecheradecaliuoro-

{Cg¥ma) and mﬁm«},@&m&ﬁv{mﬁummw}» jundatalinoro=

sonanoets

sonanonte (ART) sre dispersing sgents used in i polymarization of
totralinoreathylene, In scubte soxieity studdiss with these compounds, the mst
grdking shoormelity is snimale surviving & single sblelhal dowe was gross

priargemant of the liver. A simiier bub lesw mevkad affect was chasvvad in

pabivits thet had sbsorbed AHT whrough the wdn,
The preliminary experizents reported hare wer: deslgued to measure
stme of the blochesdval changes thet scommpany the sccelersted growih of Tab o
Iivers to delerndng whathm; functional impeirnant ou the liver ccours as welils
and whether there is a species gifferenca in @scaptwmzy; The Liver funcniun
. atodies ware uidertaken to find momes clinicsl laborstory procedure that wight be
ugafl Lo wedicsl supsrvision in detecting igrocarten 1iver inwrys. The
lasber vhose of the work wes supporded by the Flastics Departpest vnder Medicval

QAR A Dt L

- Tassarch Project No. MR-539.
' L. D035

?mamﬁ Thras m ® ha&g&w fyom the stock cology wars given a aing‘ia el
-ﬁﬁmwﬁ AT, sguialent to by S or 9 mgfig, Samples of Wlood wvers taken -1

O TUR TR PR DR

&

5 grequant Artervals £or thres wooks and then weekly thereafteruntil the witmels
i Warﬁim or glyen ¥n sdditional doss of the ctagpwurd. Four sther sale
B

m»,:ﬁ.?aa a gingls ordl dose of aiww Cg¥ik oy Ggm, or CoFDA;
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at this tipe. Hiood seger and sEylase activity wsre peasured op thess dogs |
in an sffort to detect an effect on the pamrwa‘ "

Tne following biocheuical seasarenents wem mads roubinsly on the
nlood: gager, ures rmlirogen 1otal chole#itirol, and sikaline v&ms;:hetam 5
APssa), When high doses o the dlspersing ageniy were aw avad; The
1epel of setivity of lactic debyrdrogensss (1R}, isseitric delydirogenase
{Iong}, aldolase, glutamic axaloscetic (00T) and glutasdin pyrovic {arr} ,

Lyemsamingees wers &lso repasared. Tos free and sabariPind cholestarcl,

phoapholipids, demsstercl {&Wmuml} , thymol Surdidity, 4lboein
and globelin wers slsu datermined on ong oF BOTe samples of blood Py Lhe

dogs given low doses ol AET. Tu 3dditiom 8 roubine nematalogieal exeminatdon

snd apalyesis of a Z-hour urize gpecimen ¥as made b irtervels on thess

saimals.
The level of the wardious vomponents of the blood f2llowing the

dsse of Ilnorocarbon dispersing agents wag scmpared with sn sversge’ raiug

abserved priov o the axposuras snd ui‘hh E m:ﬁ.é? pesgurenent wade 8l the

mome time on gpecimens Ifrom stock evlony do0gs.

For the enyyws activities, & BUrRSl TENZe WeE- emm.iahad (ﬁ%m

messuresnnts mads on 2 mumbar of stock dogs. The activity was almon maumd

at leawt once, pdor Lo tpastiment, o the dogs dosed with the Aepereing

iings ave Hoeaatdged

the doge thab received ART was - % decreass in the Husm - "ﬂ el
dfalein retantion (BSP) and AFése sctivity: m'
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changes degan Lo somu within ons waek after the doss was sduindstered.
The changes in cholestarcl snd APase becane "gtmorsal”, i.e. sxceeded
sn srbitrary mit of two gtandard devistiong from ths pre-egposure man,
sow v tvo weeks later. The inersase in dys retention oscurred during
mfummwmmm&mmmmmwmmz, s
depreszion of plagms cholsstersl in a1l three doge oomurst sarlisy sod |
bogan to return to ormal soonar than the rise in plsems APess asctivity.
fhe dog that received the highest doss of AHT abowed the greatest change
from the pre-gsposurs waan. For doses of AHT wp to 26 ngfip, however, |
the sotusl valuss ebserved for all three dogs did mol differ graatly.
{See figures 1 and 2.}

Some gualitative and Wiﬁati‘m changes in the gexwus protains
of ons of tho throe dogs wers noted. ALL thres ghowed Jecreazey in the
plagms phoa;ﬂwlipiﬁa; Thers were ai8o sums changes in red cell morphology
and s decrsess in Wew rousbar of red blood 2alls of the degs recelving low
desus of AT, ALl other wessuresents sade oo the blood or wrine showed 1o
signdficant devistion from the wormal.

Whem high doses of ANT, CgFIA or CyFUA wers sdmindstercsd the
sctivity of 8 mumber of enzymes, reported to e sexwitive lxdissters of
1dwer &a:}m, e meusured in the plasss. The vewulis of the tdochwiticsl

Whien: & m\d@ﬁﬁ eésmm squtvalant to- s ret Tithal doss )
3o the one dof that had w&mlykmm hmm

ﬁ?!" {Zﬁi)mia mm izm} mmmm el 11 mﬁ /

mm@i:
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noral renge. The depression of the plaoma chelesternl cumurysd more

slowlys bub thers was no evidence sf 5 return 3o normel after tires waslks,

Bildrubinuris wes zlsc chesrved.
With the lower dose of the CgFDL {302 »of rat lethal dose} ths

Yyt
3
oS

tpanseminases wers elevated in both dogs within LB hours snd contimed Yo

rige during the first wesk after the sxposura, Therssfier there was 8
retorn to normal. The dog that appsared to have retained the largast
portion of the duse showed the grestest effect. The APase was glsc slevated
in this dog spd perslleled the OFT. The cholasterol wasz mormal or only
siightly elevated within oue waek aftar the treetment. There was no effect
an tha blood sugar and s decreuse in anylage zetivity, Vhon 8 higher doss
of this compound wes administered (2/3 of the rat lethal dose) ail of the
enzymes peasured vere markedly slevated within 2L to LB hours. The greatest
changes cccurrsd in the GPT sod TOOY.  There was no change in the plasma
cholesteral. +h apimsle sxpired within LB hours after de#ing, |

With 2 doss of the CofDA equivalent to 30% of the rat lsthal doses
elavatsd valuss of all snsymas msasured corurred within k8 hcurs i ons of e
two dogs exposed. These rettzned % s the normal range within sevan o ten
davz. The plagma cholasterel waa normal or only slightly slavated aller ai‘har-?f
ons weel, The other dog showed no affect from the treatment. At the highee
dose {48% of the ret lathal dose) of this corpound.the mors suseaphible dog
sgsin shmd 4 rise in 0OT and OPT during the first L8 bours mﬂ 8 reburn’ m
normal within two mm, Theprs wns 2 alight riss in &Pase and dn iﬁ'&anpmm
cholesterel. B4milar, et less marked changss cecurred in’ the mﬁar u:iag., '

The m}.ass gotivity was lowsr than normal during the firs® L8 ﬁﬁgﬁ;ﬁﬁub«
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Tha bin&hméal dats have shown thet the thrae Dluvrecarbon
dsspereing sgents affect the iiver, Yery high doses of ANT ur ths CpfDa
1hat ave lethal or nesv lathel Tor dogs, produce #levnted plaussa Teovels
of snsyme activity indicstive of eallnlar dewtraction. The depression
uf ahclwtmi BeeRY m be peculisr o ABT. Ths Uy diepersing sgent may
alnme aflect e pancress bub this follows the Liwse imiwry lov doses of
the Cg sowpound do st show this sffect. Of il the Beszurenents pade the }
APams snd OFT seem to be the most sansitive in devecting 2n sflset frum 51%
thyree dispersing sgents. 0f these, the latter may ba wore uvaslsl in that
thers ia & narrower range of porasl values. Depressed cholestercl levels

ey be usedul in detsoting sn expodidrs to ART.

2. BB
s with rats wore condusted with only o of lhe

trres fiuorecarbon dispersing sgenisy ART, and were divided into fwo parts.
The first part was s study of the binchamicsl changew in liver t4pzas Which
pight reflect funcilonal impairmanty the awﬁm%m the effscts of
m on degenaraidng or regenerating liver tissus.

1.  Biocherdicel Changes
me Thuirty young albine rete (ChR-CD) were given 8 singls

oral dogs, squivalant to 12 ngfeg of budy weight, of AHT by stomsch tube.
FiZteem mmy«:«mw later eight of thess wers sam:m ard thels

s axasind: for bhochanical evidence of abpormality. A skilisr ————
wf udrested vonteok m:&mu«m exsained to setablish & ml'rma of

P S

wﬂuﬁ*é’w Adag werions ochemical mmmts in ratg of thﬁmm»aﬁﬁ*mm
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Sixty to sixty-sight days aftar the singls 4086, a second group of
sight ANT-ireated rats and elght sortrols were sacrficed snd the same weazure-
mants made. At this tioe, semples of of blood were alsc taksn for messurement
of 4he plasre slkeline phosphatase sctivity {arase) mnd cholestercl concen~
sration. Approsinately § 1/2 months after the AMT trestoent the ressining

smimale were saorificed.

Resultst The results of ihe bicchemicsd mﬂamen of the lirers
are summarized in Table 3. In the group of rais samﬁcm f£ifteen %:z tenty-
three davs after s single srel dose of ANY, the principal changes fm the Liver,
i additiom to the relative and sbecluts incressu in liver size, wers &n
increase in aikaline phosphatase acdivily, phosphioiipidy sod 8 deer-age din
glycogen, nop-protein nitrogen {§FN), and deseyribormelieic avid (DEA). Dmell
tut signdficant incyease in oxypan conmmytion, water and protelin somured
znsd 8 slight bub signdficant dacresse in respiravory quotient (R}, choline
cxidsse pod ribomizieic scid (FHA)s ALl cther measurements were in the
range of rormel.

Sixty deys sbber the singls dose, the livers of the ART-treabed
rete ware gtill guits large, although they were spparsnily no loogsr growing
st the accalarated rete. The grwth depression 38 meagored }ry Yive bedy
w however; was grester than obssrved previsusly,

The incresse in phospholipid and decresse in glycogen were still
the wmost ocubsbanding changs. Small bul significant decresses in R, RNA and
DNA again ecourred. The alkaline phosphatase was no longsr sipndficHAtly
sifzapent from the conbrols, wiils the choline oxidsss had actusily“Ser
Trolike the dogs these rats showed no maa in plam w3kaddine
#411 in plamea cholastercl. ‘

and % riss rather
,&Wmtmﬁm and obesbel ':'
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size of the liver had dscreased apprecisbly. Al though wmell M fferences
were still cboerved betwesn the comigol and treated ardmals, all of these
wers within s rengs of noswel for rats of this apge, sex snd giraln, 83

satablished by the witrsated econtrols.
e results irdlivete that the enlarged livees resulting from s
singls dose of ABT are vlochemically 88 well a3 sradonicslly sonorms.. T

rise in Op congumption oY darresge in Cﬁé prodoction snd BQ reflact aome

respiratory guotisnt wes small and aftar two womths greater wsriation was

span in the AHT-trssted grovp &8 more cf the animals spproacied the normel
TAEOES.
Some individual ensymes wers aflected to & grester degres than

the RQ between 15 amd 23 days. After two moutha, hewever, twe of the
angyme sctivities were in the normal rarss, and the thied »as actugily
sore sctive than the controls. Thess chougesy together with the yrespiralory
changes in the tissus, muggest that some modificstien in the affect of ANT
had oooureed.

| e 1iver was depleted of glyeogea st both twe wosky and two

The-desraass mmmmmmmm from 8 duereags In
mllasmity a5 the muwber of gells in & glven amount of Lissne émeamﬁ.
%&a&m&ﬁ«me with the nhaqmtien that the m&? aiisrginert I8 dus
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months thers was lesg differencs bebweun remtzol end ABT-tresated veis,

ther Y decreasa iy the gize of the cells pr an incresss in

guggeating 8l

mitosis. _ _
The rem_lts rgp@r’t&d saem bo indicate that the livers of rats

gtimilabed by & single orsl dess of ART undergo slterstion in thelr bice
chemicsl behavior and metabolimm during the pericd of yepid growth., lLater,
when the accelerated growih has slowsd down ar ceased, tha iochemical
sherrations also cend to dissppsar. The grestest changss cccur during the
firat fow weeks or month alter the ewposurs. By the end of two months acme
egvidance of & rev@aal of thess effects is &lreadv apparm batween five

and six monthe mcwm f‘sf tbe argan is virtuslly complste.

2, Hegenersting and Degenerating Liver
Procedure: Regemersiing liver tiswue was induced by partisl

nepatectomy {S0-705) in six male rats from the stock colony. Forky-eight
wours after the nperstion a single orsl dose of AT, scuivalent to 12 mgfkg
pody weight was sdministered by intubsticn. Pourtesn days lsier tha animels
wars sacrificed, the livers removed, weighed and anslyzed. The meperiment
was repested a secopd tinme, reversing the provedurs by parforping the partial
hepatectomy forty-sight hours sfter the doge of AHT had bemn admindshared.
Dagemerating liver tissue was 'im’luceﬁ chemically by sdmindetaring,
intraperttoneally, ~.1 ml of carhon tstrachloride per 100 gn of body weight
to yats L8 hours after intubating them with 17 migfig of AW, Andmsls -wbich

T

raceived only serbon wmchlerida sayvad a8 cuntrols.
Bemults: The results are sumardved 4o Tabie b. s capiy

produced sn sccelerated growth of t&m ver tissus for ﬁmjb 2
or-nearly sl of the tissus-wes pestorsd. Ths D¥A; m o i?m 2
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than in normal dissus.
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in MMA and glycogen as well ss an inecresse in kPese snd phospholipid. These

changes pecurTed regaryless of whatber two-tidrds of the liver vas mo?ea

wafope or aiter the doss of AHI, althaugh thers was somewhat lass of an effect

on the mucleic seids, shogpholipide and AFeoe when hepatectory i‘cllmma trent~
with &HT.

This remsrkabis growth of the 1liver even pftar Swo-thirds of 3% has
paan sarglosily vemoved, 18 pite frteresting. fporrently removal of much of
the sflected tissue does nob sppraciably slter the woumsual grevih rete 554
that pemsining, Srom another point of view, ABY would spprear o have an
sven graster stirsdus on reganerating tisaue. ¢ one assumes that the
smound of liver remaining afler partial hepatectomy was betwesn h oard § grons,
1t tncreased 2 b0 3 fold wlthin two weeks after hepatectomyy ebous the same
scoslerated growih thot seomrred in pormal tissue afber treatment with AHT.
The 4 or § grams of tluwue pemaining after partial hepetoctumys howeper, had
inereszed g op & fold when trostad with AT,

Ops of the six rats dosed with serbon tetrachloride dAled oight
days latsr, bubt all $i% ruts dosed with AUT prder to the carbon tetrachl oride
dded within L8 hours. ¥No snslysis of the liver was possible for 21l of the
snimals wers fownd daﬁd snd post-sortan changes had begpun. When aymimd
grossly, however, the livers ware xanelve 4n size {3.8. 30 to LO grams] and
yellow in oolor, probebly foum acute fasty infiltretion.

Bochemicwl meaguretents on the surviving cerbton sutractioride rats
me&mamé;n;wmwmmmmmsm
. the rugdsie seids. :

' The ,Mwhmical ézm puggend that Thaie e protiy m&&m&w
' iffesiences in ths Wiferk st ART fluciscarhdn Rivpermind egeny o piveiand.
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dogs. Liver enlarpement cecurs in rats buh in dogs, hyposholestervlenies is
the most unusual fnding. Tt would be usalnl to invasiiigéte these in sewsral
ather specie:z -~ mive, guineé piga, rabbits, The cami:gingd effect of cerbon
tetrachioride and AFT moy he of prsctical signifimm; 'éiince sugly radldldiple
sxpogures couid conceivahly be experisnced by pevsonnel hamdling AHT,

Further study of thig problem iz recompandsd,
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Summary snd Conclusion
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EFFECT OF FLUOROCARBON DISPERSING AGENTS
ON_THE LIVERS OF RATS AND DOGS

Medical Research Project Nos. MR-639, 10-B, 10-C and 10-D
Report No. 123-6

Ammonium perfluorocaprylate gcQQPFC), w-hydrohexadecafluoro-
nonanoate (CqAFC) and ammonium 3,6-dioxa-2,5-di(trifluoromethyl)-
undecafluorofionanoate (AHT) are powerful surfactants. In acute
oral toxicity studies with these compounds, the most striking
abnormality in animals surviving & single sublethal dose was gross
enlargement of the liver (Haskell Laboratory Repart Nos. 54-61,
55-61 and 70-61). A similar but less marked effect was observed
in rabbits that had absorbed AHT through the skin. Although liver
enlargement is not an uncommon finding in chemical intoxications,
the effect of AHT was remarkable in that 56 days after a single
dose of 12 mg/kg the liver was approximately three times larger

than normal,

The experiments reported here were preliminary studies
deaigned to determine more detalls concerning:

(1) the histological changes, that occur with increasing
periods of time, in the livers of rats after a single
oral dose of AHT;

(2) the biochemical changes during the period of rapid
growt:ﬂ;nd recovery in the livers of rats treated
with ;

(3) the combined effects of oral administration of
ethanol and AHT in the rat;

(4) the effect o AHT upon the pentobarbital sleeping
time in the rat; and .

(5) the effect on liver function in dogs treated with

: AHT, CAPFC and C 'An order to find some clin-
ical liboratory procedure that might be useful in
detecting liver injury in personnel exposed to
fluorccarbon dispersing agents.

I. HISTOLOGICAL CHANGES DURING THE TIME OF RAPID GROWTH

A. Procedure: In order to study the changes in size and
structure of the liver following a single oral dose of AHT, 14 male
rats were each given a dose of 12 mg/kg. A second group of animals
of the same age and weight served as controls. One test and one
control animal were killed at intervals over a period of 56 days

. and two test and two control animals at 75 and 128 days. The -
livers were removed, weighed and a section taken for microscopic ;
examination. >
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B. Results: The rapid growth of the liver, in cerms of both
weight and per cent of whole body mass, 18 shown in Figure 1. The
increase in size was most marked during the first ten days, reached
a maxioum between 40 and 60 days, and then began to decrease in
size, although some enlargemert was still evident after 1268 days.

Morphological changes in the liver were evident 24 hours after
the single dose. The initial change was characterized by markedly
enhanced mitosis of the hepatocytes. This was less evident by the
second day; by the ninth day, the mitotic activity had decreased.
After the >6th day, most of the features which characterized the
response were less intense.

The structural changes in the cells were quite evident upon
microscopic examination and appearsed to result principally from an
enlargement of the individual cells.

I1. BEIOCHEMICAL AND METABOLIC CHANGES IN RAT LIVER

1. Changes in the Liver of Intact Animals

I wra
.
]

A. Procedure: Thirty male ChR-CD rais were given 12 mg/kg
of AHT as a single oral dose. Two to three weeks later, eight of
the rats were sacrificed by decapitation, the livers removed, .
w2ighed, and analyzed. An equal number of untreated controls werc
examined to establish the normal range of values that might be
expected in rats of this age and strain. Two AHT-treated rats and
two controls were also sacrificed for microscopic examination of
the tissue., Eight to ten weeks after the single oral dose of AHT,
a second group of ten rats was sacrificed and the remaining ten
rats three months later. Tissue slices were prepared from a
portion of the median lobe for respiration and choline oxidase
measurements in a Warburg respirometer. One portion of the left
lateral lobe was homogenized for measurement of alkaline phos-
phatase activity (APase), esterase activity, and the nucleic acids.
Another portion was used for glycogen determination. The remain-
ing tissue was used to measure water, protein, fat, ash, chol-
estercl, phospholipids, and potassium. An average value was
calculated “~r each group of animals and compared with the controls.
Differences vetween groups were tested for significance with the

"t test.

B. Results: The results of the bdiochemical measurements are
given in Table 1. Two weeks after the single dose of AHT, the
livers of the treated rats were quite large in size, more than
twice that of the controls, and comprised approximately 9f of the
body weight.  An increase in the alkaline phosphatase activity and
phospholipids and & decrease in glycogen were the most important
changes. Small but statistically significant (p3I0.05) increases
in oxygen consumption, non-protein nitrogen, water and protein
and decreases in the respiratory quotient, choline oxidase, RNA

and DNA occurred.

Two montha after the single oral dose of AHT, the livers were
no' longer growing at an accelerated rate, for there was no further
increase in the absolute size of the liver and its portion relative
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to the whole body had decreased. The increase in phospholipids,
protein and non-protein nitrogen, and decrease in glycogen
respiratory quotient, RNA and INA again was observed.

Five and one-half months after the dose of AHT, the livers of
the treated rats were still slightly larger than normal, but the
emall differences in the biochemical measurements were no longer

significant.

These results indicate that AHT produces significant bio-
chemical as well as morphological changss in the liver of rats. A
number of these changes point to disturbances in the norsal meta-
bolic and synthetic functions of the liver. The lowered concen-
tration of nucleic acids is consistent with the observed arrested
mitotic activity. These effects are most evident when the liver
18 rapidly increasing in size. Later, when the accelerated growth
has slowed down or ceased, a reversal of bdiochemical changes 18
apparent, Five or six monthe after the dose of AHT, when the liver
is niarly normal in size, the recovery of the organ is virtually
complete.

2. Biochemical Changes and Liver Enlgggcnent in Hegatectomized Rate

A. Procedure: To study the effect of AHT on liver tissue
already 1n & state of rapid growth or regeneration, six male ChR-CD
rats were subjected to partisl hepatectomy by removing 60 to T0% of
the organ. Forty-eight hours after the operation, the rats were
given a single oral dose of AHT of 12 mg/kg. The experiment was
also conducted reversing the order of treatment by ronoviﬁg 60 to
70%€ of the liver of rats which had been treated with AHT hours
previously. Sham-operated animals dosed with AHT and hepatectomized
animals served as controls. Fourteen days after the single oral
dose of AHT, the livers of the rats were removed, weighed and
analyzed for glycogen, phospholipids, DNA, RNA and alkaline phos-
phatase activity.

B. Results: The results of these experimenta are shown in
Table 2. Two weeks after the operation, the livers of the
partially hepatectomized control animals were normal in size for
rats of this age, sex, and strain, but the alkaline phosphatase
activity and DNA were higher than in normal livers. When partially
hepatectomized rats were treated with AHT, the livers grew very
rapidly; two weeks after treatment with the trimer, the livers were
more than twice those of the hepatectomized controls. The phos-
pholipid content and alkaline phosphatase activity were increased
while the glycogon content decreased. The DNA was again decreased
as in the livers of intact AHT-treated rats, but the RNA had
increased. Except for this increase in RNA, the results were in
agreement with the previous ssasuresents on livers from AHT-treated
rats shown in Table 1. The biochemical changes in the liver
ocourred whether partial hepatectomy preceded or followed treat-
ment with AHT, although the effects were somewhat less when
hepatectomy followed the treatment with AHT.
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3, Effect of Chemical Injury on AHT-treated Rat Livers

A. Procedure: Six male ChR-CD rats were given a single oral
dose of 12 mg/kg of AHT and then, 48 hours later, a single sukb-
lethal dose of carbon tetrachloride, equivalent to 0.1 ml per
100 gm of body weight, intraperitonsally. Animels which received
only carbon tetrachloride served as contrcls.

B. Rssults: The results of this experiment are also shown
in Table 2. One of the six rats dosed with carbon tetrachloride
died eight days later, but all six rats treated with ART prior tc
the carbon tecrachluiids cied within ¥8 hours. No anslysis of
the liver was possidle, for all of the animals were found dead and
post-mortem changes had begun. When examined grossly, however, the
livers were massive in size, approximately 30 to ¥0 gm, and yellow
in colcr, probadbly from acute fatty infiltration. The rapidly
enlarging liver, with a greater.than normal lipid:glycogen ratio,
is more susceptidle to the toxic effect of CCl, than normal liver.

Biochemical measurements on the surviving carbon tetrachloride
rats showed no appreciable differences from controls two weeks

after the treatment.,
I1I. JOMEINED EBFFECTS OF ORAL ADMINISTRATION

OF ETHYL ALCOHOL AND ABT IN THE RAT

A. Procedure: The study was designed as an additional
evaluation ol Che effects of combining hepatotoxic agents. The
objective was tO determine, by oral administration to rats,
whether repeated sublethal doses of ethyl alcohol would enhance
the effect of 2 single hepatotoxic dose of AHT. The cutline of
the study, in tabular form, is presented in Table 3.

Male ChR-CD rats, weighing between 300-400 gm, were used in
the study. They were offered water and Purina Laboratory Chow
on an ad libitum basis and were weighed daily,

At the time of the prescribded sacrifices, the animals were .
subjected to gross pathological evaluation. The liver was removed,
weighed, and preserved in appropriate fixatives.

B. Results: A summary of the liver weights obtained at the
various scheduled autopsies is given in Table 4. The preliminary
results of this study, wherein AHT was administered to rats in a
single dose of 12 mg/Kg, simultaneously with, or after, their
exposure to ethyl alocohol, indicate that the increase in liver
weights observed in this experiment was not any greater than that
produced by AHT alone &t a dose of 12 mg/kg.

IV. THE EFFECT UPON P, BAREITAL SLEEPING TIME IN THE RAT
A. Procedure: Changes in liver function or liver morphology

have served as traditional indicators of hepatotoxicity. More
recently, a quick and simple pharmacologic test hae been developed
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which has been used to determine liver damage - Pentobaroital
Sleeping Time (PST).

Pentobarbital is metabolized in the liver; a change in
particular liver enzymes is reflected by a prolongation, or
shortening, of the sleeping time induced in animals by this com-
pound's normal anesthetic action. Therefore, alteration in the
PST has been correlated with changes in liver function and liver
morphology. When young adult male ChR-CD rats are given 30 mg-kg
Na pentobarbital in an aqueous solution intraperitoneally, thueir
average sleeping time was found to be 58 + 19 minutes (for 110

rats).

In studying the effect of AHT administration upon PST, groups
of ten rats were employed. A control value for PST was obtained
for each group of ten rats, usually 24 hours before the test began.
Twenty-four hours later, the rats were given a single oral dose of
AHT at the rate of 12 mg/kg. PST was determined on each group of
rats four hours, 24 hours, 48 hours, and at other time intervals
after the oral administration of the AHT. Control groups were
similarly examined for PST at the same time intervals. The results
of two of these tests are summarized in Table 5,

B. Results: The PST of rats that received AHT was first
prolonged; 1t then became shorter and shorter until, at approxi-
mately six days after dosing, none of the rats coculd be anesthetized
by a dose of Na pentobarbital that still affected untreated rats.
Approximately seven weeks later, the PST of AHT-treated rats could
again be determined, but it was still much shorter than that
observed in control animals. The axme observations were made for
the next two weeks, at the end of which time the experiment was

terminateqd,

V. EFPECT OF FLUOROCARBON SURFACTANTS ON LIVER FUNCTION IN DOGS

‘A.__Procedure: Three male beagles from the stock colony were
given a single oral dose of AMT, equivalent to &, 6, or 9 og/Kg .
Samples of blood were taken at frequent intervals for three week
and then weekly thereafter. The dog that received & mg/kg was
later given doses of 26 and 60 ag/kg. Four other male beagles were
given 2 single oral dose of sither CpAPFC or CgAFC, equivalent to

0 and a similar series of medsurements made. Since both
dogs receiving the chPFC died within 48 hours, the experiment was
repeated with two othier dogs which were given a 200 mg/kg dose of
this dispersing agent. The two dogs that survived the exposure to
the cgarc were given an additional oral dose, equivalent to 670 .
mg/Kg; at this time.

The following biochemical measurements were made routinely on
the blood: sugar, urea nitrogen, total cholesterol and alkzline
phosphatase. When the 60 mg/kg dose of AHT, 470 mg/kg dose of
CgAPFC' or the 670 mg/kg dose of C were administered, the level
of' activity of lactic dehydrogenade (LDH), isocitric dehydrogenase

ICDH), aldolase, glutamic oxalacetic (GOT) and glutamic pyruvic
GPT) transaminase were 2180 measured. A routine hematological

et st sttt dm, o o
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examnation and an analysis of a 24-hour urine specimen were made
at intervals on these animals.

The level of the various components of the blood following
the dose of fluorocarbon dispersing agents was compared with an
average value observed rrior to the exposure and with a similar
measurement made at the same time on specimens from stock colony
dogs.

For the enzyme activities, a normal range was establishecd
from measurements made on a number of stock dogs. The activity
was also measured at least once, prior to treatment, on the dogs
dosed with the diapersing agents.

B. Results: The significant biochemical and clinical
findings are summarized briefly in Table 6.

The prinecipal finding indicative of some injury or dysfunction
in the dogs that received AMT was a decrease in the plasma chol-
esterocl and an increase in bromsulfalein retention (BSP) and APase
activity. The effects on cholesterocl and APase are shown in
Figures 2 and 3. These began to change within one week and became
"abnormal", i.e., exceeded an arbitrary limit of two standard
deviations f:om the pre-exposure mean within three weeks after the
dose was administered. The increase in RSP retention occurred
during the first ten days and then began to return to normal. The
depression of plasma cholesterol in all three dogs occurred earlier
and began to return to normal sooner than the rise in plasma APase
activity. The dog that received the highest dose of AHT showed the
greatest change in plasma APase from the pre-exposure man. The
activity of a number of enzymes considered to be sensitive indi-
cators of liver injury was measured in the plasma when a 60
dcse of ANT was administered. The results of these biochemical
measurements are presented in Table 7. All the pPlasma enzymes
measured were elevated within the first three days after the dose
of 60 mg/kg of AHT was administered. The greatest increases were
in the GPT and APase. Within one week, all but these were within
the normal range. The depression of the plasma cholesterol
occurred more slowly, but there was no evidence of a return to
gormal after three weeks as occurred in the dogs receiving 6 or

With the 200 mg/kg dose of OQAPPC, the GPT and GOT were
elevated in both dogs within 48 hours. One week later, they were
in the normal range. When 430 mg/kg of this compound was admin.
istered, all of the enzymes measured were markedly elevated 24 to
48 hours later. The greatest change occurred in the GPT and ICDH.
Both animals expired within 48 hours after dosing.

The 450 mg/kg dose of C caused elevated levels of all
the enzymes measured within hours in one (No. 2) of the two
dogs exposed. On the tenth day after the dose was administered
these were within the normal range, The other dog showed no
effect from the treatment. At the 670 mg/kg dose of this compound,
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Dog No. 2 showed a rise in GOT, GPT, and APase during the first
48 nours, and a return to norsal within two weeks. There was &
slight rise in the APase, GPT and GOT in Dog No. 1.

SUMMARY

——

Single oral doses of 12 ag/kgof AHT, sdministered to rats,
cause a rapid growth of the 1 ver that continues for as long as
two months after the treatment. Morphologically, the change i»
characterized by an enlargement of the hepatocyte. Changes in
the biochemical composition, entyms activity and respiration,
accompany this enlargement and indicate a disturbance in the
normal metabolic functions of the organ. The changes in nucleic
acid content and morphology of the cell suggest an interference
in mitotic activity. Reversal of these changes bdegins in two
months and is nearly coaplete in five to six months.

Rats that have been subjected to excision of 60 to 70§ of
the 1iver 48 hours before or after a single oral dose of 12 mg/kg
of AHT regenerate larger than normel livers.

Carbon tetrachloride is more toxic for rats that have been
given a single oral dose of 12 mg/kg of AHT. This may result
from the accumuiation and retention of the CCle in the enlarging
liver which has more fat and less glycogen than norsal liver.

When AHT is administered to rats in & single dose of 12
mg/kg simultaneously with or after their exposure to repeated
sublethal oral doses of ethyl alcohol, the increase in liver
weight observed is not any greater than that produced by AHT
alone at the same dose. -

Pollowing an initial depressant effect by AHT on enzymes
that metabolize sodium pentobarbdital, there is apparently an
increase in the rate of metabolisa of sodium pentobarbital so
that it cannot exert its anesthetic action at usually anesthetic

dose levels. .

: Liver function studies in dogs have shown that AHT,
CqAPFC and C dispersing agents affect the liver. On the
sis of dose, AHT 18 most, and CoAFC least, toxic to
the liver. Doses of 26 mg/kg of AHT or”200 mg/kg of CgAPFC.
produce elevated plasaa levels of ensyme activity indicative
of cellular damage. Only AHT lowers the cholesterol level in
dogs given & mg or more per kg of body weight in & single oral
dose. Of all the measurements mads, alkaline phosphatase and
GPT are the most sensitive in detecting an effect on the liver

in dogs from all three dispersing agents.
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... Discussion:

" collection points in the.proposed system..  These samples weer'e'__':-' .
representative of materiall to be obtained from the fine powrder - ..
_sump, the wax trap, the boyttom of the wax separator and -thee™ =~ . ‘-
."sump from the Dispersion Alrea: The make-up of these samplees == -

- Was as. followss . . .. - oot Sy L,

-Summary and Conclusions: . R

A. C. Huiston .
S.-A. Sawage '
T. N. Shiipley
R. N. Tayylor

“

" ' T S '."Augqst 31, 19166, ‘

: . ) P -.'. . eean D
TO: R. F. ANDERSON T

rroM: . 6. azsup® BN

DISPOSAL OF SOLID "ITEFLON".WASTES CONTAINING C-8 APF(C .

Introduction . J I

Some of the solilds wastes from the Fine Powder amd”

- Dispersion Area of the "Teeflon" plant contain small amount:s
of toxic perfluorocarboxyllic dispersing agents. A cheap amd .~ = -
* acceptable method of dispwmsing of these solids i1s in a‘land - . ' -

£i1l, provided that the twxic agents are reduced to an acceept=
able level. Since the disspersing agents are volatile at. :

moderate temperatures, we set out to determine the conditicons’ S

necessary to bake the resilns to a non-toxic state. S

P

1. The dispersing agent level 6f the solids waste - .
stream is reduced to a quite acceptable level. = .

(below 2 ppm) by baking at 175°C for 5 hours. ~ “ii ¢ l::

2. Without a pre'treaatinent, a small amount of the. ,
perfluorocarboxyllic acid dispersing agent would’
_ be leached into tthe ground water.

‘A system for colllecting the solid wastes from thee
Dispersion and Fine Powderr Area was proposed by Anderson amd
Chren. This involved the use of sumps and settling basins to
concentrate the solids. SSolids in the form of coagulum froom

R

wax fllters and wax paraitor settlings were also to he colllected
in this system. A fldw sheet of the proposed system 1s atttached. .,
The total amount of solids: 1s estimated at.ca. 768 pounds pper day .’

at current operatfng condiltions. v

Samples ‘of s0lidl wastes were obtained from the

oo b
POLM

. . LIE MU ..
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NS ORe R ANDERSON - -2- | August 31, 1966 ° _. |

Ry . :
- P < Y " . "- .: »
.. 1 . - . . '.. . " . . . l' r ‘. .'

., .. ’_."‘1

. ® Flne Powder SSump - This material looks like

*. contaminated,, wet, fine powder. The material .
- contained 36..2% water and 130 ppm perfluoro- et L
carbon disper"sing agent calculated as C-8 ”AII’FG._ e e

7,'-'?‘-"0 Wax Trap - ap)pears like wax. .Lost 8% by weight . L
".  on heating to 175°C. Contains ca. 30 ppm C-8.. R

) @ Bottom of Wax:'Separat_:or - appears like wet fime: "'
SR pogder and comntains about 65% water and 240 ppm C e
) - C- . ’ . . . - ’ . 5 e ’

e Dispersion Arrea-Sump - This sample was actuallly” -

. obtalned fromi the bettom of the stabilization e

- - - tanks and was: a mixture of-a 60% dispersion S A
. - liquid and a isolid containing about 30% water., . o

‘ ' The material (contained ca. 300 ppm water. In veo et

most of the work done with this mixture, both - -« .7 . L°
the liquid andd solid phase were analysed. ) R T
1. Leaching | o ‘ ,
As a rirst step,, it was determined that the dispiersing T ;f’.
. agent could be leached frcom these solids. This was done by adding . . =~ °
" 100 grams of the sample fmrom the different sources to 100 mml of - o
water in a Waring Blendor.. After blending for 5 minutes, ithe I 3
- water was filtered and a.nal¥sed for dispersing agent by thee SEPTIR
titration method (see belcow). The data shown in Table I sthow . - .'..F
that the C-8 dispersing aggent ‘could indeed be extracted by water.: ' .. ..
This is the conclusion remched by Crandell in 1964 (see atitach~ -~
i ment)o ) . A . . T e e
| | Table I ”
. The Extracticon of C-8 Dispersing Agent _ T
- from "Tefflon" Samples in -Water . = . L
e - ppy a8 Extracted Coma
, Sample Source .. - " L -I8E ':EJ'tA traction ina.ﬁtramtIon.,_ui Lo T
. Fine Powder S\’unp - L .},__,-. 3/_9"'\ 19 R
" Wax Separator- R ?7‘/'~:103' ;. A ’1.5:':'. e

N . . N . . .. i

2. Baking | . e o
. ' The samples were!. baked at.175°C for 3, 5 and 20 Mours.’
Analysis of these samples :showed almost complete removal off the— - S
dispersing agent at .5 or 2(0' hours; after 3 hours treatment only— . "' -
.- the sample. from the fine piowder. sump contained any residuall ¢-8— .-

l,l : ‘. o ; ’
. PR ‘ i’
! oy : R
i3 Vi SN,
L . ~ ' L
h

I

M EID193616
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ANALYSIS OF PERIFLUOROCARBON DISPERSING AGENT S T
_IN "mmmggn" SOLIDS WASTE S

Hours Heated 6 175° e

T3 AT &
100 '?, 2.7 ovew .7

I o

Sample Source

-....._.A
.

. ‘Fine Powder Sump

.
-
lamgaa
.

Bottom of Wax Trap
Wax Trap #8
Stabilization 'I'ank

: : Liquild
‘ o 80114

. g ....-;_____

0.20 ) ‘j:.' o
00“1 . ' . ;_'

L]
.
:
L]
.
S
-
N
. :
"
. .
O
t . l :
- T
o R i L S E|D193616
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‘- R F. ANDERSON, R August 311, 1966

APFC. The temperature of 175°0 was chosen as one easily rreached . ' - . .
“ .- by most ovens and because 1t is below the flash point of tihe wax g ’
27 .+ used (205°C).

P 3, Analxsis

Two methods of ganalysis were used for the determiination
of perfluorocarbon disperssing agents in the waste streams. The :
. procedurres are included heere for completeness. One made uise of P
-  the property that perfluomocarbon dispersing agents can be: distilled .
. with water from a stronglw acidified slurry. This distilliate can
" . then be titrated to dsbtemn ne the gmount of acid (as perflworo-. ., .~
‘ogtanolc acid (C7F35C%0H.— MW 1831). In these studies the following
procedure was fo lowed° ' . .
" 1. A 100 gram samplee (+200 ml of distilled water)
-~ was cut in a Wardng Blendor. The slurry was - e L e e g
added to a 500-mll flask and 25 ml of concentrated
phosphoric acid sadded. - . ;- ST

2.. The flask was fittted with a distilling head and IR AR &
+ . .condenser. The sslurry was heated to bolling and - o T LA
- the condensate collected in an Erlynmeyer flask I
containing 50-ml of distilled water that had been.. -
- carefully neutrallized to a pink end-point with
phenolphthalein i#indicator. Distillate samples
were collected emch 5 minutes and titrated w:t.th
" 1/100 N sodium hydroxide.

" 3+ When the titrations 1ndioated that no additional tae:ld : _’~. S s
.. was being distillled (ca. 3 titrations or 15 minutees) - R

. the titre was addled and the amount of dispersing -
agent calculated according to the following.

ppm C—8 = ml x 143 1. B o

This method checkked very well with known spilced f.:_t"f‘.f'-"::'..". R
* amounts of C-8 im the slurry. - : .

* The other methodl is based on the formation of a ccomplex ... " ™ s
between methylene blue and! the dispersing agent. While metthylene ORI
blue 18 not extracted fromm acid solution into chloroform, ithe C o8
complex is partitioned intto the chloroform layer. The 1nteena:|.ty .
of the coloration in the cchloroform layer is related to thee Y A
concentration of dispersimg agent in the aqueous phase.- Nconionie . .. :
dispersing agents, such am. "Triton" X-100, do not interferee.- | :
- : 'I‘:e method 1s sensitive to: 0.05 ppm dispersing agent in thee aqueous
. p a.se. . S,

1
»

:[n this method, ‘the follcming procedure was used.. R ,‘
1. 'The sample was pn'epared (as tn the method abovo) T
be outting a 100 gram sample :lu a Haring Blendor, A :

. EID193617—

CF020544




2.

b,

.5.‘

RGA:sc
Attachment

with water, acldfifying with H POy and distilling.. ...
For this test, 5(0-ml of distillate was collected., et

was used.

5.

‘R. F. ANDERSON W, . =5 = ' - August 331, 1966 .. - |

A measured porticon of the distillate was added to :':~

- a 100 ml volumetiric flask and diluted with water., .
The measured smowunt depended on the- amount of C-8) ..

in the distillatee. For instance, .in the baked

‘'samples, a-25 ml. portion, diluted to 100 ml, was
used; for the as.--received sample from the stabilil-’

zation tank, a 0..2 ml sample, diluted ‘to 100-m1

The 100-ml from'ﬂ:he' diiution of step 2 was added

‘to a 250-ml sepairating funnel &@nd 1.0 ml of 1-9
“HC1 solution,, 1.(0 ml of methylene blue’ solution S
(0.500 gms/liter’), and 10.0 ml of chloroform were: st

L4

added. The mixtwre was shaken vigorously for 2
minutes, allowed. to settle’ and the chloroform layrer

: .withdrawn ..

The chloroform ltayer was analysed in a spectro-
photometer in a Il-cm glass cell by scanning:-from
700 my to 600 i using chloroform in the refe;'enc'e
cell. The peak :absorbance for the sa.mple at

-~ 650 my was measwred.

For these studiets, it had been. shown that 0.0057
units on the specctrophotometer = 1x10-5 grams of -
C-8. From the amount. of absorbance and the facton'

from step 2, the amount of c 8 1n the sample was

‘calculated. S bl N

The t¥o methods checked _mnm 1os for the wax A
separator smle. : . '.,_“. E: .T.?.:uﬂw:‘,_f .

¢ _FID193618 —
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October 28, 1966

T0:  B. A. HERBERT
J. L. OSMOND
R. J. PACOFSKY
A, L, WHITE
F. MANZO

FROM: J. E. HIGGINBOTHAIM

"TRERFLON"® SCRAP

"Paflon" scrap: 18 no longer going to the city 1zand-fiil.
Scrap accumulated on the plant must immediately be separaitted
(physicaly) into 2 categwories. Each category must be idemtifiled. .

CATEGCRIES

" A, All wet "Teflon" conitaining C-8 or C-9 dispersing agemts (must
be ¥ept on the plant for disposal at sea at a future date).,

" B. All dry "Teflon", régg'ardless.of type, all wet granulam "Teflon"
except 6091, all wet FEP scrap except "Teflon" 110 (czn be
moved to the plant . leaand-fill by plant transportation).

C. Scrap accumulated at Building 22 1s o be placed in categorile
using A & B guideliness above. - _

PROCESS SCRAP AS FOLLOWS

1. All wet scrap (other than dispersion) must be placed ilnside
2 "Leverpak" liners and a 1id and lock-ring must be im place.

2, All dispersion scrap is to be handled in steel drums.
Identify categoory "A" above

] " ’ :
SEA DIISPOSAL" ~—— | ogces amm O hTA.

Identify categorry "B"my Duoe whk.atF H-T-0L
"Land-FF111" .

INFO - Steel drums are om order to replace "Teverpaks" for* handling
category "A" scrap.

JEH/3wd

CF020524
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E. 1. bu PONTYT D& NEMOURS & COMPANY CC: J. W. Lmacher
INCORPORATED . T, L. Miller
P. 0. Box 1217 File: 11-0-4

PARKERS3URG, W.VA. 26101

PLASTICS DEPARTMENT

February 18, 1970
COMPANY CONFIDENTIAL

TO: J. MITCHELL, R

PLASTICS DEPARTMENT
EXPERIMENTAL STATION

FROM: W. E. HILTON (9—/9#7139}
FLUOROCARBONS DIVISION
WASHINGTON WORKS

REQUEST FOR TOXICOLOGICAL INFORMATION
- "TEFLON"® DIVISION CHEMICALS

Past studies made at Haskell Laboratory have
indicated that ammonium perfluorcoctonate {C-8 APFC;, which
is used Iin the preparaticn of "Teflon"® dispersicns, is
highly toxic when inhaled and moderately toxic when injected.
However, dataare not available on the chronic local or
chronlec systemic effect of the compound in the solid s
or dissolved in "Teflon" dispersions.

tate

. A review of the medical history of employees in
the disperslon's area revealed that with the exception of two
cases of dermetitus, which were probably due more to temperaturs
and moisture than specific chemicals, there have not been any
Indications of toxicological effects of chemicals. The plant
Medical group is aware of the potential effects of the area
chemicals and monitor area employees, both individually and
statistically.

We are interested in determining the systemic effect
for repetitious skin contacts of short duration with C-8 APFC
powder and with the aqueous dispersion of polytetrafluoroethylene
containing C-8 (or chlorendic acid). We are also interested i
determining the chronic effect of inhalation of minute quantities
of C-8 APFC. 1In addition to knowlng these effects we would
like guidance on the personnel equipment necessary rfor adeguate
protection against these effects. Would you determine the
cost of each separate study, the potential for benefilcizl data

\ i'ad
AN

000089

]/*,

EID123138 ‘iﬁxi‘w9f\o
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J. MITCHELL, JR. -2 - February 18, 1970

beyond our ability to extrapolate existing qualitative data, and
if the following data is sufficient for Haskell Lab's purposes.

C-8 APFC Charging

REDACTED

000081




J. MITCHELL, JR. -3 - February 18, 1970
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Haskell Number

HASXELL LABORATORY FOR TOXICOLOGY AND TNDUSTRIAL MEDICINE
SAMPLE SUEMITTED PCR TOXICITY EVALUATTON B

e e e e e et st et e oSt Y

Depe.rtinent Plastics Division Fluorocarbons location Washington Works

Systematic Name of Chemical: .
Ammonium Perfluoroocttanoate. |
- Synonym, Product Neme and/ar Designstions: |
 3M's Wetting Agent FC-143, C=8 APFC " o
Farm:la.m | o
ol CF3 (CF,)g coomill

S Sam'ple. Code No. - Lot No, Amount,

Lo

. Grade . Color White  Fearm ' Mol. Wt,

Special Handling Requireinents

Active Ingredient__ C-8 APFC 95 %

'-':-' Composition, if a mixture (are percentages by weight ar vulume?) )
C-8  95% Minimum S

. C=b 5% Maximum

| JImpurities (Identity and amounts, are percenta,,es ‘by weight or volume?)
;j'ﬁw " C=b6 5% Maximum : |

2% Aqueous Solution
Sp.Gr, pi 4 Min Vepor Denaity (a.ir = l)

Is if explosive in air? No in omen‘i ? _if so, at what . concentrations? -

P ' DecomposeS' 150°C @ 25°C_Negligable (Attach uP
\. 2 g P.t'cpertiea= MP — BP — V_P/_i . - . curve if
s T @ Max, Process Temp, __ 100°C ._&vailable)

. ) h

R ' Flash Point (Open cup) L 5 (Closed cup)

g

N ."- . ) . s, ! "'. .
* Solubility (Quantitative, if possibdle) in water Yes . Acetone

~ Ethanol Vegetable oil Other Solvents

v ';'T,Propoeed Use: g

Ingredient in Polymerization Recipe

L
! .4

Present Stege of Developnent’ Reaea.rc.h semn Mg, ____Sales
' ' ‘ e | (OVER)

R : ‘\ ‘000083 EID123141

8ooroodnNa



Employee Exposure

1, Concentration of material in process 1200 PPM

. @+ Solvent and other chemicals present Water, Disuccinic Acigd Percxide |

3. Is exposure by inhalation X skin absorption X other

PR ey

-4, Maximm temperature of material in process_  100°C
5. Is the compound present in the atmosphere in the form_of vapor  No

mist  No dust S1ioht

6. Maximum concentration likely to be present in atmosphere Unknown . o S

P 7. What type of ventilation is in use? High Volume
- 8. Wnat type of protective clothing is worn?_Gloves, Goggles, Dust Mask

9. Exposure is for hours ___minutes per day_See Attached Tetter |

} Consumer Exposure LT ST .

o e g

Experience to Date

By Employee T . .
' Wnat is possibility of: | D oo T

1. Imgestion - ' “Very Slight " NoTE: See Attachea i

N o SR PP Lo sour o - Letter for £

2, Innalation Minor Quantity Write-Up -~ |

3. Skin contact Fair ' | f

II.

L, Eye contact Slight o

: Have any clinical signs of toxicity such as heada.ches, d:.f:t‘iculty :Ln brea.th-
", . ing, dizziness, nausea, skin or eye irritation, etc. , been reparted by persons :

:who have been in contact with the chemical? If so,’ please J.:lat them and des- ‘:{'

T 'cri.'be circumstances under which they occln-red BTN I _;5.-~Lq I

Yt = .

P 2 Ty

e eme

NOTE Haske].l Laboratory will reta.in the unused portion of stable, nonflanma.ble, B

L " nonvolatile, low toxicity samples for 5 years unless requested to return e
to sender immediately after testing., After 5 years, the samples will be
! discarded or returned to the appropriate department,. It is suggested S
‘;that the sender also retain a suitably identified portion of. the sample

T ——— v o

600100dNA




J. MITCHELL, JR. February 18, 1970

TABLE I

Ammonium Perfluorcoctancate {C-8 APFC)

Formula: CF3 (CF2)5 COONHQ
Manufacturer: 3M (FC-143)
Previous Tests:

Inhalation, MR No. 1198, Haskell Laboratory Report
No. 160-69

Oral, MR No. 604, Haskell Laboratory Report No. 55-61.

Chlorendic Acid

Formula: C9Hu0u016
Manufacturer: Hooker Electrochemical Company
Previous Tests:

Oral, MR No. 60/, Haskell Laboratory Report No. 1-63,

EID123143

000085
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ce: T, Mitchel1, Jr., Plastics
T. A. Zapp/G. J. Stopps, Haskell rLap,
J. F. Morgan, Haskell Iab,
C. P, Reinhardt, Haskell Iab,
H. Sherman, Haskell 1a%,

F. D. Grireqen ) In turn, Haskell r1av,
C. 3. Hornberger)

May 8, 1970

Y. E. HIL™N
FLUDROCARBONS DIVISION
WASHINGTON WORKS
PARKERSBURG, W, VA,

chlorendic acig in the attached table. e have even less information on C9APFC
and some of 1t 14 internally conflicting, The information 14 inadejuate for a
complete evaluation of the toxicity of these materials, Your Principal exposure
is by skin absorption, We have no gkin absorption toxdcity information on any
of the three, C34PFC and CoAPFC cause 1iver enlargement, but we don't know what
is the lowest repeated oral dosage that vill cause it. We have no repeated
oral dosage study to indicate 1 CgAPFC or C9APm accumulates in the body to
toxic levels, we 4o not know the eye or skin irritation potential for CgiPFC
or CgAPIc and ve do not know whethey the liver enlargement effect occurs only

in rats or in other species as vell, Except for the knowledge that chlorendic
acid does not cause liver enhrsv.-ment, our data for this material are similarly
sketchy., we have no information on the toxicity of disuceinie acid peroxide.

To answer the initia) toxicity question~s on CgAFPrFC, I suggest the following
tests: :

I. Determination of lethal concentratio by single oral doses and ¢ 600
determination of lowest oral dosage causing livep enlargement in
rats ( histopathology of liver only).

EID072196
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II. Accumulation in the rat to cause Uver enlargement $ 750
(two-week Subacute, ors] dosing).

ITI. Accumulation in the rat to lethal levels (with higto- 41400
Pathologic examination of tissues, oral dosing).

Iv. Recovery study for regression of liver enlargement {n £1000
the rat after oral dosing,

V. Single adminigtration skin absorption toxeity (this 14 ¢ 800
done in the

VI. Repeated application skin absorption study without histo- “1500
Pathology but with examination of livers,

VII. Primary skin irritation ang sensitization (this s done <1200
in the guinea Pig and can be done with enough guinea pigs
to determine i there 1s significant liver enlargement),

VIII. Eye irritation, T 300

IX. - Repeated (two-week) inbalation administration wity histo- ‘2000
Pathology.

X. Coordination of the above program, interim reports and +15%

final evaluation,

materially to the cost., In addition, we reccomend g SO-day feeding study in
rats and dogs includ;ng & Oone-generation roproduction-tcratogen study in rats,

None of the above studies would allow ug to set an atmospheric level of
CRAPFC that would be hygienica.uy &cceptable on g chronic basis, This would

require a chronic inhalation study. The exact cost would depend on fina) test
design, but 1t would be in excess of +100, 000,

EID072197
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If you can eliminate continuous axposure to C8APFC by inhalation,

elimination of repeated exposure by skxin absorption would eliminate the

need for a repeated skin absorption toxdcity study, 1 suggest a vigit by
our industrial hyglenist, My, Morgan, as :‘he most beneficial next astep to
determine the extent of the toxicity testing pProgram., This would also

give us better insight into developing the necessary toxtcity teating Program

for chlorendic acid,
a2

RICHARD S, WARITZ
RESEARCH MANAGER, BIO-SCIENCES GROUP

RSW: 1Jm
Attachmant
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SUMMARY OF TOXICITY DATASON CgAPFC AND CHLORENDIC ACID

Test CgAPFC Chlorendic* Acid Chlorendic# 4nhydride
Oral Approximate 670 mg/kg 5000 mg/xgw* 1000 mg/kg not lethal
Lethal Dose
Oral liver enlargement 60-90 mg/xg No No
Oral Subacute ND 8 x 1000 mg/xg 8 x 1000 mg/kg caused

caused seven deaths
(10 rats used)

Approximate Lethal 0.8 mg/L ND
Dose (caused liver
enlargement )

8ix deaths (10 rats
used),

ND
(Respiratory irritant
in rats).

ND -« Not determined :
* - Data from Hooker Chemical

- faskell Iﬁﬁmtory found 2250 mg/xg
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STUDY OF MYOCARDIAL INFARCTION

AT WASHINGTON WORKS PLANT

This study was conducted to evaluate the incidence of
cases of myocardial infarction among male wage and salary roll
employees at the Washington Works Plant from 1956 to 1973. Dr. Y. 1
Power, Plant Physician, requested the investigation because some
workers had complained that the occurrence of heart attacks among

employees seemed excessive.

DESIGN AND METHODS

A éompﬁter search of the morbidity files in Wilmington
produced a list of cases for this retrospective study. A case is
defined as any male employee who suffered a first myocardial in-
farction (M.I.) between January 1, 1956, and December 31, 1973.

This definition includes persons who recovered from an acute M.I.
and those wﬁo diéd suddenly from coronary heart disease. Persons
who had left work.for any reason were considered potential propositi
during only those years in the study period when they were active
employees. Females were excluded from the study, as they represent
a group too small in size for statistical analysis.

Additional data concerning Plant population statistics
and occupational profiles for each case were obtained from records
at Washington Works. (

Sixty-one cases of M.I. wgfe observed dquring the eighteen-

year period. A breakdown by age ca;egorizag}gguwith@q three-year

\,‘
periods for salary roll and for wage roll men is presented in

Table I.

o080




Age-specific Du Pont Company rates for male wage rol}
and salaried personnel were used to compute the expected number
of M.I.'s at Washington Works. Aga;n, three-year time periods
were selected for this determination. It would not have been
sufficient to have referred to the 1973 figures, nor to have
averaged or otherwise aggregated the rates over the eighteen years,
because a trend toward lower incidence in the Du Pont Company has
occurred in recent years. The Company rates are shown in Table II.
The observed number of myocardial lnfarctlons at Washlngton Works
and the number of Cases predicted according to Company statistics

are presented in Table III for wage roll and for salary roll

employees.

ANALYSIS

No excess incidence of M.I. is evié;nt amohg the male
wage roll émployees. The expected number of M.I.'s is 34.0; 32
were observed. One notices that the number of cases has been in-
crea51ng over the years at Washington Works. One éugggsted explana-
tion is that with an increasing bpercentage of employees over the
age of fifty, both at Washington Works Plant and in the Company
(Table IV), more M.TI. 's are to be expected,

Among salaried employees, the observed incidence of
myocardial infarction is significantly higher than the expected
number, under the assumption that cases follow a P01;;on distri-
bution: ;g=g,r 's were observed’ 21.5 is the expected number
(P~ .06). The high overall incidence ‘is largely the. result of

elevated rates in recent years: 1In.the periocd from 1971 to 1973,

the difference between observed and predicted.numbers is great:

000091
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12 observed cases versus 5.3 expected cases (P = 0.008) whereas
in the preceeding years no differences between otserved and ex-
pected numbers were significant. (P> .10 for alil comparlsons)

Further 1nvest1gatlon of occupation reveals that the
high frequency of M.I. cases among salaried employees is seen
largely in foremen. Twenty of the twenty-nlne cases occurred
among the population of foremen at Washlngton Works: 8 were
mechanical foremen, 9 were production foremen, 2 were laboratory
foremen, and 1 was a yard and transportation foreman. Approximately
thirty-five percent of the salaried men at the plant are foremen.
Since the age dlstrlbutlon of foremen is comparable to that of all
salarled employees at Washington Works, one would expect that only
10 of the observed M.I. S would present in this occupational class
{(35% of 29), compared to the 20 which occurred among foremen.

The foremen studied range in age at onset of the attack
from 35 to 65 years. Both the mean and the median number of
years of experience as foremen prior to M.I. is 9.9. The range
is 1 week to 25 years. ‘ A

Patrolmen, a group representing three _Percent of the
Washington Works populatlon, also showed a somewhatlelevated~in—
cidence of M.I. Four cases were observed among patrolmen, whereas
the expected number is 1.4 (3% of 29). The age at onset for these
patrolmen, however, ranges from 55-59 yeare; this-rs older than the
median age at onset for-the entire group, whlch is about 50 years,
This consideration explalns the increased 1nc1dence among patrolmen.
Distribution of M.I: cases among employee work classifications is

Presented in Table V.
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SUMMARY
This study examines incidence of myocardial infarction
among male employees at Washington Wo;ks over an eighteen-year
period. Using Du Pont Company rates as the referrent, it.was
found that no excess of M.I. cases occurred among wage roll persons,
whereas among salaried men, elevated morbidity rates obtain. The
target group among salaried employees is foremen. Increased inci-
dence in this group cannot be explained by their age distribution.
One asks, then, if some aspect of the work routine is a causal link
in the develdpment of coronary heart disease, or if some personal
characteristic which predisposes one to become a foreman is a risk
indicator for M.I. As a result of the findings of this study, the f
Biostatistics Group in Wilmington will explore the possibility of//
a Company-wide investigation of morbidity among foremen.
“Tntainsd T~ 0f
M@UREEN.T..O:BERG
Biostatistician
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TABLE I
AGE DISTRIBUTION OF M.I. CASES BY THREE-YEAR
PERIODS AT WASHINGTON WORKS, 1956—197;

Male Wage (Number of Employees)
Age 1956-58 1959-61 1962-64 1965-67 1968-70 1971-73 Total

20 ) ' ' 0
20-24 , 1 1
25-29 . | 0
30-34 | 2 2
35-39 2 ’ 3 1 6
40-44 2 1 3
45-49 1 1 2 3 1 8
50-54 1 1 3 1 6
55-59 S 1 3 4
60-64 S 2 2

Total 1 6 4 6 8 7 32

Male Salary (Number of Employees)

Age 1956-58  1959-61 1962-64 1965-67  1968-70 1971-73  Total
20 - - : 0
20-24 : a 0
25-29 | 0
30-34 ! 1
35-39 ' 1.. o 1
10-44 1 2 3
15-49 . 3 | 2 1 6
50-54 -1 1. 2 1 2 7 -
55-59 1 - 1 1 7 10
60-64 . C _ 1 1
Total 0 5 3 4 5 12 29

000G 4
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TABLE IX

Age-Specific Du Pont Company Rates,
Per 100,000, of MI Cases

WAGE - MEN

Age 1956-58 | 1959-61 | 1962-64 | 1965-67 | 1968-70 1971-73

20 0.0 0.0 0.0 0.0 0.0 0.0
20-24 0.0 0.0 0.0 5.1 12.4 0.0
25-29 4.0 0.0 6.0 4.2 11.7 4.5
30-34 18.6 21.3 34.4 10.6 15.8 0.0
35-39 88.7 117.7 114.6 55.8 111.8 86. 2
40-44 178.2 282.7 254.9 191.2 242.0 183.6
45-49 484.7 384.0 358.4 385.4 372.9 422.5
50-54 707.9 812.1 630.7 674.4 565.3 648.2
55-59 883.3 962.5 713.8 895.9 919.6 804.4
60-64 940.8 910.3 857. 4 989.7 | 1,064.9 | 1,169.8

*TOTAL 280 357 259 267 275 271
SALARY - MEN

Age 1956-58 | 1959-61 | 1962-64 | 1965-67 | 1968-70 1971-73

20 0.0 0.0 0.0 0.0 0.0 0.0
20-24 0.0 0.0 0.0 0.0 0.0 0.0
25-29 0.0 0.0 - 0.0 0.0 7.0 0.0
35-39 57.9 84.0 68.8 | 119.9 43.5 64.9
40-44 247.2 184.4 237.7 175.2 206.4 180.0
45-149 458.7 451.7 450.7 342.7 312.4 343.4
50-54 703.9 683.1 552.3 645.5 459.9 476.2
55-59 | 1,001.0 | 1,007.1 936.7 849.8 776.5 707.0
60-64 | 1,327.9 903.3 | 1,165.6 | 1,024.2 | 1,141.0 972.5 .

- *TOTAT, 354 330 331 303 271 215

*Age-adjusted rate
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TABLE III

OBSERVED NUMBER OF M.I. CASES AT WASHINGTON

WORKS AND EXPECTED NUMBER OF M.1I. CASES,

BASED ON DU poNT COMPANY MORBIDITY

Male wage
1956-58  1959-61 1962-¢4 1965-67  1968-70 1971-73. Tot:
Observed 1 6 y 6 8 7 32
Expected 2.2 3.8 4.9 6.0 8.2 8.9 34

Male Salary
1956-58 1959-61 1962 64

1965-67 1968-70 1971-73

Tota]
Observed 0. 5. 3 % 40 513 12 = 29
Expected 1.5 2.5 3.5 3.9 4.8 5.3 21.5
.
O
~
- =
w
=t
w
w
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Age Categorization
Du Pont Company-and Was

TABLE IV .

DU PONT COMPANY
WAGE AND SALARY COMBINED*

of Male Employees at
hington Works, 1956-1973

Age 1956-58 | 1959-61 | 1962-64 | 1965-67 [ 1968-70 | 1971-73
< 50 203,712 | 181,142 | 186,413 | 205,110 197,957 | 183,441
> 50 . 44,287 49,733 .| 58,9524 67,960 72,259 | . 72,020
g > 50 18% 22% 24% 258 27% 20%

_ WASHINGTON WORKS:
WAGE AND SALARY COMBINED*

Age 1956-58 | 1959-61| 1962-64 | 1965-¢7 1968-70 | 1971-73
450 1 3,136 4,421 4,712 5,528 6,370 6,031
2 50 151 322 526 744 1,000 1,225
: > 50 4% 7% 10% 12% 14% 17%

*Each number re
. bPopulation for

Presents the cumulative mid-year
the three-year period.
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TABLE V

L )

OBSERVED NUMBER OF M.I. CASES BY OCCUPATION
AND EXPECTED NUMBER OF M.TI. CASES, BASED ON

OCCUPATIONAL DISTRIBUTION AT WASHINGTON

WORKS, MALE SALARIED EMPLOYEES

% OF SALARIED OBSERVED

EMPLOYEES AT NUMBER

OCCUPATION WASHINGTON WORKS OF M.I.'s
Foremen 35¢% 20

Supervision through

Management - 23% 3
Specialists 2% 1
Analysts, Accountants 3% 0
Engineers 22% 0
Clerical 10% 0
Patrgimen 3% 4
Draftsmen 2% 1
TOTAL 29

*expected humber = $ x 29

EXPECTED
NUMBER
OF M.I.'s*
oF M.1.'s

10.2
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Attached is a copy of a paper by Guy and Taves concerning |
organic fluorocompounds in human plasma. The discussion section deals
specifically with possible environmental sources of perfluorinated
fatty acids.. The paper was presented at a symposium sponsored by
Divisions of Fluorine and Biolgical Chemistry at the 170th Metting
of the American Chemical Society, Chicago, Illinois, August 26, 1975
and published in the ACS Symposium Series 28, by the American
Chemical Society, 1976.
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Preseqted at a'sympqsium sponsored by the Divisions ol
Fluorine anq Blolpglcal Chemistry at the 170th Jleeting
of the American Chemical Society, Chicago, Ill., Aug.

Published by tne American Chemical Society, 1976.-7

1975.

Organic Fluorocompounds in Human Plasma:
Prevalence and Characterization

w. S. GUY
Department of Basic Dental Sciences, University of Florida, Box J424,

Gainsville, Fla. 32610

D. R. TAVES ‘
Department of Pharmacology and Toxicology, University of Rochester,
Rochester, N.Y. 14642

w. S. BREY, JR.
Department of Chemistry, University of Florida, Gainsville, Fla. 32611

Taves discovered that samples of his own blood sexum con=
tained two distimct forms of fluoride (1-4). Only one of these
was exchangeable with radicactive fluoride. The other, nom-
exchangeable form was detectable as fluoride only when sample
preparation included ashing. This paper is concerned with three
aspects of this newly discovered, pon-exchangeable form: 1) its
prevalence in human plasma, 2) how its presence {n human plasns
affects the validity of certain earlier conclusions about the
metabolic handling of the exchangeable form of fluoride, and
3) its chemical nature.

Preliminary work in this laboratory suggested that the non-

exchangeable form was widespread in human plasma but did not
exist in the plasma of other animals. Ashing {ncreased the amount
of fluoride an average of 1.6 £ 0.25 SD uM (range 0.4~3.0) in
samples of plasma ¢rom 35 blood donors in Rochester, K.Y. (5).
No such fluoride was detectable (above 0.3 uM) in blood serum
from eleven different species of animal including horse, cov,
guinea pig, chicken, rabbit, sheep, pig, turkey, mule and two
types of monkey ).

Standard methods for analysis of exchangeable fluoride in
gserum have in the past 4pcluded ashing as 2 step in gample
preparation (1). Taves showed that the amount of fluoride in
serum that would mix with radioactive fluoride was ounly about
cne-tenth the amount generally thought to be present based on
analyses usiog these older methods (4). When plasza samples from
individuals living in cities having between 0.15 and 2.5 ppm
£luoride in their water supply were analysed by these older
pethods, no differences were found between the averages for the
different cities. This led to the conclusion that "homeostasis
of body fluid fluoride content results with intake of fluoride
up to and {ncluding that obtained through the use. of water vwith a

fluoride content of 2.5 ppa” (8). If the pon-exchangeable form
of fluoride predominated in these samples, differences 4n the
exchangeabls fluoride concentration would probably not have bean “
apparent, and it would be unnecessary to postulate such rigorous .-
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118 BIOCIIEMISTRY INVOLVING CARBON-FLUORINE BONDS

homeostatic control mechanisms for fluoride.

In this study plasma samples were collected from a total of
106 individuals living in five different cities with between 0.1
and 5.6 ppm fluoride in their public water supply. These were
analyzed for both forms of fluoride. In this way the relation-
ship between exchangeable fluoride concentration in the plasma
and the consumption of fluoride through drinking water was re-
evaluated, and the prevalence of the non-exchangeable form was
further studied.

With respect to the chemical pature of the non-exchangeable
form of fluoride several lines of evidence suggested that it was
some sort of organic fluorocompound of intermediate polarity,
tightly bound to plasma albumin in the blood. It migrated with
albumin during electrophoresis of serum at pH nine (3) and was
pot ultrafilterable from serum (2). Attempts at direct extrac-
tion from plasma with solvents of low polarity like heptane,
petroleun ether and ethyl ether were generally unsuccessful.
Treatment of albumin solution (prepared by electrophoresis of
plasma) with charcoal at pH three did remove the bound fluorine
fraction. And finally, when plasma proteins were precipitated
with methanol at low pH the fluorine fraction originally bound to
albumin appeared in the methanol-water supernatant in a form
which still required ashing to release fluorine as inorganic
fluoride (5). Based on these considerations the non-exchangeable
form of fluoride in human plasma 1is referred to as "organic
€luorine” throughout the rest of this paper.

In order to further characterize the organic fluorine
fraction, it was purified from 20 liters of pooled human plasma
and characterized by fluorine nmr.

Materials and Methods

Analytical Methods. Values for organic fluorine were calcu-
lated by taking the difference between the amount of i{inorganic
fluoride in ashed and unashed portious of the same material.

The following procedure was used to prepare ashed samples:
1) samples (sample size for plasma was 3 ml) were placed in
platinum crucibles and wixed with 0.6 mmoles of low
fluoride MgCl, and 0.1 mmoles of NaOH, 2) these were dried on a
hotplate and then ashed (platinum 14ds in place) for 2-4 hr at
€00° C in a muffle furnace which had been modified so that the
chamber received a flow of air from outside the building (room
air increased the blank and made it more variable), and 3) ashed
samples were dissolved in 2 ml of 2.5 N H,50, and transferred to
polystyrene diffusion dishes using 2 rinses with 1.5 ml of water.

The following procedure was used for separation of fluoride
from both ashed and unashed samples: 1) samples (sample size for
unashed plasma was 2 ml) were placed in diffusion dishes (Organ
Culture Dishes, Falcon Plastics, Oxnard, Calif., absorbent
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7. coxera.. F luorocompounds in Human Plasma 119

removed, rinsed with wvater), acidified with 2 ml of 2.5 N azso“,
and agitated with a gentle swirling action on a laboratory shaker
for 30 min to remove €0, 2) for each sapple the trapping solu-
tion (0.5 ml, 0.01 N NaOH + phenolthalein—p—nitrophenol indicator)
was placed in a small polystyrene cup in the center-well of the
diffusion dish, 1 drop of 10Z Tritono-X 100 was added to the
sample to decrease surface tension and make the diffusion rate
more uniform between sanples containing plasma and those not, the
114 with a small hole made near its latersl margin vas sealed
into place with petroleum jelly, 0.02 ol of 4% hexamethyldisilox-
ane (Dow Corning, Fluid 200, 0.65 cs, Midland, Mich.) in ethanol
was injected through the hole in the 1id into the sample, and the
hole was sealed immediately with petroleun jelly and a strip of
paraffin film; and 3) samples were diffused with gentle swirling
for at least 6 hr, diffusion was terninated by breaking the seal,
and trapping solutions were removed (the indicator color was

checked at this point to insure that they were still alkaline)

and dried in a vacuum oven (60° €, 26 in-Hg vacuum, in the

presence of a NaOH desiccant).
Fluoride was deternined by potentiometry with the fluoride

electrode. The system used consisted of 2 fluoride electrode
oriented in an {nverted position (model 9409A, Orion Research Inc.
Cambridge, Mass.), & calomel reference electrode (fiber type), &
plastic vapor shield which just fitted over the bodies of both
electrodes forming an enclosed sample chamber in which water-
saturated tissue paper vas placed above the sample to prevent
evaporization of the sample, and a high impedence voltmeter

(model 401, Orion).
Samples were prepared and read in the following way: 10 pl
polyethylene micropipette (Beckman

of 1 M HAc was drawm {into a
Micro Sampling Kit, Spinco Div., Beckman Inst. Co., Palo Alto,

Calif.) and deposited into the cup containing the residue from
the trapping solution after drying; the flexible tip of the
micropipette was used to wash down the walls of the cup; and the
solution was then transferred to the surface of the fluoride
electrode and the reference electrode brought into position.
Surfaces of the two electrodes were blotted dry between samples.

Samples were read in order of increasing expected concentra—=

tion and sets of samples vere read between bracketing calibration
standards. These standards vere used in two different ways
during a run. Firsc, they were flooded onto the electrode
surfaces to equilibrate them to concentrations expected for
samples and to make them upiform. This procedure permitted the
analyst to take reasonably stable readings for samples within
one minute. Secondly, they were used in 10 ul volumes for
readings used in preparing the standard curve.

Values for identical samples (usually triplicates) were
averaged and the average blank was subtracted from sample means.
These were then divided by the average fractional recovery of
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120 BIOCHEMISTRY INVOLVING CARBON-FLUORINE BONDS

fluoride (usually 90 to 95Z) in standards treated the same way as
the sample set.

Plasticware (Falcon Plastics) was used for all analytical
procedures to avoid contamination by fluoride from glass. Liquid
volume measurements were made with 1, 5 and 10 ml polystyrene
pipettes and a polycarbonate volumetric flask (100 ml).

Reagents were purified to insure uniformly low blanks.

Water was redistilled and deionized. Acetic acid and ammonia
were redistilled. Fluoride contamination in MgCl, (analytical
grade) was reduced by preparing a 1 M solution containing HCl1l to
pH 1 and scrubbing with hexamethyldisiloxane vapor in a column
through which the solution was continuously recycled. Following
scrubbing the solution was boiled to ome third volume to remove
any residual volatile silicones and then made just basic with
NH,OH. Fluoride contamination in H3S0, was reduced by repeated
extractions of a 6.7 N solution with hexamethyldisiloxane and
then boiling to one third volume to remove the residual silicone.

Buffered calibration standards were made from the same NaOH
and Hic stock solution; as for samples.

The blanks for ashed samples ranged between 0.2 and 1.5
mmoles fluoride and were typically about 0.5 mmoles. The blanks
were smaller for unashed samples; these ranged between 0.05 and
0.2 moles fluoride and were typically about 0.1 rmoles.

Factors affecting ygeovery of fluoride during diffusion
were investigated with ~ F~ tracer. Recovery during diffusion
was 972 after 50 min from 5 ml containing 2 ml of plasma.
Increasing the acidity of the sample up to 5 N, the volume of the
sample up to 7.5 ml, the amount of cold F~ up to 1 umole, the
amount of fluoride complexors up to 1 pmole of Th(NO3), had no
material effect on the rate of fluoride diffusion. The absence
of both plasma and detergent in the sample compartment markedly
slowed the rate of diffusion. Not shaking the sample also slowed
the rate of diffusion. Increasing the alkalinity of the trapping
solution to 0.1 N increased the rate of diffusion but the lower
concentration, 0.0l N, was required here to permit a lower ionic
strength in the sample reading solution.

Overall recovery of added cold fluoride was measured. In
samples containing neither plasma nor detergent the .
recovery after 6 hr diffusion averaged 93% and 952 for ashed and
unashed samples, respectively. In samples containing plasma the
recovery was 95% after 3 hr diffusion.

The degree to which fluorine from organic fluorocompounds
could be fixed as inorganic fluoride by ashing varied from less
than 1Z for volatile compounds like p-aminobenzotrifluoride,
m-hydroxybenzotrifluoride, benzyl fluoride and benzotrifluoride
to over 80X for less volatile compounds like 5-fluorouracil,
fluoroacetate and p-fluorophenylalanine. .

Methods used here for separation of fluoride (diffusion at
™ temp.) (9) and its quantitation (fluoride electrode) (10) are
considered to be quite specific for fluoride. One potentially
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important inte
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jower the pH ©
found that samp
acetic acid (e.8.»
purification system)
few hours. The signi.
fluoride in blood plasma was
four samples of human plasma were allowed
weeks, and no change {n the color of the phenolphthalein indica-
tor in the trapping solution was cbserved. Secondly, sazples

containing the same plasma were diffused for different periods
de was determined. No changes

up to 158 hr and the apparent fluori
were observed between samples which correlated with diffusion

time.
The sensitivity of the analytical method was limited by

the blank rather than the sensitivity of the instruments used.

Reproducibility varied with the amount of fluoride being
measured. The coefficient of variation averaged $5% in the low

range (samples containing 0.25 to 0.75 nmoles F ) and 6.6Z in
the high range (10-12 nmoles F).

Blood Plasma. Human plasma was obtained from blood banks
in five cities. According to public records these cities had
not changed the fluoride concentration of their public water
supply for at least six years prior to obtaining the samples.
Samples were received in {ndividual polyethylene bags which were
part of the Fenwall ACD blood collection system. In blood
collection using this system 450 ml of blood is drawm into a bag
containing 67.5 ml of anticoagulant acid citrate dextrose (ACD)
solution. When the cells are removed the ACD solution remains
in the plasma. Because of this dilution of plasma a correction
factor of 1.3 was applied to values obtained here for the
concentration of fluoride. The potential error in this factor
was + 0.1 because of variation between standard limits for
hematocrit and minimum volume of the blood donation. Bovine
blood was obtained at slaughter and mixed {mmediately with ACD

solution in 1 liter polyethylene bottles.

Electrophoresis. A continuous flow electrophoretic
separator (model FF-3, Brinkman Inst., Inc., Westbury, N.Y.) was
employed. Sample flow rate was 2.3 ml/hr, buffer flow rate vas

72 ml/hr, voltage was 0.67 kv,

tion took 19 hr. Plate separation
The buffer was 0.122 (NH, ) 2C03,

ture was between 2 and 4® C.
made by bubbling CO2 from dry ice into redistilled NH4OH until
the pH reached 9.0.

and current was 140 mamp. Separa-
was 1 mm and operating tempera-
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Purification System. Steps in the purification system are
summarized in table I. In the first step one liter of plasma
(pooled from 5-6 individuals) was dialysed in seamless cellulose
tubing (1 in. diameter) against 20 liters of water at 4° C. The
dialysate was changed twice at 24 hr intervals. In the second
step dialysed plasma was freeze dried.

In the third step the dried powder from electrophoresis
was extracted with methanol in a soxhelet extraction apparatus
(nodel 6810 G, Ace Glass, Inc., Vineland, N.J.). Cellulose
extraction thimbles (model 6812 G, Ace Glass) were soaked
overnight in methanol. Operating conditions were 25° o 30° C
under a vacuum of 24 in-Hg. Coolant for the condenser was 802
ethanol; inlet temperature was -10° to -20° C and outlet tempera-
ture was -10° to 0°. 1Two liters of methanol were refluxed
through the apparatus for a period of 4 hr and approximately
400 ml were lost to evaporation during that period. Glass beads
were placed in the flask to prevent bumping.

In the fourth step the residue from the methanol extract
was fractionated according to the method described by Siakotos
and Rouser (1l1) for separating lipid and non-lipid components.
The method is based on liquid-liquid partition in a column
containing a dextran gel (Sephadex G-25, coarse, beaded,
Pharmacia Fine Chemicals, Inc., N.Y.). Four eluents are used:
1) 500 ml chloroform/methanol, 19/1, saturated with water,

2) 1000 ml of a mixture of 5 parts of chloroform/methanol,

19/1, and 1 part of glacial acetic acid, saturated with water,
3) 500 ml of a mixture of 5 parts chloroform/methancl, 19/1, and
1 part glacial acetic acid, saturated with water, and 4) 1000 ml
of methanol/water, 1/1. Their method was modified for use here
by increasing the column length to that attained by using a full
100 grams of dextran beads. Sample size corresponded to that
from 2.5 liters of the original plasma.

In the fifth step the residues from eluents 2 and 3 from two
runs of step four were combined, applied to a silicic acid
column, and eluted by reverse flow with an exponential gradient
of increasing amounts of methanol in chloroform. The column
(model SR 25/45, 2.5 cm 1i.d. x 45 cm, Pharmacia) was filled to
a height of 30 cm with silicic acid (Unisil, 100-200 nesh,
Clarkson Chem. Co., Inc., Williamsport, Pa., heat activated at
110° C for 2 days) and was washed with a complete set of elution
solvents before use. The gradient maker (model 5858, set 4,

Ace Glass Co.) was filled with 1 liter of methanol in the upper
chamber and 2 liters of chloroform in the lower. The flow rate
was adjusted by the height of the solvent reservoirs to an
average of 3 ml/min for the first liter of eluent. The sample
had to be transferred to the column by repeated washings with
chloroform because of its low solubility in this solvent. This
usually required about 30 ml of chloroform total. Dead volume
for the system as 90 ml. Fractions of 15 ml volume vere
collected in carefully cleaned glass tubes.
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PROCEDURE FOR PURIFICATION

Fluorocompoun

Table 1

ds in Human Plasma

OF FLUOROCOMPOUNDS FROM BLOOD PLASMA
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Treatment
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e ——————

blood plasma

plasma proteins &
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substances in
water solution

plasma proteins &
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plasma lipids

polar lipids
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Figure 1. Relationship between the concentration of
fluoride in human plasma and the concentration of fluo-
ride in the drinking water




12t BIOCIIEMISTRY INVOLVING CARBON-FLUORINE BONDS _ 7. cuY Er a..  Fluorogom
. i S ',\:“?_._,

- lene (supplied largely b
. All solvents were®

ACS certified (Fisher Sc

analytical reagent grade

- M
: " St. Louis). Solvents we
mo&ws’f::: ' evaporator. .
— s— * , e
HLLSSOR0, TEXAS l:; R. The mmr ’Pecg
Usen §| spectrometer with Hicog
The sample was dissolved

CH3OH and CDCl; and spec
referencing to CFCl; was
are expressed with posit
frequency). External le
pulse length of 15 miero
cycles of 2.5 sec, and
processing.

tre

RELATIVE FREQUENCY

By bl

1 lll' 1 LA 2 R O ] k] LJ ll L] LRI
Qr Qis02 03 04 060810 15 20 1040 40 2010

PLASMA [R-F), u Results

S R T I T

Ficure 2. Relationship between the concentration of organic < Values for inorgani
fucrine in human plasma and the concentration of fluoride in . (R-F) in 106 plasma samy
the drinking water " are shown in table II.

E concentration in plasma
concentration in the wat
fluorine concentration
D il 14 . fluoride in plasma and. c
03 ok 409 B by inspection of values
i of the values within ci
both cases the distribuf
? with only 3 or 4 indivic
of the two individuals
(figure 2, Andrews grouj
levels were both in exc
ment for organic fluori:
organic fluorine was 1.’

Plasma was electro
findings of Taves (3) u
Results shown in figure
that a predominant form
with albumin at pH 9, a
were clearly separated.

The recovery, mass
in the purification sys
table III. These data
amount of organic fluor
peak from silicic aeid
for in other fractions
presunably because of a

/

o
~
1
[d
o

CONCENTRATION, uM
ABSORBANCE, 280nm /-

o
-

1
o
w

-

a
' 4 ., [ ae a0

2.
\' RS
) (1d ® o0 © 48 ¢S o

SemeTeTyew 3 ea

Al

1 i A A 4} Sl &l n
TUBE NO.

Figure 3. Separation of fluoride and organic fluorine in
human plasma by electrophcresis. A sample (about 45
ml) of human Ela.s-ma was ¢l¢ctm’phor¢:¢d in pH 9 buffer
and fractions between the sampling port (near tube 72)
and the positice pole (near tube 1) were analyzed for the
fluoride content of both ashed and unashed aliquots.
Relative concentrations of proteins were estimated by
absorbance at 280 nm.

o € P JEA S b Bl B BB Y i v b i

LYS100Td




T3P . 3 I A e as T D A i A A WOET R SRS o

s Py O eI ~l“‘:‘{b o LN s Pbeds AU = (G o G -

.ﬁmg&ﬁﬁﬁﬁ%§§§a£ﬁ§¢f;¢gve$uvftw:ﬁkvaw?~f it

1’%&‘}""%’“ I R P o e et S aes 1 T e S sy o e Kk

= 5P - - .
.

>
e
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Tubing and fittings to the columns were polytetrafluotoethy—
lene (supplied largely by Chromatronix, Inc., Berkeley, Calif.).
All solvents were redistilled. Methanol and chloroform vere
_ ACS certified (Fisher Scientific Co.) and acetic acid was
analytical reagent grade, U.S.P. (Mallinckrodt Chenical Works,
St. Louis). Solvents were removed from samples in a flash
evaporator.

NMR. The nmr spectrum was obtained on a Varian XL-100
spectrometer with Nicolet Technology Fourier Transform accessory.
The sample was dissolved in an approximately 1/1 mixture of
CH;0H and CDCl3 and spectra were run io a S mm tube. External
referencing to CFClj; was used for the chemical shifts, and these
are expressed with positive numbers to lower field (i.e., higher
frequency). External lock was used. Typical conditions were a
pulse length of 15 microseconds, a delay time between pulse
cycles of 2.5 sec, and a time constant of -1 sec for exponential
processing.

‘. Results

values for inorganic fluoride (F~) and organic fluorine
(R-F) in 106 plasma samples from humans 1iving in five cities
are shown in table IIL. These data show that the average fluoride
concentration in plasma is directly related to the fluoride
concentration in the water supply, and that the average organic
fluorine concentration in plasma is not. No relationship between
fluoride in plasma and  organic fluorine in plasma was apparent
by inspection of values for {pdividual ssmples. The distributions
of the values within cities are shown in figures 1 and 2. Inm
both cases the distributions appear to be log normally distributed
with only 3 or & individuals surprisiogly deviant. In the cases
of the two individuals with little or no apparent organic fluorine
(figure 2, Andrews group, left margin), the inorganic fluoride
levels were both in excess of 7 uM, making the difference measure-
ment for organic fluorine difficult. The overall mean value for
organic fluorine was 1.35 + 0.85 SD uM.

Plasma was electrophoresed in an attempt to reproduce the
findings of Taves (3) using plasma from another individual.
Results shown in figure 3 closely match those found earlier in
i that a predominant form of organic fluorine appeared to migrate
. vith albumin at pH 9, and in that organic and inorganic forms
o vere clearly separated.

K The recovery, mass balance and purification factors for steps
P in the purification system listed in table I are recorded in

table I1I. These data show that about one-third of the original
- amount of organic fluorine in plasma is recovered in the major

. peak from silicic acid chromatography. Another third is accountad
‘ for in other fractions and the rest is not accounted for,

I presumably because of adsorption to surfaces of containers in
.
I3
1‘.‘9.
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Table II
CONCENTRATION OF FLUORIDE (F ) AND ORGANIC FLUORINE MASS BAI
(R-F) IN BLOOD PLASMA SAMPLES FROM FIVE CITIES HAVING A FACTOR FOE
DIFFERENT FLUORIDE CONCENTRATIONS IN THEIR WATER SUPPLY
*
. b b
[F-) in Plasma®, uM [R-F] in Plasma®’’, uM z Fraction
City ([F") in Meant Diff.c Meant Diff.c.d by human plasma
Water, ppm) SD(n) Range P<.05 SD(n) Range P<.05 1 (ACD, 2.5 liter
= batch)
Albany, N.Y. 0.38+ 0.l4- 1.2¢ 0.3~ ¥
(<.1) 0.21 1.1 0.6 2.6 : Methanol Extractic
(30) (30) 3
sig, D.S. § extract
Rochester, 0.89+ 0.35- 1.62 0.5- 3
N.Y.(1.0) 0.75 4.2 1.2 6.8
(30) (30) : residue
n.s. n.s. v
Corpus Christi, 1.0% 0.60- 1.3% 0.4- "’
Tex. (0.9) 0.35 1.7 0.9 3.9 _, Sephadex Column
Q12) (12) b - -
sig. n.s. . Fraction I
Hillsboro, 1.9+ 0.60- 2.3z 1.5~ N
Tex. (2.1) 0.9 2.6 0.6 2.8 :
(4) (4) Y Fractions II + I
sig. sig. :
Andrews, Tex. 4.3% 1.4~ 1.1+ 0.1~ -
(5.6) 1.8 8.7 0.5 2.3 . , Fraction IV
(30) - (30) -
- Silicic Acid Colu
2fach value used in the computation was the average of at least .
three replicate analyses and was corrected for dilution by . major peak
b ACD solution by multiplying it by l.3.
taken to be the difference between the amount of inorganic '_f other peaks
fluoride measured in ashed and unashed aliquots of the same = combined
sample
by t-test assuming equal variance in each group P
e difference between Rochester and Andrews is statistically £ 8 ean 2 SD(n)
significant. percent of the &

c mesgn ¢ SD

estimate based o
d of the major
‘estimate based o
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Table III
MASS BALANCE, RECOVERY AND PURIFICATION
FACIOR FOR STEPS IN THE PURIFICATION SYST=M
a b
Dry Wt. Amt. R-F~ Recovery Purifi-
- Fraction grams nmoles 4 cation
- human plasma 200 1725
g (ACD, 2.5 liter $273(6)
3 batch)
Methanol Extraction
extract 10.1 1476 85.6 17 X
+60(6) +14.0
i residue - 105 6.1 -
-3 +37(4) +1.0
Sephadex Column
Fraction 1 - 125 7.3 -—
£18(4) $1.6
Fractions II + III 1.29 1195 69.3 108 X
+129(6) $13.3
Fraction IV - 118 6.8 _—
. +29(4) $1.2
Si1fcic Acid Columm
major peak .03¢ 630 36.5. 2,440 X
: other peaks - 240% 13.9 -
combined
3 %pean ¢ SD(n)
= percent of the amount of R-F in the original plasma sample,
- c mean ¢ SD
estimate based on weighing the conteats of two tubes in the center
a of the major peak
estinate based on area under peaks from graph
-

[=4
(=)
-
N
(¥
(=]
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which samples were placed.

The blank for the purification process was obtained by
using bovine rather than human plasma. No organic fluorine was
detectable in the original bovine sample but as a further check
the sample was dialysed to remove inorganic fluoride to facili-
tate making the measurement for organic fluorine by difference.
Some organic fluorine was apparent in dialysed bovine plasma:
0.13 * 0.11 SD M (n=6), a statistically significant though
small difference. This trace amount of organic fluorine clearly
wvas not found in the same silicic fractions as the dominant peak
from human plasma as shown in figure 4.

Human plasma had been stored in polyethylene bags with ACD
solution. Analysis of ACD solution from unused blood bags and
analysis of blood plasma before and after placing it in the bags
showed that not more than SZ of the organic fluorine in human
plasma could have come from this source.

The distribution of organic fluorine in fractions from
silicic acid chromatography are shown in figure 4 for four
batches corresponding to 5 liters of the original plasma each.
There is clearly one dominant peak lying in approximately the
same elution position for each batch (the exact position varied
with column use and the degree of hydration of the silicic acid
adsorbant). There were always some smaller secondary peaks, but
they varied in size and position relative to the major peak.

The sample used for characterization by nmr was obtained by
combining the fractions containing the major peaks in each of
the four batches. Much of the material from batches one and two
had been used for other purposes prior to this combination. The
combined sample was rechromatographed on silicic acid and a
single sharp peak obtained. The final sample was taken from the
central portion of that peak and contained 3.3 ymoles of organic
fluorine. ..

Four sample runs were made on the mmr spectrometer with
15,000 to 17,000 scans each and with a sweep width of 15,151 Hz
in all but one run, where it was 7,576. The results of all runs
were consistent with the spectrum shown in figure 5 and the
chemical shifts shown in table IV. A blank run on the solvent
mixture showed no instrumental artifacts which might have
contributed to the spectrum. Chemical shifts determined for
perfluoro-octanoic acid are also included in table IV. Compari-
son of the shifts in the unknown with that of perfluoro-octanoic
acid show that there is a constant difference in shifts of about
2 ppm except for the -CFy- peak mext to the functiocnal group (peak
E) where the shift is about 6 ppm. Only the latter is enough to
be considered a significant deviation since external referencing
was used for each. The difference in shift for peak E is
consistent with the presence of amide or ester derivatives, or
possibly with the presence of a sulfonic acid derivative as the
functional group. One explanation for the additional peaks in
the spectrum is the presence of branched isomers, peaks A and B
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Figure 5. NMR spectrum of organic fluorocompound(s) isolated from human

«- e e - e a A  eer a vt s s e slumewn Medng AT L d s A A e L o o o v e e -

000113




PN

IR
2]

b -&: ot Frk ot T e b S
f‘?m‘é-ﬁ&' "'{‘:."-"’?L"-‘ R AR i’_ﬁ%

RS- KRN 2 e, Y BT
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representing -CF3 groups at branch points, peak C the -CF,
groups two carbons removed from the branch points, and peak H
representing -CF2~ next to the branch points.

The sample was reanalyzed for organic fluorine following
characterization by nar to check for contamination; no additional
fluorine was apparent. The degree to which fluorine from
perfluoro—octanoic acid is fixed as inorganic fluoride during
ashing was found to be 21 £ 3 SD % (n=3).

Discussion

These findings suggest that there is widespread contamination
of human tissues with trace amounts of organic fluorocompounds
derived from commercial products. All available informatiom on
this subject is in accordance with this interpretation. A
series of compounds having a structure consistent with that found
here for the predominant form of organic fiuvorine in human plasma
is widely used commercially for their potent surfactant proper-
iTes. For example, they are usec as water and oil repelleats in
the treatment of fabrics and leather. Other uses include the
. production of waxed paper and the formulation of floor waxes
(12). The findings presented here that the concentration of
organic fluorine was not related to the concentration of inorgan-
ie fluoride either in blood or in the public water supply, and
the earlier finding that there was 1ittle or no organic fluorine
in the blood of animals other than human (6) are all in keeping
with environmental sources such as these.

The prevalence of organic fluorine in human plasma is
probably quite high since 104 of the 106 plasma samples tested
here and all 35 in an earlier study (5) had measurable quantities.
The prevalence of the particular compounds isolated and charac-.
terized here, i.e., perfluoro fatty acid (Cg-Cg) derivatives, is
not known since the starting material for each batch shown in
figure 4 was pooled from between 25 and 30 individuals and
since only about one third of the original organic fluorine
content was accounted for in the fractions containing these
compounds (see table 111).

Peaks other than the one characterized by nmr appear in the
chromatograms shown in figure 4 suggesting that human plasma
contains other forms of organic fluorocom s. They are
probably not volatile compounds like freons since it is doubtful
that these would be detected by the analytical methods used in
this study. They correspond in solubility to very polar lipids
since they appear in fractions two and three in the fourth puri-
fication step. According to the authors of the method used in
that step the first eluent contains most fats, the second and
third eluents contain very polar fats like gangliosides and
certain bile acids in addition to compounds like urea, pheayla-
lanine and tyrosine. The last fraction contains water soluble
non~-1{pid compounds (11). Components of these other peaks are

ySS100Td

: 000114




132 BIOCHEMISTRY, INVOLVING CARDON-FLUORINE BONDS

less polar than the compounds in the predominant peaks in
accordance with the methanol-i{n-chloroform gradient used to
elute them in the fifth purification step. Other forms not seen
in silicic acid fractions may also exist since only about half
the original organic fluorine was recovered in these fractions.

The actual amounts of the perfluorinated fatty acid
derivatives in human plasma is not known both because
individual plasma samples were not assayed for these particular
compounds and because the degree to which organic fluorine from
these compounds is converted to inorganic fluoride during ashing
is not known. Metal salts of perfluorinated fatty acids have been
reported to decompose at 175 to 250° C forming CO,, volatile
perfluorinated olefins one carbon shorter, and one atom of
fluoride per molecule (13). About 3 fluorine atoms per molecule
of perfluoro-octanoic acid were fixed as inorganic fluoride by
ashing methods used here. Thus, values reported here for
fluoride after ashing fractions from the major peaks in figure
4 probably represent somewhere between one-third and one times
the molar amount.

little has been published about the metabolic handling and
toxicology of perfluorinated fatty acid derivatives. Computer
assisted literature searches using Medline, Toxline and Chemcon
developed no information on these subjects. This was surprising
with respect to the widespread commercial use of such compounds,
It would appear from information presented here that rapid
excretion of such compounds into urine is uniikely since they
are bound to albumin in the blood. this topic it can also be
stated that other chemicals are usually not toxic in blood con-
ceatrations similar to those found here for organic fluorine.

The concentration of organic fluorine in human plasma may
be changing with time. 1In 1960 Singer and Armstrong reported
that the plasma of /70 individuals residing in communities with
1 ppm or less fluoride in their public water supply had an
average concentration of fluoride of 8.8 uM (8). They prepared
their samples by ashing them and then distilling fluoride from
the ash acidified with perchloric acid (7). Thus, it seems
likely that their values for "fluoride" would have included
organic fluorine had it been present. Assuming that inorganic
fluoride concentrations at that time were similar to those fouad
in this study (see table II), the organic fluorine component
would exceed 7 uM. In 1969 the same investigators using the
same method reported an average fluoride concentration of 4.5 uM
for 6 plasma samples each pooled from at least 3 individuals
supposedly living in fluoridated communities (14). This
corresponds to an organic fluorine component of only about 4 uM.
Organic fluorine concentration presented here averages only
1.35 uM. Therefore, there may have been a decrease in the
concentration of organic fluorine in human plasma since the late
1950's. An alternate explanation might be that differences in
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the analytical methods or differences in the sample populations

caused these values to vary.
. Organic fluorine is the predominant form of fluorine in
=3 human blood except where the concentration of fluoride in
- drinking water is high (in which case fluoride predominates, see
table II). This together with the finding reported here that
there is no apparent relationship between the concentrations of
organic fluorine and inorganic fluoride in plasma helps explain
why in earlier studies (8) no relationship was found between
plasma fluoride determined in ashed samples and the fluoride
content of the public water supply. The data in table II show
that when methods specific for inorganic fluoride are applied, a
clear relationship between fluoride in plasma sad fluoride in
the public water supply (between 0.1 and 5.6 ppm) can be
demonstrated. Thus, there is no need to postulate the existence
of such rigorous homeostatic control mechanisms for plasma
fluoride as suggested earlier (8). Average plasma fluoride
- concentrations for individuals living in the same city as reported
i here reflect the balance established between fluoride in blood
and that in bone mineral over periods of years. These findings do
not contradict a passive homeostatic control mechanism in
which bone mineral damps swings in blood fluoride concentration
over relatively shorter periods of time.

The values presented here for the average inorganic fluoride
concentration of plasma from individuals living in a community
having about 1 ppm fluoride in the water supply are consistent
with recent findings of others using similar methods (14, 15).
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Q. I vonder if you tried to correlate within individuals the
level of organic fluorine with age.

A. It would certainly be interesting to have this information
but unfortunately we cannot supply it at this time. An expedi-
tious approach might be to analyze cord blood from infants of
mothers who had not received fluorine-containing anesthetics at
childbirth. It would also be of interest to know whether
individuals living in isolated regions have organic fluorine in
their blood plasma.

Q. Did you say the sample analyzed by nmr contained methyl
alcohol?

A. Yes, I did.

Q. Mechyl alcohol will react very rapidly with fluorinated
acids. The mmr spectrum may, therefore, represent that of
methyl ester derivatives.

A. Methanol was also used in the last three steps of the
purification system. The nmr spectrum is consistent with the
presence of methyl ester derivatives of perfluorinated fatcy
acids (Cg-Cg) and their branched isomers.

-/
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the Telomer A-derived fluorochemicals line, ang only currently
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after any findings in the Study become statistically Significant
or after completion of the serijeg of bloogd tests, whichever

. In addition to the foregoing, the Product center will initiatc::
additional toxicity tests Onh representative fluorosurfactants in their
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FLUOROCHEMICALS IN BLOOD *

3M has reported finding:FCl43, Plus other unidentifijied
fluorochemicals in the blood of Potentially exposed workers. As

and the significance of these findings is unknown. These chemicals
have also been detected by tests on the workers' urine, with good
Correlation with the blood test results but in vVery small quantities.
Similar tests have not been done on the general population, although
a few tests have been done on Plant office workers,

The Medical Division recommends the following course of
action for pu Pont employees whose jobs have potential for exposure
to Telomer A ang its non-polymeric derivatives.

l. Review all current operations and industrial hygiene

[
. P
A 2. Identify all employees who currently work or have
141“”41’ worked jobs in which there is or was potential for
A ” a eéxposure to fluorochemicals.

7

3. Review the medical records of all such persons still
employed by Du Pont, looking for consistent or unusual
health Occurrences or trends.

a baseline. These tests can be obtained on Wilmington
office employees as a part of the periodic physical
examinations given in the Nemours Medical facility.

employees with various potentials for exposures to 2
various fluorochemicals. If this is done at the same =
' <
:
EID080230 v

. | C00119

THERE'S A WORLD OF THINGS WE ARE Doing SOMETHING AgouT
[J



time as the employee's periodic physical examination, a

documentation of the results. A urine Specimen should
be obtained for later analysis for fluorochemical level.
in the event the blood level is markedly elevated.

', 6. Review the pPhysical findings of the workers examined
&pf/¢ﬂ for consistent or unusual health OCcurrences or trends.
4 VJM When such occurrences or rends are .found and appear
$quy> to be significant, consideration should be given to
.conducting similar physical and blood examinations on
non-exposed controls for comparison.

7. If the period of potential exposure has been of
sufficient duration ang there is a sufficient number of
employees, an epidemiologic study of the mortality of
the cohort identified may be considered. 2 determina-

The Medical Division recommends proceeding with
this study in order as Presented. However, we will need at- least
two days to obtain proper supplies and inform our technicians of
the study ard how to discuss the study with the employees.

7
‘4€£§2%2;(Cﬁ- Lv/: ?423222221

BWK/ag : | RUCE W. KARRH, M.D. "~
! _ MEDICAL DIRECTOR ~

’ . H
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_To:  T. C, Kuchler, Administration Buflding L ; »feolc""'L ‘6'192‘; :
From: R. D. Richardson, Jg94 Bufldtng  ~ . .. 7 Mgy

: FLUOROSURFACTANTS COMMUNICATION WITH CHAMBERS WORKS EMPLOYEES

""" P T

,'_'-f. The fﬁlIowing scheduIe'hag béen'deve10§éa"fd; the communication on the ﬁfeSQR
of organic fluorine substances in human blood plasma (copy attached) to Chambers Wo:
personnel who handle fluorosurfactants and their intermediates: ) .

.. . .o . IR S XA PR ) e e LT 3
-- Day/Date  Time - Action ' ‘Responsibil
“'-.Friday. " Before _Infdrm Chambers Works Executive Staff that " R.. D..Richar

6/23/78 4 p.m. announcement to employees will be made at )
T 10 a.m., 6/27/78. : . L o

SR - Before Supervision w1}1'be provided with a communica- - R. D. Richaf

; . 4 p.m. - tion message. ° . : | : |

i Tuesday Affer Supervis1on'wii1 inform Union Leaders ' R. J. Lyng

6/27/78 8 a.m. and local Union Representadtives

| © ChemicalsArea - R, J. Lyng
- : Development Manufacturing Area L. J. Marcot
Jackson & Technical Laboratories E. 0. Langer
Engineering Department)* F. J. Meadow

Environmental & Service Depar*ment’ E. T. Fogg
General Analytical Laboratory)* R. F. Stalze:

10 a.m. Supervision will inform all personnel who
*°  handle or may contact fluorosurfactants and
T their intermediates in their assigned work.

Chemicals Area R. J. Lyng
Development Manufacturing Area L. J. Marcot
Jackson & Technical Laboratories e E. 0. Langer
c $
i Engineering Department)* S F. J. Meadow

BEST COPY AVAlLABLE iEnvironmental & Service Department)* § E. T. Foagg
General Analytical Laboratory)* - N R. F. Stalze

. Employees who are not present at 10 a.m. EID110651

6/27/78 will be informed when they next
report to work. .

/9 I *For information only. Employees in this group will not participate in the
initfal medical program. They should be advised of the program, however.
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VERBAL COMMUNICATION TO CHAMBERS WORKS  EMPLOYEES
WHO HANDLE FLUOROSURFACTANTS AND-THEIR INTERMEDIATES

Through information supplied by the 3M Company, Du Pont
has become aware that elevated organic fluorine levels have
been detected in the blood of 3M workers exposed to certain
organic fluorinated surfactants and the intermediates associ-
ated with their manufacture, . :

These specific fluorochemicals are not used on the Chambers
Works, but we do manufacture a.line of fluorosurfactants) The
Chambers Works fluorosurfactants are manufactured by different
technology and have not been implicated. As a precautionary
measure, however, we are reviewing handling procedures, medical
records and toxicological information related to our fluoroe
surfactants.

As a part of this program the organic fluorine level in the
blood of Chambers Works employees who are working with these
fluorosurfactants will be determined for comparison with the
general population. This check will be made at the time of
‘the employee's next regular plant physical examination,

A preliminary report from the 3M Company indicated that they
are not aware of any adverse health effects among affected employee:
3M has manufactured fluorinated surfactants for over 20 years,

Your supervision will see that any questions you may have are
- an.wered.

RDR
-~ -6/22/78

££1000q1g
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ADDITIONAL INFORMATION FOR SUPERVISION

A 1976 report(’) indicates that the blood serum of the general
population in the U.S. contains trace quantities of fluorine in both or
and fnorganic form. The concentration of inorganic fluorine has been s
to be related to fluoride ion in water supplies (natural and added).
There is no ready explanation for the presence of organic fluorine. .

- A recent study by the 3M Company of their workers who manufacture
and handle fluorosurfactants and their intermediates has revealed orgar
fluorine levels in their blood plasma in excess of those not engaged ir
these operations. 3M reported that a preliminary review of the medical
histories and current health status of affected employees has not reve:
any unusual health conditfons. A more detailed epidemiological study ¢
3M workers has been initiated.

3M has fdentified two probable key sources of employee exposure f{i
their operations. These are associated with (1) electrolytic cells in
which key intermediates are manufactured, and (2) packaging operations
involving powdered products.

-The specific products implicated in the 3M study are not manu-
factured nor used on the Chambers Works. Different fluorosurfactants
manufactured on Chambers Works in the Chemicals and Development Manufa
ing areas and are sold under the "Zonyl" trademark. The Chambers Work
processes do not involve electrolytic fluorination and the products ar
handled throughout in liquid forms and are also sold in 1iquid forms.
Despite the disimilarity between the Du Pont and 34 technology, all ha
ing procedures for fluorosurfactants and intermediates should be revie
for adequac.. Assistance may be obtained from R. J. Hubiak (X3415).

A special -medical program will be initiated for_all employees
currently engaged in fluorosurfactants operations. This program will
not be extended to personnel who have previously worked with fluoro-
surfactants, but who are no longer involved, unless the results of the
fnitial program indicate that necessity. Similarly, Engineering Depar
"M nt, Environmental & Service Department and General Analytical Labora

‘Joyees will not be included in the initial program though they shou
L. wdvised of the program.

The initial special medical proéram will include (1) a review nf
the medical records of the employee, and (2) special blood analyse, at
time of the employee's regular physical examination.

This program is concerned only with fluorosurfactants and their
intermedifates. Other fluorinated substances such as “Freon" fluorocar
and fluoropolymers (e.g., "Teflon", "Viton", etc.) are not implicated.

(*) W. S. Guy, et.al:, Proceedings Amer. Chem. Soc., Fluorine and Biological Chemis
Symposium, Chicago, 26 August 1975, Paper 7, page 17.

N : EID110653
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CC: R. E, Putnam

6/27 - 9:00 Division Superintendents
11:00 Line Supv'n.-TEFLON®
2:00 Affected Wage Roll

June 27, 1978

TO: ALL DIVISION SUPERINTENDENTS
CHIEF CHEMIST

FROM: C. H. FOSHEE
PRODUCT SUPERINTENDENT ,

FLUOROSURFACTANTS ANNOUNCEMENT

Attached is a communications package pertaining
to the présence of organic fluorine in the blood of 3M
workers. We plan to communicate this information on
Tuesday, June 27. Information in the attached letter to
TEFLON® Supervision should be communicated to TEFLON®,
TEFLON® Research and TEFLON® Laboratory wage roll personnel.
The Questions and Answers are to be used as reference
material to respond to questions. A communications package

is being transmitted to unaffected divisions for information.

CHF:sc
Attachments
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June 27, 1978

TO: TEFLON® SUPERVISION

FROM: C. H. FOSHEE

FLUOROSURFACTANTS IN BLOOD

Through information provided by the 2M Company,
Du Pont has become aware that elevated organic fluorine levels
have been detected in the blood of 3M workers exposed to
certain fluorinated surfactants,

Du Pont does not manufacture these fluorochemicals,
but does purchase one of them for use in manufacturing TEFLON®
and FEP dispersions in the Fluorocarbons Division. The
surfactant we use is perfluoro-octanocic acid ammonium salt and
is commonly known as C-8. Du Pont does manufacture different
fluorinated surfactants at Deepwater, N. J. and these have
not been implicated with higher blood levels.

Fluorinated surfactants are water soluble chemicals
used for their marked ability to modify the wettability of
materials.

Our toxicological tests indicate that Du Pont's
fluorinated surfactants have a low order of toxicity. No
known ill effects which could be attributed to these chemicals
or C-8 have been detected among employees in more than 20
Years of experience with the products, '

Du Pont's handling procedures have been designed to
minimize exposure of employees to these fluorinated surfactants,
As a precautionary measure, however, Du Pont is reviewing its
procedures, medical records, and toxicological information
relating to these materials,

CHF:sc
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2a.

QUESTIONS AND ANSWERS

What is the effect of elevated organic fluorine levels
in blood?

Although 3M has found elevated organic fluorine levels
in the blood of workers exposed to certain fluorinated
intermediates, they have identified no related health

. effects in any of these workers or in those exposed to

the surfactants but are continuing a broad investigation.

Does Du Pont have information about organic fluorine
levels in the blood of its employees exposed to these
materials?

Not at this time.

Why not?

We had no reason to believe any problem of this type
existed and normal blood tests would not show this kind
of information unless you were looking precisely for
fluorine levels. While we have not specifically looked
at fluorine content in the blood, we have been satisfied
that no known health effects which could be attributed
to these chemicals have been detected among employees,

Will Du Pont be conducting blood tests on employees
at Washington Works who may have been exposed to
the fluorinated surfactant purchased from 3M?

We will check some employee blood levels to
establish a background level for fluorinated
compounds.

Are employees being notified of findings reported by 3M?
Yes,

What products are manufactured by Du Pont using the
fluorinated surfactants purchased from 3M?

The material purchased from 3M is used in the
polymerization process for making TEFLON® fluorocarbon
dispersions, These dispersions contain only about

one tenth of one percent (.001) or 1000 parts per
million of fluorinated surfactant,

. 000126 EID080243
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10.

11.

QUESTIONS AND ANSWERS

What are uses for the dispersions?

TEFLON® fluorocarbon dispersions are used to coat glass
fibers and metals. 1In the coating operation the
surfactants are destroyed by the sintering process
which is used. The only application where the fluoro-
surfactants are not destroyed is packings and gaskets.

Where are gaskets'and packings used?

We don't know all the places, however we can assume that
any operations where liquids are being transported might
use pump packings and gaskets.

If packings and gaskets are used in systems to transport
liquids, could they be coming into contact with liquids
ingested by humans?

It is possible. However, we believe most of the appli-
cations involving our dispersions in packings and gaskets
are industrial operations. Du Pont does not sanction the
use of unsintered TEFLON®, such as that involved in
packings and gaskets, and applications where the material
would come in contact with food, beverages or potable
water.

Are any consumer products made and sold by Du Pont
involved?

No. All materials using fluorinated surfactants which
could reach the consumer or general public are processed
in such a way that the surfactant is burned off before
it goes to the consumer.

Is there any problem involved with cookware which has
been coated with TEFLON®?
No.

What is meant when you say that Du Pont's fluorinated
surfactants have a low order of toxicity?

By a "low order of toxicity" we mean that a lethal does
would be about a cupful or eight fluid ounces of this
material.

EID080244
© 000127
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13.

14.

1s5.

16.

17.

Q.

-3 -

QUESTIONS AND ANSWERS

In 3M's findings, what were the elevated levels of
organic fluorine which they found in their workers?

The highest level 3M detected was 45 parts per million

of this material in a person's blood.

This is equal

to about one-tenth of a drop of the material in the
total blood content of the average human being.-

Why aren't the fluorinated surfactants manufactured
by Du Pont implicated by 3M's findings?

The surfactants which Du Pont manufactures are made by
a completely different process and are chemically

different than those made by 3M,

However, because of

their similar functional activity, it is possible they
may behave in a similar way but at this point we have
no data to confirm or deny this.

If Du Pont's fluorinated surfactants are not implicated,
why not use these materials instead of purchasing them

from 3M to make TEFLON®?

Chemically Du Pont's fluorinated surfactants behave
differently and are not suited to the existing process
for making TEFLON® fluorocarbon resins.

Are other companies involved and have they been alerted

about 3M's findings?

The 3M Company has notified its customers.

To the best

of our knowledge these are the only companies in the
United States involved. pu Pont intends to share all

of the information developed on this situation with any
companies in the U.S. and worldwide who might be involved.

Will Du Pont be notifying customers of the findings

reported by 3M?

We will share this information on a need-to-know basis.

Will Du Pont be informing the appropriate regulatory

agencies of this situation?

At this point in time we see no significant risk associ-

ated with the fluorine content in the blood.

The existence

of fluorine in blood has been known for 10 years and is

published in open literature.

000128
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QUESTIONS AND ASNWERS

Are these fluorinated surfactants found in the blood.
persistent?

Published literature indicates that fluorinated
compounds containing oxygen and nitrogen are

‘persistent. However, 3M has indicated that organic

fluorinated compounds are secreted by the body as a
waste product. Data are conflicting about the existence
of organic fluorinated compounds in animals.

0 00129 EID080246
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E. 1. pu PonT DE NEMOURS & COMPANY

INCORPORATESD

WILMINGTON, DELAWARE 19898
PLASTIC PRODUCTS AND RESINS DEPARTMENT

PERSONAL & CONFIDENTIAL | ‘

+  August 9, 1978

W. A. BOWER
WASHINGTON WORKS

P

"MEDICAL SURVEILI:ANCE PROGRAMS

The attached letter response of August 3 from Dr. Karrh
summarizes his recormendations applicable to both C-8 and Telomer-A
at Washington Works. Copies of the July 24 and June 16 letters,
to which he refers, are appended also. It is assumed that the
plant physicians will contact Dr. Karrh directly with any questions

and in connection with medical record reviews,

oy

R. M. S HERD
ENERGY & ENVIRONMENTAL AFFAIRS

MANUFACTURING DIVISION

RMS:1db
Attachment

17610010
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E l. pu PonT bE NEMOURS & COMPANY

INCORPORATED

WILMINGTON, DELAWARE

EMPLOYEE RELATIONS DEPARTMENT

August 3, 1978

R. M. SHEPHERD _
PP&R .
D-12019

C-8 EXPOSURE -- WASHINGTON WORKS
. MEDICAL SURVEILLANCE PROGRAM
Reference R.M.Shepherd to B.W. Karrh, July 31, 1978

I had received a copy of your letter to H. Moncure, and
Dr. Foderaro had contacted Dr. Alvarado at Washington Works. The

e plan they agreed to was for Dr. Alvarado to review the medical
L1 j\v records of employees who had been identified as previously having
y “"ﬁ’ . been exposed to C-8 compounds. He would be searching for any
ﬁﬂZAJE findings that could possibly be related to occupational factors.
= | We have not heard from Dr. Alvarado nor have we followed up.

The Medical Division recommends that employees poten-—

‘.,3 5 tially exposed to C-8 at the Washington Works have the same medical

L‘ﬂ}g surveillance program as was outlined in my July 24 letter to

wh UA‘ F. E. French: You will note this is our regular periodic examina-
. W\ tion and should be conducted at the same frequency, consistent with
y{\ the Company's periodic examination program. There are no

recommendations for special testing nor for an increased frequency .
 of examinations for employees working with C-8. The only other
.t’V’ recommendation is for those employees identified as having had
- il potential exposure to these compounds &= to have the blood test for
fluorochemicals. However, these tests should not be done until we

i ’ ‘have: established_the. background level of fluorochemlcals present .
k%° in"the blood of nonexposed persons. We will do this in the
(&pﬂ o+ |Medical Division as soon as Jackson Laboratory can take our blood
Ty specimens.
:]/"’ & )

You also 1nqu1re regarding my June 16 1etter to F. E.
Gyl French about the applicability and status -of the recomméendations
for Du Pont employees whose jobs have potential for exposures to
F7uw6a%n)81m11ar fluorochemicals. I recommend that Washington © Works follow

P—

Lo the same..seven.. actlon,polnts “as outlined._ in_that Lgtter. “Howevers

e

M~ e YOu ‘will recognize that Actlon Point 4 w1ll be done by the Medical

ivision. . e f
I A \[_)f ’.'.'vs.-: ,’ I . L,}
. : Please contact me -should you have additional questions
or comments.
. . EID080237 % oy /4&
BWK/ag : BRUCE W. KARRH, M.D.

THERE'S A WORLD OF THINGS WE ARE DCING SOMETHING ABOUT
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E. l DU PONT pE NEMOURS & COMPANY ) . .

INCONPORATED

WILMINGTON, DELAWARE

July 24, 1978

F. E. FRENCH
CD&P | -

MEDICAL EXAMINATIONS FOR FLUOROCHEMICAL WORKERS

3M's physical examination program for workers potentially
exposed to fluorochemicals was somewhat less extensive than our
routine periodic examination with one exception. A few 3M
employees, selected because their jobs had the greatest potential
for fluorochemical exposure, received special x-rays of the pelvis

. to determine if there was thickening of the bones consistent with

fluorosis. Incidentally, these x-rays were negative.

Our medical surveilléhce examinations for fluorochemical
workers should be the regular Du Pont periodic physical examination

consisting of

-

a health history questionnaire,
an examination by or under the superv151on of
- a physician,

urinalysis .

12 blood chemistry tests (glucose, BUN, SGOT, LDH,
alkaline phosphatase, bilirubin, total protein wi
albumin and globulin, calcium, phosphorus,
creatinine, uric acid, cholesterol)

00

00

© 7 hematology tests (white and red blood cell counts,
hemoglobin, Hematocrit, and red blood cell
indicies,
vision test,
audiogram,

14 x 17 posterio-anterior chest x-ray.

Height, weight, blood pressure, and pulse,
Screening pulmonary function tests (FEV] and FVC)
Electrocardiograms at the routine intervals.

000000

‘I recommend we not include special x-ray examinations.

AL |

BWK/ag ' rucéxw Karrh, d.D.
- EID080238
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Je | ' » T. W. Hanavan, Legadt
o o : ‘ H, Moncure, PP&R -~
. — S. Pell, ERD

m‘.:ﬂﬂtﬂ 1002 :
E. 1. 'bu PonT DE NEMOURS & COMPANY J. Foderaro,M.D.

INCCRPORATED .- B. C. MCKQSiCk‘, CR&D
WILMINGTON, DELAWARE

. EMPLOYEE RELATIONS DEPARTMENT

June 16, 1978

F. E. FRENCH
CD&P ,
B 17264

'FLUbROCHEMICALS IN BLOOD

- 3M has reported finding FC143, plus other unidentified
fluorochemicals in the blood of potentially exposed workers. As
yet, no adverse health effect has been detected in these workers
and the significance of these findings is unknown. These chemicals
‘have also been detected by tests on the workers' urine, with good
correlation with the blood test results but in very small quantities
Similar tests have not been done on the general population, although
a few tests have been done on plant office workers.

The Medical Division recommends the following course of
action for Du Pont employees whose jobs have potential for exposure
to Telomer A and its non-polymeric derivatives.

1. Review-all current operations and industrial hygiene
controls to insure that the potentials for exposures
are properly controlled.

2. Identify all employees who éurrently work or have

'Dcvﬁ— ~ worked jobs in which there is or was potential for

exposure to fluorochemicals.

{3.'Review the medical records of all such persons still
OIWPfJ&N~ employed by Du Pont, looking for consistent or unusual

}tv?EFA health occurrences or trends.
N ' .
4. Obtain blood fluorochemical levels on persons who have
I never had potential for occupational exposure to
UMLAh g! fluorochemicals to establish background levels for
Xl a baseline. These tests can be obtained on Wilmington
N office employees as a part of the periodic physical
examinations given in the Nemours Medical facility.
w7 5. Obtain blood fluorochemical levels on representative
(i A , hxf employees with various potentials for exposures to
T ;ﬁif' \ yarious fluorochemicals. If this is done at the same

EID080239
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000133




. ' o . -2-

time as the employee's periodic physical examination, a
comprehensive examination should be done with careful
Gocumentation of the results. A_urine specimen should.
‘be-obtained for later analysis for fluorochemical level:
in_the event—the-blood-level—-is _markedly elevated.

- 6. Review the physical findings of the workers examined
for consistent or unusual health occurrences or trends.

H
) 1t nt fj When such occurrences or trends are found and appear
fgyﬁ/ to be significant, consideration should be given to
Aﬁﬂ conducting similar physical and blood examinations on

non-exposed controls for comparison.

7. If the period of potential exposure has been of
sufficient duration and there is a sufficient number of

h* ¢ | employees, an epidemiologic study of the mortality of
AU N the cohort identified may be considered. A determina-.
ﬁﬁv”' tion can be made of the likelihood of having a mean-

dL‘ vohul ingful study after the number of previously exposed

would kst employees is determined.
- 1, Gve - . sl e s . .
De buls SYGRE Medical Division recommends proceeding with
this study in order as presented. However, we will need at least
two days to obtain proper supplies and inform our technicians of
the study and how to discuss the study with the employees.

o . L

BWK/ag ' ' RUCE W. KARRH, M.D.
‘ MEDICAL DIRECTOR

EID080240
: ' ‘ 000134
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September 20, 1978

PERSONAL AND CONFIDENTIAL S S
 FROM: Y. L. POWER, M.D. - L o -

A review of the medical records of eleven operators
and eighteen laboratorians who have had long-term exposure to
C-8 was undertaken.

As you would anticipate, a great variety of illnesses ;
and physical findings were found; but I do not believe any of
these are caused by exposure to C-8. Some of the illnesses

Minor elevations of many blood tests did occur in
1arger~than-anticipated numbers and are listed separately.
With the exception of one person, all of the elevations were .
borderline and not indicative of disease. One of the liver
function tests (SGOT) is most frequently elevated in the
operator group. However, no liver diseases were found. Many
of the laboratorians also work with Perclene, which is a known
hepatatoxin.

In conclusion, I could find no unusual health prob-
lems occurring in the group of people studied, with the
exception of borderline elevation of liver function tests.

Since it has been previously determined that C-8 is an hepata-
toxin, it is possible that C-8 may be causing very minimal, and"
certainly not clinically apparent, toxic effects to the liver.
Because the total number of records reviewed is small (31), I
do not believe any findings of this study are statistically
valid.

1. P

LP:vf

81¥100drv
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PERSONAL AND CONFIDENTIAL

¢ OPERATORS $ LABORATORIANS ANTICIPATED LEVEL
WITH ABNORMAL WITH ABNORMAL FROM STUDY 1976
LAB TEST TESTS ** TESTS (% WITH ABNORMAL TESTS)
* SGOT 60 11.2 - 14.21
* Alkaline
Phosphatase 30 16.7 6.84
. Albumin 10 16.7 1.58
Uric Acid 10 5.6 4.21
cﬁolesteral- 30 0 1.05
BUN 30 11.2 3.68
Glucose 10 27.8 1.58
Calcium 10 0 0
Total Protein 10 0 0
* Bilirubin 0 11.2 1.05
LDH 0 11.2 1.58

* Liver function tests.
** Only 10 operators had liver function test done.

61¥100drv
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E. |. ou PonT DE NEMOURS & COMPANY
INCORPORATED

WILMINGTON. DELAWARE

EMPLOYEERELNNdNSDEPARTMEN? T "

December 22, 1978

P. G. GILBY
CD&P
B-13265

CHAMBERS WORKS
FLUOROSULFACTANT STUDY

Dr. Pell had the study and was reviewing it. His —~— =7
comments are included.

SUMMARY :

There does not seem to be any adverse health effects’
reported in this study, with the possible exception of an effect
on the liver.

DISCUSSION

The-liver function tests should be tabulated to compare
the number of persons, not the number of tests, in each group.

The matching variables should have included payroll
class since there may be large differences pbetween wage and salary
employees in dispensary visits, absenteeisms, and the incidence of
certain diseases. :

Attachment I should show the number of persons for each
body system. The number of visits can be inflated by one person
making several visits for the same condition.

Dr. Pell would like to know how significant differences
were determined.

The percentage of smokers seems high in both groups .
compared to about 40% in the U.S.

The table on page 3 should show the number of employees
with abnormal liver function tests. )

The relation to diabetes is probably not important after
the initial exposure because the diagnosis was definitely made in
4 exposed employees VsS. 2 definite diabetes in the control group
and the diagnosis was suspected in 4 exposed employees vs.-5 in the
control group -

THERE'S A WORLD OF THINGS WE ARE DOING SOMETHING ABOUT

EID096510
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For liver function tests, data should be tabulated to
show the number of persons (not the number of tests) in each group
with abnormal results. Blood sugars should be tabulated the same
way, taking the diabetics into account.

To summarize, neither Dr. Pell nor I see any adverse
health effects reported in this study. However, we would like
to see the liver function tests tabulated to compare the number
of persons in each group rather than the number of tests, as
well as the other requests naoted above.

I apologize for not having responded sooner.

BWK/ag BRUCE W. KARRH, M.D.

EID096511
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GENERALOFFICES « 3M CENTER « SAINT PAUL, MINNESOTAS5101+« TEL. (812) 733-1110

Commercial Chemicals Oivision

February 7, 1979

Dr. Blaine McKusic

Associate Director

Haskell Laboratory for Toxicology
and Industrial Medicine

E.I. DuFONT DeNEMOURS & Co. Inc.
Wilmington, DE 19898

Dear Dr. McKusic:

At the request of Dr. L.C. Krogh, I am sending you copies
of the following reports from International Research and
Development Corporation:

1. One Ninety Day Subacute Rat Toxicity Study
using FLUORA Fluorochemical FC-143.

2. One Ninety Day Subagute Rhesus Monkey Toxicity
Study using FLUORA Fluorochemical FC-143.

If you have any questions concerning these reports please
contact Dr. Frank Ubel of our Medical Department. His
phaone number is 612-733-5181. U WU RN N -4\

Very trul rs, e VT Talk r\\Ay' Loe

AR S |
\

Q&L’\__ \‘Q‘k_o‘ o Bt \e.

R. A. Prokop
Manager, Research
Commercial Chemicals Division

RAP/kO
Enclosures RECE,VED
FEB 9 1979
HASKELL LAB. EID071855

DW81036530
MINNESOTA MINING ANO MANUFACTURING COMPANY

000139
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“" QP .

1.0V PONT DE NEMOURS & CoOMPANY
. ILORPORA .

cc: B. ¥. Karrh, M.D.

WILMINGTON, DELAWARE .

EMPLOY £ RELATIONS DEPARTMENT

March 15, 1979

PERSONAL AND CONPIDENTIAL

P. G. GILBY
CD&P ’
B-13265

. CHAMBERS WORKS
v ?LUOROSUL!ACTANT STUDY .
(Ref. Letter from RDR to PGG, 1/23/79) .

In response to our request to the plant for additionai
information to analyze the data statistically, we received a tab-
ulation of the Dispensary visits and Disability wage incidents in
the exposed and control groups (Attachment V). These data were
broken down by bocdy systems. We were also informed of the number
of employees in each group vwho had abnormzl liver function tests.

We performed a »chi-square” test to test the significance .
of differences between the exposed and control groups. The at-
tached table shows only those differences that were found to be
statistically significant. .

. In the category., "allergic, Endocrine, and Metabolic”
disorders, a significantly higher incidence was found in the
exposed group for both Dispensary Visits and Disability ¥age
jncidents. This was attributed in the report to a higher number
of diabetics in the exposed group. )

. The exposed group also showed signifiéantly higher numbers

for_'mantal and psyC oneurotic” disorders and for disorders of
“skin and cellular tissues." .

The control groﬁp, on the other hand, had considerably.
more Disability Wage i{ncidents for circulatory diseases, 25 com-
pared to 5. This difference is highly significant (P< 0.001).

Explanations for these differences cannot be found from
i tye ava@lab}e data. It would befhelpful to find out vwhat specific
: diagnosis within these general categories accounted for the
differences between the two groups. ’

8L£00021D
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-Jan. 26 99 02:02p DuPont-Chambers Works §09-540-4654

p.3
. -2 -
M.thouéh the number of employees with abnorial liver
function tests was notably higher in the exposed group (6 com-
pared to 1), the difference is not statistically significant
(PC0.05). Nevertheless, the data do suggest that the exposed
group may be at. an excess risk of developing liver disease, so
continued surveillance would be advisable.
. NEDICAL DIVISION
Sidney Pell
Manager
Epideniology Section
sé=msd
Attach.
Q)
A
g
~)
O
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STATUS REVIEW
FLUOROCHEMICALS IN BLOOD
5/22/79, PGG

Oon May 30, 1978, 3M inform:d Du Pont of findings of
organic fluorocarbons in blood of employees exposed’ to
long-chain perfluoro surface-active materials. Organic
fluoride_blood levels of 1 to 71 ppm gg;g_ggpggl_uﬂigﬁer
blnnd_lenels_ngre,associated-witﬁlbperations_where o
airbozne_mists—o:—dusts—generated-were-in—ranga_gf
48=-81-ppm. 3M reports that some trace level of organic
fluorine in humans is apparently normal, i.e. less than

1l ppm.

Du Pont Program and Status

Item “ Status
e Communication

1. Inform affected C.W. employees Complete 6/27/78
of 3M information.

e Toxicity

.1. Haskell 10-Day Subacute Feeding Complete
Tests for MPD-5004 (homolog _
mixture of ammonium perfluoroalkyl
carboxylates); perfluoroalkyl
methacrylates (ZFM, TLF-1837);

"Teflon" CSF Carpet Protector
(TLF-4113-D); Zonyl BA (Telomer B
Alcohol, TLF-1847); Zonyl FSC
(TLF-3635C); Zonyl FSN (TLF-4714C);
Zonyl FSD (TLF-3176); Zonyl Tela -
(Telomer A, TLF 4187).

2. Analysis of rat blood Done for rats fed
Zonyl FSN and Zony
BA.

® Medical Program

1. Review all current operations and Complete
industrial hygiene controls to
_insure that the potentials for
exposures are properly controlled.

- 2. 1Identify all employees who currently Complete
work or have worked jobs in which
there is or was potential for
exposure to fluorochemicals.

3. Review the medical records of all Complete
such persons still employed by
Du Pont, looking for consistent or
unusual health occurrences or trends.

9s¥100dIV
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Status

4. Obtain blood fluorochemical levels Complete
on persons who have never had
potential for occupational exposure
to fluorochemicals to establish
background levels for a baseline.

5. Obtain blood fluorochemical levels Complete for 55 ¢
on representative employees with 199 employees.
various potentials for exposures
to various fluorochemicals.

6. Review the physical findings of Complete
the workers examined for consistent
or unusual health occurrences or
trends.

7. 1If the period of potential exposure To be decided
has been of sufficient duration
and there is a sufficient number of
employees, an epidemiologic study
of the mortality of the cohort
identified may be considered. A
determination can be made of the.
likelihood of having a meaningful
study after the number of previously
exposed employees is determined.

e Program Cost to Date Total $149,400

1. Toxicity Testing MR-3089 17,00¢C
MR-3187 27,400
Total ¢ 44,400

2. Blood Analysis $105,000
(Additional blood analysis,
~ $500 each)

LSY100d(V
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CHAMBERS WORKS
FLUOROCHEMICALS IN BLOOD STUDY

(1) RESULTS OF STUDY - LEVELS OF FLUORINE IN THE BLOGD OF

CHAMBERS WoRKS EMPLOYEES, (INORGANIC AND LOW VOLATILITY

ORGANIC FLUORINE)

(2) InpDuSTRIAL HvcienE SURVEY
® MANUFACTURE OF TELOMER B ALCOHOL
@ MANUFACTURE OF ZEPEL® FLUOROMONOMER, ZONYL® FSN, RP,

FSE, FSP, UR-

R. D. RICHARDSON/AMB
18 May 1979

. EID080273
000145
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ORGANIC FLUORINE IN BLOOD

GrouP (SAMPLE S1ZE) . ppM OrGANIC FLUORINE®
3M DATA |
GENERAL POPULATION (106) 0,002 To 0.13
~ - a [0.021%*
PLANT OFFICE WORKER 0.01 to 0.06
PLANT WORKER — GENERAL 0,13 10 1.18

PLANT WORKER - LONG
SERVICE IN F/C AREA
NEWER PLANT 0.9 10 9.1 -
OLDER PLANT 5971071

Du PonT DATA

HILHINGTON CONTROL GROUP (25) (23 0F 25) 0 - 0,38 ***
: 0,034
CuaMBers Works Group (55) (54 oF 55) . 0 - 0.37 ****
£0.15]
CoNcCLUSIONS ]

© CHAMBERS WORKS EMPLOYEES DO NOT HAVE ELEVATED LEVELS OF ORGANIC
FLUORINE IN THEIR BLOOD AS WAS REPORTED FOR 3M WORKERS +
® THE MEAN VALUE FOR CHAMBERS WORKS EMPLOYEES WAS SLIGHTLY HIGHER
THAN THE WILMINGTON coNnTROL GRoup [0.15 VERSUS'U;OQQJ, BUT ALL
" VALUES ARE CONSIDERED TO BE “NORMAL” (<1 PPM) EXCEPT ONE VALUE
IN THE WILMINGTON conTRoL GRoup (10.6 peM).

* By DIFFERENCE BETWEEN sex  cyeepr 2 VALUES 10.6;
TOTAL AND INORGANIC FLUORINE 0.78
*# [MEDIAN VALUES] » ##%%  EXCEPT 1 VALUE 0,89 pPM
EID080274
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CHAMBERS WORKS FLUOROCHEMICALS COHORT

® (HaMBERS HORKS EMPLOYEES WERE IDENTIFIED WHO

(1) HAVE HAD JOB ASSIGNMENTS WITH POTENTIAL FOR EXPOSURE
(2) ARE STILL ACTIVE OR ARE READILY AVAILABLE ON SITE

e BLOGD SAMPLES’ TAKEN AT REGULARLY SCHEDULED PHYSICAL EXAMINATION

JoB ' Numer  NuMBER CHECKED .
ASSIGNMENT LocATION IDENTIFIED To DATE (%)
R&D JACKSON LaB. 50 18 (36)

TecHNIcAL LAB.
DEVELOPMENT Spec. CHEM. 36 6 (17)
MANUFACTURING ~ WEST , '
MANUFACTURING ~ SPEC. CHEM, 84 26 (31)

EAsT |

OTHER 29 5 a”n

199 55 (28)
© INFORMAL CHECK WITH SUPERVISION INDICATED THAT Grour (55)
SAMPLED WAS REPRESENTATIVE OF COHORT (199). |
5
EID080275
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CONCLUSIONS - INDUSTRIAL HYGIENE SURVEY

A) TeLoMER B ALCOHOL.AND ZFM MANUFACTURE

1

2

3)

4)

5)

ENVIRONMENTAL MONITORING DATA SUGGESTED CONDITIONS IN THE
MANUFACTURING FACILITIES TO BE NORMALLY <5 me/M> TBA
(8 HRS.), HOWEVER, EXCURSIONS TO RAISE THIS LEVEL TO
30 To 40 Me/M3 TBA (8 HRS.) HAVE BEEN OBSERVED ON
MULTIPLE OCCASIONS,

ADDITIONAL ENVIRONMENTAL MONITORING REQUIRED TO IDENTIFY
EXPOSURE SOURCES AND DEFINE POTENTIAL EXPOSURE LEVELS.
(IN PROGRESS)

MOST PROBABLE EXPOSURE SOURCES ARE DRUMMING AND—DEDRUMMING
FACILITIES, AND TO A LESSER EXTENT SAMPLING EQUIPMENT
AND PROCEDURES.

DRUMMING, DEDRUMMING AND SAMPLING FACILITIES ARE OF A LOW
STANDARD FOR CONTAINMENT BY ENGINEERING conTrOLs, (loT
ENCLOSED, MO LOCAL VENTILATION)

A CONTRIBUTING FACTOR IS THAT THE FACILITIES ARE ENCLOSED
IN A BUILDING, PROMPT ELIMINATION OF PROCESS LEAKS AND

- MAINTAINENCE OF VENTILATION IS ESSENTIAL,

B) TeLoMer B ALcoHoL Use AREAS

LIMITED, AVAILABLE, ENVIRONMENTAL DATA SUGGEST THE
POTENTIAL FOR EXPOSURE TO TBA (AND ZONYL® FSN) 1o BE
LOW.

. E
) | 000148 ID080281
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RECOMMENDATIONS

1) DISCONTINUE PROGRAM TO DETERMINE FLUORINE IN BLOOD,

“

2) ADVISE EMPLOYEES THAT BLOOD ANALYSIS PROGRAM HAS BEEN DIS-
CONTINUED DUE TO UNIFORMLY FAVORABLE RESULTS,

3) UPGRADE FACILITIES, IF REQUIRED, TO MEET HASKELL LABORATORY
EXPOSURE LIMIT GUIDELINES WHEN THESE ISSUE.

18 May 1979

000149 EID080282
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ORGANIC FLUOROCOMPOUNDS IN BLOOD

In May, 1978, 3M informed Du Pont of findings of organic
fluorocompounds in blood of employees exposed to long-chain .
" perfluoro-surface active materials. 3M reported airborne
contaminant levels up to 81 ppm in their operations and
organic fluorine blood levels of 1 to 71 ppm for exposed
workers. 3M reports that some level of organic fluorine
in humans is normal, i.e. equal to or less than 1 ppmn.

Chambers Works makes. functional equivalents to the 3M
fluorosurfactants and plant employees were informed of the 3M
findings in June 1978. Also a program was initiated to define
exposure potential in the Chambers Works fluorocompound manufacturing
and use operations, review the medical records of employees
assigned to these operations, determine ordanic fluorine levels
in the blood of such employees and to gather additional toxicity

information on selected plant fluorocompounds. Program results
are summarized below: ‘

° Airborne contaminant monitoring results show that
-+~ the highest potential for employee fluorocompound
exposure to be in the manufacturing facilities.
Eight hour time weighted average measuremgnts ranged
v, from «<0.3 ppm (5 mg/m3) to 2 ppm (40 mg/m”). The

drumming, dedrumming and sampling operations are
major contributors to exposures above 0.3 ppm.
Engineering control programs to reduce contaminant
emissions from these sources is underway.

© ° Blood samples were taken from a representative
sample of exposed employees and analyzed for organic
fluorine. The mean organic fluorine value for
Chambers Works employees was slightly higher than
the Wilmington control group (0.15 ppm versus 0.094 ppm)
but all values for exposed employees were less than
1l ppm. This program has been discontinued.

° A review and comparison of the medical records of
active fluorocompound exposed plant employees with *
a control group showed no adverse health effects.
However, while the difference is not statistically
. significant, the number of employees with abnormal
liver function tests was notably higher in the exposed
‘group (6 compared to 1l). Medical surveillance will be
continued with study update December, 1979.

691004V
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e 10-day subacute feeding tests carried out by Haskell

' showed compound related non-reversible effects for
three of the eight fluorocompounds tested.
Non-reversible liver and testes effects were noted
in rats fed 4,470 mg/kg/day Zonyl FSN and 850 mg/kg/day
Zonyl BA. Decreased sperm production was found in rats
fed 5,000 mg/kg/day Zonyl Tela. The need for further
toxicity testing is being studied. -

A meeting is being arranged through Haskell Laboratory to inform 3M
of the results of our program.

0LY100dlV
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PERSONAL & CONFIDENTIAL

TO:

MEETING ATTENDEES

FROM: P. G. GILBY

reached in the subject meeting.

De No L A

B. C. McKusick

B. W. Karrh, ERD
S. Pell, ERD

F. J. Marascia, CW
A. Dade, F&F

. M. Shepherd, PP¢
N Serenbetz, Elas.
J. Raines, PP&R

o S:

June 20, 1979

2
“ ¥~ FLUOROCHEMICALS IN BLOOD
5/22/79 MEETING SUMMARY

This letter is to summarize discussions and decisions

Item.

The Chambers Works program to

determine organic fluorine blood

levels will be discontinued.

Chambers Works employees will
be informed of the results and
discontinuance of the blood
analysis program. ’

Followup will be done in the
Wilmington control group
employee whose blood sample was
analyzed at 10.6 ppm organic
fluorine.

Medical records review study of
Chambers Works exposed and
control group will be updated
December 1979. Update will.

be limited to tabulation of
abnormal liver function tests.

~

It was agreed that:

Responsible for Coordination

R. Richardson

Dr. J. C. Bonnett (additional bl

sample has now been submitted fo:
analysis)

R. Richardson to submit updated
tabulation to P. G. Gilby for
transmission to Dr. S. Pell.

sh100drv
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Item Responsible for Coordination

® Blood analysis will be done R. M. Shepherd, PPs&R
for employees having potential
\ for exposure to 3M's FC-143 at
Washington Works. PP&R will
submit samples week of 6/18/79
to G. H. Patterson, CD&P,
Jackson Laboratory for analysis.

® Engineering control programs R. Richardson
to reduce Telomer B Alcohol
airborne contaminant levels
during drumming, dedrumming
and sampling will be defined
and projects initiated.

® Acceptable airborne W. Darnell (Request to Haskell
contaminant exposure limits submitted 6/12/79)
recommendations will be re-
quested for Telomer B Alcohol
(Zonyl BA), Telomer A (Zonyl
Tela) and ZFM.

® The need, if any, for R. E. Read
(1) further toxicity testing
of selected fluorochemicals,
(2) MSDS revisions and
(3) customer notifications
will be determined.

® A meeting will be set up F. E. French will coordinate
with 3M to review Du Pont through B. McKusick, Haskell
toxicity, blood and health '
information.

Discussion Summary

e Haskell completed 10-day subacute feeding tests and issued
reports for the eight fluorochemicals submitted by CD&P for
testing. Of the materials tested, compound related non-
rﬁ!ﬁxsible_live;—and—testes—eﬁfects_we:g,notedwin rats fed
4,470 mg/kg/day Zonyl FSN and ~850 mg/kg/day Telomer (Zonyl)
BA. Decreased sperm production was found in-rats fed

5,000 mg/kg/day Zonyl Tela.

e The medical records of 221 active Chambers Works employees
known to have potential for fluorochemical occupational
exposure were reviewed and compared to a control group.

The control group (221 employees) was randomly selected
from Chambers Works employees and matched as to sex, age
and A.5.D. No adverse health effects were noted. However,
while. the difference is not statistically significant (P £0.05),
the number of employees with abnormal liver function tests

was notably higher in the exposed group (6 compared to 1).
Continued surveillance igs warranted.

y ) 000154
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® Blood samples were taken from a representative sample (55)
of the Chambers Works exposed group and analyzed for organic
fluorine. Du Pont Wilmington employees (25) having no
|potential for fluorochemical occupational exposure were used
las the control group to establish base line levels. The
'mean value for Chambers Works employees was slightly higher
than the control group (0.15 versus 0.094 pPpm organic
fluorine), but all values are considered to be normal (41 ppm)
except one 10.6 ppm value found in the Wilmington control
.group. A second blood sample from this individual will be
taken and analyzed. Additional blood analysis of Chambers
Works employees is not warranted in view of the low values found.

® An industrial hygiene survey of selected Chambers Works
fluorochemical manufacturing and use facilities was carried
out. Fluorochemical exposure potential was found to be
low in the use facilities. Airborne contaminant lgvels in
the manufacturing facilities were normallg 45 mg/m® (0.26 ppm),
8 hr. TWA. However, levels up to 40 mg/m” (2.1 ppm),
8 hr. TWA were measured and additional monitoring is being
done to better define eéxposure sources. Most probable exposure
sources are drumming, dedrumming and sampling operations

- (facilities are not now enclosed and have no local exhaust

ventilation.) Engineering control programs to reduce airborne
contaminants from these operations are being developed and
projects will be initiated to improve these facilities.

e 3M's FC-123 fluorosurfactant is used at Spruance (TF) and
Washington Works (PP&R). PP&R will submit employee blood
samples for analysis. Textile Fibers have not yet reached

a decision on whether or not blood analysis is warranted for
their operations.

For additional information, see attached meeting charts.

PGG/bam
Att.
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Meeting Attendees:

Twmuy
nmZHMEO

Breckenridge

French

Hiestand

Knowles

Darnell

Cupp .
rcival, PP&R

Wright, TF

Bonnett, ER
Richardson, CW

Read, Jackson Lab
Patterson, Jackson Lab
Thayer, Jackson Lab
Trochimowicz, Haskell
Schneider, Haskell
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PERSONAL & CONFIDENTIAL

July 18, 1979

TO:  J. W. RAINES Wiz,
v
FROM: L. F. PERCIVAL ,gf Ruce M979
KAy

MINUTES ‘
REVIEW OF PRELIMINARY DATA
ORGANIC FLUORINE LEVELS IN BLOOD - WASHINGTON WORKS

Ref: (1) Letter J. F. Doughty to L. F. Percival,
"Data on C-8 Exposure", 7/17/79.

(2) Letter Dr. Y. L. Power, M.D. to W. A. Bower,
9/20/78.

R. E. Jackson, J..W. Raines and I met with Dr. B. W. Karrh

and B. C. McKusick on 7/18 to review the data in References 1 and 2.

Meeting with 3M Company - A meeting is planned* with 3M
Company (the C-E manufacturer) on 7/20 to review any new 3M data
and results from blood tests run at Chambers Works. It was agreed
that B. C. McKusick would report Washington Works' blood data as
results of a preliminary study; process data will not be given.
McKusick will report to PP&R any findings from the meeting that
are significant regarding plans outlined below.

Further Blood Sampling at WW - It was agreed that addi-
tional blood samples sEbu%% be taken at WW to meet the following
objectives:

#Meeting was arranged May 1979.

e Check all individuals currently exposed to C-8
in the semiworks (total 8), FEP E:lykettle
operator (total 13) and TFE polykettle operator
(total 13). '

e Verify that fluorine in blood levels is due to
C-8 exposure rather than from other fluorochemicals.
About 4 samples should be taken from "Teflon"
Monomer operators (or other personnel from the
“"Teflon" area) with no potential for C-8 exposure
for at least 10 years.

SLLIOOTH

EID107194
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J. W. RAINES -2 - July 18, 1979

e Define the biological decay, or buildup, rates of
fluorine in blood. WW should develop a program to
define decay rates or buildup of fluorine in blood
by a careful review of work histories and blood
sampling of certain individuals selected from list
described below. We should attempt to determine
if fluorine in blood levels increases with increasing
lengths (years) of exposure in the jobs with C-8
exposure. We should also sample a few individuals
who have left jobs with C-8 exposure for different
lengths of time (years). Development of such a
program will require careful planning and we would
like to review it as soon as practical.

CD&P has agreed to continue to analyze samples for PP&R.

To help meet the above objectives, lists should.be pre-
pared of all jobs (including mechanics) and personnel assigned
these jobs who would have been routinely potentially exposed to
C-8 for a significant period for the past 10 years.

Communication with Washington Works' Employees - Present
status should be communicated to alfected employees at an appro-
priate time. Public Affairs (C. Perry) is working with information
in Reference 1 and 2 to assist in statements to employees. The
statements should be cleared with J. W. Raines before being used.

Medical Follow-up - Dr. B. Karrh will review data summa-
rized in Reference Z directly with Dr. Power and request additional
medical analyses as needed. :

Dordrecht and Spruance (Textile Fibers) - We agreed to
defer sampling Dordrecht until further sampling has been completed
at WW. McKusick is advising Textile Fibers Department of our
present status. Some sampling of affected Spruance employees is
indicated.

: "Teflon' Customers - Any communication will be deferred
until plant studies are more complete.

Notification of EPA (Section 8(e) - Toxic Substances
Control Act) - The "Substantial Risk' Committee will review next
week to decide if a report under 8(e) is required. This will
also be discussed with 3M. T

LFP:1db
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Copies to:
. ’ S. N. Boyd, Jr., CD&P, B-16234
KS-337% REV.17S . W -
@]ﬂﬂ{ﬁ ‘A. A. Wright, Fibrs, N-4522
J. W. Raines, PP&R, D-12017
crauas ot ' F. J. Marascia/R. D. Richardson/R. E. Read, CD&l
E. I. ou PonT DE NEMOURs & Company  B. E. Simmons/M. S. Sadler, CRSD, D-6032
it \NCORPORATED _ C. F. Reinhardt/G. L. Kennedy, CR&D, Haskell
WILMINGTON, DELAWARE 19898 . - :
CENT:RAI. RESEARCH & DEVELOPMENT DEPARTMENT -
- &~
HASKELL LABORATORY g IIZ -
TOXICOI.?G-Y AND INDUSTRIAL MEDICINE 1y 23.%792‘" Aéﬁ' -8 (\‘
CONFIDENTIAL ' ' Re.
C
Y TN,
IS
G0y O
: %
MEMO TO: F. E. FRENCH, JR. 4

CD&P, B-17249 .
FROM : B. C. MC KUSICK WW @

DISCUSSION OF FLUOROCHEMICALS WITH 3M

On July 20, S. N. Boyd, G. L. Kennedy, F. J. Marascia, B. C. McRusick,
R. E. Read, and R. D. Richardson of Du Pont met in Chicago with F. D.
Griffith, L. C. Krogh, R. A. Prokop, and F. A. Ubel of 3M.

Richardson described measurements of organic fluorochemicals in blood
of fluorosurfactant production employees at Chambers Works*. 1In contrast
to experience at 3M, concentrations are normal. A retroactive study of
medical records found no adverse health effects. The blood analysis
program has been discontinued.

Kennedy described Haskell's subacute toxicity studies of CD&P fluoro-
chemicals*, They are consistent with 3M animal data.

Prokop of 3M described a gas chromatographic method to determine per-
fluoroBctanoic acid (FC-143) in blood, urine, liver, and other biological
materials. It can measure as little as 1.5 ppb. A paper has been pre-
pared (copy attached) that should appear in.about six months.

Ubel, the 3M medical director, said that no adverse liver effects or
other health effects have been found among employees in FC-143 operatioms.
Blood levels of organofluorine in employees have changed little despite
steps to lessen exposure. Blood levels of employees moved to locations
outside the fluorochemical area have dropped only slightly, although
measurable amounts of organic fluorine is excreted. This was illus-
trated by data on an employee who had been in the fluorochemical area
for 15 years and had the highest blood level of any (Table I).

EID107173

EvLI00TYH

(*Transparencies attached to copies of French, Simmons, & Reinhardt.)

BETTER THINGS FOR BETTER LIVING ... THROUGH CHEMISTRY
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MEMO TO: F. E. FRENCH, JR. -2- July 23, 1979

TABLE I

ORGANOFLUORINE IN ONE EMPLOYEE

Blood Ccrcentration, ppm ’ Urine Conc., ug/24 hr.

Date RF F- FC-143 __RF
July 76: 39 0.05
Oct 77 40 .03
Apr 78 71 _ 53
May 78 67 ‘

(At this point, he was transferred to another area)

June 6, 78 66 : 484
June 13, 78 71 272
July 78 66 160
Aug 78 55 175
Oct 78 59 160
Jan 79 45 220
Apr 79 47

3M got blood samples from 8 peasants in a Chinese village 30 miles from
Canton. The ogranic fluorine was siginficantly lower (0.004-0.017 ppm), than
values found in developed countries (e.g., 3M found 0.002-0.13 in 106 members
of the general U.S. populatiom).

Ubel said that a University of Minnesota professor is doing an epidemiology
study of 4000-5000 employees who have worked at the oldest and biggest 3M plant
manufacturing fluorochemicals. Nothing noteworthy has shown up, but the study
has a long way to go.

A year ago all employees in fluorochemical manufacture were told the
results of the blood study. 3M recently told them about it again. About 60
employees in the fluorochemical area have had blood organic fluorine measured.
All who have been found to have elevated organic fluorine blood levels have
been informed of the fact and told that 3M does not know what it means, but
that no adverse health effects have been related to it. The employees have
taken the information calmly. ,

Griffith, 3M manager of toxicology, reported data on 90-day studies of
FC-143 in rats and monkeys (see attachment). The effects were similar to what
Du Pont saw with similar materials. Thus, the liver was the main target organ.

There was no significant difference in effects between male and female

rats, but males retained about 100 times more FC-143'! Griffith said he would
send me details on this. '

EID107174
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MEMO TO: F. E. FRENCH, JR.- -3~ ~July 23, 1979

3M will start a metabolism study of radiolabeled C_F c*oza in rats
soon. This may show where FC-143 is being stored in thl %gdy.

Studies of FC-143 dust on animal skin indicates it does not penetrate
the skin easily.

3M indicated interest in another review in about a year, or whenever
one company has interesting results.

BCM/bjd

EID107175
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PLASTIC PRODUCTS AND RESINS DEPARTMENT

PERSONAL & CONFIDENTIAL

TO: R. L. RICHARDS

FROM: J. W. RAINES

July 25, 1979

Ml

. MUNDA
. MC KUSICK - CR&D
. KARRH - ER

. BOYD - CD&P
. WRIGHT

R
C
W
P. M. NORLING - ADMIN.
N
A

ORGANIC FiUOROCOMPOUNDS IN BLOOD

Published Article

Qrgan
Characterization,

y
was publishzad by the Ameril

reported organic
banks in 5 U.S.

1c Fluorocompounds in Human Plasma:
D. R. Traves,
cal Society in 1976.
fluorine in blood plasma obtained from blood
cities, determined by su

S. Guy

fluorine from total fluorine.

3M Company

May 30, 1978,
fluorine (I-71 ppm) 1in

perfluoro surfactants suc
octanoic acid (FC-143) which they supply to Du Pont.

They

btracting inorganic

informed Du Pont of elevated organic

group was less than 1 ppm.

blood of employees exposed to long chain
h as the ammonium salt of perfluoro-

Control

July 20, 1979, advised Du Pont:

e No adverse health effects.

e Decay rate after removal from exgosure relatively

slow (71 ppm- 47 ppm in one year

Prevalence and
and W. S. Brey, Jr.,

Fluorine in urine also
grams per 24 hours to
in 10 months).

FC-143 not adsorbed thr

University of Minnesota

decayed slowly (484 micro-

ough skin of rabbits.

professor is doing an

220 micrograms per 24 hours

6.L1001DI

epidemiology study on 4,000 - 5,000 employees who
worked at 3M's oldest and biggest fluorochemical

plant.

THERE'S A WORLD OF THINGS WE

ARE DOING SOMETHING ABOWUN
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R. L. RICHARDS -2 - July 25, 1979

e Eight Chinese peasants had significantly lower
(0.004 - 0.017 ppm) blood levels than general U.S.
population (0.002- 0.13 ppm). .

CD&P

Analyzed blood of 55 employees at Chambers Works. Average
.15 ppm, range O- .37 ppm. Discontinued blood sampling. Exposure
is not to same family of chemicals as that at Washington Works (WW)
and 3M.

° PP&R
e Analyzed blood of 8 employees potentially'exposed
to C-8 (FC-143) at WW.
2 Laboratorians. ~.4-.5 ppm
2 FEP Polymerization - 2.2-3.5 ppm
Operators
4 TFE Dispersion 9.5-21.1 ppm
Polynerization Operators
e No adverse health effects attributable to C-8.
e Decided not to report'to EPA under 8(e) of TOSCA
because fluorine in blood per se was disclosed in
1976 article and because no adverse health effect
is known, therefore, no substantial risk.
Program

e Obtain raw medical data from WW employees and
study by Corporate Medical to confirm that liver
function and other medical analyses are normal.

e Identify personnel in all jobs with potential
exposure to C-8 for the past 10 years at WW.

e Analyze blood samples (Jackson Lab will do) of
selected additional employees at WW to:

- Check all employees currently exposed to C-8.
- Verify that fluorine levels in blood are due
to C-8 exposure rather than other fluoro-

compounds.

- Define the decay rate (confirm that found
by 3M). )

08L100Td
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2  R. L. RICHARDS

-3 - July 25, 1979

(Cont'd)

- Communicate results of latest tests to Ww.
employeces before additional blood samples
are taken.

Defer blood sampling at Dordrecht until additional
results are in from WW. .

Textile Fibers will decide by August 3 about
sampling blood of employees at Spruance where
they produce fibers from poly TFE dispersion

containing .3% C-8.

EID107200
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18L100Ty



AR & AG_ 1461



[Py T L ) N R ]

[ POy ) c

E. 1. pu Pont be NcmMours & COMPANY

TLIMIIAT) O

WILMINGTON, DELAWARE 19898

LEGAL DEPARTMENT - RECE'VED
AUG 01 1979
BRUCE W. KARRH,

TO:  FILE - . O

FROM: EUGENE BERMAN

cc: P. M. Norling, Adm.
S. N. Boyd, Jr., CD&P Dept.
B. W. Karrh, M.D., Empl. Rel. De
E. D. Champney, Jr., PP&R Dept.
J. W. Raines, PP&R Dept.
} R. M. Shepherd, PP&R Dept.
A. A. Wright, Textile Fibers Dej
Z C. McXusick, CR&D Dept., Hasl
ya

~A63&33,;Z3825~Zz2qda\cnna_Q.;

July 30, 1979

g\ avsls ‘3 P NS T

FLUORINE BLOOD LEVELS

A meeting, attended by

the above individuals, was .

held on July 23, 1979 to review additional PP&R information
related to its use of ammonium perfluoro octanoate (3M's product
FC-143). The discussion included a review of (1) data provided
by 3M Company, including fluorine levels in blood and urine

measured in 3M employees exposed

to FC-143 and data on fluorine

blood levels in the general population, (2) fluorine blood
levels measured in eight PP&R Washington Works employees, as
well as levels measured in 55 CD&P Chambers Works employees,

and (3) available health data.

Based upon this review, it was concluded that the
information did not reasonably support a conclusion that a
substantial risk was presented, primarily based upon the absence
of any known adverse health effects related to fluorine in
blood. Accordingly, it was concluded that no reporting under

TSCA Scction 8(e) was reguired.

Corporate Medical Division

will continue its review of the Washington Works employees'’ :
medical data to confirm that there are no adverse health effects.

On July 26, 1979, I advised Robert Prokop of 31 of
our above conclusions with regard to Section 8(e) and our general
practice of reporting or otherwise publicizing relevant findings
even if they are not required to be reported under Section 8(e).
I asked Prokop to clarify what plans 3M had with regard to - :
publicizing this fluorine blood level information and/or directly
advising the relevant health agency of this ipformation. Prokop
indicated that he believed 3M was favorably disposed toward
disclosing this information and promised a more definitive response
next week after reviewing the matter with Lester Krogh (3M's

Division Vice President).

LB/caw

LLLIOOTY
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EMPLOYEZ RULATIONS DEPARTMENT

PERSONAL & CONFIDENTIAL )
August 28, 1979

Y. L. POWER, M.D.

MEDICAL SUPERINTENDENT,

pP&R DEPARTMENT

PARKERSBURG, W. VA. .

"STATUS REPORT ON WASHINGTON WORKS LIVER FUNCTIOHN SURVEY AND
CORONARY HEART DISEASE MORTALITY STUDY '

B. W. Karrh asked me to look into the liver function test
results for workers with C-8 exposure, and Y. L. Power: asked me to
examine myocardial infarction cases and deaths at the Plant.

Ss. Pell and R. M. Shepherd agreed that these items should be in-
vestigated.
) c’{ Oiﬂfc.!:"n . :

"V My preliminary results suggest that Cc-8 exposed workers
may possibly have positive liver function tests more often than
the plant population as a whole, and that the number of active
wage roll employeesf'having myocardial’infarctions from 1974 °
through 1977 was somewhat higher than was expected based on
Company-wide experience. #As a consequence of these preliminary
findings, the following steps are being taken:

(1) Liver function survey

\ R L. Power is having every tenth active
'Y %! employee's most recent SMA-12 test results
N O Qﬁ photocopied and sent to me. Included on
Qﬁ\ﬁd\y\ﬁ‘ each worker's SMA-12 sheet will be name,
T ARV the date the blood chemistries were done
and the worker‘s_age{fcﬂQ
Pt ot

- G. A. Ploeger is gathering exposure history

records for every worker selected by Y. L.
Power above (over 220 workers). These ex-—

Sf&ﬁ posure histories will contain the worker.'s

MY name, social security number, birth date,

¢ sex, ass, date hired, dates in
and out of the Teflon area, and the job

- . titles held during each period spent in

Teflon area.

L .menn IFPY?

. EID080214
000166




- Ploeger and Power will construct a list of
everyone who is currently potentially exposed
to C-8. SMA-12's and exposure histories for
these workers will be sent to me. Ploeger -
and Power estimate that it will be two to
three weeks before all SMA-12's and exposure
histories can be supplied. )

(2) Coronary heart disease mortality’ Qéwwgﬁf
_f1“ - R. Dyer is seeing if it is possible to con- ‘ﬂ/?L‘
RN struct a list of pensioners who were receiving

a pension in 1957. If he can make such a list,
he should also be able to make lists for the
years 1958-1978, in which case we could study
coronary heart disease mortality among active
and pensioned employees.

MEDICAL DIVISION

£

. E. Fayerweather
Epidemiologist

WEF :msd
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Bower/R. J. Burger

PoNT DE NEMOURS & COMPANY C. R. Campbell
{nconroRATED J. L. Granquist
P. O. Box 1217
) Y. L. Power
PARKERSBURG, W. VA. 26101 .

P. Thistleton

PLASTIC PRODUCTS AND RESINS DEPARTMENT

October 1, 1979

PERSONAL AND CONFIDENTIAL

TO: R. M. SHEPHERD
ENERGY AND ENVIRONMENTAL AFFAIRS
WILMINGTON
FROM: J. F. DOUGHTY
WAS i;f%z WORK
-G

ORGANIC FLUORIDES IN BLOOD ANALYSES

A table 1s attached showing the results we have obtained
to date. We plan to update the table when the remainder of the
blood results are available. Please destroy the previous letter
dated September 20, 1979. All of the organic fluoride results
shown were incorrect because the inorganic fluoride was not sub-
tracted from the total nonvolatile fluoride.

JFD:sah
Attachment

EID080255

BETTER THINGS FOR BETTER LIVONG.. - - THROUGH CHEMISTRY
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PERSONAL AND CONFIDENTIAL

ORGANIC FLUORIDES IN BLOOD SAMPLES

ORGANIC
P.R. FLUORIDE
NAME NO. ZONE PPM COMMENTS
GRANULAR . OPERATORS
Polymerization £
. alad Ay picgdr
2 6 0.7 #0611, 1%3% p
5]
3 of
ir 2 6 2.33 Exposure since 1966, granular polymer-
a ization since 2/74. »
E 6F 0.52  Special job. Relief on granular ,5?‘ "
polymerization about 1 day/week. s ]
6 3.54 EEP—d—:Lepers n-8/70-12/71+ . ;
_'.I )aj/'f'}lzdjl (p*J
6 5.61 - o2 r/“'»f XA S AR
) X 1";': S ;I/AJ Vb ';?.'-""‘ "’“:(l St '-:
6 3.91 9/71 to present.
e I LIS 2. ;f.,...r..t. o
i 6 6.84 ;. f"£' 9i3% &va, el
6 . HP3E peet
i 5’ % /« lt‘,-l"
Finishin o . .
o PV RPRTE B SR R
. J J e .
4 2.06 A 2 ipics ¥
. ': "';"'I;?',. RISRE RN RN -v".-- " '._'(1'"'- ! ’:."--. Jﬁﬁ.“
BEST COPY AVAILABLE 06 gutaiied f ot T 57
4 0.72 Detailed to granular polymerization 8
of last 10 weeks as of 9/13/79.
FINE POWDER/DISPERSION
OPERATOR
Polymertzation fe; ) ; /,,-.';'?'.-.r?-r,
1 rﬁom o fvig, PO AU AT
6 H'} ‘/ Ul/l).? "" ‘J‘L..; r-'T' , p oo ) . :/
- R 4200 GI8ET N
22.17) g2l D gty HUE GRET 2
6 ) 4l Suve /63
6 0.17 - S/ A raieer
, f, by ST '-:-4- / ; -.'/H-L
cr . Jos e hi
6 (9.53) 9.25 Ylif B f*% etrt U Ve / »
Y -~ ety
6 1.52 F.2 40 axd @y et SEET TRy

( ) Previous blood samples taken in June.

#la y.Y 3 weds T,

EID080256
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ORGANIC
P.R. FLUORIDE
NAME NO. ZONE PPM COMMENTS
‘Polymerization (Cont.) '
6F . 0.59 /67 Z;l,;aw.J T g g Al
a 16l - i
E] 6 00.% I 1960 to present.
S er (10.56) % 0 198 A prased '
n -+ o Y _j:{'z-z _r':;‘.c‘,v'— PSR LAl
B 6 s 13.7s *f/éf‘-v pw,f, Buna 4310 (70
{
\4
6 1.60 11/75 to pres;nt. " 443,,r;re’:~~'=‘:!‘:}.’i t/,/-; EA ?9’
st 6 385 sz gl RbagB) LT T
4 T T .
N LR T et E
6 5090 LA f‘(‘/(_aw
6 0038 'f)‘ "‘q Z& [ b i ;e :‘-{ rat -.'-';': :.‘ (-'.l' :::.:‘
'—./‘:‘ .."‘s/i/:-.-".-rl"' : =t
6 6-91r ’ . ) o’- PRI -
S Y A 4 l};’.[rlf'l'} ,‘;/ }‘,‘--,.i.;-':‘:.}:-’-."‘x Pl ‘ -
6. . A
~ o p-zb_;l.:v‘f
6 0.98 F.P. dryer and P.0. 2/75-5/76, some gran-
ular polymerization. F.P./disp. polymer-
ization 4/79 to present.
4
6 3"”, n C-,,/?—’.fa_ ‘ Qf.-l-’ ‘72“47”?"
/')7 4r- o-f( }
6 3023 ¢7/,‘-:J é “7:"‘_"~--T
B ' s N '.. r’-,
Service Operator e "I)J ol A ‘,!;;/‘5?),.-,:.-,-_.;.\. Apaitn
" I lp’i’ A .-',":'.";
4 4.491 Wa-reheuse-‘—deta'ﬁed—to-other‘ jobs.
4 1.98 F.P. dryer since 11/78. ' 4
m 4 th s4 - F . ao'n’.{ll ﬁ'f-{pxg""’:f’. no, f’:’//: .,:~f'>'~"-/""f
et = L A%
I Y R A s o
4 103 ‘F\P: C ey C
Phibegt . 0T i
4 2.92 18/15 23/-"'-“-*"”5'1" 7
BEST COPY AVA"_ABLE 4 0.50 3/79 to present all 3 jobs.
4 1.04
4 1.80 F.P. packout.

( ) Previous blood samples taken in June.

py100dIV

EID080257
0001772
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ORGANIC ’
) P.R. FLUORIDE
NAME NO. ZONE PPM COMMENTS

Service Operator (Cont.)

h» N
[=]
=
e
Q
<
S
MONOMER OPERATORS
FEP OPERATORS
Polymerization
Avene
BEST COPY AVAILABLE

6F

=,

6

2.97 F /’,,Qw.(\ 17 “J"a‘-) F. /; { 0, v“‘a’“ﬂ e

3 yse
- 3.99  jama /’é,w.u;f 2 Py and P.O.

(1.36)

(3.61)

( ) Previous blood samples taken in June.

230 p tis—to-polymers
LT Ry Boray S vl
1.78 F.P. packout. ’

18- F‘ﬂ P.0 'l)?p A P-fu,’* ‘-":.’41‘1“»«"-?
,'gl P“'(y'::‘.lx.«'«gﬂ_ {,}.

0.35
0.39
0.08
0i54
0.17
0.37

0.52

0.99 1976 to present.takatlddigT”‘zu'

PO

1.72 1976 to present.i'_z(./‘_g‘,!.f,t 4:-'.":.:-._:_15"1 e I A

2.7/ Disp. 1964-1971; polymerization 1976
to present.

041 1976 to present.
2/0 1976 to present.

4.64 Disp. 10/60-11/63; polymerization 1976
to present.

sreedtnm

3'70 1976 to present. J/,,;,, %en? [/,;L cer-t 11,
1.99 1976 to present.
EID080258 AJP001443

000173
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ORGANIC
P.R. FLUORIDE .
NAME NO. ZONE PPM COMMENTS

Polymerization (Cont.)

T a 6 }'45 1976 to present.
=
B 6 1.47 1976 to present.
A
P YRTP U i~ Il WY AL
S 6 U9 1976 to present,wiidiipors it ey
= 6 4.52  10/77 to present. gyl i "‘/ff'?*ﬂu-
6 4.14 12/76 to present. ag/lid ipeane, J;“j,.‘, ot
Dispersion .f
g 7. L
4 131 b1 P
RESEARCH
Research Chemists
L] 0.43
0.45
Semiworks Laboratorians
6 0.44 5/70 to present.
. u\(!-nl f"f’ {f//ct ”I“f,
6 1.50 8/77 to present, pcsstbiy—addttional i
exposure_in-production. sl wies 2 edTe /"’J"
, ((_' \‘..,,. u) e ,'-;,.: ‘ ;,‘ T':“ '/-_ n m){l
6F 0.24 4/77 to present. Nj93
6 0.70 2/75 to present.
6 (0.46) 0.26 4/77 to present.
BEST COPY AVAILABLE
6 0.30 7/69 to 10/72, 5/79 to present.
. - PR AR A
d 6F 0.24 8/77 to present. ;»-::;-“’"”5 o
' Qf‘ygﬂ
— i WEL 6 (0.72) 0.59 10/72 to present. - ,wén-y AR T
Zf"'“'*"f“*‘v 3634 245
MONOMER OPERATORS WITH
PAST FINE POWDER/DISP. . -
POLYMERIZATION EXPOSURE .
_. 7 L ﬂ/{,” cplel 162 % 205 5
' : Ve rpen : 5l 1 2 T8 e
3

( ) Previous blood samples taken in June.

EID080259
) 000174
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ORGANIC
P.R. FLUORIDE |
NAME NO.  ZONE PPM COMMENTS _
MONOMER OPERATORS WITH
PAST FINE POWDER/DISP, 5 117
POLYMERIZATION EXPOSURE (Cont.) , e
. 529 . Ll 'g o 1
a Morew q
E 7. ‘56{.{\- {/},ﬂ;ﬂ- ‘7/{ 245 "/l’ A
9 Borensropidy 23
5
FOREMAN VOLUNTEER = ‘
069 arire ;ﬁ.« A C-P10[56 7% 3163
W v,./ %)‘ "2//7
c@fd/;vrv }/é’f W/W"/
JFDoughty:sah
10/1/79 BEST Cory AVA“-ABLE

Syy100drv

000175 EID080260
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P. Thistleton -
PLASTIC PRODUCTS AND RESINS DEPARTMENT

October’ 10, 1979

PERSONAL AND CONFIDEN;I‘IP-.L

TO: R. M. SHEPHERD .
ENERGY AND ENVIRONMENTAL AFFAIRS
WILMINGTON : .

FROM: J. F. DOUGHTY T

D
WASHINGION WO
Vi

ORGANIC FLUORIDES IN BLQOD' ANALYSES

L table is attached showing the results we have
obtained. We plan to update the table when additional work
history information is available on the monomer operators.

JFD:mps
At;achment

000176

EID080732
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ORGANIC FLUORIDES IN BLOOD SAMPLES

"

ORGANIC

, P.R. FLUORIDE . :
- 4 NAME : NO. ZONE PPM COMMENTS -
GRANULAR OPERATORS
Polymerization
a 6 . 0.47 8/60-6/71, 12/72 to. preseat
. e . * .
@) 6 2,33 Exposure since 1968, granular polymer-
E§ T 1zation since 2/74.
§ 6F - 0.52 special job. Relief on granular
polymerization about 1 day/keek
2/69 to present.
6 3.54 F.P. P.O. 8/62 to 3/69, FEP polymer-
ization 8/69 to 7/70, polymerization
12/71 to present
6 5.61 12/72 to present, others jobs since 5/55
6 3.91 . 9/71 to present.
= 3" 6 6.84 - FP, P.O. 9/65 to 12/72, polymerization
Lo 9/73 to present
. 6 _ 2.23 3/76 to present.
. Finishing '
a 4 2.06 Disp. P.O. 9/71 to 7/72, details to
: . polymerization 5/76 to present.
¢ E 4 0.69 Detailed to polymérization 65 days in
: ' past 5 months.
Toem . 4 , 0.72 Detailed to granular polymerization
} . 8 of last 10 weeks as of 9/13/79.
FINE 'POWDER/DISPERSION
OPERATOR
" Polymerization
6 4.39 F.P. Dryers and Disp. P.O. 9/76 to

= 6(22:17) 21.22 —

-

4/79, Polymerization 4/79 to present. .

Service: operator jobs 6/56 to 6/60,

. polymerization since 2/63.

'> - L

( ) Previous blood samples taken in June. u = ;! £
B 000177 - % EID080733
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* ORGANIC
: P.R. FLUORIDE _
NAME NO. . ZONE PPM . COMMENTS

I
il

i

Polymerization (Cont.)

-

6 0.17 * 8/76 to present.

(=]
=
| 6 {9.53) 8.25 — 4/62 to present, others job
% previous 6 years.
=) ) .
§ 6 1.52 F.P. P.O. and Dryer 6/66 to 3/72,
". polymerization 2/74 to present.
A .
6F 0.59 ° 3/63 to present, except monomer
. Operator 10/77-4/79.
6 - " 20.81 . 1960 to present. .
* =963 - ] :
6F (10.56) 8.70 — 11/75 to present.
Y g _ )
6 -(15.02)13.75 — 4/62 to present. Service operator-
' jobs previous 4 years.
6 1.60 11/75 to present.
st 6 3.55 3/76 to B/78 F.P. dryer, pblymer-
' E ization 8/78 to preseat.
- 6 . :5.90 .5/65 to present, ‘service operator
‘'jobs additional 5 years.
c 6 0.38 3/79 to present.
6 6.91 4/77 to ‘present, FEP service
: operator 2/75 to 4/17
6 - 16.89> - F.P. dryer 10/75 to 4/77, polymer-
» ization 8/78 to present. .
6 © 0.98 ' P.P. dryer and P.O. 2/75-5/76,
some granular polymerization.
F.P./disp. polymerization 4/79
to present. :
6 . 3.81 Service operator jobs 9/72-11/77.
' " Polymerization 11/77 to present.
6 © 3.23. _ .8/76 to present
; R 0~ | L
- () Previous blood.samples taken in June. -5 3
= ‘ ';" 9 A'
12- 47 \
EID080734 13 -7 )

€EC100d(V
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. P. R.
NAME 0.
< service Operator
o
=
e
S o o
«
am 5

"

MCNOMER OPERATORS

" ORGANIC

FLUORIDE
ZONE ) PPM
4 4.97
4 1.98
4 4,84
4F 2.24
4 . 1.03
4 2.92
4 0.50
4 1.04
4 1.80
4 2.97
4 3.89
4 - 2.30
4 . 1.78
4 11.81
7 0.35
7 0.39
7 0.08
6E 0.54
7 0.17
7 _ 0.37
7 0.52

. COMMENTS

“F.P. dryer and P.0. 6/66 to 12/69

Polymerization 10/77 to 10/78.

' P.P. Dryer since 11/78.

F.P. Dryer'and Disp. P.O. 9/76
to present.

Service 0perator~joﬁs 5/57 to -
present. ' |

3

12/78 to present F.P. Dryer,
detailed to polymerization.

3/79 to present all 3 jobs.;

F.P. packout.

F.P. Dryer 12 years, F.P. P.0
8 years, other 3 years.

12/72 to present F.P. Dryer and
P-o; ‘ ’ N

1/79 to present Disp. and

‘Polymerization.’

F.P. packout.

F.P. P.O.'11/76 to present, . -
Details to polymerization._

2 s s ot e - rmw

EID080735



NANE

FEP OPERATORS

Polymerization

Dispersion

RESEARCH

ORGANIC

Rescarch Chemists

>

P.R. FLUORIDE
NO. ZONE “PPH -
a
E .
3 1<
a 6 (1.36) 0.99
6F . 1.72 )
6 2.7
6 . 0.91
6 2.10
6 4.64
6 3.70
z&f)
6 (3.61) 1.99
6 *1.95
6 1.47
6 4.96
6 . 4.52
6 4.14
4 1.31
. 0.43
0.45

{ ) Previous blood ;émples taken in June.

. COMMENTS

1976 to present. Additional
exposure in homopolymers

1976 to present. Additional
exposure in homopolymers

Disp. 1964-1971; polymerization
1976 to present.

1976 to pregent.. ‘

1976 to present.

Disp. 10/60—11/63; polymerization
1976. to present.

1976 to present. Additional
exposure to homopolymers

1976 to present.
1976 tO'preseﬁt.
1976‘to present.

1976_£o present. Additional
exposure in hqmopolymers.

10/77 td present. Additional
exposure in homopolymers.

12/76 to present. Additional
exposure in homopolymers.

6/78 to present.-

EID080736
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. ORGANIC

R P.R. FLUORIDE
F=_ NAE : NO. ZONE ‘PPM - . COMMENTS

Sexiworks Laboratorians

a "6 0.44 _ 5/70 to present.
e 6 : 1.50 . 8/77 to present. Finishing operat:
% ' : 9/68 to’11/69, service operator
= B} 5/72 to 12/72, homopoly serxvice
) . operator 12/72 to 7/74, 8/75 to 1,
"6F  0.24 " 4/77 to present. '
. . 6 0.70 . . 2/75 to present. )
67 (0.46) 0.26 ° ° 4/77 to present.: .
2 6 - 0.30 . 7/69 to 10/72, 5/79 to present.
a ' | . - 6F 0.24 8/77 to present. Service operator
. T 2/75 to 9/75. :
6 (0.72) O.ég' 10/72 to present. Teflon exposure
N — 9/59-4/62, service operator 3/63-2,
- MCHOMER CPSRATORS WITH
=AST FINE POWDER/DISP.
POLYMZRIZETION EXPOSURE
7 * 6.66 ‘ Polymerization 1/62 to 10/78 -
‘ ' Monomer operator 1l months.
' « . B 5.29 Expoéure 5/62 to 5/77. Monomer .
e A e ' operator 28 months.’ - :
7 5.64 ) Exposure 9/62 to 11/77. .b_lonomer
P —— operator 22 months. ..
—i =3 3L '
FOREMAN VOLUNTEER : )
0.69 Various jobs with C-8 10/56 to
3/63.. Moriomer operator 3/63 to
2/69. Foreman 2/69 to present..
- S PR |
= P ! 3
- ( ) ‘Previous blood samples taken in June. J- = 3 g
| - 000181
JFDoughty :mps ' . 7T '

10/10/79 . ' - . EID080737
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pe Nemours & COMPANY

INCORPORATED

WILMINGTON, DELAWARE 19898

PLASTIC PRODUCTS AND RESINS DEPARTMENT

. KARRH - ER

. SERENBETZ - ELAS
. RHODES - TF

. JACKSON

October 16, 1979

»

MC KUSICK - HASKELL

TO: B. C. E. D. CHAMPNEY - PP&R
G. L. KENNEDY - HASKELL E. E. LEWIS - PP&R
V. A. BREWSTER - MEDICAL, ERD J. B. ARMITAGE - PP&R
W. E. FAYERWEATHER - MEDICAL, ERD J. W. RAINES - PP&R
¥. E. FRENCH - CD&F . L. F. PERCIVAL - PP&R
S. N. BOYD - CD&P J. F. DOUGHTY - WASH. WKS.
H. A. SMITH - ELAS P. THISTLETON - WASH. WKS.
E. E. SWAIN - F&F
A. C. HAVEN - INTERNATIONAL
A. A. WRIGHT - TF
i ’
FROM: R. M. SHEPHEEDZ JFa £C “?MG‘L“(M—
prr Ao f*“‘w‘%‘ﬁ
c-8 (FC-143) - AMMONIUM PERFLUOROOCTANOATE
You are invited to a meeting this Friday, October 19, 1979
at 1:15 p.m. in our Conference Room, D-12015 for an update on our
occupational health studies concerning the above chemical. The
agenda is as follows.
e Introduction - Shepherd
o Organic Fluorides in Blood - Thistleton
o Haskell Laboratory Report - Kennedy
Skin tests; 3M Co. liaison )
e Medical Studies - Status and Schedule -~ 'Fayenwgather
e Plant Program - Status and Plans - Thistleton
Handling Practices; Sampling
e Other Items - All
g
' =
RMS:1db IS
EID107158 b

THERE'S A WORLD OF THINGS WE ARE DOING SOMETHING A.BOUT ‘ 000182



C-8 (FC-143) - AMMONIUM PERFLUOROOCTANOATE

CHRONOLOGICAL SUMMARY OF REPORTS

. Qrganic Fluorides

No. of No. of in Blood

Month/Year Sources " People " Samples Aver. Range
_ (ppm) (pPm)
June 1978 3M Co. discussion 130 ? up to 70
May 1979 CD&P/Haskell review
3M Data
General Population 106 ? : 0.02 0.002-0.13
Plant Office Worker 0.01-0.06
Plant Worker General C 0.13-1.18
Plant Worker - F/C Area - newer plant - 0.9-9.1
- older plant - 5.9-71
Du Pont Data ‘
Wilmington Control 25 23 0.094% 0-0.38
Group
Chambers Works Group 55 54 0.15 0-0.37
(of 199)

July 1979 Du Pont Data
Initial Wash. Wks. 8 . 8 8.2 0.6-22

~ August 1979 3M Data

C-8 Packaging - 1 year service - 5-10
15-20 yrs. service - typical 10-20
Top levels : 30-70
Fl-Sulfonic Acid Area ‘\ 1-4

"Oct. 1979 Du Pont Data
Washington Works 78 86 .

0.1-22

9,100y

RMS:1db
_ 10/18/79 EID107159 000183



"AGENDA

' C-8 (FC-143) - AMMONIUM PERFLUOROOCTANOATE

Introduction
Organic Fluorides in Blood

Haskell Laboratory Report

Skin Tests; 3M Co. Liaison
Medical Studies - Status and Schedule

Plant Program - Status and Plans

Handling Practices; Sampling

Other Items

. Shepherd
Thistleton

- Kennedy

Fayerweather

Thistleton

. All

EID107160

- 000184

LTLIO0TE



AR 226 - IHCH



PERSONAL AND CONFIDENTIAL

CC: J. F. Doughty
Dr. Y. L. Power
C. R. Campbell
J. L. Granquist
L. W. Goin
J. J. Hegenbarth

Januvary 17, 1980

TO: C. 2. ROBINSON

FROM: PAUL THISTLETON fgf

" BLOOD ANALYSES

I obtained the following data from Erlk Kissa,
Jackson Lab, 1/16 and 1/17.

ORGANIC FLUORIDE

NAME ppm e
.0.72 23117 0 .28

0.60 0,856

0.83 o. 40

0.58 5 63

0 5s -

VE .

%MGE_ 0.66 5.72

0,57

These 3%?3@? are low and'do not support wider
sampling of mechanics.

Seven long service Monomer Operators had 0.1 to 0.5 ppm
organic fluoride (average 0.35 ppm). Eight semiworks ‘laboratorians
had 0.2 to 1.5 ppm organic fluoride (average 0.56 ppm). fThese

results were obtained from samples taken in August, 1979.

PT/nsw

EID080193
000185
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R. N. Ligo, M.D.
/5' Fell

E. I. ou PonT DE NeEMours & ComMpany

INConroRaaTED

WILMINGTON, DELAWARE 19898

EMPLOYEE RELAT) ONS DEPARTMENT

January 28, 19gp

J. W. RAINES - PP&R
R. M. SHEPHERD - PP&R
P. THISTLETON - PP&R

LIVER ENZYME STUDY oF WORKERS EXPOSED
TO C~-8 AT PARKERSBURG

060000414

The following is a summary of conclusions reached at our
meeting 1/25/80 to discuss the above study.

® Based on the above Study there ig no conclusive evidence of
an Occupationally related health problem among workers -
€xposed to C-8.

e
group and the mean Ap*+ in the FEP Process group are elevated
when compared to other plant groups. Those elevations do not
indicate conclusive evidence of a health Problem but they do

There were no significant differences of the mean bilirubin
and mean LDH**# blood levels of the cohorts when compared to other

plant groups.

* Serum glutamic oxalacetic transaminase
**Alkaline phosphatase
***Lactic dehydrogenase EID099433

BETTENR THINGS FoR BETTER LIVING . . . THROUGH CHEMISTRY

- 000186



¢ For epidemioclogical reasons, we recommend that duplicate

-

SMA-12's be obtained on employees in the éxposed cohorts and

continuation of biological monitoring of blood organic

l. Get fluoride levels on those employees not Yet tested but
-in cohort jobs.* '

2. Get fluoride levels in a Year or less on employees in
cohort jobs* ang already sampled.

3. In a year or less Teassess the need for and/or frequency
of additional Samples.

¢ We recommend that the Plant continue transmittal to the Medical
Division SMA-12's, relevant medical data, and relevant work
history data on all employees now in the study and employees
newly assigned to cohort jobs. This.includes non-Teflon® area
employees in the control group.

A report of the above study results from Bill Fayerweather
will follow in the near future.

MEDICAL DIVISION

< Y
Vann A. Brewster, M.D.
Asst. Medical Director

* TFE Polymerization Process Operator, TFE Service Operator,
FEP Polymerization Process Operator, FEP Service Operator, -
Monomer Operator

VAB/kcs

EID(099434

. 000187
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F&F DEPARTMENT

FC-143 DATA
FEBRUARY, 1980
Weeks workplace*
Exposure Blood Analysis = Conc. FC~143
SITE NAME (approx.) Total F (ppm) Organic F_(ppm) mg/m3
Tol2do VL;L  laeen:
e lmrartty190 2. 1.92 .0022
. l.dl c1;\;l“'4 292 1.08 0098 ‘.0011
Pro‘.w‘ inbe dovm 15 0082 0074 00033
o Aot damp. oven— .001
room
Philadelphia, PE (
. LX_.L(', Akl id 200 0.46 0036 0.00038
50 1.15 1.07 <.00016
r'Eladelphia, Plant :
Ruslibq bl Ted~190 0.6 0.5 © 0.0027
Procers Dpabn 250 1.02 " 0.92 .002
Roliil Oparhe 16*%* 0.46 0.37
Marshall Lab Rm 432 < 0.0001
250%** 1,12 1,02
Mean 0.97 0.88

Fairfie;d
Tvetest Opach 56 @ »28. (bomb) .005
Codbed gloge  Feboie 900. (torch) .007

* Area samples, not personal samples
** Relief worker

*%% Sprays every 2 weeks

BEST COPY AvAILABLE -

'S ijm
2/28/80

. EID079084
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. R.12003-R REV. 377 : cc: M. R. Warden — A. A. Wright - T.F. - Wi
- Rhodes - T.F. - Wilm.
. Shepherd - PP&R - Wilm.
e French - CD&P - Wilm.

Pl u;cmn.oz .
Brewster, M. D. - E.R, = W
E. 1. pu PonT DE NEMOURS & COMPANY
INCORPOR

aven Qlﬂ . McKusick - J. F. Morgan -
Haskell Lab.
SPRUANCE PLANT G. B. Faigle, Jr. - J. W. Williaws
P.O. Box 27001 R. L. Cook
VIRGINIA 23261 : . L. Loo ‘
RICHMONE: G. R. Anderson

¢}/ D. 0. Inslee, M. D.
\y P. S. Calvo, Jr.

’////“ ' ] H. J. Sampson
\ ’k File: TE-1
\
¥’ February 25, 1980

PERSONAL & CONFIDENTIAL REcg, VED

TEXTILE FIBERS DEPARTMENT Y

TO: G. L. WATTS / - g .yM:iB 2p 1980
FROM: E. R. PURCHASE /-/~7 BReys
// * M,

FC-143 FLUOROSURFACTANT
(Ref.: Letter, A. A. Wright to M. R. Warden, same subject, 10/29/79)

The reference letter r~views information on FC-143, a 3M Company product,
used at Parkersburg in Teflon® dispersion which in turm is used in Teflon® opera-
tions at Spruance. Blood tests on employees who work with FC-~143 showed up to
70 ppm of organic fluorine in 3M employees and up to 22 ppm in Parkersburg em-
ployees compared to a general background level of less than 1 ppm. No adverse
health effect has been detected in any of the exposed people. Tests at Haskell
Laboratory revealed that FC-143 readily penetrates the skin of animals and causes
l1iver damage and in heavy doses may cause death. In view of this information, a
decision was made to analyze blood samples from a small group of Spruance employees
with potential FC-143 exposure in Spinning and Finishing and a control group.

The analyses of blood samples were carried out at Jackson Laboratory by'
the same group that analyzed samples from Parkersburg. The results are shown below:

Fluorine, ppm

Employee Age Area Total (1) Inorganic Organic (2)
37 Spin. 0.34 0.21 0.13
58 Spin. 0.4 0.12 0.29
25 Spin. 0.18 0.11 0.07
28 Spin. 0.23 0.15 0.08
37 Fin. - 0.35 0.15 0.20
32 Fin. 0.18 - 0.18 -0.00
31 Control 0.21 0.20 0.01
24 Control 0.18 0.14 0.04
35 Control 0.18 - 0.15 0.03

(1) Non-volatile
(2) By difference

L1007

EID107155

BETTER THINGS FOR BETTER LIVING ... THROUGH CHCMISTR\;
000189_.




G. L. WATTS -2~ . February. 25, 1980

These results indicate that there is no significant exposure to FC-143.
This view is supported by personnel from Haskell Laboratory, Jackson Laboratory
and the Parkersburg plant, who consider that blood levels of organic fluorine
below 1 ppm are not significant. Therefore, we plan no further analysis of

blood samples from Spruance employees.

To ensure continued protection of personnel against exposure to FC-143,
operating procedures will continue to be based on no skin contact with Teflon®
dispersion. No special precautions are required for yarn handling. In routine
periodic audits of operating area conditions and practices, special attention
will be given to those factors which protect employees against exposure to FC-143.

ERP:fsg

EID107156

000190 .
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C-0-N-F-1-D-E-N-T-I-A-L

SUMMARY

ORGANIC FLUORIDES IN BLOOD SAMPLES

Number Range Average
Location Job Group . Sampled —EE0 i
- 26 0.2-21.7 5.79
Washington Works Process Operators - TFE .
13 0.9-5.0 2.83
Process Operators - FEP
Service Operators c 18 0.5-3-0 2.14
Mechans - 5 0.55-0.83 0.66
echanics
. . 8 0.2-1.5 0.586
Semi Works laboratorians .
7 0.1-0.5 0.35
Monomer Operators*
(*no service in polymer)
o | 25 0.0-0.78  0.13
Wilmington Background Group
. 55 0.0-0.37 0.15
Chambers Works CD&P Operators
(Fluoro Products)
: 14 0.02-0.21 0.12
Chambers Works - PPD *Kalrez" Operators
] 4 0.15-0.86 0.57
Experimental Sta.-PPD "Kalrez"
. 6 0.0-0.29 0.13
Spruance - TF npeflon” Fiber Process Operbws ,
9 0.36-1.92 0.89

Finishes Plants (F&F)

Tabrics Plant (FiF) (one sample - recheck and more samples recommended.)

950600ZM1Yd

R“S/is - . EID079036
3/3/30 )
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ER-0083 REV. 1-77

. ecc: B. W. Karrh/ J. C. Bonnett
—wsee W. E. Fayerweather/File
COTABUSNES 008
E. |. ou PonT DE NEMOURs & CoMPANY

WILMINGTON, DELAWARE 19898

EMPLOYEE RELATIONS DEPARTMENT

June 9, 1980

L. F. PERCIVAL
POLYMER PRODUCTS DEPARTMENT
WT 642 '

YOUR MEMO, JUNE 4, REQUESTING COMMENTS ON THE
WASHINGTON WORKS COMMUNICATION DRAFT "FLURO-
SURFACTANTS IN BLOOD"

I am concerned that the "Draft" implies that the Medical
Division will not continue the study of liver tests on those
employees potentially exposed to C-8. Even though we have found no
"conclusive evidence of an occupationally related health problem,"
we still cannot explain why the mean SGOT was significantly higher
among TFE process workers and that the mean AP was significantly
higher among FEP process and service workers.

Therefore, I recommend the following changes to the Draft:

e At the end of the second paragraph, page 1, add:
"However, it was recommended that the study of liver
tests continue."”

e At the bottom of page 2, add a fourth item:
"Continue to evaluate the liver tests of employees with
potential exposure to C-8."

Because of Bill Fayerweather's involvement, I would appre-
ciate your copying him in on any communication relating to the
evaluation of workers exposed to C-8. He will be sending you and
Dick the second draft of his epidemiological study within the
next few days.

MEDICAL DIVISION

S

ot~

VANN A. BREWSTER, M. D.
ASSISTANT MEDICAL DIRECTOR

VAB:mjk

¥$0000d9M

EID102477

OFTTFER THIMAS FORNDFIIFD (IVINTS .. THRAUGH CHEMISTRY
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C-8 COMMUNICATIONS MEETING

" DUTLINE, TALK & CHARTS
—

-

PERSONAL & CONFIDENTIAL

CC: R. J. Burger
C. R. Campbell
J. R. Broadway
J. L. Granquist
R. J. zipfel
P. Thistleton
G. H. Stoltz
C. A. Robinson
K. G. Kronberg
J. F. Doughty:

C. E. STEINER
7/31/80

EID079399
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C-8 COMMUNICATIONS MEETING OUTLINE

INTRODUCTION

[ Cc-8's desirable process qualities
@ Short C-8 history in TFE & FEP Manufacture

- TOXICITY
o Oral toxicity - slightly toxic
° Compare to other compounds
@  Skin contact - slightly to moderately toxic
[ ) Inhalation toxi;ity - highly toxic

e Compare to other compounds
® Concentrations found in area are lower

" INITIAL BLOOD TESTS

8 3M Data
L Our Results

* RECOGNIZING EXPECTED OPERATOR QUESTIONS - A transition

o Some disbelieve based on past experience

e Short history of chemicals in industry showing why we are careful

" MEDICAL RECORD STUDIES

o No evidence of health problem
° Studies thorough

" PROVISIONAL AEL

AEL committee has set provisional AEL of 0.55 mpb
Not yet firm AEL

day

L
o This very low number is to protect people who work with C-8 every
[

The low provisional AEL and goal to reduce blood fluorine is the
reason we are making changes in equipment and procedures.

'EQUIPMENT'IMPROVEMENTS

Ingredients addition hood and stack
Eliminate Weighing Citric Acid in C-8 hood
Raising Dryer Air supply Inlets

Seal Dryer Leaks .

additional Dryer Windows

Increase Ventillation During Outages
Removing C-8 from Dryer Exhausts

c- E.

Steiner

EID079400
000194

Goal to reduce exposure to solid C-8, airborn C-8 and C-8 solutions
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PROTECTIVE EQUIPMENT

Clothing and Gloves

o Needs to be disposable to prevent secondary contamination.

o An EOD is being prepared to evaluate clothing.

° pifferent protection levels for 3 exposure classes

Breathing

o Equipment improvements will reduce airborne C-8 but ﬁigh C-8
concentrations will still remain in some areas.

e Breathing air will be installed - ultimate- solution.

o comfo II air respirator with GMAH cartridge acceptable.

TESTING

- Personal Air Samples

° Will Resample.

" Blood Samples

° Blood sampling will be resumed.
® Frequent sampling is not necessary.

" Area Air Samples

:
| Will continue to define progress. |
® Often exceed provisional AEL before improvements. i

- SUMMARY

o Cc-8 is toxic but can be handled safely.

° People working with C-8 generally accumulate organic fluorine in
the blood, and levels generally correlate with job exposure
potential.

] Although this has caused no health effects continued exposure is
not tolerable.

° Our basic goals are to reduce exposures to below the provisional

AEL, and to reduce organic fluorine levels in blood of
exposed workers and prevent accumulation in new workers.
This will require egquipment changes that are being done.
Tt will also require use of disposable protective clothing and use
of breathing air or respirators for certain jobs.
One other indgredientient is needed -- your cooperation in
' "~ controlling this hazard. '

e

6/3/80
. 73/ EID079401
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" C-8 COMMUNICATION MEETING

The purpose of this meeting is to bring everyone up to
date on our findings regarding C-8, our immediate program, and

our long term plans.

Most‘of you know that C-8 is a fluorochemical surfactant
that is used for producing fine powder, dispersion, granular and
FEP. It has unique properties that allow it to wet Teflon's
sﬁrface, shorten reaction cycle time, stabilize dispersions and
provide sites for reactions. It has been used for Teflon® manufacture
for over 25 years. Other chemicals have been tested but none
match C-8's properties. Four years ago it was introduced in

FEP manufacture where it was a manufacturing improvement.

Let's look over the highlights of the Technical history
of C-8. 1In 1565 tests showed that C-8 was slightly toxic when
swallowed. This was not surprisipg; There is a dose level where
almost every chemical becomes poisonous, even water. (Chart 1).
This chart shows the oral toxicity of C-8 relative to some common
chemicals. These tests were done on animals, and represent what
dose would kill 50% of the animals tested. 1I've scaled up the
dose from test data to animal weights cémparable to an operator's
weight. You can see that C-8 is not as toxic as acetone. It has

a lower toxicity like table salt.

C-8, like table salt, can also be absorbed through the
skin vhere it is about as toxic as it is orally. But, based on

this low toxicity, no change in our safety program was necessary.

EID079402
000196
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In 1969 it was found that C-8 was more toxic by inhalation,

Chart 2. This second chart shows the approximate concentration

that will kill tést animals in a 4 hour period. This
approximate lethal concentration for rats exceeds anything we have
measured in the plant. The highest level ever measured in the
plant is about 1/4 of - that level -- and that a 1.1§pm leak
at the feed end of No. 3 dryer which has been repaired. The other
C-8 concentrations are generally about 1,000 to 10,000 times lower

than this so people working in the area see no immediate effect. (.004-.0:

npm)

However, since 3M informed us in 1978 of organic fluorine
being detected in the blood of their employees who worked with C—8,.we
-have been rev;éwing and expanding our C-8 program. We have
concluded éhaﬁ personnel routinely eiposed to C-8 will absorb it
in their body. Tests at Washington Works show that blood fluorine
levels which indicate C-8 levels generally correlate with

potential job exposure.

Repeated exposures can.
result in accumulation of C-8 in the blood. One of the things
that we are studying with the blood samples is the rate that C-8

is eliminated from the body.

Somé of the 0ld timers remember when C-8 was treated

with less respect and they wonder "Why is it suddenly harmful now?"

. EID079403
000197




Throughout the chemical industries over the last 50
vears this story has been repeated with the same disbelief but

often with more drastic consequences.

For example, carbon tetrachloride was used to clean
aﬁto parts and as a fire extinguisher for years, and now it
is known to cause damage in some people and is used with care.
The same story has been repeated several times for things like
chlgroform (which was used in cough suryp), methyl alcohol and

other chemicals.

The difference between the ending of the C-8 story and
the others is that Du Pont is reacting while C-8 levels in the

blood are low and before any damage is done in the body.

The medical data show that no one has been injured by
Cc-8 (Chart 4). The Medical Division after a thorough study has
concluded that ". . .there is no conclusive evidence of an
occupationally related health problem among workérs exposed to
C-8." All that was noted was a small increase in two liver .
enzyme levels. After 25 years of handling C-8 we see no damage
among the workers. However, the poténtial is there -- C-8 has
accumulated in the blood.
Because of this accumulation we have decided to undertake programs to

minimize accumulation of C-8 in the blood of new workers.

N EID079404
0001938
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The AEL Committee of Haskell Laboratories h#s set a
provisional Allowable Exposure Limif or "AEL" at 0.55 mpb of
C-8 in air. This very low proposal is based on a safety factor
of 800 below the level where reversible liver effects were
observed. An AEL is the same thing as a TLV or EGL -- it is a

safe concentration in the air of a working environment.

In order to meet the expected low AEL, equipment changes

are necessary to protect from solid, liquid and airborn C-8.

The next transparencies show the changes that have been

made recently to protect against C-8 exposure. To date we have:

o Modified the Fine Powder/Dispersion ingredients
addition hood to reduce C-8 emissions and bring |
the mixing operations into the hood. C-8 tools
will also be stored in the hood where possible.

o Improved the C-8 addition hood exhaust stack.

The hood exhaust stackwas close to an H & V inlet
on the roof.

N Removed operations that aon't have to be done in

the C-8 hood -- like citric acid weighing. This

has reduced exposure'of concentration to the operators.

The dryers have been improved also:

. Air supply inlets have been raised to remove

C-8 rich air from the ceiling.

EID079405
000199
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o Seals of No. 3 dryer doors and seams have been

improved.

[ Inspection windows have been added to reduce need

to open dryer doors.

We have also put guards inside the dryer that will permit
using the exhaust fans to remove C-8 when dryers are being cleaned.
This has reduced some C-8 concentrations, but more work is Fo be
done; for example, we plan to cover injection pump tanks, seal
openings in floor and vent oscillating feeder compartments, sealing

No. 3 dryer fanms.

The next chart shows the three different protection

levels required for three exposure classes: Low dry exposure,
high dry exposure and wet exposure. A disposable garpentsof the
appropriate deéign,.gloves and air protection are recommended for
each of theée.exposure classes. Sample garments. have been selected
and an EOD will be run to evaluate this clothing. Tyvek® was
selected over cloth or paper garments because it is light fairly
resistant to tearing, a good filter and disposable. Disposability
is required to prevent secondary contamination when laundering.
During this EOD, sample gamments will be tried and evaluated by

operators and mechanics.

C-8 will permeate all glove materials over a period of
time. New flock lined latex gloves will be used in jobs where
C-8 exposure is likely. Even these gloves will be permeated

by C-8 over a period of time, so these gloves will be disposed of

after each shift.

. EID079406
000200
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Breathing protection is very important to reducing C-8
exposures. Equipment improvements will reduce airborn C-8 in
most areas but there will still be areas where exposure, is possible.
A COMFO II air respiratér with a special GMAH cartridge is required
as a minimum. Breathing air is better and will be available soon.

The yellow 3M masks are not acceptable.

I1've had some gquestions on future C-8 air samples and
blood samples. We now have our baseline data and have mapped
out the problem areas. The procedures are modified and

equipment improved so C-8 exposures will be reduced.

Blood sampling will probably be done on
an annual basis in the future to define the real improvements

in C-8 control.
Let me summarize the items covered:

[ ] C-8 is toxic, but it can be used and controlled below
the proposed toxic limit.

[ In the past, people working with C-8 ﬁﬁve'
accumulated organic fluorine in the blood and levels
_generally correlate with job exposure potential.

o Although this has caused ﬁo health effects, continued
exposure should be minimized .with controls.

] Our objectiveAis to reduce exposures to below the
provisional AEL, and to reduce organic fluorine levels
in blood of exposed workers and to 1limit accumulation

in new workers.

EID079407
000201
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This will require equipment changes that are partially complet
It will also require use of disposable protective clothing
and use of breathing air or respirators for certain jobs.

One other ingredient is needed -- Total Division

cooperation in controlling this material.

19520041V
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CHART 1

ORAL TOXICITY

(Doses LETHAL To Aeout 50% oF ANIMALS)

, 0z./150 LB. ANIMAL
AceTONE 0.2 (Dos)

C-8 1.0 (Doe)

" TABLE SALT 7.2 (Ram)

" METHYLENE CHLORIDE 7.2 (Ram)
000203

E1D079409
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CHART 2

INHALATION TOXICITY

(APPROXIMATE LETHAL CONCENTRATIONS FOR 4-HOUR EXPOSURES WITH RATS)

MPM*
-8 41
METHANOL 300

* PN = MOLES PER MILLION -- SAME AS PARTS PER MILLION
BY VOLUME,

000204
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CHART 4

MEDICAL STUDIES

¢  MeprcaL vaxs:on 1/25/80 STATEMENT BASED ON LIVER ENZYME

STUDY == ", . . . THERE IS NO CONCLUSIVE EVIDENCE OF AN
OCCUPATIONALLY RELATED HEALTH PROBLEM AMONG WORKERS EXPOSED
10 C-8.”

¢  3M MeprcaL DirecTor IN 3/14/80 MEETING WITH Du PoNT STATED
THAT THEY HAVE NOT IDENTIFIED ANY SIGNIFICANT INDUSTRIAL
DISEASE RELATED To C-8 EXPOSURE,

0 No EVIDENCE OF HEALTH PROBLEMS IN MORE THAN 25 YEARS USE OF
C-8. HANDLING PRACTICES IN EARLIER YEARS HAD GREATER
EXPOSURE POTENTIAL THAN RECENT OPERATIONS.

CONCLUSION

o  NO CONCLUSIVE EVIDENCE OF HEALTH PROBLEMS RELATED To C-8
EXPOSURE,

000205

. EID079412
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Class 1

DR‘L IOW EXPOSURE

e Disposable TYVER®

coat or smock

e Disposable latex
gloves (or orange
rubber gloves if
yellow latex is
unavailable)

c-8 EXPOSbRE CLass
AND PROTECTIVE CLOTHING SUMMBARY

Class 2 Class 3
DRY HIGH EXPOSURE WET EXPOSURE
e Disposable TYVEK® e Disposable coated
coveralls with TYVEK® coveralls
hood or cap with hood or coated
smock - and coated
pants
® Disposable latex e Disposable latex
gloves gloves
& Black xubber e Black rubber

boots . boots

+ NOTE: Breathing air or COMFO II respirator with

CES/ikm.
5/13/80

@1H cartridge is also recommended for
all exposures, but are not J.ncluded as
part of this test

000206

EID079417
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SUMMARY

C-8 IS TOXIC .

PEOPLE ACCUMULATE C-8

NO HEALTH EFFECTS AT PRESENT LOW LEVELS
GOALS:

TO REDUCE EXPOSURE BELOW AEL

TO REDUCE ORGANIC FLUORINE IN BLOOD

REQUIRES:

EQUIPMENT CHANGES

DISPOSABLE PROTECTIVE CLOTHING AND GLOVES
BREATHING AIR OR COMFO II

COOPERATION

- 000207

EID079418
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LSTABLISHED WCZ CC: E. D. Champney, Jr. - Wilm.
E. I. pu PonT pE NEMOURS & COMPANY D. K. Duncan - Wilm.
inconPomATED J. W. Raines/R. M. Shepherd-wil
P. O. Box 1217 . , R. J. Burger
PARKERSBURG, W. Va, 26101 R. E. Putnam

POLYMER PRODUCTS DEPARTMENT

September 30, 1980

PERSONAL AND CONFIDENTIAL

TO: T. F. JORDAN
TOKYO

J. S. LINDELL
DORDRECHT

FROM: PAUL THISTLETON
WASHINGTON WORKS ¢

" TEFLON® DIVISIONS - C-8 (FC-143) CONTROL

Attached is a copy of the "Status and Program" that
was reviewed at our Teflon® Divisions' C-8 meeting on Sept. 25, 1980.

Please let me know if you have comments or questions.

Attachment

PT/nsw

. e

EID077237

"There's a worid of things we're doing something about
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SECTION
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C-8 REPLACEMENT
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JULY AUG,  SEPT.

A. OCOMMUNICATION MEETINGS

(1) August -

(2) Oct. -

B. EPIDEMIOLOGY

zgmmamﬁﬁnu..:am x
held for Mechanics, .
Operators and Research

Semiworks Operators.

Kronberg and Steiner

reviewed C-8 toxicity,

discussed engineering

controls, protective

equipment, etc.

Meeting(s) will be held
for laboratorians.

'STUDIES

a 125 -

(2) July -.

(3) July -

(4)August -

Medical Division Statement
based on liver enzyme study -
", . . there is no conclusive
evidence of an occupationally
related health problem among
workers exposed to C-8."
(report expected in Oct.).

Teflon® area workers had no X
significant excess of heart
attacks compared with rest

of plant. .

Teflon® area workers had X
no significant difference

in blood pressure from a
control group with no Teflon®
(ox C-8) exposure

(adjusted for age, smoking,etc)
3M Medical Dept. published a X
paper, "Health status of plant
workers exposed to fluoro-
chemicals - a preliminary
report."” in the American
Industrial Hygiene -
Association Journal.

cﬁ L

101
JAN. FEB. MARCH

EID077239

000210
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" 'STATUS AND 'PROGRAM

1981

- 'JULY ‘AUG. * 'SEPT. ‘OCT. NOV. DEC. JAN. FEB. M

C. BLOOD ANALYSES

(1) May - Comparison at Jackson Lab
showed good agreement of
3M (Bomb) and Du Pont
(Torch) methods at low
levels (0.3 and 1.2 ppm
fluorine).

EID077240

(2) May - C-8 Specific method
demonstrated at ESL
(improved 3M method) .

(3) 8/1 - Letter detailing blood - X
sampling program issued.
Includes comparison of
analytical methods and
discussion of data
interpretation.

000211

(4) 8/4 - Release of employee ) X
camunication "Fluoro—
surfactants in Blood" started.
It described blood sampling
plans and summarized overall

program.

(5) August - ESL established for C-8 X
Specific blood analyses.

(6) August - Sampling started for comparison X
of test methods. .

PT
9/23/:



C.

U.

- JULY AUG. 'SEPT.

BLOOD ANALYSES - (continued)

Gvo\wloonﬁmnwmo:omntmm@wowmwo . x
and Torch methods started :
at ESL. About 25 samples
from WW Teflon® workers
will be tested.

(8) Nov. = Decide which method should
be used for routine analyses.

(9) Nov. -~ Start routine sampling as
outlined in 8/1/80 letter.

TOXICITY TESTS AND
EXPOSURE LIMITS

(1) 2/11- - Inhalation subacute test
2/29 exposure period.

(2) 2/22 - Blood analyses finished for
skin subacute tests.

(3) August - Haskell Lab ingestion studies ° X
showed no significant sex
differences in lethal doses .
for guinea pigs, mice and
rats, Tests made by M
showed that female rats
eliminate C-8 much faster
than males.

(4) Oct. = Initial blood results from
inhalation subacute tests.

UH.

JAN.

1981

EID077241

000212

PT
9/23/8



'JULY AUG. 'SEPT.

"~ NOV.

DEC.

TOXICITY TESTS AND :
EXPOSURE LIMITS -' (continued)

(5) sept. -

(6)Jan '8l -
‘C~8 ‘SUPPLY
W 7731 -

(2) August -

(3) Sept. -

(4) 9/17 -

Haskell Lab report on X
skin subacute tests to
be issued.

AEL Committee Review

3M representatives X
visited WW to promote
rapid conversion from
current solid C-8 (from
ribbon dryer) to spray
dried C-8. Change in
dryer eliminates many of
their environmental
problems. Activity on
C-8 solution terminated
(at least temporarily).

450 1b. spray dried C-8 X
C-8 received from 3M for
evaluation. .

Fine powder, granular and - X
FEP made using spray dried

C-8 in POD tests. Dispersion

polymerization reaction rate

10 - 15% below noxmal.

Granular polymer thermal

stability below normal. May be

a problem with operator

acceptance because C-8 is

very fine and clings to

SOC00pS . 4
3M representatives visited X
WA to review spray dried C-8
evaluation. More semiworks
evaluation of samples will be
made before plant tests.

7

— i - w—— — —— VG _ e - e G e e S m Se— Gmn S N G e S e e e A G S e e Sme S eme e e e

‘JAN.

1981

FES.  MARCH

EID077242

PT
9/23/80
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"STATUS AND PROGRAM

JULY  AUG. SEPT.

© OCT. NOV.

+ DEC.

F. C-8 REPLACEMENT

(1) - 3/4 - Evaluation of "in-situ"

(2) May

surfactant recaommended.
(Morgan/Thistleton letter)

- Semiworks products made with

three fluorinated surfactants
appear to yield satisfactory
end product. Evaluation
continues.

(3) 5/8 - PMN* testing program reviewed

at Haskell Lab. Tests will
include monitoring blood
fluworide levels.

?: >cmcmﬁ| Tests authorized. Timing X

Amv **

depends on availability of
material.

- FEP Plant Test.

* Premanufacture notice as required by TOSCA.

** Timing depends on toxicity testing and plant availability.

JAN.

1981

FEB. MARCH

EID077243

PT
9/23/80
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EID077244

(2)

(3)

(4)

(5)

JULY ~ AUG.  SEPT.
I. ENGINEERING CONTROLS - FEP
(1) Sept. - Completed COD TY-077 X
Eliminate free falling streams
in clean room by installing
eductors under V-Disc press
and Torus Disc dryer
scrubber. -- ($32,000)
Coagulator to fluff bin seal.
July - Drafting request. X
Oct. =~ COD issue.
Dec. - Installed on one coagulator
New recycle tank to return recycle
tank fluff to fluff blender instead
of manual dipping.
Sept. — COD circulating X
($36,000)
Feb. - New tank installed. !
Eliminate the once/shift dumping
of coagulator bag filter.
Aug. - OOD TY-127 approved ($7800). X
Nov. - Installed
Provide means to vacuum sunp rather
than scoop polymer - COD TY-085 ($5900)
Sept. - Equipment due. X
Oct. - In use.
- w -

- NOV. DEC. 'JAN. FEB.

1981
MARCH

000215

PT
9/23/80
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1981
‘JULY ‘AUG. 'SEPT. ! " OCT. ~'NOV. ‘DEC. " 'JAN. FEB. MARCH
I. ENGINEERING CONTROLS - FEP - (continued) !
. 1
(6) Engineering controls at trayout. !
1
July - Rec'd recommendations from X )
Fernandes, ESD Consultant, !
on dust control and | 7o
ventilation. ' m
Aug. - Drafting request. X “ o
Q
Nov. - COD issue - ($40,000) : X =)
May '8l - Installation. J
i
(7) Eliminate polymer exhaust from ¢ J
coagulation bag filter. !
'
Sept - Receive bags from vendor X i
for evaluation. )
]
Nov. - Install first set. \ X
Dec. - Install second set, if ” X
necessary. : .
Jan. - Install third set, if _ X
necessary. " .
Feb. - Determine. final effluent | X
concentration and ]
determine necessary stack |
height. i
. ]
(8) Eliminate the manual dumping of i
the central vacuum system. I
Oct. - COD issue - ($17,750). " X
March '8l - Installed. ! X
l
-9 - PT

9/23/80
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EID07/ 1981

" JULY ~AUG.  SEPT. 'OCT. 'NOV. DEC. JAN. FEB. MARCH

I. ENGINEERING CONTROLS - FEP - (continued)

(9) Raise exhaust stacks of coagulation
and wet finishing bag filters.

March - Detemmine final concentration
after bag test.

April - Contact Wevodau for height
needed.

May - COD issue.

000217 *

(10) Investigate Shoe cleaner.

]
|

]

|

|

]

!

i

I

]

i

[}

|

|

|

July - Installed but removed from ¢ X v i
service twice due to |
decanter overflows. |
i

(11) Determine effect of Torus Disc i
|

|

|

|

|

4

]

|

i

|

i

|

|

]

1

product temperature on C-8
concentration.

Sept. ~ Asked ADG to set up bench X
scale work because too much

plant penalty.

Nov. - Complete bench scale work
and issue findings.

(12) Prevent hot steams containing polymer/
C-8 from flowing through sumps.

Sept. - COD TY-183 ($4700). X

Dec. - Installation

- 10 - PT -
9/23/8



EIDO077247 — . .
"STATUS AND PROGRAM

JULY ~ AUG. ~ SEPT.

~'OCT. 'NOV.

" DEC.

I. ENGINEERING CONTROLS = FEP (continued)

(13) Monitoring of equipment with RAM

(14)

(Real-time Aerxrosol Monitor) to
determine effectiveness of seals.

Jan. - Restart program.

Improve ventilation in clean room
through use of diamond plate on
top of grating.

COD on hold pending outcome of
eductor COD.

- 11 -

JAN.

1981

FEB. MARCH

PT

9/23/80 |
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- JULY

SEPT .

" OCT. ~'NOV.

UE.

" JAN.

4. 201

'FEB.

ENGINEERING CONTROLS-FINE POWDER/DISPERSION

(1) May - completed COD TX-586 - Raise Fine
Powder dryer air supply inlets to
exhaust additional airborme C-8
($1,200).

(2) May - oo:.@wmnmm COD TY-047 ~ Internal
Fine Powder dryer fan guards to
exhaust airborne C-8 during
outages - ($8,500).

(3) May - completed COD TY-048 - Additional
inspection windows for Fine Powder
dryers ($2,500).

(4) May - completed COD TY-061 - Improve
dispersion ingredients hood and
its exhaust stack - ($5,000).

Amv ‘May - Improved sealing of Fine Powder
Dryers - included bettex door
seals and sealing between dryer
sections.

(6) Oct. - Further improvements to be made
in dryer sealing.

(7) Reduce Fine Powder Dryer Exhaust Stacks'

C-8 emissions - ($100,000).
Nov. — COD approval
May '8l - Installation

(8) Oct. - Seal holes in floor above Fine
Fine Powder Dryers to reduce C-8
concentration upstairs.

(9) Increase exhaust capacity from #2 Dryer.

Oct. - COD issue.
Feb. - Installation

- 12 -

000219

PT
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TEFLON® DIVISIONS C-8 (FC-143) CONTROL

STATUS AND PROGRAM

SECTION

COMMUNICATION MEETINGS

EPIDEMIOLOGY STUDIES

BLOOD ANALYSES
TOXICITY TESTS AND EXPOSURE LIMITS

C-8 SUPPLY

: C-8 REPLACEMENT

AIR MONITORING
AIR MONITORING PROCEDURE

ENGINEERING CONTROLS FEP

ENGINEERING CONTROLS FINE POWDER/DISPERSION

PROTECTIVE EQUIPMENT

memeweowm,

CLOTHING

PROTECTIVE EQUIPMENT
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~ 1981

_ | , AUG. ~SEPL< 1 OCT. NOV.  DEC. . .
| \E/\ \ﬁ " BC JAN.  FEB.  MARCH
A. 2ZGZHO>HHOZ ‘MEETINGS :
. (1) A ine shi . o
. I
L
I i
1 N
' N
' o
: o
X \ Qe
I
(2) . Meeting(s) will beheld X
for laboratorians. ! : . W—-m
. — .
B. EPIDEMIOLOGY STUDIES | BEST CcOPY AVAILA
(1) 1/25 - Medical Division Statement ; |
based on liver enzyme study - '
", . . there is no conclusive '
evidence of an occupationally .
related health problem among '
workers exposed to C-8." '
(report expected in Oct.). |
(2) July - Teflon® area workers had no X !
significant excess of heart J
attacks compared with rest !
of plant. _ !
: ‘
(3) July - Teflon® area workers had X _\w ...\ Teflon orve .
. no significant difference Wedkers ane M ﬁ&T\eﬂx% Augs . X
in blood pressure from a whenreaa 3fg C-8 i.v&k%u ane on-
v control group with no Teflon® hogperdernacie Fuge a:_.sSu o
{or C-8) exposure \PQ!\.P\ & g Y e can W. é
: . (adjusted for age, smoking,etc) *7 “t7s E %
(4)0 3M Medical Dept. published auagy oy Aovke ore 2k of “Ylord prucsire
, "Health status of Neadings '~ Vet 12any Someti ”
sl 3 Fhea— £ P
ke o it 2 er 3 Neadingor .
'

T wTocnnIew " on
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" "STATUS 'AND 'PROGRAM

BLOOD ‘ANALYSES

May - Cowparison at Jackson
showed good agreement of

(2) May

(3) 8/L

(4) 8/4

It described blood samphng
/ plans and summarized overail
program.

(5) August - ESL established for Cc-8
Specific blood analyses.

(6) ?,umzmﬁ - Sampling started for comparison
of test methods.

1981
- JULY  AUG. - 'SEPT. g OCT. . NOV. ‘DEC. JAN. FEB. g

: i
|
'
'
1

! N

| N

' N

) o

: @

: o)
|
i
i
|
|
X |
|
|
i
|
|
|
X |
1
|
|
|
|
y-
X 1
|
1
X |
1

-3 - PT
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'STATU . ND "PROGRAM
. 1981

JULY ~AUG. ~SEPT. ' OCT. ~'NOV. ' 'DEC. 'JAN.  FEB. MAR

'BLOOD ANALYSES - (continued)

_
_
_
: _
(1) 9/2 - Comparison of C-8 Specific (G€) X 1
and Torch methods started |

at ESL. JDbsirt 2§ samples . !
!

]

|

'

i

from WW Teflon® workers
~wsaiepe tested.

c- 5 \n.”‘ S)O\H‘-‘)Oq\f SOOO(SS)GL)E
(8) Nov. - uoo&ouffmm...%&&ﬁwmv
Jbe-used for routine analyses.
() pec Jse o\m C-8/GC method appeakd i_\st.&vmn.}u\
(9) mmﬁ - Start routine sampling as D) Lo
’ outlined in 8/1/80 letter. A

000223

X ‘ X

Gvwcn:mﬁ..mmmxmwwggommnwosmnc&mm, x
. showed no significant sex
differences in lethal doses
for quinea pigs, mice and
rats. Tests made by 3M
showed that female rats
eliminate C-8 much faster
than males.

(4) oct. - Initial blood results from
inhalation .mcUmocﬂm tests.

-4 - PT
9/23/8
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JULY AUG.  'SEPT.

TOXICITY TESTS AND
EXPOSURE LIMITS' - (continued)

(5) Sept. - Haskell Lab report on X
. o skin subacute tests &e
. b issued. .

avumwﬂ.a.ﬂ-l AEL Cammittee Review

"C-8 SUPPLY

(1) q\u&&& 3M representatives X
’ visited WW to promote
rapid conversion from
current solid C-8 (from
ribbon dryer) to_spray -
dried C-8. Change in
dryér éliminates many of
their environmental
- problems. Activity on
’ C-8 solution texminated
(at least temporarily).

)

-(2) August$e 450 1b. spray dried C-8 X

C-8 received from 3M for
evaluation.

7

(3) mm@n.do. Fine powder, granular and X

FEP made using spray dried

.C-8 in BOD tests. Dispexrsion

polymerization reaction rate

10 ~ 15% below normal.

Granular polymer thermal

stability below noxmal. May be

a problem with operator

acceptance because C-8 is

very fine and clings to

SCOOpS . .
(4) 9/17/f> 3M representatives visited X

WW to review spray dried C-8

evaluation. More semiworks

evaluation of samples will be

C7OCNNTICNT A A farm WY Aank eAackao

UR.

hyz.

1981

000224
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(-l
* “STATUS ‘AND PROGRAM .

JULY  AUG.  SEPT. ! OCT.  NOV.

UR .

)
(2) May §o~ Semiworks products made with
_ ) three fluorinated surfactants
appear to yield satisfactory
end product. Evaluation
continues.

(3) m\m\ ﬂb. PMN* testing program reviewed
at Haskell Lab. Tests will
include monitoring blood
fluworide levels.

)
(4) AugustTests authorized. Timing )4
depends on availability of _

(5)  ** - FEP Plant Test.

* premanufacture notice as required by TOSCA.
** Timing depends on toxicity testing and plant availability.

978£00dIV

u%.

1981

0002235

. PT
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. ATR MONTTORING

STATUS ANLi GRAM

JULY AUG. SEPT.

OCT. NOV.

DEC.

(1) April -
(2) Sept. -

(3) Sept. -

. Abv * -

7 day personal sampling
program for Fine Powder
& FEP Wet Finishing
Operators showed 6Q to
80% above 0.6 mpb limit.

7 day personal samples X
for Fine Powder Dryer

Operators had an

average of 0.25 mpb

with no values above limit.

7 day personal samples X
for FEP Wet Finishing

Operators had an average of

0.91 mpb. Personal samples

in April had an average of

0.95 nmpb.
Repeat personal sampling for
Fine Powder and Wet

Finishing Operators.asd Fé e
(] & Obbu(.l.)‘o.\h ’

H. AIR MONITORING PROCEDURE

(1) May -

(2) May -

(3) 972 -

(4) Oct. -
* Will depend on

170CNANTIMNT

Comparison of methylene

blue and C-8 Specific

methods (developed at

ESL) using split sample"

shows excellent agreement.

Chloroform/Azure A Method

developed fram Dutch method

by C. S. Cope.

C-8 Specific method X
available for review at WW.

Recommend preferred method
for routine use.

completion of Engineering Controls.

-— em ewm e me e e Em G e Em wm e m WS R M G WE M e WS S ER R EE pm AP % W SR e EE Gr en e W @ e

1981 11
JAN. FEB.  MARCH

000226
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I.

STATUS ‘ANiN . DGRAM

1981

(1)

(2)

(3)

(4)

(5)

. JULY " SEPT. ' 'OCP. ~ NOV.  DEC. FEB MARCH
'ENGINEERING CONTROLS - FEP '
: ]
Sept. - Completed COD TY-077 X |
Eliminate free falling streams )
in clean room by installing |
eductors under V-Disc press ) ™
and Torus Disc dryer | o
scrubber. -- ($32,000) | mw
Coagulator to fluff bin seal. " Qo
July - Drafting request. X " ©
Oct. - COD issue. ]
Dec. - Installed on one coagulator " X > X
New recycle tank to return recycle !
tank fluff to fluff blender instead !
of manual dipping. '
I
Sept. ~ COD circulating X 1
) ($36,000) 1
: ]
July -Febe - New tank installed. : i 4
Eliminate the once/shift dumping '
of coagulator bag filter. ”
Aug. - OOD TY-127 approved ($7800). |
'
Nov. - Installed (dov*) | g — X
. I
Provide means to vacuum sump rather N
than scoop polymer - COD TY-085 ($5900) I
Sept. - Equipment due. X u
Oct. -~ In use. ) "
Miv = Foalled Teal X
Ke tes Y/Redeslyn A,
. -8 - PT
.9/23/80 WA
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STATUS AND .OGRAM

1981

JuLY AUG.  SEPT. ' OCP. NOV. ~DEC. |'JAN. FEB. MARCH
ENGINEERING CONTROLS = FEP - (continued) ! .
]
(6) Engineering controls at trayout. ! 0
|
July - Rec'd recommendations from X | N
Fernandes, ESD Consultant, ) 90~
on dust control and 1 o
ventilation. ] Q
1
Aug. - Drafting request. X
J: .14.0”04&.\&. belag bt S Prod/rect.. !
Nov—=Co0-iesne——{t§40,000) Keviem s S0 TRGTT _ z x X
Rzoiems faralts on Peotatr (i€ ust ) !
i’On\é!d_ Installation. ﬁ & \so&o +Y\P .PR&\?. r—nv ”
(7) Eliminate mowv.smn exhaust from |
coagulation bag filterx. !
|
Sept - Receive bags from vendor X
for evaluation. . |
1
%mﬁlmor .M;(. Vh‘_uo.)* r/ H‘../\\scrr)es} | X
ta Tetal v'ﬂf{(h‘r i N
Dec. - Instali-seeend-sety—if Meticn slisht D ust ; X
‘necessary. B renk Yhve bot <\ \
Fnstall—third L if dirchevs( Soanmt or Nov, : .
g ﬂ’h—(—*\’ w.° [V RN A\r Iﬂlp\.m—o}V 1
Treakdd V?oh when we cembine |
i&ﬂwo%ﬁ Gl T=100 gystem with ool ! X
iﬂ’«f’.\ ﬁ»’#r o3 \flcﬁf&\\l—u !
moﬁﬂnaﬁmonwmmmmm%mhmow !
May - u&m i Comat e®lvent comcatrddig o_%}_,p+ "
(8) Eliminate the manual duwping of 77 srack heiph®
the central vacuum system. I
Oct. - COD issue - ($17,750). ” X
March '81 - Installed. ! X
!
-9 - . PT
9/23/80
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- 10 -

NERENOIY

JULY - AUG. - 'SEPT. 1 OCT. NOV. DEC. | JAN. FEB.  MARCH
. 'ENGINEERING CONTROLS = FEP - (continued) !
]
(9) Raise exhaust stacks of coagulation '
and wet finishing bag filters. '
i
. Maxeh - Determine final concentration | X
Mary after bag test. !
-Aprit - Contact Wevodau for height :
Juw  needed. " N
kw# - OOD issue. ! m
3w 4 i
(10) Investigate Shoe cleaner. ! w
. |
July - Installed but removed from X |
service twice due to 1
. decanter overflows. . ]
) Tan.— Lo tastulled oY rew bocu¥ian i
(11) Determine effect of Torus Disc | X
product temperature on C-8 |
concentration. I
Sept. - Asked ADG to set up bench X "
scale work because too much |
plant penalty. |
Nov. - Complete bench scale work | x—> X
and issue findings. !
VF i
(12) Prevent hot ‘steams containing polymer/ !
C-8 from flowing through sumps. |
i
Sept. - COD TY-183 ($4700). . X !
!
i X l|\|VVA

PT
9/23/80
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TEFLON® DIVISIONS C- _(FC~143) CONTROL

"STATUS AND PROGRAM

JULY ~ AUG.  SEPT.

ENGINEERING 'CONTROLS ~ FEP (continued)

(13) Monitoring of equipment with RAM
(Real-time Aerosol Monitor) to
determine effectiveness of seals.

Tl -

sy, - Restart program.

(14) Improve ventilation in clean room |
through use of diamond plate on _

top of grating. o
COD on hold pending outcome of /
eductor COD.

A\Wv WIPB&\F..T.;P/ Brecthing \:\/_
Fac. )i +ies - FEP \\mﬁ.hkv

Av theriea cen - QJE — e
Comphte. T ustalletion = MmAR ——

s.*.&.OCh.p rPP\...'er H ~mPro <nv)ab‘<+h

Q \S)a;?. cc..ﬁ.k..t. Prﬂatc\oﬂ;i.é-:!ii,..i:
TP Bwuwive mm\\,\. CoWTRALT

Fe @ ToeTme oF 4 Prm..tc\.qv
HMH&.P L \(.\o h Ray - TJhanv T I
> €8 - — ..

—_ =11 -

Is7 CLEAVING

/MMem.TOoR pega Fen C-8 £
Deciodg Timmwe ia Sw> cLS IS

1€8£00d(V

C o AR S Plen NS,

1981
, OCI. 'NOV.  DEC. JAN.  FEB MARCH
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© JULY ‘AUG.  SEPT.

“OCT. ~ NOV.

DEC.

ENGINEERING ‘CONTROLS-FINE POWDER/DISPERSION

(1) May - completed COD TX-586 - Raise Fine
Powder dryer air supply inlets to
exhaust additional airborne C-8
($1,200) .

(2) May - completed COD TY-047 - Internal
Fine Powder dryer fan quards to
exhaust airbome C-8 during
outages - ($8,500).

(3) May - completed COD TY-048 - Additional
inspection windows for Fine Powder
© dryers ($2,500).

(4) May - completed COD TY-061 - Improve
dispersion ingredients hood and
its exhaust stack - ($5,000).

(5) May - Improved sealing of Fine Powder
Dryers -~ included better door
seals and sealing between dryer
sections.

(6) Oct. - Further improvements to be made

.OU.J\ Pw_h ~ §

et 1

b{§?
(et

in dryer sealing.

(7) Reduce Fine Powder Dryer Exhaust Stacks'
C-8 emissions - ($100,000).

Nov. - COD- m.ﬁuaoﬁu.

May '8l ~ Installation %

(8) Oct. - Seal holes in floor above Fine .
Fine Powder Dryers to reduce C-8
concentration ypstairs. -

(9) Increase exhaust capacity from §2 Dryer.

Oct. - COD issue. .
Feb. - Installation

SOENCNAN TN

-

o e S

-12 -

Ne,Z

JAN.

1981
FEB.  MARCI
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© STATUS AKX YOGRAM

S

JULY ~ AUG. ' SEPT.

OCT. ' NOV.

DEC.

"PROTECTIVE BQUIPMENT - RESPIRATORS
Comfo II

(1) 3/5 - Use of GMA-H cartridges
(combination high efficiency
filter and activated charcoal)
approved by R. F. Kinter,
Chairman, Respiratory
Protection Subcomittee.

(2) March-June - GMA-H cartridges
established for routine use.

(3) May - GMA~-H cartridge tested at
Haskell Lab with 1 mg/m3 C-8
(100X proposed limit)
feed. Capacity exceeds 40 hours.

(4) 9/15 - Report on cartridge tests X
issued (HLR 664-80). It should
provide a basis to extend
caxtridge use €0 a month.
his 1s er review.

Air Supplied Systems
(5) May/June - Field tested 3M Hardcap system.

(6) July - Recommended to Production X
to provide 3M Hardcap units

for all Wet Finishi @ .
for Wet Finishin s rsonnel
(o's) TY-045 ($7290) for

ZPrED
:ﬁ..wmwmm
breathing air stations in FEP
area.
(8) Sept.- completed COD TY-~082 ($1,994) X
A for breathing air station for
weigh station.

(9) 3/11 - COD TY-051 ($16,750) for
breathing air stations in
Polymers area authorized.

Oct. — Breathing air stations in

service. .
/) B AOPL BReATw ¥ Ak FAcsTigs = [FEE

(7) May -

JAN.

1981

FEB. MARC]
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TEFLON® DIVISIONS C:i

L. PROTBECTIVE BQUIPMENT = CLOTHING

Disposable Clothing & Gloves

(1) 8/28 - Started field test of
protective clothing.

(2) Nov. - Start field test of
protective clothing with
* more breathing capability.

(3) Feb rm Stock m@@noé vgﬁmoﬁpﬁ
clothing in Stores.

(4) May - Started routine use of #L-61
latex rubber gloves  in
Fine Powder/Dispersion
.and FEP Areas.

29zLL0a1g

y€8€£00dV

frC-143) OONTROL

"STATUS 'AND "PROGRAM

*'JULY

AUG.

'OCT. " 'NOV.

OR.

-14 -

“JAN.

1981

FEB. MARCH
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PERSONAL AND CONFIDENTIAL

November 24, 1980

TO: R. J. BURGER
C. R. CAMPBELL
D. A. ERDMAN

FROM: PAUL THISTLETON % .

- COMMUNICATING RESULTS OF BLOOD ANALYSES

Details of recent blood analyses are given in
my 11/19/80 letter to R. J. Burger (copy attached). Results
of August 1979 samples have been multiplied by 1.25 in
Table I for comparison with August 1980 results obtained by
the C-8/GC method (compare lined columns). We believe that

this adjustment is regquired for proper comparison.

People sampled in 1979 were given results in |

Columns 1 and 2 using standard medical cards. We plan to report

the C-8/GC results in column 6 in the same way. Some
explanation of the increased values resulting from the
C-8/GC analyses will be required. It appears that this can
best be handled by Dr. Power on an individual basis. He may
use the attached statement for background but it will not be
distributed. : '

When the results in column 2 are multiplied by
1.25 (see column 3) there is generally good agreement with
the recent C-8/GC results (column 6). Perhaps there is a
significant increase for No. 16 (a fine powder dryer operator) .
The value reported for No. 17 in 1979 was recognized to be
unusually low and may have been inaccurate. Three of the FEP
people (Nos. 19, 23 and 24) show little change between the
August 1979 (column 2) and August 1980 C-8/GC results
(column 6). ]

Attachments

PT/nsw

EID080726
000234
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R. J. Burger
J. F. Doughty
T. L. Schrenk

CC:

November 19, 1980

TO: DR. Y. L. POWER

FROM: PAUL THISTLETON (@

" RESULTS OF BLOOD ANALYSES

The blood sampling program proposed in my 8/1/80
letter is essentially complete. All samples have been
analyzed by the C-8/GC method which was recommended for routine
use in my 11/12/80 letter to R. J. Burger. Most of the
samples have been analyzed by the Torch method at ESL and .
some have been measured by the Torch method at Jackson -Laboratory
(JL). Samples were sent to JL because of delays in demonstrating

satisfactory Torch performance at ESL.

. Results are given in Table I. It includes the
1979 data which was reported to the people sampled. Names
of people sampled in 1980 and identification numbers used in
Table I are given in the enclosed list (Dr. Y. L. Power, only).
One person is omitted from Table I because results were
variable and a resample is being reguested.

The ESL and JL Torch results agree very well. The
C-8/GC results are about 125% of the Torch results (see Figure 1
of my 11/12/80 letter). The difference may result from
incomplete recovery in the Torch method and this is being

checked at ESL and JL.

My 11/12/80 letter recommended that only C-8/GC
results should be reported to employees. We believe that they
are the best available measurements of organic fluorine in blood
samples. The August, 1979, results given in Table I have been
multiplied by 1.25 which is suggested as the basis for
comparing these results with current C-8/GC results (see my
11/17/80 letter to R. J. Burger, copy attached). In most cases
the numbers are very similar and it is doubtful if any of the
apparent changes are statistically significant. This can be
established when the total sampling program is completed and
more 1979/1980 comparisons are possible.

. 727
000235 EP%
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DR. Y. L. POWER -2 - NOVEMBER 19, 1980

In the meantime I conclude that there has been no
significant decrease in organic fluorine in blood samples
between August, 1979 and August, 1980. This may be because
many of our corrective measures were functioning for only
a small part of the year. Our 1980 data using the C-8/GC method,
which is specific, should provide a good basis for comparing
data to be obtained in 1981.

Attachment

PT/nsw

EID080728
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TABLE I

COMPARISON OF BLOOD ANALYSES

1979 SAMPLES ) AUGUST 1980 SAMPLES
BOMB ANALYSIS - JL(1). TORCH ANALYSIS - C-8/GC
ppm Organic Fluorine pPEm Organic Fluorine
IDENTIFICATION AUGUST )
MUMBER . JUNE AUGUST x1.25(2) - ESL oL ESL
-1- -2~ -3- -4~ -5~ -6-
No Direct Exposure
1l - - - - 0.24 : 0.022
2 - - - : 0.015
Professionals b
3 - - 0.03 0.22
4 - - 0.44 0.40
5 - - - 0.19
6 0.45 0.56 0.3 0.52
Monomer Operators
7 0.39 0.49. 0.8 0.78
i - 8 (3) 5.3 6.6 5.2 6.4°
’ 9 (4) 6.7 8.4 6.5 6.7 8.2
Fine Powder Dispersion
~Zone 6
10 22.2 21.2 26.5 20.3 21.0 24.0
12 10.6 8.7 10.9 9.7 13.0
13 15.0 13.8 17.3 16.5 21.0
14 20.8 26.0 22.9 29.0
15 1.8 2.3 3.3 3.8 4.6
" 'Zone 4
16 1.8 2.3 4.6 4.6 5.6
Granular
Zone 6
17 0.47 0.59 | 1.4 1.7 1.9
EID080729
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1979 SAMPLES AUGUST 1980 SAMPLES
BOMB ANALYSTS - JgL(1) TORCH ANALYSIS - C-8/GC
pem Organic Fluorine . ‘PEm Organic Fluorine
IDENT IFICATION AUGUST
NUMBER . JUNE  AUGUST X 1.25(2)  Esp JL ESL
-1- -2- -3- -4- -5- -6~
FEP Polymerization
18 1.36 .0.99 1.2 1.1 1.5
19 3.7 . 4.6 3.4 . 4.0
20 3.61 1.99 2.5 2.9 2.9 3.7
21 4.96 6.2 5.6 6.6
22 4.14 5.2 3.7 5.5
23 4.52 5.7 4.1 4.9
24 2.71 3.4 2.1 2.9
25 4.64 5.8 6.4 7.8
26 0.91 1.1 0.9, 1.1 0.87 1.2
FEP ‘Service
27 1.1 T 0.72
Research Semiworks
i 28 . | 0.5  0.32 0.26

(1) JL = Jackson Laboratory
(2) August, 1979 bomb results :anreased by 25%, This is the
factor recommended to allow comparison of 1979 and 1980
results. ESL C-8/GC results are about 125% of ESL and
JL Torch results for the August, 1980 samples.
Equivalence of Torch and Bomb results was demonstrated
in a study reported by Erik Kissa, Jackson Laboratory,
6/13/80.
(3) Monomer Operator 21 months, 16 years Polymerization Service.
(4) Monamer Operator 32 months, 15 years Polymerization Service.

0€€100d(V

PT
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November 24, 1980

RESULTS OF BLOOD ANALYSES

A sample of your blood was takeﬁ in August for a
test program to compare two analytical methods for measuring
organic fluorine in blood. The Torch method burns the blood
in a special torch and the combustion products are scrubbed
and analyzed for fluoriné. It measures organic fluorine plus
inorganic fluorocompounds that burn in the torch. The
C-8/GC method measures the C-8 by gas chromatography (GC)

which separates the C-8 from other fluorocompounds.

We believe that C-8/GC results are the best
measurements of organic fluorine in blood samples. We plan
to use the C-8/GC method for analyzing blood samples because
it.measures C-8 and is less subject to interference than the

Torch method.

We are reporting the C-8/GC measurement for your
blood sample expressed as ppm organic fluorine. This method
'gives results about 25% higher than the method used for the
1979 samples. The difference may result from incomplete

recovery of organic fluorine in the 1979 analyses.

If you have questions please contact Medical Division.

Y. L. POWER, M.D.

EID080731
000239
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E. |. ou PonT bE NEMOURS & COMPANY

WILMINGTON, DELAWARE 19898

W. C. Percival - 353
| /S. S. Stafford - 269

R. R. Twelves -~ 353

L

[ 3700 T &8 34

PRAL File

INCORPORATED - I C

PCLYMER PRODUCTS DEPARTMENT
EXPERIMENTAL STATION

TO:

January 23, 1981

PAUL THISTLETON - PPD, Washington Works

FROM: L. J. PAPA E{

and investigated the entire situation to comment on the validity of the results.

T~174%

COMMENTS ON VALIDITY OF 1979 FLUORINE IN BLOOD RESULTS

I have reviewed the 1979 blood fluorine results from Jackson Laboratory (JL)

The situation is not simple because

l.

The values reported were raw data and were not corrected for recovery.

The data were obtained by the modified 3M bomb method (private com-
munication with E. Kissa).

From data appearing in Kissa's report (CP-JL-80-14, p. 10) issued
Sept. 1980, his recovery at that tire appears to be "94%.

3M published a recovery of 92+5%. Belisle and Hagen, Anal. Bio.
87 545-555 (1978).

The bomb data correlated 1l:1 with the torch data in Kissa's early

work (CP-JL~80-14, p. 19-21B) - hence torch recoveries must have
also been V94%.

A reagent deteriorated in the modified bomb me thod causing the 8/79
values to be low by a factor of 1.18 (Memos, E. Kissa to G. H.
Patterson dated 10/30/79 and 11/29/79). This was not dicovered and

communicated to WW until after the results were given to our employees.

A recent study by Kissa shows the torch method, whfch is allegedly
equivalent to the bomb method, gives 83% recovery and is 80% of the
value by GC (Ref: my recent letter to you dated 1/23/81).

We are left with these facts

All of the results from August 1979 sampling should have been
corrected by a factor of 1.18 to cocpensate for the deteriorated
reagent.

. . . . . EID080717
There's a world of things we're coing something about

000240
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B.

An additional correction is necessary to compensate for recovery.
That factor is 1.06 if the 94% recovery of Kissa's early work is
correct or 1.20 if the later B3% recovery is correct.

I have no way of judging which recovery number is correct. If fact,

they both may be correct. He could have started with 94X recovery and drifted
to 83% recovery. However, ‘the numbers do allow us to set up boundaries. With
the bad reagent and a 94% recovery, the correction factor is 1.25. With a bad
reagent and an 83% recovery, the correction factor is 1.41. Results obtained
from JL other than the August to October 1979 period do not suffer from the
bad reagent contribution and the 1.18 correction factor is not applicable.
However, they must still be corrected for recovery. The correction is 1.06 if’
you believe the 94% recovery, 1.09 if you believe the 92% recovery or 1.20 if
you believe the 83% recovery.

I suggest you use the following set of corrections for any data you

have in hand:

ﬁ,{;
FisR
s TS

Multiply by 1.09 for all data prior to August 1, 1979 - this uses 3M's
recovery of 92% and was suggested by E. Kissa.

For bomb data in the period of August 1, 1979 to October 30, 1979 use

. .o
“ ra&l°:zr_a factor of 1.28 - this assumes 92% recovery and corrects for the bad

Coe~d « =T

reagent. For torch data in this period use a factor of 1.09.

S Pl

e

more,

fot

For the period November 1, 1979 to early 1980 (1st quarter), assume
the recovery was 92% and use a factor of 1.09. The rat dermal study
blood analyses were performed in this time period.

?,

! : )
From early 1980 on, GC values or torch values corrected for 83% ¥ 44;3

~recovery are used so you have no corrections to make. Cawnnre
> ’Lv-‘ 1.25
I hope this letter helps to end the confusion and does not create 'jgcrg

If you have questions please contact me.

81€100drv
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ﬂmm B _ S. S. Stafford - 269
R. R. Twelves - 353
. ESSetLEns e . PRAL File
E. |. pu PonT DE NEMOURS & COMPANY I.c.

INCORPORATED

WILMINGTON, DELAWARE 19888

PCLYMER PRODUCTS DEPARTMENT.
EXPERIMENTAL STATION

January 23, 1981

TO: PAUL THISTLETON - PPD, Washington Works

FROM: L. J. PAPA %‘QF(»

SPECIFIC DETERMINATION OF PERFLUOROOCTANOIC ACID IN BLOOD
BY. GAS CHROMATOGRAPHY AND COMPARISON TO TORCH METHOD

S. S, Stafford has completed development and study of a gas chromatographic
method to specifically determine perfluorooctznoic acid or its salts (including
FC 143), hereby defined as Cg, in human or rat blood. The method is sensitive to
7 ppb fluorine and has a precision of +10% throughout most of the concentration
range of 7 ppb to 100 ppm although the precision falls off at the lower ppb range.
The method gives comparable results to the Modified Wickbold Torch used by E. Kissa
at Jackson Laboratory and duplicated at ESL by R. R. Twelves. The principle
differences are the GC method is specific, easier to use, faster, cheaper and much
more sensitive. You received a copy of this method on your last visit to our
laboratory on January 8, 1981.

~ DISCUSSION

We compared the Cg-specific GC method to torch methods at ESL (Twelves)
and at JL (Kissa) by analyzing 26 humazn blood szmples obtained from Washington
Works personnel. This allowed a simultaneous comparison of the two torch methods
at ESL and JL. The data is listed in Table I and plotted in Figure 1. A least
squares examination of this data (line shown in Figure 1) shows the two torch
methods give comparable data and are 79% of the GC numbers. The GC numbers are

corrected for recovery but a true recovery study had never beéen performed on_
the torch method. '

I asked Kissa (JL) to perform a recovery study on this torch method.
He later reported (by telephone) that he performed a 5 concentration calibration
curve study in aqueous solution from 0.5 to 12.0 ppm fluorine. The slope of his
line, or recovery, was 83%. He then spiked two blood samples with 10 ppm C8
and obtained recoveries of 80 and 84%. I conclude from these data that his
recovery is 83%. R. R. Twelves has never performed such a study but indications
are that he has a similar recovery. Table II lists the GC data again and the
JL torch values corrected for 83% recovery - the agreement is now very good.

61€100d[V

"There's a world of things ve're coing something about EID080719
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S. S. Stafford later anal
Cg inhalation study that were also

yzed 7 rat blood samples from a Haskell Laboratory
Method (Kissa).

analyzed at Jackson Laboratory by the Torch
These data are listed in Table III and -again show good agreement.

These data show that the discussed methods can and did give equivalent"
results on real blood samples when all are calibrated to compensate for recovery.
It should be remembered that interferences may be encountered in the future which

could give erroneous answers by either method.

This seems less likely with the
Cg-specific GC method.

For this reason as well as those mentioned in the first
paragraph I think our decision to use the Cg-specific GC method is well founded.

Attachments
fot

0Z€100dIV

. EID080720
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. : TABLE I
» Comparison of Cg-Specific GC Method to Torch Methods at ESL and Jackson Lab (JL)

ppa Fluorine

. Torch
PRAL No. ESL JL _ Cg/GC
80-63841 ' 1.i S C1s
80-63838 20.3. 21.0 24,
80-63837 1.4 1.7 1.9
80-62921 0.5 0.3 0.26
'80-63834 0.03 - 0.22
80-63835 - 0.3 0.52
80-62916 2.1 2.6 2.9
80-62915 ND 0.2 0.015
80-63839 6.5 6.7 8.2
80-62912 0.8 - 0.78
80-62920 1.0 ~0.87 1.2
80-62919 6.4 6.4 7.8
' 80-63842 . 3.4 - 4.0
80-63843 2.9 2.9 3.7
80-63836 " 0.44 - 0.40
80-62922 3.3 3.8 46
80-62918 22.4 22.9 29.
80-63844 5.6 . - 6.6
80-62910 9.7 10.3 13.
80-62913 16.5 14.8 21,
80-62911 41 - 4.9
80-62917 . 4.6 4.6 5.6
80-;3‘23%? " 0.24 - 0.022
¢4 i1?

80-63845 o1 - 0.72
80-62914 5.2 5.0 6.4
80-63846 3.7 — 5.5

EID08072;
000244
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. TABLE 1I -
Comparison of Cg-Specific GC Method to JL Torch - .Corrected for 83% Recovery

ppm Fluorine

PRAL No. JL Torch Lg/GC -
80-63841 | — 1.5
80-63838 25.3 . 24,
80-63837 2.0 1.9
80-62921 0.4 0.26
80-63834 — 0.22
80-63835 0.4 0.52
80-62916 3.1 : 2.9
80-62915 0.2 0.015
80-63839 8.1 8.2
80-62912 S 0.78
80-62920 1.0 1.2
80~62919 7.7 7.8

) 80-63842 —— 4.0
80-63843 - 3.5 3.7
80-63836 — 0.40
80-62922 4.6 4.6
80-62918 28, 29,
80-63844 — 6.6
80-62910 12.4 13.
80-62913 17.8 21.
80-62911 — 4.9
80-62917 5.5 5.6

G4 330

éﬁ’:ﬁia%%s] 0-022
80-63840 * J— —
80-63845 - e 0.72
80-62914 6.0 6.4
80-63846 o 5.5 EID080722
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: .TABLE III
Comparison of Cg-Specific GC Method to Torch Method (JL) on Rat Blood

ppm Fluorine o
. Torch Jackson Lab
PRAL No. Raw Data Corrected for 83% Recover Cg/GC
80-67461 6.9 8.3 7.7
80-67462 10.5 12.7 13.1
80-67752 9.5 11.4 11.4
80-67756 9.0 10.8 8.6
80-67481 1.8 2.2 1.3
80-67460 1.1 1.3 1.1
80-67484 0.76 0.92 <0.007
(Blank) )
EID080723

000246

£CE100drv



AJP001324

' B°E
BT
S

1.8°62
182
1852
1B€Ez

B 1e
B°61
T B°/1
S

E
B°11

B°6
182
tgc

A " B°E

Tes

TB°LT

. T 8°61
+ 7153 |
vV r +

1€ pue ST I SPOYIBH YoI0L puE poyzoN 99 DF3I¥o0ds~-8) jo uosyaeduwo, B €2
) T @2andtg ) ‘

EID080724

000247

H3401




W



T ELDADVUINAL AN P \INE LI L Addas

CC: E. D. Champney,Jr. - Wilm,
A. J. Dahl - ESL
D. K. Duncan - Wilm.
L. J. Papa - ESL
J. W. Raines - Wilm.
R. J. Burger
C. R. Campbell -
'J. F. Doughty s -
'D. A. Erdman =~ .
L. W. Goin
J. G. Loschiavo
T. L. Schrenk
R. N. Taylor

February 17, 1981

TO: DR. Y. L. POWER

FROM: PAUL THISTLETON 'ﬂ

CORRECTION OF ORGANIC FLUORINE IN BLOOD RESULTS -
FOR RECOVERY

The recent comparison of Torch and C-8/GC results
for 27 blood samples made at ESL indigated that C-8/GC
results were about 25% above uncorrected Torch results. This
led to a review of 1979 results (8 samples in June and 78
samples in August, 1979) which is reported in L. J. Papa's
January 23, 1980, letter "Comments on Validity of 1979 Fluorine
in Blood Results", (copy attached).

Following Papa's recommendations the results
obtained by Bomb and Torch methods have been corrected for
recovery as indicated below. Bomb data obtained for
August, 1979 samples require an additional correction factor
of 1.18 to compensate for deterioration of the reagent
(#5 in Papa's letter), combining this with 92% recovery gives a
correction factor of 1.28.

Sampling . Analytical Correction
Period Method Factor
June, 18979 Bomb 1.09
August, 1979 Bomb 1.28
December, 1979 Bomb 1.09
August, 1980 Torch 1.20
. EID079382

J00248
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DR. Y. L. POWER -2 - FEBRUARY 17, 1981

Results are given in Table TI. Only the 1979
samples that were repeated in 1980 are included. ¢

There
{Columns 5 ang 6) and C~8/GC results {Column 7) which were
obtained on the same samples. There is no obvious trend of
results with time. 2 better comparison, including statistical
analysis, will be pPossible when the rest of the 78 people
sampled in 1979 have been tested. we éxpect that their blood
will be analyzed only by the C-8/GC method. Their uncorrected
1979 results which were reported to them should be increaseqd
by 28% to aliow comparison with C-8/GC results.

Attachment

PT/nsw

EID079383
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TAELE I
CQMPARISON OF BIOOD ANALYSES

1979 SAMPLES ) AUGUST 1980 SAMPLES
BOMB ANALYSIS - JI, IORCH ANALYSTS cC-8/GC
. ppm Organic Fluorine PEn Organic Fluorine
IDENTIFICATION . JUNE AUGUST "
NUMBER JINE X 1N0Y  AUGUST X 1.28 est. ¥ <L,
-1- - -3~ -5- -6- @
No Direct Exposure , o . )
. R
1\/ 0.29 0.022—
2/ - 0.2 0.015~
Professionals
) IS
3/ 0.04 0.22—
4V 0.53 0.40—
5v7 - 0.19— %
6 7 0.4 0.5 "35
SR
Monamer Operators s
7 5 1.0 0.78—
8 6.2 6.0 6.4
9/ 7.8 8.1 8.2—
Fine Powder Dispersion
i
Zone 6
0/ 244 253 240
127 1.6  12.4  13.0°
13/ 19.8 17.8 2.0
14V 28.0 29.0
15 4.0 4.6 4.6_
Zone 4 i
16V 5.5 55 56
Granular “
Zone 6
17/ 1.7 2.0 1.9
BEST COPY AVAILABLE %
| S
. EID079384 -
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‘..

IDENTIFICATION
NUMBER

FEP Polymerization

18vY
19V

207
1Y,

v
22

23/
24V

25¢
26V

27/

FEP Service
IZP Service

Research Semiworks

28/

)
2)

-2

1979 saMPLES 1) AUGUST 1980 SAMPLES
BOMB ANALYSIS - JL, - _TORCH ANALYSIS c-8/GC

Ppm Organic Fluorine PP Organic Fluorine |
JUNE

AGUST @) -
JUNE X 1.09 AUGUST X 1.28 ESL, JL ESL,

-1- -2- -3- -4- ~5- ~6- -7~
36| 1.5 0.99{ 1% 1.3 195~
3.7 4.7 4.1 4.0~
3.61 3.9 1.99 2.5 3.5 3.5 375
' 4.96 6.3 6.7 6.6~
4.14 5.3 4.4. ’5,5
4.52 5.8 4.9 4,9 <~
2.71 3.5 2.5 3.1 29
4.64 5.9 7.7 7.7 7.8~
0.91 1.2 1.2 1.0 1.2
1. 0.72

0.5 0.4 0.26

JL = Jackson Laboratory
ESL = Experimental Station Laboratory

Notes on Columns

Part of first ww sampling (total of 8 samples). Data in
this colum is enclosed in a block to indicate that it
should not be compared with corrected data.

Colum -1- X 1.09 correction factor.

Part of second ww sanpling (total of 78 samples, including
Tresample of original 8 samples). Data in this colum is
enclosed in a block to indicate that it should not be
compared with corrected data.

Colum -3- X 1.28 correction factor.

August 1980 sampling for comparison of analytical methods
(total of 28 samples)* analyzed by Torch method at ESL.
Results corrected for 83% recovery demonstrated for Torch
method by E. Kissa, Jackson Laboratory.

corrected for 83% recovery.
August 1980 sampling for comparison of analytical methods
analyzed by C~8/GC method at ESL. 100% recovery assumed.

ion factors and aretakenfruuL.J.Papa’s

Correction recovery
letter "Comments on Validity of 1979 Fluorine in Blood Results"”,
1/23/81.

* Sample No. 11 is not reported because unusually large variation

in results was found. Analysis will be made on a new sanple.
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CC: E. D. Champney, Jr. - Wil

A. J. bahl - ESL
D. K. Duncan - Wilm
L. J. Papa - ESL
J. W. Raines - Wilm.
R. J. Burger
~ C. R. Campbell
;,J. R. Doughty ¢
D. A. Exrdman
L. W. Goin
J. G. Loschiavo
T. L. Schrenk
R. N. Taylor

March 6, 1981

TO: DR. Y. L. POWER

FROM: PAUL TBISTLETON (g.

CORRECTION OF ORGANIC FLUORINE IN BLOOD RESULTS
FOR RECOVERY

Ref: Letter Thistleton to Power, same topic,
"~ dated 2/17/81.

In the above referenced letter an error was made
on page two of the attachment. Please let this letter serve
to correct this error.

Attachment - Page Two - Notes on Columns - -7-

Note -7- should read as follows:

-7- August 1980 sampling for comparison of analytical methods
analyzed by C-8/GC method at ESL. Correction for recovery
is included in the method with an internal standard
calculation givaing 100 + or - S% Trelative standard deviation)
for spiked samples.

NOTE: New or corrected information has been underlined for clarity.
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