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NOTE TO THE READER

The National Toxicology Program (NTP) is made up of four charter agencies of the U.S. Department of Health and
Human Services (DHHS): the National Cancer Institute (NCI), National Institutes of Health; the National Institute of
Environmental Health Sciences (NIEHS), National Institutes of Health; the National Center for Toxicological Research
(NCTR), Food and Drug Administration; and the National Institute for Occupational Safety and Health (NIOSH), Centers
for Disease Control. In July, 1981, the Carcinogenesis Bioassay Testing Program, NCI, was transferred to the NIEHS.
The NTP coordinates the relevant programs, staff, and resources from the Public Health Service agencies relating to
basic and applied research and to biological assay development and validation.

The NTP develops, evaluates, and disseminates scientific information about potentially toxic and hazardous chemicals.
This knowledge is used for protecting the health of the American people and for the primary prevention of disease.

The studies described in this toxicity study report were performed under the direction of the NIEHS and were
conducted in compliance with NTP chemical health and safety requirements and must meet or exceed all applicable
federal, state, and local health and safety regulations. Animal care and use were in accordance with the Public Health
Service Policy on Humane Care and Use of Animals.

These studies are designed and conducted to characterize and evaluate the toxicologic potential of selected chemicals in
laboratory animals (usually two species, rats and mice). Chemicals selected for NTP toxicology studies are chosen
primarily on the bases of human exposure, level of production, and chemical structure. Selection per se is not an
indicator of a chemical's toxic potential. Single copies of this Report are available without charge while supplies last
from the NTP Public Information Office, NIEHS, P.O. Box 12233, Research Triangle Park, NC 27709 (919-541-3991).
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Formic Acid

Molecular Formula: HCOOH
CAS No.: 64-18-6
Molecular Weight: 46

Synonyms: Aminic Acid, Formylic Acid,
Methanoic Acid, Hydrogen Carboxylic Acid

ABSTRACT

Formic acid occurs in a variety of plants and fruits, mammalian tissues, and insect venoms. It is
used industrially in preparing a variety of drugs, dyes, and chemicals; as a decalcifier; and in
leather tanning. Formic acid also is an environmental contaminant of air and water and has been
identified as the toxic intermediate (formate) in methanol poisoning. Two- and 13-week toxicity
studies of formic acid were conducted in male and female F344 /N rats and B6C3F; mice by whole
body inhalation exposure to formic acid vapors. In addition, in vitro genetic toxicity studies were
performed with Salmonella typhimurium, with or without metabolic activation. Formic acid was not

mutagenic in this assay.

In 2-week studies, groups of 5 F344 /N rats and 5 B6C3F; mice of each sex were exposed to formic
acid for 6 hours a day, 5 days a week, at concentrations of 0, 31, 62.5, 125, 250, or 500 ppm.
Deaths occurred in animals exposed to 500 ppm (rats and mice) and 250 ppm (1 female mouse).
Microscopic lesions in the respiratory and olfactory epithelia occurred in rats and mice exposed to
62.5 ppm and higher concentrations, with the severity related to the exposure concentration. The
lesions consisted of squamous metaplasia, necrosis, and inflammation. Exposures had minimal or
no effects on coagulation times, blood pH and electrolytes, or on concentrations and activities of
urine analytes in rats during the 2-week studies.

In 13-week studies, groups of 10 animals of each species and sex were exposed to formic acid at
concentrations of 0, 8, 16, 32, 64, and 128 ppm for 6 hours a day, 5 days a week. Two mice, 1
male and 1 female, died in the 128 ppm groups. Body weight gains were significantly decreased in
mice exposed to 64 and 128 ppm formic acid. Microscopic changes in rats and mice ranged from

minimal to mild in severity and generally were limited to animals in the 128 ppm groups. Lesions
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related to exposure to formic acid consisted of squamous metaplasia and degeneration of the
respiratory and olfactory epithelia, respectively. Hematologic and serum biochemical changes at
interim and terminal time points were minimal to mild and, generally, were consistent with

hemoconcentration.

Overall, the effects of formic acid were consistent with those of irritant chemicals administered by
inhalation exposure. The no-observed-adverse-effect level (NOAEL) for respiratory injury was 32

ppm in rats and mice. There was no significant evidence of systemic toxicity in these studies.
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Summary of Peer Review Comments

On July 9 and 10, 1991, the Technical Reports Review Subcommittee of the Board of Scientific
Counselors for the National Toxicology Program met in Research Triangle Park, NC, to review the
draft technical report on toxicity studies of formic acid

Dr. M. Thompson, NIEHS, introduced the short-term toxicity study report by reviewing the natural
occurrences and uses of formic acid, the experimental design, and the results.

Dr. Carlson, a principal reviewer, said the study was well done. He asked at what point after the 2-
week study the blood pH was determined, noting that adidosis is an important problem with the
acute toxicity of methanol through its metabolism to formate. Dr. Thompson said pH was
determined the day following the last exposure to formic acid. Dr. Carlson also asked that a
rationale be given for administering the chemical by inhalation. Dr. Thompson said that formic
acid had been nominated for study because of its structural relationship with formaldehyde and

because inhalation is an important route of exposure for humans.

Dr. Klaassen, a second principal reviewer, said the study was performed well. He said he was
concerned that the report may over-emphasize that rodent data on formic acid exposure may not
be applicable to humans. He said the localized toxic effects observed might be very relevant for
humans. Dr. Thompson said the lack of a systemic toxic effect in rats may be related to their
resistance to formate toxicity, and that this was the reason for the emphasis. Dr. Klaassen agreed
but said that the possible similarity in local toxic effects among rodents and humans should be

made more clear.

Dr. Zeise questioned the NOAEL reported in the study (32 ppm), noting a reported olfactory
epithelial lesion in a male rat at 32 ppm in the 13-week study. Dr. M. Elwell, NIEHS, said the
olfactory degeneration was a minimal change and that it was difficult to cite it as a treatment
effect.

After discussion of editorial matters, the panel agreed to accept to report, with the suggested
changes.
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INTRODUCTION

Physical Properties, Occurrence, Production, Uses, and Exposure

Formic acid, a colorless, highly caustic liquid with a pungent odor, has a melting point of 8.4°C, a
boiling point of 100.7°C, a density of 1.220 g/cm3 at 20°C, and a vapor pressure of 400 mm Hg at
24°C. Vapor and liquid forms of formic acid are flammable, especially at temperatures greater than
69°C. Formic acid is miscible with water, alcohol, and ether, soluble in benzene and toluene, and
very soluble in acetone. It can react as an acid and as an aldehyde (Wagner, 1980). Under normal
storage conditions formic acid can deteriorate by dehydration, dehydrogenation, or through a

bimolecular redox reaction.

Formic acid, first described by Fisher in 1670 in the products resulting from the distillation of red
ants (Windholz, 1983), occurs in both natural and man-made sources in the environment. A
constituent of ant, wasp, and bee venom, formic acid also occurs in mammalian muscle tissue,
sweat, and urine. It is found in plants, such as in the needles of the Douglas fir, and in unripened
grapes, peaches, raspberries, strawberries, petitgrain lemon, and in bitter orange (SRI, 1981). It
also is present in many foods (Gley, 1967), e.g., fruits (20 - 40 ppm), fruit juices (30 - 100 ppm),
fruit syrups (650 - 1630 ppm), honey (20 - 2000 ppm), wines (1 - 340 ppm), coffee, roasted (1350 -
2200 ppm), coffee, extracts (2000 - 7700 ppm), evaporated milk (30 - 400 ppm), and cheese (20 -
200 ppm) (Tracor Jitco, 1974).

An air and water pollutant, formic acid has been measured at concentrations ranging from 4 to 72
ppm in the atmosphere. It has been identified in river and surface water, in unfinished industrial
waste water, and in municipal sewage and final municipal discharge water at concentrations
ranging from approximately 10 to 80,000 g /L (SRI, 1981). Other sources of formic acid include
forest fires, lacquer manufacturing, trash and plastic burning, and tobacco smoke. Thermal
degradation of polyethylene during manufacturing may result in the release of formic acid and

various aldehydes into the atmosphere (Zitting and Savolainen, 1980).

Formic acid is synthesized industrially by heating carbon monoxide and sodium hydroxide under
pressure, then treating the resulting sodium formate with sulfuric acid. It also is prepared by acid
hydrolysis of methyl formate and as a by-product in the manufacture of acetaldehyde and
formaldehyde (Wagner, 1980). U.S. production and import figures for formic acid between 1976
and 1979 ranged from 2.3 to 3.1 x 107 kg/year to 3.7 x 103 to 1.0 x 106 kg/year, respectively.

Formic acid is used extensively as a decalcifier, as an acidulating agent in textile dying and
finishing, and in leather tanning (Wagner, 1980). It also is used in the preparation of organic
esters and in the manufacture of drugs, dyes, insecticides, and refrigerants. Other functions
include use as a mold inhibitor on grain and silage, as a solvent for perfumes, as a plasticizer for
vinyl resin, and as a coagulator for latex. Trace amounts of formate esters are used in the
formulation of fragrances and flavors, especially fruit and honey mixtures (Wagner, 1980; Sittig,
1985).
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The Threshold Limit Value (TWA) for exposure to airborne formic acid is 5 ppm or 9 mg/m3 and is
based on irritation to the respiratory tract (ACGIH, 1986). No criteria for a permissible ambient
water standard have been set; however, the EPA has suggested a level of 124 mg/L (Sittig, 1985).

According to NIOSH (1980), approximately 533,799 workers were exposed occupationally to formic
acid during the period 1972 to 1974. Public exposure results from the consumption of various
food products such as fruit juices, honey, wines, coffee, unripened grapes, and strawberries.
Human exposure also occurs through exposure to the atmosphere and water because of the

compound's presence in the environment.
Human Toxicity

Formic acid is caustic and can cause damage to skin, eyes, and mucosal surfaces (International
Labour Office, 1983). Chronic absorption has been reported to cause albuminuria and hematuria
(Windholz, 1983). Inhalation of formic acid results in rhinitis, cough, bronchitis, and dyspnea;
ingestion causes corrosion and necrosis of the mucous membranes of the mouth, throat,
esophagus, and stomach. Extensive exposure can produce depression of the central nervous
system, severe metabolic acidosis, and nephropathy (Seiler et al,, 1988). Swallowing formic acid
has resulted in a number of cases of severe poisoning and death (Sittig, 1985). In some cases of
fatal poisoning, hematuria and anuria develop, and the patient may die from uremia, circulatory
failure, or pneumonia. Air levels of formic acid were measured at 15 ppm in a textile plant in

which workers were complaining of nausea (ACGIH, 1986).
Animal Studies

Oral LDsg values for formic acid in rats range from 1100 to 1850 mg/kg. LDsg values for mice
range from 700 to 1100 mg/kg for oral, 940 mg/kg for i.p., and 145 mg/kg for i.v. administration.
Reported LDs5p values from inhalation studies were 15 g/m3/15 minutes for rats and 6.2 g/m3/15
minutes for mice. Clinical signs included respiratory distress and unidentified behavioral changes.
An oral LDsg value of 4000 mg/kg has been reported for dogs (Malorny, 1969; NIOSH, 1985; Sax
and Lewis, 1989).

Reductions in body weight gains at the higher doses were the only effects seen in studies in which
young rats (~40 g, strain unspecified) were administered formic acid in the diet or drinking water at
levels of 0.5 or 1.0% for 6 weeks, or in which rats received 8 to 360 mg/kg formic acid in drinking
water for 2 to 27 weeks (Clayton and Clayton, 1981). Hypochromic anemia and a mild
lymphocytosis developed in rats receiving formic acid in the diet. It has been reported that the
survival of offspring obtained from female rats administered 1.0% formic acid in drinking water for
up to 7 months was reduced by 50 to 67% (Tracor Jitco, 1974). No other references to studies of
reproductive toxicity or teratogenicity of formic acid were located.

There were small but statistically significant changes in activities of drug metabolizing as well as in
other enzymes in liver, kidney, and brain of male Wistar rats exposed to 20 ppm formic acid vapor
for 3 or 8 days, 6 hours per day (Zitting and Savolainen, 1980). Concentrations of glutathione in
brain, liver, and kidney were decreased in exposed rats; activities of lysosomal acid proteinase in
brain and ethoxycoumarin deethylase in liver were increased, while those of cytochrome P-450 in
kidney were decreased compared to controls.
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Disposition and Metabolism

Formic acid is absorbed from the gastrointestinal tract, lungs, intact skin, and urinary bladder.
The absorbed compound is oxidized to COg and HoO, partly excreted unchanged in the urine, and
partly metabolized in tissues. The main site of oxidation is the liver, although intestinal mucosa,
lungs, kidney, and spleen also contribute. Oxidation of formate occurs by folate-dependent and
catalase-peroxidative mechanisms. In rats, monkeys, and human beings, half-lives of sodium
formate in blood are 12 - 23, 31 - 51, and 55 minutes, respectively (Clay et al,, 1975; McMartin et
al., 1977; Rietbrock et al., 1971). The rate of formate oxidation to COg in monkeys was markedly
lower than that in rats. Although the rate of oxidation was dose-dependent in both species,
metabolism in monkeys proceded at a rate approximately one-half that measured in rats (McMartin
et al., 1977). Rates of formate oxidation were 40 mg/kg/hr in monkeys, 300 mg/kg/hr in mice,
and 78 mg/kg/hr in rats. Excretion of formic acid also is influenced by the amount administered;
8% - 9% was excreted unchanged by dogs given a 1 g oral dose as compared to 65% excreted by
dogs given a 5 g dose (Tracor Jitco, 1974).

Methyl chloride and formaldehyde are metabolized to formate, which is metabolized further by folic
acid-dependent pathways; then they either are incorporated into tissue macromolecules or oxidized
to CO2 and HoO (Kornbrust et al., 1982; Mashford et al.,, 1982). In addition, methanol toxicity is
associated with accumulation of formate (McMartin et al.,, 1977; Clay et al,, 1975; Martin-Amat et
al., 1978). Methanol is rapidly metabolized to formaldehyde primarily by the catalase-peroxidative
system in rats, although the alcohol dehydrogenase and microsomal cytochrome P-450 enzyme
systems are active in the rat, guinea pig, and rabbit (Tephly et al, 1964; Mannering et al., 1969;
Teschke et al., 1975; Dalvi and Townsend, 1976). Only human beings and monkeys rely primarily
on the alcohol dehydrogenase system. Formaldehyde is rapidly metabolized to formate by
formaldehyde dehydrogenase (Uotila and Koivusalo, 1974a; 1974b) and does not accumulate in
rats or monkeys after dosing with methanol (Makar and Tephly, 1977; McMartin et al., 1977,
1979). Formaldehyde metabolism to formate also can occur by various aldehyde dehydrogenases.
In primates and rodents, oxidation of formate to CO7 is accomplished primarily by folate-dependent
metabolism (McMartin et al., 1979; Palese and Tephly, 1975). Although of lesser importance, this
step also can be catalyzed by catalase peroxidative oxidation in rodents. Urinary excretion of
formate may be an important route of elimination in folate-deficient rodents (Smith and Taylor,
1982).

The susceptibility of a species to methanol toxicity is inversely related to its capacity for
tetrahydrofolate-dependent oxidation of formate (McMartin et al., 1977). Tetrahydrofolate levels in
the liver of monkeys are 60% of those in rats and are thought to account for a 50% lower maximal
rate of formate oxidation in monkeys as compared to rats (Black et al., 1985). Inhibition of
methionine synthetase, an enzyme important in the synthesis of tetrahydrofolate, by administering
nitrous oxide (N2O) or feeding a folate-deficient diet, renders rats susceptible to methanol toxicity
(Eells et al., 1981; Makar and Tephly, 1977). In a recent study, activities of the enzyme, 10-formyl-
tetrahydrofolate dehydrogenase, which catalyzes the oxidation of 10-formyl-tetrahydrofolate to CO2
and tetrahydrofolate, were compared in human and rat liver (Johlin et al.,, 1989). The finding that
properties of the enzymes were similar, but that the activity was lower in human than in rat liver,

may be an additional factor contributing to the accumulation of high levels of formate during
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methanol metabolism in humans as compared to rats. On a quantitative basis, this indicates that

humans should be more susceptible to formate toxicity than the rat.
Chronic Toxicity/Carcinogenicity

Formic acid and several other chemicals were tested for tumor promotion in a dermal exposure
study. An 8% formic acid and water solution was applied on both sides of both ears of male Swiss
mice (Frei and Stephens, 1968). The animals' ears were pretreated with one application of 1.5% 7,
12-dimethylbenz(a)anthracene (DMBA). The formic acid solution was applied to the ears twice a
week for 20 weeks with the first application occurring 1 week after treatment with DMBA. Animals
treated with formic acid had hyperplasia and epidermal thickening at incidences similar to or below
those of controls; formic acid was concluded not to be a tumor promoter in this study.

Genetic Toxicity

Formic acid (10 - 3333 ug /plate) was not mutagenic in Salmonella typhimurium strains TA100,
TA1535, TA97, or TA98, with or without S9 (Zeiger et al, 1992). It also did not induce sister-
chromatid exchanges, with or without S9, in hamster V79 cells treated with a maximum dose of
2mM (Basler et al., 1985).

Positive results were reported for formic acid in tests for induction of sex-linked recessive lethal
mutations in germ cells of male Drosophila (Stumm-Tegethoff, 1969) and in tests for induction of
chromosomal aberrations in Chinese hamster ovary cells (Morita et al.,, 1990). However, in both
these investigations, it was noted that neutralizing the acidic pH of the test solution or nutrient
medium, or increasing the buffering power of the solutions, eliminated the mutagenic responses. It
was concluded that formic acid by itself is non-mutagenic, but that testing at concentrations which
produce non-physiological pH levels results in a "false positive" response due to perturbations in
the test system.

Study Rationale and Design

Formic acid was nominated as part of an air pollutant class study by the National Cancer Institute,
based on its high potential for human exposure (~533,800 workers exposed occupationally from
1972 to 1974); its structural relationship to formaldehyde, a known nasal carcinogen in rats
(Swenberg et al., 1980); and because of the lack of information concerning the toxicity and
carcinogenicity of the chemical. In response, the NTP conducted 2-week and 13-week inhalation
studies using male and female B6C3F1 mice and Fischer 344 /N rats. Mutagenicity studies were
conducted in Salmonella typhimurium, using buffered solutions of formic acid to reduce the
potential for false positive responses.
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MATERIALS AND METHODS

Procurement and Characterization of Formic Acid

Formic acid was obtained from BASF Wyandotte Corporation (Parsippany, NJ). Cumulative
analytical data for the chemical indicated a purity of approximately 95%, with approximately 5%
water as the only significant contaminant. The infrared, ultraviolet/visible, and nuclear magnetic
resonance spectra were consistent with the structure of formic acid and available literature
references. Elemental analysis results for carbon and hydrogen agreed with theoretical values,
corrected for the water content. Karl Fischer titrimetry indicated 4.87 £ 0.07% water. Functional
group titration indicated a purity of 94.9 * 0.3%. Gas chromatography by 1 system (10% SP-
1000/1% H3PO4) resolved 1 peak. A second gas chromatography system (15% SP-1220/1%
H3POg4) resolved a major peak and an impurity peak with an area of 2.0% relative to the area of the
major peak. This impurity was identified tentatively as water, on the basis of retention time with

water-spiked samples.

The chemical was administered to animals by inhalation exposure. Formaldehyde was determined
as a possible degradation product of formic acid in the exposure chambers, and determinations of
formaldehyde levels were made in occupied and unoccupied chambers containing 8 and 128 ppm
formic acid as well as in the formic acid distribution line (~2500 ppm formic acid). Grab samples,
using gas sampling tubes packed with N-benzylethanolamine coated on a solid support, were
collected and subsequently analyzed by gas chromatography for the 3-benzyloxazolidine derivative.
In addition, the stability of formic acid in the generator reservoir over extended time periods was
investigated. These studies revealed no evidence of significant degradation of formic acid. The
amount of formaldehyde collected was less than 0.1% of the collected amount of formic acid in all
samples that were taken.

Repeated purity analyses of samples taken from the formic acid generator indicated that formic
acid did not decompose in the generator reservoir over a period of at least 29 days. No significant

discrepancies in formic acid purity were observed in any of these analyses.

Vapor Generation

Animals were exposed and maintained in 1.7 m3 inhalation chambers, commercially produced by
Harford Systems, Inc., (Aberdeen, MD). Bulk liquid formic acid was contained in an 8-liter,
stainless steel, nitrogen-blanketed reservoir confined within a vented steel cabinet. As the formic
acid was used, nitrogen replaced the formic acid and served to exclude Op from the reservoir.
Liquid to be vaporized was pumped from the reservoir to a vaporizer by a micrometering pump
which was constructed of materials compatible with formic acid. All liquid delivery tubing was
constructed of Teflon®.

The vaporizer consisted of a stainless steel cylinder covered with a glass fiber wick from which the
liquid was vaporized. An 80-watt heater and 2 temperature sensing elements were incorporated

within the cylinder. One sensing element was connected to a remote temperature controller
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allowing vaporizer temperatures of up to 120°C, with control to better than + 0.5°C. The vaporizer
was operated at approximately 97 + 5°C. The other sensing element was connected to a digital
temperature readout device. Output from this device was recorded at periodic intervals. The
cylindrical vaporizer was positioned in the fresh-air duct leading directly to the vapor distribution

manifold.

After flash vaporization, the vapor entered a short distribution manifold where the individual
delivery lines carried a metered amount of vapor to each exposure chamber. A constant
concentration of formic acid vapor, approximately 2300 ppm, was maintained in the distribution
duct. Dilution air was conditioned to room temperature at approximately 50% relative humidity
and was filtered by HEPA and charcoal filters. Vacuum transvector pumps, located at the chamber
end of each vapor delivery line, generated negative pressure to draw the formic acid vapor from the
distribution manifold through fine metering valves to the chambers. The high-concentration vapor
was diluted by conditioned air to achieve the required target concentration immediately before
entry of the vapor into the chambers.

The time after the start of exposure for the concentration to reach 90% of the final stable
concentration in the chamber (T90) and the time after the termination of generation for the vapor
concentration to decay to 10% of the stable concentration (T10) were determined. T90, with and
without animals in the chamber with a flow of 15 CFM, was 10 and 27 minutes, respectively. T10,
with and without animals, was 10 - 11 minutes and 40 - 100 minutes, respectively.

Concentration Monitoring

A Foxboro Miran 980 infrared spectrometer (The Foxboro Co., Foxboro, MA) with a 20-meter,
variable-pathlength, heated (~80°C) gas cell was used to monitor the exposure chambers, control
chamber, exposure room, an on-line standard of formic acid vapor, and a pure nitrogen source. All
locations were monitored approximately once every 40 minutes. The infrared cell was set to a 9.75-
meter pathlength; the analytical wavelength for formic acid was 9.050 microns. Water was
measured at 6.535 microns to allow a small correction for the absorbance of water vapor at the
analytical wavelength for formic acid. A reference measurement was performed at 4.045 microns to

correct for instrument drift.

The on-line monitor was calibrated by comparing monitor readings with GC analyses of grab
samples collected from the exposure chambers at the time of the readings. The limit of detection
and limit of quantification for the on-line monitor were determined at an average chamber relative
humidity of 33-51%. The practical detection limit was 0.36 * 0.10 ppm, with a practical
quantification limit of 0.68 £ 0.10 ppm. During the 2-week and the 13-week studies, at least 96%
and 91%, respectively, of the measured concentrations for each chamber were within + 10% of the

target concentration.
Toxicity Study Design

Male and female Fischer 344 /N rats and B6C3F; mice used in these studies were produced under
strict barrier conditions at Taconic Farms (Germantown, NY). Animals were the progeny of defined
microflora-associated parents that were transferred from isolators to barrier-maintained rooms.

Rats and mice were shipped to the study laboratory at 4 weeks of age, quarantined at the study
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laboratory for 11-13 days, and placed on study at 6-7 weeks of age. Blood samples were collected
and the sera analyzed for viral titers from 5 animals per sex and species at study start and at
termination in the 13-week studies. Data from 5 viral screens performed in rats and 12 viral
screens performed in mice (Boorman et al.,, 1986; Rao et al., 1989; 1989a) showed that there were
no positive antibody titers.

During the acclimation period, animals were randomly assigned to test groups using body weight
as the blocking variable. Once exposure began, the animals were housed continuously in exposure
chambers with chamber doors closed, except during animal husbandry procedures. Pelleted NIH-
07 feed (Zeigler Bros., Inc., Gardners, PA) was available to animals at all times except during the

daily exposure period, when feed was removed. Drinking water was available ad libitum.

Groups of 5 rats and 5 mice of each sex were administered formic acid by inhalation exposure for
12 days, 6 hours per day +T90/day (30 minutes), 5 days per week. Exposure concentrations for
rats and mice were 0, 31, 62.5, 125, 250, or 500 ppm. After the third day of exposure, rats were
removed from the inhalation chambers and placed in metabolism cages for a 16-hour collection of
urine. Animals had access to water but not food. Urine collection tubes were placed in ice/water
baths. Measurements included volume, pH, concentrations of glucose and protein, and activities of
aspartate aminotransferase (AST), gamma-glutamyl transpeptidase (GGT), and alkaline
phosphatase (AP). Rats were returned to the inhalation chamber after the collection period.

On the day following the end of the 2-week exposure period, blood samples were collected from rats
for determination of pH, concentrations of serum electrolytes, and coagulation times. Immediately
prior to termination, rats were anesthetized with an i.p. injection of sodium pentobarbital, and
blood samples were collected into plastic syringes from the lumbar aorta. For measurement of
blood pH, samples were quickly transferred to a capillary tube containing heparin, and a
Radiometer BME-33 blood pH instrument (Radiometer America, Inc., Westlake, OH) was used for
the analyses. For determination of concentrations of sodium, potassium, chloride, and total COag,
blood samples were placed into tubes devoid of an anticoagulant, and serum was harvested.
Instrumentation Laboratories instruments, Models 442 and 446 (Instrumentation Laboratories,
Lexington, MA), were used for these determinations. For determination of prothrombin and partial
thromboplastin times, samples were placed in 3.8% sodium citrate and tests were performed using
Dade reagents and a BBL Fibrometer (BBL Microbiology Systems, Cockeysville, MD). Necropsy
examinations were performed on all animals (rats and mice). Weights were determined for the
liver, thymus, right kidney, right testis, heart, and lungs. The following tissues in all control and
treated animals were trimmed, embedded, stained with H&E, and examined microscopically: gross
lesions, larynx, lungs and attached tracheobronchial lymph nodes, nasal cavity, and trachea.
Further details are outlined in Table 1.

In the 13-week studies, rats and mice in groups of 10 per sex were exposed to formic acid vapor by
whole body exposure at target concentrations of 0, 8, 16, 32, 64, and 128 ppm for 6 hours
+T90/day (30 minutes), 5 days/week. Ten additional male and female rats per group were
included for clinical pathology studies; clinical observations were recorded daily. Body weights
were recorded at study start, at weekly intervals, and at the end of the studies. Organ weights
were determined for the thymus, heart, right kidney, lungs, liver, and right testis.



16 FORMIC ACID, NTP TOXICITY REPORT NUMBER 19

Clinical pathology studies were performed on the additional rats on days 3 and 23, and on core
study rats at study termination. Animals were anesthetized with 70% C02:30% Oz and bled from
the retroorbital sinus using heparinized microcapillary tubes. Samples for hematologic analyses
(~0.50 mL) were collected in tubes containing dry potassium EDTA, gently mixed, and held at room
temperature until analyzed. Blood samples for serum analyses (~0.75 mL) were collected into
tubes containing a separator gel but without an anticoagulant. These samples were allowed to clot
at room temperature for approximately 30 minutes and centrifuged at 5000 g for 10 minutes; the

serum then was harvested for biochemical analyses.

Automated hematologic analyses were performed using an Ortho ELT-8/ds hematology system
(Ortho Diagnostics Systems, Inc., Westwood, NJ). The following variables were measured (or
calculated): erythrocyte, leukocyte, and platelet counts, hemoglobin (HGB) concentration,
hematocrit (HCT), mean corpuscular volume (MCV), mean corpuscular hemoglobin (MCH), and
mean corpuscular hemoglobin concentration (MCHC). Smears of peripheral blood were stained
with Wrights stain and examined microscopically. Leukocyte differentials were determined on 100
cells; absolute counts of individual leukocytes were calculated based on the total leukocyte count
and the relative number. Reticulocytes were stained by mixing equal volumes of whole blood with
new methylene blue stain for 20 minutes. Relative numbers of reticulocytes, determined by
microscopic examination of approximately 1000 erythrocytes, were converted to absolute counts
based on the total erythrocyte count.

Biochemical analyses were performed using an Abbott VP analyzer (Abbott Laboratories, North
Chicago, Ill.) The following assays were performed using reagents and methods provided by the
manufacturer: wurea nitrogen (UN), creatinine, total protein, albumin, alanine aminotransferase
(ALT), alkaline phosphatase (AP), creatine kinase (CK), and amylase. For determination of activity
of sorbitol dehydrogenase (SDH), a reagent kit was obtained from Sigma Chemical Company (St.
Louis, MO) and adapted for the Abbott VP. For determination of total bile acids, a reagent kit was
obtained from Nyegaard Diagnostica (Enzabile, Oslo, Norway), and concentrations were measured

as an end-point reaction using a recording spectrophotometer.

A complete necropsy was performed on all animals. Organs and tissues were examined for gross
lesions. Tissues were fixed in 10% neutral buffered formalin. Tissues for microscopic evaluation
were dehydrated and embedded in paraffin, sectioned at approximately 5 microns, and stained

with hematoxylin and eosin, and examined microscopically.

Upon completion of the histologic evaluation by the laboratory pathologist, the slides, paraffin
blocks, and residual wet tissues were sent to the NTP Archives for inventory, slide/block match,
and wet tissue audit. The slides, individual animal data records, and pathology tables were sent to
an independent pathology laboratory for quality assessment, and the results were reviewed and
evaluated by the NTP Pathology Working Group (PWG). The final diagnoses represent a consensus
of contractor pathologists and the PWG. Details of these review procedures have been described by
Maronpot and Boorman (1982) and Boorman et al. (1985).



FORMIC ACID, NTP TOXICITY REPORT NUMBER 19 17

Reproductive Toxicity

Sperm morphology and vaginal cytology examinations were performed for rats and mice
administered formic acid at 0, 8, 32, and 128 ppm in the 13-week study. To screen for potential
reproductive toxicity, epididymal sperm motility was evaluated at necropsy, and vaginal cytology
was evaluated on animals during the 2 weeks just preceding necropsy, using procedures outlined
by Morrissey et al. (1988). For the 12 days prior to sacrifice, females were subject to vaginal lavage
with saline. The aspirated cells were air-dried onto slides, stained with Toluidine Blue O, and cover
slipped. The relative preponderance of leukocytes, nucleated epithelial cells, and large squamous
epithelial cells were used to identify the stages of the estrual cycle.

Sperm motility was evaluated at necropsy as follows: The left epididymis was removed and quickly
weighed; the cauda epididymis was removed at the junction of the vas deferens and the corpus
epididymis, then weighed. Warm (37°C) Tyrodes buffer (mice) or test yolk buffer (rats) was applied
to two pre-warmed slides, and a small cut made in the distal cauda epididymis. The sperm that
extruded from the epididymis were dispersed throughout the solution, cover slipped, and counted
immediately on a warmed microscope stage. Two independent observers counted the number of
moving and non-moving sperm in 5 fields of 30 sperm or less per field. After sperm sampling for
motility evaluation, the cauda was placed in phosphate buffered saline (PBS), gently chopped with
a razor blade, and allowed to sit for 15 min. The remaining clumps of tissue were removed and the
solution mixed gently and heat-fixed at 65°C. Sperm density was subsequently determined using a
hemocytometer.

To quantify spermatogenesis, the left testis was weighed, frozen and stored. After thawing,
testicular spermatid head count was determined by removing the tunica albuginea and
homogenizing the testis in PBS containing 10% DMSO. Homogenization-resistant spermatid nuclei
were enumerated using a hemocytometer; the data were expressed as spermatid heads per total
testis and per gram of testis.

Genetic Toxicology
Experimental Protocol

Testing was performed as described by Haworth et al. (1983). Formic acid was incubated with the
Salmonella typhimurium tester strains TA97, TA98, TA100, and TA1535, either in buffer or S9 mix
(metabolic activation enzymes and cofactors from Aroclor 1254-induced male Sprague-Dawley or
Syrian hamster liver) for 20 minutes prior to the addition of soft agar supplemented with L-
histidine and D-biotin, and subsequently plated on minimal glucose agar plates. Incubation
continued for an additional 48 hours.

Each test consisted of triplicate plates of concurrent positive and negative controls and at least 5
doses of test chemical. High dose was limited by toxicity and did not exceed 3.33 mg/plate. All
positive assays were repeated under the conditions which elicited the positive response.

A positive response was defined in this assay as a reproducible, dose-related increase in histidine-

independent (revertant) colonies in any single strain/activation combination. An equivocal
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response was defined as an increase in revertants which was neither dose-related, reproducible, or
of sufficient magnitude to support a determination of mutagenicity. A negative response was

obtained when no increase in revertant colonies was observed following chemical treatment.
Statistical Methods

Two approaches were employed to assess the significance of pairwise comparisons between dosed
and control groups in the analysis of continuous variables. Organ and body weight data, which are
approximately normally distributed, were analyzed using the parametric multiple comparisons
procedures of Williams (1971, 1972) and Dunnett (1955). Clinical chemistry and hematology data,
which typically have skewed distributions, were analyzed using the nonparametric multiple
comparisons methods of Shirley (1977) and Dunn (1964). Jonckheere's test (Jonckheere, 1954)
was used to assess the significance of dose-response trends and to determine whether a trend-
sensitive test (Williams, Shirley) was more appropriate for pairwise comparisons than a test capable
of detecting departures from monotonic dose-response (Dunnett, Dunn). If the P-value from
Jonckheere's test was greater than or equal to 0.10, Dunn's or Dunnett's test was used rather than
Shirley's or Williams' test.

The outlier test of Dixon and Massey (1951) was employed to detect extreme values. No value
selected by the outlier test was eliminated unless it was at least twice the next largest value or at
most half of the next smallest value.

Because the vaginal cytology data are proportions (the proportion of the observation period that an
animal was in a given estrous state), an arcsine transformation was used to bring the data into
closer conformance with normality assumptions. Treatment effects were investigated by applying a
multivariate analysis of variance (Morrison, 1976) to the transformed data to test for the

simultaneous equality of measurements across dose levels.
Quality Assurance

The 13-week toxicity studies of formic acid were performed in compliance with FDA Good
Laboratory Practices regulations (21 CFR 58). The Quality Assurance Unit of Battelle Northwest
Laboratories performed audits and inspections of protocols, procedures, data, and reports
throughout the course of the studies. The operations of the Quality Assurance Unit were
monitored by the NTP.
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TABLE 1 Experimental Design and Materials and Methods
in the 14-Day and 13-Week Inhalation Studies of Formic Acid

Study Laboratory

Study Dates

Strain and Species
Animal Source
Chemical Source

Size of Study Groups

Battelle Pacific Northwest Laboratories

14-Day Studies: August -- September, 1987
14-Day Dosed Feed Studies: December 1987 -- March, 1988

F344/N rats; B6C3F mice
Taconic Farms, Inc., Germantown, NY
BASF Wyandotte Corporation (Parsippany, NJ).

14-Day Studies:

5/sex/group of each species. Animals were individually caged.
13-Week Studies:
Mice--10/sex/group; rats--20/sex/group (10 core study and 10 for clinical pathology).
Animals were individually caged.
Method of Animal Distribution Animals assigned to dosed and control groups by computer-generated tables of random
numbers, using body weight as a blocking variable.

Route of Administration Whole body inhalation
Exposure Concentrations

14-Day Studies: 0, 31, 62.5, 125, 250, and 500 ppm
13-Week Studies: 0, 8, 32, 64, and 128 ppm

Diet NIH-07 available ad libitum except during exposure periods
Animal Room Environment Temp--75 + 3°F; relative humidity--55 + 15%); fluorescent light 12 h/d;
15 + 3 air changes/h.

Time Held Before Study 14-Day Studies: Rats-11 d; Mice-12d
13-Week Studies: Rats-12 d, Mice-13 d
Age When Placed on Study 14-Day and 13-Week Studies: 6 wks (7 wks for mice in 13-week studies).

Age When Killed 14-Day Studies: 8 wks
13-Week Studies: Rats-19 wks; Mice-20 wks

Type and Frequency of Observation 14-Day Studies:
Observed 2 x d for mortality/moribundity; 2 x d each exposure day for clinical signs of
toxicity; weighed on days 1, 8, and at necropsy.
13-Week Dosed Feed Studies:
Observed 2 x d for mortality/moribundity; body weights and clinical observations measured
weekly and at necropsy.

Necropsy and Histologic Examinations (14-day studies)
Necropsy was performed on all animals. The following tissues were examined microscopically: lungs, trachea, larynx, bronchial lymph nodes, nose
(three transverse sections), and all gross lesions from all treated and control animals. Urinalysis, coagulation, serum chemistry were performed at
day 3 and at termination.

Necropsy and Histologic Examinations (13-week studies)

Necropsy was performed on all animals. The following tissues were examined microscopically from all control and high dose groups: adrenal
glands, brain, bronchial lymph nodes, cecum, colon, duodenum, epididymis/seminal vesicles/ prostate/testes or ovaries/uterus, esophagus, eyes (if
grossly abnormal), femur (including marrow), gallbladder (mice), gross lesions and tissue masses with regional lymph nodes, heart, ileum, jejunum,
kidneys, larynx, liver, lungs with mainstem bronchi, mammary gland and adjacent skin, mandibular and mesenteric lymph nodes, mediastinal lymph
nodes, nasal cavity and turbinates, pancreas, parathyroid glands, pharynx (if grossly abnormal), pituitary gland, preputial /clitoral glands (rats),
rectum, salivary glands, spinal cord and sciatic nerve (if neurologic signs present), spleen, stomach (including forestomach and glandular stomach),
thigh muscle, thymus, thyroid gland, trachea, and urinary bladder. In addition to all gross lesions, the following tissues were examined in all other
dose groups: rats--nose (three transverse sections), lung, larynx, trachea, bronchial and mediastinal lymph nodes; mice--nose (three transverse
sections). Organ weights (to the nearest mg) were obtained from all core study animals and include: liver, thymus, right kidney, right testis, heart
and lungs. Hematologic and serum chemical analyses were performed; sperm morphology and vaginal cytology were evaluated in rats and mice
exposed to 0, 8, 32, and 128 ppm.
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RESULTS

2-Week Studies in Rats

One female and 3 male rats in the 500 ppm exposure groups died on day 10 of exposure (Table 2).
Final body weights were significantly lower in male rats exposed to 250 and 500 ppm formic acid
and in female rats exposed to 500 ppm, compared to control animals (Table 2). Exposure-related
clinical signs were limited to the 250 and 500 ppm dose groups and were consistent with effects
typically seen with respiratory irritants. Clinical signs noted included nasal discharge, increased
preening, hypoactivity, and labored breathing. Male and female rats among the highest dose group
developed corneal opacity.

TABLE 2 Survival and Weight Gain of F344/N Rats
in the 2-Week Inhalation Studies of Formic Acid
Exposure Mean Body Weight (grams) Final Weight Relative
Concentration (ppm) Survivald Initial Final ChangeP to Controls (%)
MALE
0.0 5/5 119 177 58
31.0 5/5 119 179 60 101
62.5 5/5 117 175 58 99
125.0 5/5 119 172 53 97
250.0 5/5 119 162 43 92
500.0 2/5 120 135 15 76
FEMALE
0.0 5/5 94 127 33
31.0 5/5 93 126 33 99
62.5 5/5 92 131 39 103
125.0 5/5 91 123 32 97
250.0 5/5 94 118 24 93
500.0 4/5 94 96 2 76

4  Number surviving at 14 days/number of animals per dose group.
b Mean weight change of the animals in each dose group.
€ (Dosed group mean/control group mean) x 100.

Effects of treatment on blood pH and concentrations of serum electrolytes were unremarkable. A
mild, statistically significant increase occurred in concentrations of sodium in female rats in the
highest exposure group (500 ppm). There did not appear to be any consistent effect of formic acid
exposure on coagulation tests, as results of assays of prothrombin time and activated partial
thromboplastin time did not differ among the groups (not shown). Results of urinalyses (performed
after exposure day 3) indicated a reduction in 16-hour urine volumes in males and females exposed
to 250 ppm and in males exposed to 500 ppm; urine specific gravity was variably increased in
exposed males and females, and correlated with reductions in urine volume. Similarly,
concentrations of glucose and protein, and activities of AST, GGT and AP were increased, but when

corrected for total 16-hour excretion, they were unchanged from controls.

At necropsy, exposure-related gross lesions consisted of dried exudate around the external
(anterior) nares in 3 males and 3 females from the 500 ppm exposure groups. Although cloudiness
of the cornea was observed clinically at this exposure concentration during the course of the study,
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corneal opacity was identified in only 1 male rat at the time of necropsy. This corneal change was
characterized microscopically by a very minimal inflammatory cell infiltrate (neutrophils).

Both absolute and relative thymus weights were significantly less (as much as 50% in male and
female rats exposed to 500 ppm) compared to controls. There were no differences in other absolute
organ weights between exposed and control animals. The relative weights of the kidney in males
and females, and of the heart in females, were increased significantly in high-dose animals
compared to controls; however, the group mean body weights of these animals were lower than
controls, which contributed to these differences.

Histopathologic lesions related to formic acid exposure in the upper respiratory tract were similar
in nature, and dose-related in incidence and severity, in male and female rats exposed at
concentrations of 62.5 ppm or higher (Table 3). With exposure concentrations of 125 ppm or
higher, lesions occurred in the respiratory and olfactory epithelium in the anterior (Level I) and mid
portion (Level II) of the nasal cavity. Lesions were most severe at the 500 ppm exposure level;
squamous metaplasia and necrosis of the respiratory and olfactory epithelium were present in all
rats. An inflammatory cell (neutrophils) infiltrate was present in the mucosa, and exudate was
present in the nasal cavity (Plates 1, 2). At this highest exposure concentration, squamous
metaplasia of the larynx occurred in 1 male and 1 female rat. Microscopic lesions in rats exposed
to 250 ppm were slightly less severe than in the 500 ppm group; inflammation and squamous
metaplasia of the larynx were not present at this exposure concentration.

TABLE 3 Histopathologic Lesions in F344/N Rats
in the 2-Week Inhalation Studies of Formic Acid

Exposure Concentration (ppm)

0 31 62.5 125 250 500
Site/Lesion
MALE
Nose
Respiratory epithelium
squamous metaplasia 0 0 4(1.3)2 5(1.8) 5(2.8) 5(2.6)
inflammation 0 0 0 3(1.0) 5(2.4) 5(3.0)
necrosis 0 0 0 0 5(2.0) 5(2.6)
Olfactory epithelium
necrosis 0 0 0 1(1.0) 2(2.5) 5(2.6)
Larynx
squamous metaplasia 0 0 0 0 0 1(1.0)
inflammation 0 0 0 0 0 2(.5)
FEMALE
Nose
Respiratory epithelium
squamous metaplasia 0 0 3(1.6) 5(2.6) 5(3.0) 5(3.0)
inflammation 0 0 0 4(1.3) 5(2.0) 5(3.0)
necrosis 0 0 0 0 3(1.6) 5(3.0)
Olfactory epithelium
necrosis 0 0 0 1(1.0) 4 (1.5) 5(3.0)
Larynx
squamous metaplasia 0 0 0 0 0 1(1.0)
inflammation 0 0 0 0 1(1.0) 1(2.0)

a4 Incidence and severity score () based on a scale of 1 to 4: 1 = minimal, 2 = mild, 3 = moderate, 4 = marked.
Scores are averages based on the number of animal with lesions from groups of 5.
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Rats exposed to 125 ppm formic acid had a decreased severity and incidence of nasal lesions when
compared to those in the higher exposure groups; histopathologic lesions generally consisted of a
minimal-to-mild squamous metaplasia of the respiratory epithelium on the nasal septum, lateral
walls, and tips of the nasoturbinates (Plate 3). Minimal focal necrosis of the olfactory epithelium
occurred in 2 rats at this exposure concentration. In the 62.5 ppm exposure groups, lesions were
limited to the most anterior nasal section (Level I) and consisted of minimal-to-mild squamous
metaplasia of the respiratory epithelium (Table 3). There were no microscopic lesions in the
olfactory epithelium at this exposure concentration, and no treatment-related lesions in rats
exposed to 31.5 ppm formic acid. No lesions in the lower respiratory tract were considered related

to formic acid exposure at any concentration studied.

13-Week Studies in Rats

All rats survived to the end of the studies. Male rats exposed to 32 ppm formic acid had a mild but
significant increase in final body weight compared to control animals (Table 4 and Figure 1).
Similarly, body weight gains were significantly greater in male rats exposed to 16, 32, and 64 ppm
formic acid compared to control animals (Table 4 and Figure 1). No clinical signs that were clearly
exposure-related were noted during the studies.

TABLE 4 Survival and Weight Gain of F344/N Rats
in the 13-Week Inhalation Studies of Formic Acid
Exposure Mean Body Weight (grams) Final W eight Relative
Concentration (ppm) Survivald Initial Final ChangeP to Controls (%)
MALE
0 10/10 119 339 220
8 10/10 124 357 233 105
16 10/10 117 357 240 105
32 10/10 123 367 244 108
64 10/10 119 362 243 107
128 10/10 121 333 212 98
FEMALE
0 10/10 113 212 99
8 10/10 113 210 97 99
16 10/10 112 205 93 97
32 10/10 111 208 97 98
64 10/10 111 205 94 97
128 10/10 108 201 93 95

4  Number surviving at 13 weeks/number of animals per dose group.
b Mean weight change of the animals in each dose group.
€ (Dosed group mean/Control group mean) x 100.

Changes in hematologic variables were few and generally minimal to mild in magnitude. Increases
in white blood cell (WBC) counts in male and female rats at 3 days were produced by mild
lymphocytoses. RBC counts were significantly increased in male rats in the 2 highest exposure
groups at day 3. Although there were no statistically significant changes in WBC counts at the 13-
week time point, neutrophil counts were decreased in male and female rats in all exposure groups.
The decreases were mild to moderate and not dependent on the exposure concentration. In the
female rats at 23 days, mild but significant increases in MCH and MCV were produced by minimal



ForMIC AcID, NTP ToXICITY RE PORT NUMBER 19

Male Rats

‘Wf L \J v \J L L o ¥ T T T T 1

1 B 15 22 29 36 43 50 57 64 71 78 B85 92
Days On Study

Female Rats

230
210 -
190 4
170 4

Grams
150 4

T L L] - T T t T T T \j T 1

7 14 2v 28 35 42 49 56 63 70 77 84 91
DaysOn Study

Figure 1  Body Weights of F344/N Rats In the
13-Week Inhalation Studies of Formic

- CONTHOL
o- 8 ppm

® 16 ppm
O 32 ppm
+ 64 ppm
- 128 ppm

23

®- CONTROL
o- 8 ppm

8- 16 ppm
0- 32 ppm

4 64 ppm
128 ppm

Acid



24 FORMIC ACID, NTP TOXICITY REPORT NUMBER 19

to mild decreases in RBC counts. In female rats at 13 weeks, there were minimal but significant
increases in MCHC in animals at all exposure concentrations, produced by increases in HGB
concentrations that were occasionally significant. Minimal but significant decreases in MCV in
female rats in 2 exposure groups (16 and 128 ppm) at 13 weeks were associated with increases of

similar magnitude in RBC counts.

There were mild, significant decreases in concentrations of serum albumin in female rats at day 3
(32, 64, and 128 ppm exposure groups) and increases in male rats at 13 weeks (8, 16, and 32 ppm
exposure groups). Concentrations of total serum protein were decreased in female rats in all
exposure groups at day 3. Male and female rats exposed to 16, 32 (female only), 64, and 128 ppm
formic acid had significant increases in serum AP at 13 weeks. Additional changes in serum
biochemical variables in rats exposed to formic acid included decreases in activities of amylase
(female rats, days 3 and 23) and CK (male rats, day 3; female rats, day 23), increases in activities
of SDH (male rats, day 3), and decreases in concentrations of UN and creatinine (male and female

rats, day 3).

There were no unusual gross lesions noted at necropsy. Liver weights were somewhat greater in
male rats in all exposure groups and liver-to-body-weight ratios (relative weights) were increased in
male rats exposed to 32, 64, and 128 ppm formic acid (Appendix A). Absolute and relative lung
weights were decreased in all exposed groups of female rats. In male rats, relative lung weights
were decreased in all exposure groups, and absolute weights were decreased in the 64 and 128

ppm groups.

Microscopic changes attributed to formic acid exposure occurred in the respiratory and olfactory
epithelium of the nose and generally were limited to the 128 ppm exposure groups (Table 5).

TABLE 5 Histopathologic Lesions in F344/N Rats
in the 13-Week Inhalation Studies of Formic Acid

Exposure Concentration (ppm)

0 8 16 32 64 128
Site/Lesion
MALE
NOSE
Respiratory epithelium
squamous metaplasia 0 0 0 0 0 9 (1.0)2
Olfactory epithelium
degeneration 0 0 0 1(1.0) 1(1.0) 9(1.2)
FEMALE
NOSE
Respiratory epithelium
squamous metaplasia 0 0 0 0 0 6 (1.4)
Olfactory epithelium
degeneration 0 0 0 0 0 5(1.0)

a Incidence and severity score () based on a scale of 1 to 4: 1 = minimal, 2 = mild, 3 = moderate, 4 = marked.
Scores are averages based on the number of animals with lesions from groups of 10.
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Changes in the respiratory epithelium consisted of a minimal squamous metaplasia in which the
pseudostratified, ciliated columnar cells were replaced by a flattened, non-ciliated epithelium
varying from approximately 2 to 5 cells in thickness. A few inflammatory cells sometimes were
associated with these areas of metaplasia, but inflammation was not a prominent feature of the
nasal lesions. Squamous metaplasia occurred most often in the respiratory epithelium that lines
the most dorsal portion of the dorsal meatus in the nose's anterior section (Level I). Foci of
squamous metaplasia occasionally were present on the anterior nasal septum and/or tips
(margins) of the nasoturbinates (Plate 4). In the olfactory epithelium, degenerative changes were
minimal to mild and generally limited to the area of the dorsal meatus in the mid-nasal section
(Level II). Degeneration was characterized by a loss of the usual orderly arrangement of the
pseudostratified layer of nuclei and by a slight reduction in the normal thickness of the olfactory
epithelium. This decreased thickness was the result of a reduction in the amount of the cytoplasm
at the apical portion of the olfactory epithelial cells and a decrease in the number of sensory and
sustentacular cell nuclei (Plates 5, 6). An increase in the basophilic staining of some nuclei was
seen, and, in a few cells, the nucleus appeared pyknotic, or fragmented; however, necrosis was not
a characteristic feature of the olfactory lesion. There was no evidence of metaplasia in the olfactory
epithelium or atrophy of the nerve fibers in the olfactory mucosa.

In 19/20 male and female rats from the control and 32 ppm exposure groups there were minimal
to mild inflammatory lesions in the lung consisting of aggregates of macrophages and/or
neutrophils in alveoli and hyperplasia of peribronchiolar lymphoid tissues and alveolar epithelium.
These pulmonary lesions, which were generally less severe in females, were limited to the control
and mid-dose groups and corresponded to the slightly greater lung weights observed for these
groups of rats.

There were no effects of exposure to formic acid on measures of sperm motility, density, or
testicular or epididymal weights, and no changes were seen in the length of the estrous cycle
(Appendix C).
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APPENDIX B

Hematology and Clinical Chemistry
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TABLE B1 Hematology Data for F344/N Rats In the 13-Week Inhalation Study of Formic Acid’

Analysis 0 ppm 8 ppm 16 ppm 32 ppm 64 ppm 128 ppm
MALE
n 10 10 10 10 10 10
Hematocnt (mL/dL)

Day 3 418102 420104 421104 428105 432104 428104

Day 23 453103 453106 459103 457103 448102 452+03

Week 13 440103 441103 440103 439102 432103 441102
Hemoglobin (g/dL)

Day 3 142101 141101 141101 145102 147+01° 146+01°

Day 23 156+01 15702 1567101 15701 155101 154103

Week 13 159102 160101 16001 159+01 15§7+01 160101
Erythrocytes (10%ulL)

Day 3 7931007 7891008 7951011 8161010 824 + 008" 822+008"

Day 23 898+ 009 8871013 9011007 8951008 880006 8841006

Week 13 978+ 005 989+008 9771007 9771008 9631008 9851005
Reticulocytes (10*/ul)

Day 3 3502+244 3943+245 4002+ 295 3187+ 254 3472+207 3897+372

Day 23 23731183 2183+82 2267+ 222 2504 +202 2363+267 2362+ 269

Week 13 1818+ 140 1747 +£190 1843+ 162 2283+ 192 2241+ 212 1967+ 128
Nucleated erythrocytes (10%uL)

Day 3 0801025 100+039 0701034 070t021 110018 080044

Day 23 0101010 050+022 010+010 010£010 0401022 010+010

Week 13 010+010 0301021 0201013 030+021 010+ 010 000+ 000
Mean cell volume (fL)

Day 3 §27+03 631102 530103 5256102 526102 §21+02

Day 23 505+03 §10+03 51002 509+02 §10+£02 511103

Week 13 449102 446102 450100 450+02 45003 448+02
Mean cell hemoglobin (pg)

Day 3 179101 179101 17701 178101 178101 177101

Day 23 174101 177101 175+01 175101 176101 173103

Week 13 163101 162101 164101 163101 163101 163101
Mean cell hemoglobin concentration (g/dL)

Day 3 339+01 336+01 335102 338101 340101 341101

Day 23 344102 347102 343101 344101 346101 340+05

Week 13 361102 364101 364101 362102 363+02 364101
Platelets (10°/uL)

Day 3 69831307 8042+236* 7260%175 6728+ 174 7084 + 213 74211137

Day 23 6237+ 129 622477 6224+ 126 6047+169 6298+ 76 61111208

Week 13 5704 + 214 5458+88 5140+ 186 554689 541659 5057 +92"
Leukocytes (10°/uL)

Day 3 7371032 760034 746+ 023 8121033 902+ 030" 879+ 050"

Day 23 §60+020 §74+017 6181029 590+ 024 603+t024 5§91+023

Week 13 699+ 042 §51+018° 567 +026" 6601019 597+023 569+024
Segmented neutrophils (10%/uL)

Day 3 0411008 046+ 007 044+ 006 049+009 054+012 0471010

Day 23 0611007 0391005 0631015 053+006 0671010 050+ 005

Week 13 1561014 093+007" 081+006"" 101009 0931010 092+011*
Lymphocytes (10°/ul)

Day 3 680031 7021033 6761021 7451037 815t 027 8161047

Day 23 491+019 518+017 5371028 §25+023 §26+021 §32+024

Week 13 5111036 437+013 4681027 528+022 479+026 4551029
Monocytes (10%/uL)

Day 3 015+002 011+003 023+007 017+ 003 030+006 014+0083

Day 23 008+ 002 0151003 0161003 0111003 009 +001 009+002

Week 13 031+007 0191004 014+003 025+003 019+004 018+003
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TABLE B1 Hematology Data for F344/N Rats in the 13-Week Inhalation Study of Formic Acid
(continued)

Analysis 0 ppm 8 ppm 16 ppm 32 ppm 64 ppm 128 ppm

MALE (continued)

Eosinophils (10°/uL)

Day 3 00100t 0021001 003+ 001 002+001 004+002 002+001

Day 23 001x001 003001 0021001 002+001 002+001 0011001

Week 13 0071002 003001 0051002 007+001 0071002 005+002
FEMALE
n 10 10 10 10 10 10
Hematocnt (mi/dL)

Day 3 453104 448103 450105 451+05 458109 45406

Day 23 477+04 469103 471104 467104 468+ 04° 469+02

Week 13 440102 452+02" 447103 449104 442105 448+03
Hemoglobin (g/dL)

Day 3 152+01 150101 151+£02 151102 156+03 154102

Day 23 164102 161101 163101 161101 162+£02° 162+01

Week 13 159+01 165+01* 163101 16302 161102 164+01"
Erythrocytes (10%/uL)

Day 3 8571010 8451007 8441011 848+ 011 8771019 870+015

Day 23 9261010 896+ 009 9011009 889007 8 98 + 008° 8971006

Week 13 910+ 004 9371+005* 934 + 006" 9341010 9231010 939 +006°
Reticulocytes (10%pL)

Day 3 25669+ 233 27701 44 2 29931320 2909+ 281 2683+ 266 2543+ 265

Day 23 1376 £ 91 1625+ 146 1343+ 120 1439+ 112 1521+ 20 1? 1557 +149

Week 13 1637+ 142 1392+ 162 1455+ 204 1514+ 117 1569 + 197 1619+ 109
Nucleated erythrocytes (10°/ul)

Day 3 090+ 041 050+022 030+015 0301015 040t 022 040+022

Day 23 010+£010 020+013 010+ 010 000+ 000 000 + 0 00° 010+010

Week 13 030+015 010+010 000+000 000 + 000" 000 t 000" 000 + 000**
Mean cell volume (fl.)

Day 3 530102 §31+01 633103 532102 523+02° 522+03"

Day 23 51603 524+03" 521+03 526+ 02" 521+02% 523+03*

Week 13 483102 482101 477t02* 481101 48101 478+01*
Mean cell hemoglobin (pg)

Day 3 177101 178+ 01 179101 178+01 176+01 1771201

Day 23 177201 180+0 1" 181+01" 181+01* 180+ 01" 180+01*

Week 13 175201 176100 176100 17400 174101 17400
Mean cell hemoglobin concentration (g/dL})

Day 3 334101 335101 336101 334:01 33801 340+01™

Day 23 344101 344102 345101 344101 345+01 345+01

Week 13 361101 364101 365+01* 362+01* 364101 366+01*
Platelets (10°/uL)

Day 3 6900+ 360 69211168 6993+307 6827208 6538+ 171 6059 + 404

Day 23 5625+ 121 5876+ 132 5736+ 156 55271385 6128+ 117°7 5826184

Week 13 5756+ 166 5416+92 5303+68 5561+ 196 5425197 5352+ 132
Leukocytes (10°/uL)

Day 3 803+020 892+ 058* 8671026 896+ 040 983+041* 9841017

Day 23 5§85+029 545+ 032 586030 590+ 051 591+018 6031014

Week 13 5§57+029 5§28+026 478+ 026 495+026 4961038 565+ 050
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TABLE B1 Hematology Data for F344/N Rats in the 13-Week Inhalation Study of Formic Acid
(continued)

Analysis 0 ppm 8 ppm 16 ppm 32 ppm 64 ppm 128 ppm
FEMALE (continued)
Segmented neutrophils (10°/uL)
Day 3 062+005 0721013 064+ 009 0751011 0691007 0751009
Day 23 066+017 0601009 057+ 007 049+ 005 053+008° 044+ 006
Week 13 150+015 061+008" 056 + 009" 068+ 005* 056+ 006" 064+ 009"
Lymphocytes (10%/ul.)
Day 3 7241018 7941053 7881022 801+ 039" 896+ 047" 895+ 023"
Day 23 504+029 4681032 516+028 527+047 524+ 022 5481016
Week 13 380+027 451+028 397+023 411+£028 424+033 478 +042
Monocytes (10°/ulL)
Day 3 0141002 018+ 005 012+003 0151003 0121003 010+£003
Day 23 010+ 002 012+003 008+ 003 010+ 003 009 +002° 008 +002
Week 13 023+005 015+ 003 016+ 003 014+003 0121002 017+£003
Eosinophils (10*/uL)
Day 3 003+002 0081002 0031002 005+002 007+003 005+002
Day 23 004002 004 £ 001 005+002 005+002 005+ 002 003+002
Week 13 005+002 002+ 001 005+002 003+ 002 004001 0071002

! Mean + standard error

n=9

* Statistically significantly different (P<0 05) from the control group by Dunn’s test or Shirley’s test
**  Statistically significantly different (P<0 01) from the control group by Dunn's test or Shirley’s test
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TABLE B2 Clinical Chemistry Data for F344/N Rats in the 13-Week Inhalation Study of Formic Acid’

Analysis 0 ppm 8 ppm 16 ppm 32 ppm 64 ppm 128 ppm
MALE
n 10 10 10 10 10 10
Urea nitrogen (mg/dL)

Day 3 313110 293105 281t06" 262108 238+ 05" 244108

Day 28 242+ 09 269106 266+05 255+ 10 25607 239106

Week 13 217t08 224107 245+13 231+10 240110 245+ 11
Creatinine (mg/dL)

Day 3 0831004 0811006 076+003 068 + 004" 062+ 004" 060+ 004"

Day 23 076 +005 0821004 076004 0792005 082+003 071003

Week 13 0791004 0781001 0821004 080+003 078003 0771003
Total protein (g/dL)

Day 3 76102 73101 72+01 72+£01 72+£01 70+02"

Day 23 78101 80101 80101 78101 78101 77+01

Week 13 74101 74101 75101 76+01 73x01 72+01"
Albumin (g/dL)

Day 3 54101 52+01 51101 51101 §1+01 50101

Day 23 52101 54100 §31+00 52101 §2x01 §21+01

Week 13 46101 48+01° 49+ 01™ 49101 48101 47101
Globuhin (g/dL)

Day 3 22101 21101 21x01* 22101 21+01° 2001

Day 23 25+ 01 26101 27101 26101 26+00 26+01

Week 13 28101 26+01* 26+00*" 2700 26100 256101"
A/G ratio

Day 3 24101 25t 01 25101 24101 25+01 25+01

Day 23 21100 20100 20101 2001 20100 20+00

Week 13 16£01 19+01* 19+£01* 18+£01" 19+00*" 19+x01*
Alkaline phosphatase (IU/L)

Day 3 1,049 t 27 1,059 + 33 1,011 £33 1,042 + 27 970 £ 13* 921 £ 23**

Day 23 721 £ 16 727+ 9 730 + 17 763 £ 16 732+ 19 689 £ 13

Week 13 326 + 14 334 + 11 36+ 7 354 + 11 376 + 7 375+ 6™
Alanine aminotransferase (IU/L)

Day 3 4312 42+ 1 44+ 2 45+ 1 41+ 1 41+2

Day 23 3411 362 381 36+ 1 331 32+1

Week 13 6215 66+4 69+ 10 6214 59+3 565
Amylase (1U/L)

Day 3 5529 + 148 5537 £ 117 5,606 + 143 5419+ 78 5,443 + 59 5,256 + 119

Day 23 6,223 + 58 6,218 £ 169 6,272+ 113 6,164 £ 130 6,366 * 64 6,027 + 96

Week 13 6,431 £ 191 6,782 + 122 6,775 + 113 6,854 + 119 6,620 £ 101 6,391 £ 93
Creatine kinase (1U/L)

Day 3 752 + 49 634 + 34 508 + 38** 394 + 19** 412 + 42** 366 + 54

Day 23 207 + 23 256 20 245+ 34 253 + 29 218 £ 29 247 + 30

Week 13 131+ 13 127 £ 19 151+ 18 162 £ 19 140 + 20 167 + 24
Sorbitol dehydrogenase (IU/L)

Day 3 610 71 9+ 1™ 11+ 1* 9+ 1* 10+ 1*

Day 23 1010 1110 10t 1 1110 10+ 0 10+ 1

Week 13 15+ 1 161 1815 15+ 1 1511 15+ 2
Bile acids (umol/L)

Day 3 4901105 6351045 655+ 138 575+ 1 11 705+ 169 §75+ 134

Day 23 735071 720+092 565+073 6101109 510+ 082 1088+ 433

Week 13 648+ 170 4451+ 103 810+ 253 4231050 5§60+074 742+ 163
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TABLE B2 Ciinical Chemistry Data for F344/N Rats in the 13-Week Inhalation Study of Formic Acid

(continued)

Analysis 0 ppm 8 ppm 16 ppm 32 ppm 64 ppm 128 ppm
FEMALE
n 10 10 10 10 10 10
Urea nitrogen (mg/dL)

Day 3 334109 324109 308+ 16" 208+08* 289+ 11* 26710

Day 23 283112 279112 276112 308+ 11 27307 284+ 11

Week 13 254+ 11 239+ 11 246108 243+ 11 238+ 11 240t 11
Creatinine (mg/dL)

Day 3 085+004 076+003 074+003 073+003" 066+ 002" 063 + 004

Day 23 0821006 0841004 0821005 100+ 006 081+ 005° 0831006

Week 13 0821002 071002 0741002 0781002 0771003 073+002
Total protein (g/dL)

Day 3 75101 72+01* 71201 70101 68+01*" 6701

Day 23 78+£01 78101 77101 78101 77101 77101

Week 13 74+01 75101 75102 75101 74+02 75+01
Albumin (g/dL)

Day 3 52+01 50+01 50101 49+01* 48+01* 47+00*"

Day 23 5§57+01 5601 5§6+01 5§56+01 5§5+01? 57+01

Week 13 5§0+01 §2+01 5§2+01 §1+01 §1+01 §2+01
Globulin (g/dL)

Day 3 23+01 22+01 21101 22+01 20+ 00" 20+01*

Day 23 2101 22100 20101 22+01 22+01 21101

Woeek 13 24+01 24101 24+01 24+ 01 2401 23+00
A/G ratio

Day 3 23101 23+01 24101 23101 24100 24101

Day 23 28+01 26101 28101 26101 26+01? 28101

Week 13 21101 22101 22101 22101 22101 22101
Alkahine phosphatase (1U/L)

Day 3 995 + 21 954 + 28 989 + 39 931 + 33 864 + 33** 837 + 47**

Day 23 702 + 23 624 + 21 655 + 22 658 + 20 629 + 212 662 + 27

Week 13 35119 3759 400 + 11** 385 + 9** 392 t+ 14° 404 + 13*
Alanine aminotransferase (1U/L)

Day 3 38+2 37+ 2 39+2 39+2 38+2 37+ 2

Day 23 35+ 2 311 301 32+ 1 33+ 2 33%1

Week 13 70+ 13 51+3 49+ 3 52+4 56+6 57+4
Amylase (IU/L)

Day 3 4230+ 77 4,152 + 58 4,125 + 53 4,129 + 57 3,873 £ 66" 3,983 + 95**

Day 23 4,587 + 55 4,290 + 126* 4412+ 70 4,354 + 61° 4,206 + 59** 4,206 £ 61**

Week 13 4,942 + 200 4,973 + 203 5,057 £ 112 5,076 + 185 5,068 + 405 4,704 + 145
Creatine kinase (IU/L)

Day 3 398 + 41 373+ 34 285 + 31 270 + 31* 454 + 75 306 + 17

Day 23 168 + 16 231+ 29 227 £ 19* 233 + 26* 188 + 247 251 £ 27°

Week 13 192 + 32 130+ 23 159 + 25 211+ 33 137+ 20 122 + 19
Sorbitol dehydrogenase (IU/L)

Day 23 1Mzt1 101 110 11+ 1 111 1M1t1

Week 13 16+3 14+ 1 15+ 1 14+1 16+ 12 14+ 1
Bile acids (umol/L)

Day 3 690+ 156 4651073 725+118 5§05+ 031 8151247 5581065

Day 23 785+ 128 5§95+096 735+148 955+ 154 783+ 109 660105

Week 13 1200+ 327 910+ 109 8451 164 770072 920+228 1280 £ 343

! Mean + standard error

z n=9

* Statistically significantly different (P<0 05) from the control group by Dunn's test or Shirley's test
**  Statistically significantly different (P<0 01) from the control group by Dunn's test or Shirley’s test
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TABLE C1 Summary of Reproductive Tissue Evaluations in Male F344/N Rats
in the 13-Week Inhalation Study of Formic Acid

Study
Parameters' 0 ppm 8 ppm 32 ppm 128 ppm
Weights (g)
Necropsy body weight 339 +5 358 + 10 367 + 6" 3346
Left epididymis 0449 + 0011 0461 £ 0011 0469 + 0011 0460 + 0004
Left epididymal tail 0167 £ 0007 0171 £ 0005 0174 £ 0007 0169 £ 0004
Spermatozoal measurements
Motility (%) 91+ 1 911 911 88+ 1
Concentration (10%g) 658 + 21 706 t 21 580 t 60 651 + 29

Data presented as mean + standard error, n=10 Differences from the control group for reproductive issue weights and spermatozoal
measurements are not signifcant by Dunn’s test or Shirley’s test
Statistically significantly different (P<0 05) from the control group by Dunnett's test

TABLE C2 Summary of Estrous Cycle Characterization in Female F344/N Rats
in the 13-Week Inhalation Study of Formic Acld

Study
Parameters' 0 ppm 8 ppm 32 ppm 128 ppm
Necropsy body weight (g) 2124 208 + 6 207 + 6 2026
Estrous cycle length (days) 4801015 475+011 495+ 005 495+012
Estrous stages as % of cycle
Diestrus 383 392 4117 408
Proestrus 175 183 192 192
Estrus 250 217 200 225
Metestrus 192 208 192 175

Data presented as mean + standard error, n=10 Necropsy body weights are not significant by Dunnett's test Estrous cycle lengths
are not significant by Dunn’s test or Shirley’s test By muitivanate analysis of vaiance (MANOVA), dosed groups do not differ
significantly from controls in the relative length of time spent in estrous stages
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TABLE C3 Summary of Reproductive Tissue Evaluation in Male B6C3F, Mice
in the 13-Week Inhalation Study of Formic Acid

C-3

Study .
Parameters’ 0 ppm 8 ppm 32 ppm 128 ppm
Weights (g)
Necropsy body weight 355105 361107 358+08 294+ 03"
Left epididymis 0042 + 0001 0045 + 0001 0042 + 0001 0041 + 0001
Left epididymal tail 0017 £ 0001 0017 £ 0 001 0015+ 0000 0015 + 0000*
Spermatozoal measurements
Motility (%) 9410 91+ 1** 86+ 1 g0+ 1**
Concentration (10%g) 1060 t 62 1114 £ 60 1337 + 44** 1406 + 56**

! Data presented as mean t standard error, n=10, except where noted Reproductive tissue weights and spermatozoal data were
analyzed for significance by Dunn’s or Shirley's test, necropsy body weight data were analyzed for significance by Willams's test

n=9
* Statistically significantly different (P<0 05) from the control group
**  Statstcally significantly different (P<0 01) from the control group

TABLE C4 Summary of Estrous Cycle Characterization in Female B6C3F, Mice
Iin the 13-Week Inhalation Study of Formic Acid

Study
Parameters’ 0 ppm 8 ppm’ 32 ppm 128 ppm
Necropsy body weight (g) 327+07 330109 319107 253+03*
Estrous cycle length (days) 4001000 41712012 4001000 440+015
Estrous stages as % of cycle
Drestrus 308 300 258 317
Proestrus 250 250 250 217
Estrus 275 258 275 275
Metestrus 16 7 192 217 192

Data presented as mean + standard emor, n=10 Estrous cycle lengths are not significant by Dunn’s test or Shirley’s test By

multivanate analysis of vanance (MANOVA), dosed groups do not differ significantly from controls in the relative length of tme spent

in the estrous stages

Statistically significantly different (P<0 01) from the control group by Willam's test

For 1/10 amimals at this dose, estrous cycle length exceeded 12 days and the data was not ciuded in the mean
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APPENDIX D

Genetic Toxicology

Table D1 Mutagenicity of Formic Acid in Salmonella typhimurium
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TABLE D1 Mutagenicity of Formic Acid in Salmonelia typhimurium'

Revertants/plate*
Strain  Dose -89 + hamster S9 + rat S9
{ng/plate) Trieal 1 Trial 2 10% 0% 10% 30%
TA100 0 13327 151+ 1.0 1711 3.2 159 £ 9.2 162 £ 5.1 162 £ 9.1
10 164 £ 8.4 175+ 3.8 157 £ 12.2
33 132+ 7.1 152 £ 10.1 160+ 9.8 154 + 4.3 162+ 9.6 170 £ 3.1
100 131+ 35 157 + 13.3 161+ 5.8 139+ 36 167 £ 5.7 161 £ 9.5
333 138 £ 0.3 1563+ 9.8 176+ 5.2 138+ 7.5 170 £ 85 151+ 9.0
1000 137t 6.1 125+ 15.3 165 + 15.0 11135 157179 112+ 10.7
3333 68+9.7° 81+46° 46 £20.2°
Trial summary Negative Negative Negative Negative Negative Negative
Positive controt* 319+ 105 316t 35 657 £ 5.1 399t 49 599 + 23.1 447 £ 175
TA1535
0 12+ 0.7 26+ 24 9+ 1.7 81 25 11+ 10 1812
10 21t 27 111 13 13t 26
33 16+ 1.7 15+ 0.9 10+ 09 9+ 283 16t 0.7 20+ 43
100 13+ 09 19+ 1.2 11+ 1.2 12+ 26 14+ 26 15+ 09
333 8+ 0.7 13+ 03 11t 18 12+ 1.7 10+ 1.0 16+ 0.6
1000 13+ 23 13 06 12+ 1.2° 7+ 12 10+ 2.1 707
3333 11+ 1.7 4% 2% 3x18°
Trial summary Negative Negative Negative Negative Negative Negative
Positive control 506 + 24.1 332+ 10.2 180t 18.4 340 + 228 214 £ 27.7 60+23
Revertants/plate
Strain  Dose -89 + hamster S9 + rat S9
(ng/plate) Trial 1 Trial 2 10% 30% 30% 10% 30%
Trial 1 Trial 1 Trial 2 Trial 1 Trial 1
TA97 0 144+ 93 175 £ 14.6 207+ 111 172t 4.1 204 + 196 213+ 69 178 + 154
10 181+ 71 213+ 94 211+ 95
33 179+ 98 182+ 9.2 214+ 97 150t 66 214+ 78 214+ 35 191+ 94
100 179+ 6.0 180 + 10.5 206+ 1.8 1671340 213+ 125 201+ 248 182+ 44
333 165+ 8.1 179+ 95 222+ 21 2131+13.0 196 + 16.2 203 £ 104 188 + 17.6
1000 122+ 27 185+ 119 170+ 86 146t 146 158 + 10.7° 183+ 52 109 7.2
3333 65+ 6.1 36+102* 65t 6.7 85+ 17.1°
Trial summary Equivocal Negative Negative  Equivocal Negative Negative Negative

Positive control 415+ 112 403+ 111 4631158 368+ 249 4511196 449 + 101 454 + 25.6
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TABLE D1 Mutagenicity of Formic Acid in Salmonella typhimurium (continued)

Revertants/plate’
Strain  Dose -S9 + hamster S9 + rat S9
(ng/plate) Trial 1 Trial 2 10% 30% 10% 30%
TA98 0 24+ 26 24+ 03 42+ 21 32+03 36+ 37 40+ 15
10 21+ 23 18+ 06 28x §2
33 24+20 17+ 10 22t 28 31+12 33+ 54 35+40
100 24118 20+ 20 42+ 94 26+03 30+ 48 31+15
333 211+ 35 14+ 03 33t 40 26106 23t 15 23+23
1000 21123 20t 20 35+ 22 25+13 24t 35 25+20
3333 18+00° 11115 7+40
Tnal summary Negatve Negatve Negative Negative Negative Negative
Positive control 380156 423+ 277 202+ 160 147+ 93 202 £ 109 83+73

Study performed at SR, International The detailled protocol and these data are presented in Zeiger et al (1987)

Revertants are presented as mean + the standard error from three plates

Shight toxicity

The positive controls In the presence of metabolic activation were 4-nitro-o-phenylenediamine (TA98), sodium azide (TA100 and
TA1535), and 9-aminoacndine (TA97) The positive control for metabolic activation with all strains was 2-aminoanthracene
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