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Dear Mr. Pooler:

The following petition is submitted by the Hawaii Department of Agriculture
(HDOA) for the listing of formic acid on the National List of substances
allowed in organic honey production and handling.

The petition is prepared and presented in response to specific information
that must be provided to USDA, AMS, as noted in Federal Register, Vol.
72, No. 11, Thursday, January 18, 2007, Depariment of Agriculture,
Agricultural Marketing Setvices 7 CFR Part 205 (Docket No. AMS-TM-06-
0223; TM-06-12) National Organic Program — Submission of Petitions of
Substances for Inclusion on or Removal From the National List of
Substances Allowed and Prohibited in Organic Production and Handling.
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Formic Acid
Petition for Organic Listing -

§205.603 Synthetic substances allowed for use in organic livestock
production

To be inciuded in a Petition:

ltem A. Indicate which section or sections the petitioned substance will be
included on and/or removed from the National List.

Petitioned Substance:
Formic Acid

Proposed Section for listing:
§205.603 Synthetic substances allowed for use in organic
livestock production

ltem B. Provide a concise and comprehensive response to the following.
1. The substance’s chemical or material common name.
Material Common Name: Formic Acid

Chemical Name: ANIethanoic acid; hydrogen carboxylic acid
(CAS #: 164-18-6)

2. The manufacturer’s or producer’s name, address, and telephone
number and other contact information of the manufacturer/producer of
the substance listed in the petition.

Producis Intended for Use:

Mite-Away ™, EPA Reg. No. 75710-1, EPA Est. No.
075710-CAN-001.

Regisirant:

NOD Apiary Products Lid.
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2325 Frankford Rd, P.O. Box 117
Frankford, Ontario
Canada, KOK 2C0O

Phone No. 613-398-8422
FAX. 613-398-0495

www.miteaway.com

Email: info@miteaway.com

Formic acid is the sole active ingredient.
Mite-Away Quick Strips™, EPA SLN No. Hi-090002

Registrant:

NOD Apiary Products Lid.

- 2325 Frankford Rd, P.O. Box 117
Frankford, Ontario

Canada, KOK 2C0O

Phone No. 613-398-8422
FAX. 613-398-0495

www.rnifeaway.com

Email: info@miteaway.com

MAQS has been formulated to work effectively at a higher
ambient temperature, thus this product constituies an unique
alternative for tropical areas such as Hawail

Formic acid is the sole active ingredient.

Food grade formic acid is used to formulate the end-use
product.

The intended or current use of the substance such as use as a
pesticide. If the substance is an agricultural ingredient, provide a list of
the types of products (e.g., cereals, salad dressings) for which the
substance will be used and a description of the substance’s function in
the product (e.g., ingredient, flavoring agent, emulsifier, processing aid).
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Intended Use:

The intended use is as a pesticide for the control of the varroa
mite (Varroa destrucior Anderson and Trueman (Acari:
Varroidae)) in honey bee hives maintained for the purpose of
producing certified organic honey.

Formic acid is not currently on the list of approved substances
for organic production, i.e., §205.603 Synthetic substances
allowed for use in organic livestock production

Formic acid is present in nature in the stings and bites of many insects
of the order Hymenoptera, including ants and bees, found naturally in
some nectars and some fruits (it helps create acidity which adds to the
flavor of coffee beans), and is a natural constituent of honey. The
natural product, however, is not available in any sufficient guantity for
commercial applications. Synthetic formic acid is chemically identical
to natural formic acid and is widely available in laboratories and for
industrial applications from suppliers worldwide

Other Current uses of Substance;

Formic acid is used as a preservative and aniibacterial agent in
livestock feed. When sprayed on fresh hay or other silage, it arrests
certain decay processes and causes the feed to retain its nutritive value
longer, and so it is widely used to preserve winter feed for cattle. Inthe
poultry industry, it is sometimes added to feed to kill salmonella
hacteria. Other uses, include:

¢ ltis used to process latex sap into raw rubber

« Beekeepers use formic acid as a miticide against the Tracheal
(Acarapis woodi) mite and the Varroa mite

o [t is of minor importance in the textile industry and for the tanning of
leather Some formates esters are artificial flavorings or perfumes

o It is the active ingredient in some brands of household limescale
remover It is used in laboratories as a solvent modifier for high
pressure liquid chromatography separations of proteins and
peptides

References:
BASF - http:llwww2.basf.uslspecialtyintermediateslformic_acid.html

FAO Corporate Document Repository: Fish Silage. Torry Advsiory
Notes — No. 64, hittp://www.fao.or/wairdocs/tan/x5937E/x5937e01.htm
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Iba, A. M. 1995. Studies on the use of a formic acid-propionic acid
mixture (Bio-add™) to control experimental Salmonella infection in
broiler chickens. Avian Pathology. 24(2):303-311.

Departemen Pefdagangan, Republik Indonesia, ExportNews Indonesia.
2009. Natural Rubber. Vol. 3

Jefferys, D.B. and H.M. Wiseman. 1980. “Formic Acid Poisoning”,
Postgraduate Medical Journal, 56:761-762.

Waldo, D.R., Keyﬁ-;, Jr., J.E., Gordon, C.H. 1972. Formaidehyde and
formic acid as a silage additive. Journal of Dairy Science. 56(2)229-232

4. List the livestock or handling activities for which the substance will be
use. If used for crops or livestock, the substance’s rate and method of
application must be described. If used for handling, the substance’s
mode of action must be described.

Formic acid in a U.S. EPA Registered pesticide will be used to disinfest
honey bee hives of the varroa mite in the production of organic certified
honey. Formic acid use in Hawaii will be according to the directions
specified solely in the NOD Mite-Away Quick Strips™, EPA SLN No. Hi-
090002. The directions are as follows:

DIRECTIONS FOR USE - Mite-Away Quick Strips™

It is a violation of Federal law to use this product in 2 manner inconsistent with ils labeling. Do not apply this
product in a way that will contact workers or other persons, either directly or through drift. Only protected
handlers may be in the area during application. For any requirements specific to your State, consult the Agency in
your State responsible for pesticide regulation.

WHEN TO TREAT: Use Mite-Away Quick Strips™ as part of an Integrated Pest Management (IPM)

program. Treat only if treatment thresholds are exceeded. Treatment period is for this product is 7 days.
Treatment ends at day 7.

When treatment levels are reached, use Mite-Away Quick Strips™ for single or double brood-chamber, standard
Langstroth equipment honeybee hives, honeybee colony cluster covering a minimum of 6 brood frames. Outside
daytime temperature highs should be between 70 - 92°F on days of application. Excessive temperatures (> 95°F)
during the first three days of treatment can cause excessive brood moriality and absconding.

Brood mortality may occur in the initial stage of treatment. Overall colony health is not expected to be affected,
with brood rearing returning to normal by the end of treatment. Treatment of smaller colonies than those listed
on the label will result in excessive brood mortality and even in colony mortality.

APPLICATION Disturb the colony activity as little as possible during the application process. Remove the Mite-
Away Quick Strips™ from the outer pouch. For hives with single brood chambers lay two strips across the top
bars of the frames of the brood chambers, staggering them so they lay flat and across the full width of the hive
body, with approximately 2 inches between strips and 4 inches between the ends of the brood chamber and the
outer edges of the strips. For hives with two brood chambers place the strips as described above on the frame top
bars of the lower hive body, so the strips are in-between the brood chambers. Put on honey supers, if a honey
flow is anticipated. The active ingredient dissipates after 3 days however, do not disturb the colony for 7 days to
treatment allow it to recover from any side-effects that may have occurred. Spent strips need not be removed after
The bottom hive entrance needs to be fully open for the entire duration of treatment. Other entrances should be
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sealed. Entrance reducers MUST be removed Lo prevent excessive damage to the colonies. Treat all bee colonies
in the apiary at the same time. Allow a minimum of one month between applications.

3. Desctibe the source of the substance and a detailed description of its
manufacturing or processing procedures from the basic componeni(s)
1o the final product.

1. NOD Apiary Products Ltd. information on the production of Mite-
Away quick Strips™, EPA SLN No. Hi-080002 has been shared directly
with USDA, NOP to avoid compromise of information considered by
NOD to be Confidential Business Information (CBI).

2. BASF information on the production of its 95% formic acid has been
shared directly with USDA, NOP to avoid compromise of information
considered by BASF to be Confidential Business Information (CBI).

General Statement Regarding Formic Acid Production

Formic acid is a common laboratory and industrial chemical, available
from suppliers worldwide. A significant amount of formic acid is
produced as a byproduct in the manufacture of other chemicals,
especially acetic acid. This production, however, is insufficient to meet
the present demand for formic acid, and some formic acid must be
produced for its own sake.

When methanol and carbon monoxide are combined in the presence of
a strong base, the formic acid derivative methyl formate resulis,
according to the chemical equation:

CH30H + CO — HCOOCHS3

In industry, this reaction is performed in the liquid phase at elevaied
pressure. Typical reaction conditions are 80°C and 40 atm. The most
widely-used base is sodium methoxide. Hyrdolysis of the methyl
formate produces formic acid: ‘

HCOOCH3 + H20 — HCOOH + CH20H

Direct hydrolysis of methyl formate requires a large excess of water to
proceed efficiently, and some producers perform it by an indirect route
by first reacting the methyl formate with ammonia to produce
formamide, and then hydrolyzing the formamide with sulfuric acid to
produce formic acid:

HCOOCHS + NH3 — HCONH2 + CCH30OH
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HCONH2 + H20 +1/2H2504 — HCOOH + 12(NH4)2504

This technique has problems of its own, particularly disposing of the
ammonium sulfate byproduct, so some manufacturers have recently
developed energy efficient means of separating formic acid from the
large excess amount of water used in direct hydrolysis. In one of these
processes, the formic acid is removed from the water via liquid-liquid
extract with an organic base.

Source of Information: Wikipedia, 7-23-2009
6. Provide a summary of any available previous reviews by State or private
certification programs or other organizations of the petitioned

substance. If this information is not available, the petitioner should
state so in the petition.

NOSB Apiculture Task Force Report, September 15, 2001

The NOSB Apiculture Task Force gathered information on materials
currently used by apiculture operations and materials currenily allowed by
certifying agents. The Task Force proposed that ...formic acid ...be reviewed for
possible inclusion on the National List, §205.603.

The Task Force report states:

The Task Force is not endorsing any of the materials listed below (i.e.,
chart), and is not recommending the approval of any particular material
listed. We recommend that the materials listed be reviewed on a high
priority basis, due to the fact that many of the materials are currently
being used by organic apiculture operations. Without a clear list of
allowed apiculture materials, it will be impossible for the apiculiure
standard to be implemented.

The Task Force recommends that new subsections be created in
§205.603 and §205.604 to specifically list synthetic substances for use
by organic apiculture operations and non-synthetic substances
prohibited for use.

‘The current materials review process requires that a petition be
submitted for each material being requested for review. The Task Force
recommends that the NOSB submit the materials listed below for
review, and direct the NOP to prioritize their review. The Task Force
points out that a similar “blanket” list process was used when crop and
handling standards were first developed. The Task Force further points
out that this situation will occur when standards are written for any new
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sector of the organic industry. Procedures to address the review of
materials for new sectors should be developed by the NOSB Materials
Committee,

in the table below, the name of the material appears in the first column.
The S/N code in the second column stands for synthetic/natural. The
third column contains information and notes on how and why ihe
materials are use.

Acetic Acid

For apicultural use to disinfect empty combs which have been
exposed to European foulbrood, Nosema, or the protozoan-caused
Amogha Disease.

Carbon Dloxide

“For apicultural use to controf wax moth.

Essential oils

For apicultural use to control tracheat mites including: menthol,
cinnamon, eucalyptus, spearmint, wintergreen, thyme, and
camphor. These materials may be used after the last honey
harvest of the season and must be discontinued 30 days before
the addition of honay supers.

Folic acid

w

For apicultural use to conirol Varroa mites. This material may be
used after the last honey harvest of the season and must be
discontinued 30 days before the addition of honey supers.

Formic acid

For apicultural use to control Varroa mites.

Lactic acid

For apicultural use to control Varroa mite. This material may be

used after the last honey harvest of the season and must be
discontinued 30 days before the addition of honey supers.

Oxyietracyline

wn w20

For apicultural use. Only for treatment of American foulbrood
(AFB) in apiaries in which the disease has been diagnosed;
beekeepers may not make routine, prophylactic applications of
oxytetracyline in apiaries in which there has been no confirmation
of the presence of AFB.

{Note: included for discussion purposes because oxytetracyline
calcium complex is on the National List for crop production.

. Although terrmycin is commonly used to control bee diseases, no

antibiotics are allowed for other types of organic livesfock.) If
allowed, an extended withdrawal period or re-iransition of the
hives should be considered prior to collection of organic
apicultural products.

VYegetable shortening

For apicultural use to control iracheal mites. This material may be
used after the last honey harvest of the season and must be
discontinued 30 days before the addition of honey supers.

(Note: Some certifiers have aliowed vegetiable shoriening mixed
with sugar to form a patly. It is included here for review, but may

- not need to appear on the list, since it is a natural material and

may be used by definition. Since it ends up being eaten by the
bees, it is assumed that the shortening would have to be from
organic sources. If the shortening is used as an excipient, the
Task Force is unclear as to whether the shortening must be
organic or if it must appear on the list.}
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AssureQuality

AssureQuality is 2 commercial company 100% owned by the New Zealand
government. The company provides food safety and biosecurity services
to the food and primary production sectors, with independent, impartial,
third party auditing, testing, inspection and certification services to organic
producers, processors, and retailers in the dairy, meat, seafood,
horticulture, wine and arable sectors.

AsureQuality Organic Standard 5.9 Beekeeping and Beekeeping Products,
authorizes formic acid use in organic honey production for the control of
the Varroa mite, Varroa jacobsoni.

Canada

The Canadian General Standards Board, Organic Production Systems
Permitied Substance List, allows formic acid for apicultural use to control
parasitic mites. This substance may be used after the last honey harvest of
the season and shall be discontinued 30 days before the addition of honey
supers.

On June 17, 2009, Canada and the United States entered into an
arrangement recognizing the national organic systems as equivalent. The
equivalency agreement signed by the United State with Canada allows the
export of Canadian honey certified organic in Canada to the United State
for sale as certified organic. Equivalency is determined by assessing and
comparing two regulatory systems, including the standards, to determine
whether the principles and outcomes achieved are equivalent. Variations
are identified and advice and input are sought from industry on the
sighificance of variations found in the respective standard. Each
Government takes this input into consideration while determining if the
foreign organic regime can be deemed equivalent. Should either
Government identify a critical variance that cannot be resolved, it will
become an exception. The June 17, 2009 agreement signed by Canada
and the United States includes no specific conditions or exceptions that
apply to the use of formic acid for control of parasitic mites in organic
honey production. (Source of Information: Canada Food inspection
Agency, Organic Products, Frequently Asked Questions, Canada/US
Equivalency Determination or Import/Export Agreement, 7-27-2009)




Europe

The EU-Regulation 2092/91, 1804/1999 Annex C: Beekeeping and
Beekeeping Products, states:

Paragraph 6.3 (e)

“without prejudice to the principle in (a) above (i.e., 6.3. The use of
veterinary medicinal products in beekeeping which complies with this
Regulation shall respect the following principles: (a) they can be used in
so far as the corresponding use is authorized in the Member State in
accordance with the relevant Community provisions or national provisions
in conformity with Community law;) formic acid (emphasis added), lactic
acid, acetic acid and oxalic acid and the following substances: menthol,
thymol, eucalyptol or camphor can be used in cases of infestation with
Varroa jacobsoni.

United States

U.5. Environmental Protection Agency Formic Acid (214800) Fact Sheet

“Formic Acid is used to treat tracheal and varroa mites in honey bee hives.
There are three registered products. At this time, only one (Mite-Away i) is
marketed. The marketed product is formulated as an impregnated pad, and
contained in a vented plastic pouch designed to appropriately release
formic acid vapors. Although this impregnated pad is safer to use than
liquid formulations available in other countries, personal protective
equipment is required to preclude potential irritation to eyes, skin and
respiratory tract of applicators. 1t is an alternative to the synthetic
pyrethroid and organophosphate products currently in use in the U.S. and
is not expected to result in residues above the levels of formic acid
naturally occurring in honey (emphasis added). Residues of formic acid
are exempt from tolerance requirements. No environmental risk is
expected.” '

7. Provide information regarding EPA, FDA and State regulatory authority
registrations, including registration numbers. If this information does
not exist, the petitioner should state so in the petition.

Two pesticidal products are currently registered by EPA for varroa mite
control employing formic acid as active ingredient.

Mite-Away H™, EPA Reg. No. 75710-1, EPA,
NOD Apiary Products Lid.
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Mite-Away Quick Strips™, EPA SLN No. HI-080002,
NOD Apiary Products Lid.

Provide the Chemical Abstract Service (CAS) number or other product
numbers of the substance and labels of products that contains the
petitioned substance. If the substance does not have an assigned
product number, the petitioner should state so in the petition.

BASF Corporation
Formic Acid 95% w/w water
CAS #: 64-18-6

Provide the substance’s physical properties and chemical mode of
action including: (a) chemical interactions with other substances,
especially substances used in organic production; (b) toxicity and
environmental persistence; (¢} environmental impacts from its use
and/or manufacture; (d) effects on human health; and (e) effects on soil
organisms, crops, or livestock.

Formic acid is an irritating pungent liquid at room temperature. Ants
and bees produce formic acid to help protect them from predators.
When used in beehives as directed, formic acid acts by directly killing
the mite, while not substantially disrupting bee behavior or life span.
The honey bee is less susceptible to the irritating and corrosive
properties of formic acid vapor concentrate than the varroa mite. The
gel-pack formulation of formic acid is expected to minimize the potential
for dermal, eye and inhalation exposure for pesticide applicators.
However, because of the corrosive nature of formic acid and potential
for eye, skin and mucosal irritation, EPA is requiring stringent
precautionary labeling. Exposure and attendant risk are expected to be
negligible for applicators when they follow the directions for use, wear
the appropriate personal protective equipment and adhere to the
restricted entry interval (REI) of 48 hours after treatment and 72 hours in
outdoor area where average annual rainfall is less than 25 inches a year.

EPA has examined the potential for formic acid residues to appear in
honey and beeswax. When the product is used as directed, residues
above those found naturally are not expected. The tolerance exemption
for formic acid in honey and beeswax was established in February 1999
(40 CFR 180.1178). :

Formic acid is approved for use as a pesticide solely within honeybee
hives. Because of this limited use, the Agency does not expect
environmental residues to occur ouiside the hive.
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10.

11.

Source of Information: U.S. EPA Formic Acid (214900) Fact Sheet,
Issued 4/05

Provide safety information about the substance including a material
Safety Data Sheet (MSDS) and a substance report from the National
Institute of Environmental Health Studies. If this information does not
exist, the petitioner should state in the petition.

MSDS Attached.

National institutes of Health, National Toxicology Program Technical
Report on Toxicity Studies of Formic Acid in Rats and Mice is attached.
No reference could be found for a report from a “National Institute of
Environmental Health Studies”

Provide information about the substance which includes
comprehensive substance research reviews and research
bibliographies, including reviews and bibliographies which present
contrasting positions to those presented by the petitioner in supporting
the substance’s inclusion on or removal from the National List. For
petitions to include a non-organic agricultural substances onto the
National List, this information item should include research concerning
why the substance should be permitted in the productlon or handling of
an organic product, including the availability of organic alternatives.

Reviews and bibliographies presenting contrasting positions to those
presented by the petitioner in support of formic acid for include on the
National List:

a. That formic acid should not be on the Nalional Organic LisL.

No references found in support of this position.

b. That formic acid is not a naturally occurring product in insects and
plants.

No references found in support of this position.

¢. That natural sources of formic acid are available for use for varroa
mite control in pesticidal producis.

No references found in support of this position.
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That formic acid use as a miticide for varroa mite control in honey
production poses an environmental risk, i.e., potential air, soil, and
water contamination.

No references found in support of this position.

That the industrial production (i.e., synthesis) of formic acid can not
be undertaken without great risk to the environmental and human
heaith,

No references found in support of this position.

That the transport of formic acid by air, sea, and by roadway can not
be underitaken without great risk to the environment and human
health.

No references found in support of this position.

That registered miticides containing formic acid as active ingredient
can not be safely employed by bee keepers for the control of the
varroa mite in hives.

No references found in support of this position.

That registered miticides containing formic acid as active ingredient
result in the presence of residues of formic acid in honey that exceed
U.S. Food and Drug and/or Codex Alimentarius food safety levels.

No references found in support of this position.

That formic acid exposure and/or use can result in toxic
consequences to man in specific situations.

Various references found in support of this position.

In methanol ingestion, methanol is oxidized to formaldehyde. The
subsequent oxidation of formaldehyde by formaldehyde
dehydrogenase results in the formation of formic acid. In acuie
methanol ingestion, formic acid accumuiates and there is a direct
correlaiion between the formic acid concentration and increased
morbidity and mortality. The acidosis observed in methanol
poisoning appears to be cause directly and indirectly by formic acid
production. Formic acid has also been shown to inhibit cytochrome
oxidase and is the prime cause of ocular toxicity, though acidosis
can increase toxicity further by enabling greater diffusion of formic
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acid into cells. Reference: American Academy of Clinical
Toxicology practice guidelines on the treatment of methanol
poisoning. Barceloux D.G., 2001. J. Toxicol Clin Toxicol. 40(4):415-
46.

Formic acid is a strong acid which is available for domestic use as a
constituent of proprietary descaling agents and stain-removing
fluids. Ii is therefore a potential source of both accidental and
deliberate poisoning. Forty-five cases of formic acid poisoning are
described in an article by Jefferys and Wiseman: Jefferys, D.B. and
H.M. Wiseman. 1980. “Formic Acid Poisoning”, Postgraduate Medical
Journal, 56:761-762.

Formic acid decomposes upon contact with strong acids producing
carbon monexide. An article by Chen-Chang Yang, Jiin Ger, and
Chun-Fang Li describe a situation where a 26-year old man
committed suicide by mixing 2.5 L of formic acid and 2.5 L of sulfuric
acid in a closed room. Yang, C.C., Ger, J. and Li, C.F. 2008. “Formic
acid: A rare but deadly source of carbon monoxide poisoning,
Clinical Toxicology. 46(4):87-289.

Formic acid is applied to hay in silage making. Twelve farmers
exposed to formic acid use in silage making were examined for
kinetics and renal effects to occupational exposure to formic acid 15
and 30 hours after exposure. Exposure increased renal
ammoniagenesis and urinary calcium at 30 — hours posi-exposure.
The biochemical effects may be explained by the interaction of
formic acid with the oxidative metabolism of renal tubular cells, as
formic acid is a known inhibitor of cytochrome oxidase. The study
concluded that in view of these renal effects, the current hygienic
limits may not entirely protect exposed individuals. Liesivuori, J.,
Laitinen, and Savolainen, H. 1992. “Kinetics and renal effects of
formic acid in occupationally exposed farmers”. Arch Toxicol. 6:522-
524.

Concentrated formic acid slowly decomposes to carbon monoxide
and water upon prolong storage, and the gas pressure can be
sufficient to rupture sealed glass containers. Chemical &
Engineering News Nov. 13, 1989

That the use of formic acid in manufaciured products poses a
significant health risk of secondary exposure to formic acid.

No references found in support of this position.
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Reference has been found on the safety of formic acid use in
manufacturing products, i.e., food handling paper packing products:

“Formic acid is a natural constituent of many foods. ltisa
metabolite in normal intermediary metabolism, and is a precursor in
the biosynthesis of several body constituents. The tolerance of the
body to large amounts is relatively high. For example, 160 mg of
formic acid per kg per day orally for a period of four weeks; and no
adverse effects were reported in rats that received 730 mg of sodium
formate per kg in their diet for one and a half years. Average daily
intake of ethyl formate and formic acid is about 1 mg per kg or less
as formic acid. Although formic acid appears to be moderately
mutagenic in E. coli and Drosophila, ethyl formate is not mutagenic
toward strain D4 of Saccharomyces cerevisiae or to three strains of
Salmoneila typhimurium. No adverse effects attributable to formate
were found in five successive generations of rats given up to 200 mg
of calcium formate per kg of body weight daily. Based on these
considerations, the Select Committee concludes that: There is no
evidence in the available information on formic acid and sodium
formate that demonsirates or suggests reasonable grounds fo
suspect a hazard to the public when they are used as ingredients of
paper and paperboard food packaging materials, or as they might
reasonable be expected {o used for such purposes in the future.
There is no evidence in the available information on ethyl formate
that demonstrates or suggest reasonable grounds to suspect a
hazard to the public when it is used at levels that are now current
and in the manner now practices or that might reasonable be
expected in the future.” The Database of Select Committee on GRAS
Substance 9SCOGS) Reviews: Report No. 71, CFR Section 186.1316.
SCPGS Opinion, 1976.

12.  Provide a “Petition Justification Statement” which provides justification
for any of the following actions requested in the petition:
Inclusion of a Synthetic on the National List, §205.603.

¢ Explain why the synthetic substance is necessary for the
production or handling of an organic product.

Ants are a natural source of formic acid; it is suggested thai more

formic acid is produced by ants worldwide annually than by
industry worldwide annually.
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While the above statement may be true, natural formic acid is not
available from any known commercial source at a price and
quantity that can be used as a miticide in Mite-Away Quick
Strips™.

o Describe any non-synthetic substances, synthetic substances on
the National List or alternative cultural methods that could be
used in place of the petitioned synthetic substances.

Organic alternatives:

Powdered Sugar: In the presence of powdered sugar, the varroa mite
can be shaken off of the honey bee to be identified and counted. The
technique is useful as a survey tool to assess the level of infestation of
a hive, but is not feasible as a method for ridding hives of the varroa
mite in commercial operations. Rosenbranz, P., Aumeier, P.,
Ziegelmann, B. 2010. “Biology and control of Varroa destructor’J. of
invertebrate Pathology. 103:596-5119. '

Sucrose Octanoate Ester Disinfesiation of Hives: Sucrose octanoate
esters (CAS #s-42922-74-7; 58064-47-4) — used in accordance with
approved labeling is an approved organic treatment for the control of
the varroa mite. §205.603 (b)}(7).

The mode of action of sucrose octanoate ester treatment appears to be
the suffocation or desiccation of the mite. The ester is delivered by
spraying aduli bees with the substance once every week for three
weeks to kill mites as they emerge from brood cells. The method
requires significant time, labor and hive manipulation, making it difficult
to use in large-scale bee keeping operations. Recent reports suggest
the while sucrose octanoate can provide short term increase in
mortality of mites, the treatment is not highly effective for the reduction
of mite populations in the hive. Rosenbranz, P., Aumeier, P.,
Ziegelmann, B, 2010. “Biology and control of Varroa destructor. J. of
invertebrate Pathology” 103:596-5119. Barrington.A., Venis, T. 2005.
“A new delivery method for Sucrocide, the safe Varroa mite treatment”
Am.Bee J. 145(7):583-586. Tarpy,D.R. Summers, J. Managing Varroa
Mites in Honey Bee Colonies, North Caroline State University. No 2.04,
htitp://www.cals.ncsu.edufentomology/apiculiure/Beekeeping_notes.ht
mi : _

o Describe the beneficial effects to the environment, human health,
or farm ecosystem from use of the synthetic substance that
suppott its use instead of the use of a non-synthetic substance or
alternative cultural methods.
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Honey bees are threatened by serious pests, including the varroa
and other mites, insects (e.g., small hive beetles) and bacterial
and viral disease. The varroa mite is one of the most devastating
of these pests that is responsible for the lost of 80 — 85% or more
of feral hives in New Zealand and areas of the continental United
States. The effective conirol of this pest and other pests of honey
bees is essential to sustain agricultural pollination services and
honey production, in the United States. The most effective
toxicants for varroa mite control are synthetic pyrethroids and
organophosphate compounds. The continued use of these
products is threatened by resistance to these chemicals and the
tendency for such chemicals to leave residues on wax. The long
ierm effect of these chemical residues, even at sub-lethal doses,
on developing honeybees is still not well understood. These
chemicals are not natural nor are they available for listing as
synthetic products for organic honey production. Formic acid is
a commonly used laboratory and commercial substance; at the
same time, formic acid is a natural product found most notably in
insects as venom and is present naturally as an acid in honey.
Formic acid is not available as a natural product for commercial
use. Synthetic formic acid is chemically identical to formic acid
in insects, including the honey bae. The honey bee is uniquely
tolerant of formic acid vapors and the vapor is effective for knock
down of the varroa mite on exposed bees (phoretic stage of the
mite) as well as the reproductive stages inside sealed brood cells.
In the absence of a significant source of natural formic acid,
synthetic formic acid is the appropriate alternative and chemically
identical product for use in commercial U.S. Environmental
Protection Agency and State licensed products for use for varroa
mite control in honey bee hives.

Please advise should any additional information be required by USDA, AMS for
consideration of this request for the listing of formic acid as an allowed
substance in organic honey production and handiing.

Sincerely,

Lyle Wong, Ph.D.
Plant Industry Division Administrator
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Dear Governor Lingle, 2 %

. As you are no doubt aware, the Hawaii beekeepmg mdustry if being severely threatened by the relatively .
recent invasions of Oahu and the Big [sland, by Vairoa mites, which are serious parasites of honeybees.
Hawaii has an important honeybee industry, with large queen bee producers who supply queen bees to
beekeepers in numerous countries, Other important beekeeper contributions to the state agriculture are
the provision of polhnatlon services to growers of numerous crops in Hawaii, and the productlon of organic
honey for local and export markets. In June 2008, the University of Hawaii (Department of Plant and
Environmental Protection Sciences, CTAHR) received funding from the Hawaii Department of Agriculture
to address the new challenges to beekeeping brought on by the arrival of Varroa to the islands.

During the past year and a half the UH Honeybee Varroa project has developed a strong research and
extension program that takes advantage of the Varroa management éxperiences from the mainland but
remains focused on the singularities-of our local situation. Given that this pest and its impacts on local
agriculture receive considerable public attention, we thought it would be valuable to provide an overview

of our progress to date, to show what contributions have been made and what challenges we are still faced
with,

Enclosed in this package you will find materials our program has produced on beekeeping, honeybees and
pesticides, Varroa mite biology and management and the most recent advances in effective treatments for
infested beehives in Hawaii, A very significant contribution i is the testing of new formic acid treatments for
‘mite control, specific to Hawaii conditions, that has provided very impressive positive results and will

contribute substantlally to the ability of Hawaii beekeepers to sustain their beekeeplng operations even
with Varroa mite pressure. :

We are continuing to expand our work on Varroa mites, developing locally relevant technology for the
management of this problem and Iooking at the long term enVironment'ally safe management options.

Please feel free to contact us if you require any further information on thls issue that isso 1mportant to
Hawaii agrlculture

Much Aloha,
W\WW_ N S R
Dr. Mark G. Wright " Dr. Ethel M. Villalobos

3050 Maile Way, Gilmore Hal} 31

" Honolulu, Hawai’i 9682

Telephone: {808) 956-7076 Fax: (808) 956242

Ernail: peps@ctahr.hawaiiedu  Weh: www2.ctahr. hawaii.ed

An Equal Opportunity/Affirmative Action Institutio
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The varroa mite (Varrea
destructor) is one of the most
serious pests of honeybees and it
has been associated with the
spread of viral diseases and the
decline of honeybee colonies in
the mainland.

The UH team has been
testing the efficacy of a number
of organic methods for varroa
control. Among the lested
management techniques is the
selective removal of male bee
larva, which are highly attractive
to varroa. This biomechanical
lechnicue can be a successful
management tool for small scale
beekeepers, albeit very time
consuming, Chermnical control
using organic substances such as
thymol and formic acid are also

important elements of an
Integrated Pest Management
strategy, especially for large scale
beekeepers. UH is currently
nvolved in testing a new formic
acid product that appears well
suited for (ropical climates, and
may help reduce the impact of
varroa on the managed colonies
in the islands.

We are also inierested in the
relationship of varroa and the
spread of bee discases among
managed hives and we begun a
scientific collaboration with UK
researchers Lo further understand
the role pathogens play in
honeybee colony decline.

Honeybees pollinate a large
portion of our crops. The
honeyhee-varroa team is

involved in extension work with
beckeepers and farmers on
Oatu and the Big Istand of
Hawaii. Our goal is to provide
information to beekeepers about
trealment, encourage
newcomers to beekeeping, and
provide advice to farmers that

have enquiries about the loss of I

feral bees and the need for
pollinators in their fields.
Reducing the likelikood
that the mite will invade other
istands is also a high priority,
and we are collaborating with
HDoA in preventing feral becs
from being inadvertenty
transported between islands.




LFECYOLE OF A VARROA MITE

I breed, an adult female enters a
‘- cell before it is capped, - Onca the
-2 -cell \is .capped the female. wili -
. -gstablish::a feeding “site. ‘on the
- growing - bee “for:"herself ‘and her

; offspring. " The femaies are mated in.
the ' cells - when ‘theyare young, .~

before emergmg for the f rst tlme

.The Varroa ; mrtes sur\uve out3|de
the cefl by dlinging ‘to, “and feedmg E
on,-adult ‘hees (mostly nurse ‘bees
i which ‘'stay near the brood), They il -

only -re-enter the cali when they are
g 'ready to iay the|r eggs : i

Each a‘emale begms the_
_.reproductlve cycle by laying a
male egq followsd by 4-5 female

- 8ggs, The male hatches first and .-
“imates with  the females. *Jf the 1/
-+ ‘male dies before mating then the. 't
“females “in ‘the géll will remain
< unfertiized :for :the. rest “of their-
- lves, Males need .5- 8 days 0.
deveiop and females reqmre :

: j.The development of the mrte
= dselimited by the. length ‘of ‘the
| -_developmemal penod of ‘the
“bee,This ‘makes “drong ‘hrood -
more’atiracive to'the mite-than
“the weorker -brood [ singe “the
22" drones ‘take ‘substantially Jonger -
1o complete development, When .
he ‘bee - leaves ‘the - deli: the
: _ture mites ‘do. oo, Imm_ature :
i mites.do not survive, :Bee larvae -
;i can.be 'attacked - by mulhple
“Hemale mltes “and.-can cause
much damage to the bee

The wuse of synthetic chemicals (Huvalinate and
coumaphos) for varroa control is a common practice in
many paris of the world. The appcal of the varroacides is
their initial high efficacy rate and the ease of application.
There are, however, serious drawbacks (o using pesticides in
hives. Synthetic chemicals are known to leave residues in
honey and wax, and beckeepers need to exercise extreme
care when exposing their hives to any pesticide. It is also
unclear what, if any, effect these chemicals have in the long
term health of the developing bees. There is some evidence
that miticides may intetfere with sperm development in
drones and consequently compromise the reproductive
ability of the hive. Another concern with the widespread use
of miticdes is that the initial efficacy of these chemicals does
not remain constant as the mites develop resistance to these
treatments over time.

The IPM program attempts to control the mite population
using a variety of treatments applied during different times of
the year, Successful pest management reduces the losses to
honey producers and helps maintain the strength of hives for
crop pollinadon. Although we are nol endorsing specific
products, we arc emphasizing the use of screcned bottom
boards, drone comb and organic treatments such as thymol
and formic acid, which have produced good results during our
first year of varroa monitoring and control, We will continue to
update our information and the recommendations as more
data becomes available for the different regions of Oahu and
the Big Island of Hawaii.
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Increasing agricultural yields through honeybee pollination

Honeybees live in large colonies such as cucumbers,
and feed exclusively on nectar and  squash, watermelon, also
pollen. Each colony has many require bee visits for

adult bees that search the fields for ~ adequate fruit formation.
suitable flowers. In the process of

gathering food the bees help Until a couple years ago
spread pollen from one flower to Hawaii growers had been
another and in this way they fortunate to have many
poilinate the crops they visit. feral colonies that worked
their fields for free.
Honeybees help increase yields for  However, in 2007, a new
many tropical crops. Fruit trees pest of the honeybee, the

such as lychee, avocados, oranges,  Varroa mite, arrived to
and macadamia nuts are examples  the islands and the bees
of bee pollinated plants. Many are NOw Scarcer.
vegetables, in particular cucurbits




Varroa mite biology

The Varroa mite (Varroa

destructor), a relatively [arge
parasitic mite, ranks among the most
destructive bee parasites worldwide.

VYarroa mites feed on the
haemolymph (blood} of developing
larvae and adult bees. Parasitized
larvae are weaken or may die of the
impacts of being parasitized. Bees
may also become infested with
deformed wing virus, which is
spread by the mites.

The impact of the Varroa mite
may be more severe in tropical
regions than temperate zones,
owing to the fact that honeybees
produce brood year-round in the
tropics, which permits the mites to
continue reproducing year round
and consequently the mite
populations can increase rapidly in
warm climates.

Untreated colonies are
weakened by the mite, and may die
within a year or two of infestation.

The impact of the varroa
mite on beekeepers and
farmers

Feral colonies are significant
sources of pollinators, and their
decline has negatively impacted
agriculture. The sudden
disappearance of feral bees has
created o need for managed hives
at a time when the beekeepers
themselves are struggling to
minimize their losses.

On QOahy, the lack of feral hives
has been felt by many small scale
farmers and gardeners. Many
growers have even resorted to hand
pollinating their crops.

Farmers need to consider if they
require bees fo maintain a high level
of productivity on their farms, and
whether they decide to form a
partnership with an established
beekeeper, or learn how fo keep
bees for themselves, it is important
to select Varroa treatments and
insecticides that promote pollinator
safe environments and are
sustainable in the long run.

Produced by Ethel M. Villalbes, Ph. D. 2009

Plant and Environmenfal Profection Sciences, CTAHR

University of Hawaii

Email: emv@hawaii.edu Phone: [808) 956 2445




Honey ees play an -amporldnf

'_i_‘q}'e n _th'éf_fpollination of many
tropical fruit crops in Hawaii.

The importance of honeybees as tropical fruit pollinators.

Honeybees live in large colonies  cucurbits such as

and feed exclusively on nectar and
policn. Each colony has many
adult bees that search the fields for
suitable flowers. In the process of
gathering food the bees help
spread pollen from one flower to
another and in this way they
pollinate the crops they visit.

Honeybees help increase yields for
many tropical crops. Fruit trees
such as lychee, rambutan,
avocados, and macadamia nuts are
examples of bee pollinated plants.
Many vegetables, in particular

cucumbers, squash,
watermelon, also require
bee visits for adequate
Truit formation.

Until a couple years ago
Hawaii growers had been
fortunate to have many
feral colonies that worked
their fields for free.
However, in 2007, a new
pest of the honeybee, the
Varroa mite, arrived to
the islands and the bees
are nOw scarcer.
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Varroa mite biology

The Varroa mite [Varroa

destructor}, a relatively large
parasitic mite, ranks among the most
destructive bee parasites worldwide.

Varroa mites feed on the
haemolymph {blood) of developing
larvae and adult bees. Parasitized
larvae are weaken or may die of the
impacts of being parasitized. Bees
may also become infested with
deformed wing virus, which is
spread by the mites.

The impact of the Varroa mite
may be more severe in tropical
regions than temperate zones,
owing to the fact that honeybees
produce brood yearround in the
tropics, which permits the mites to
continve reproducing year round
and consequently the mite
populations can increase rapidly in
warm climates.

Untreated colonies are
weakened by the mite, and may die
within a year or two of infestafion.

The impact of the varroa
mite on beekeepers and
farmers

Feral colonies are significant
sources of pollinators, and their
decline has negatively impacted
agriculture. The sudden
disappearance of feral bees has
creaied o need for managed hives
at a time when the beekeepers
themselves are struggling to
minimize their losses.

On Qahu, the lack of feral hives
has been felt by many small scale
farmers and gardeners. Many
growers have even resorted to hand
pollinating their crops.

Farmers need to consider if they
require bees to maintain a high level
of productivity on their farms, and
whether they decide to form «
partnership with an established
beekeeper, or learn how to keep
bees for themselves, it is important
to select Varroa treatments and
insecticides that promote pollinator
safe environments and are
sustainable in the long run.

Plant and Environmental Protection Sciences, CTAHR

University of Hawaii
Text by Ethel M. Villalobos, Ph.D:+

Email: emv@hawaii.edy  Phone: (808)-956-2445

Photos by E. Villalobos and $. Nikaido
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UH HONEYBEE / VARROA PROJECT JULY 2009

This booklet provides basic information about the monitoring and control of the parasitic
mite, Varroa destructor, in Hawaii.

The Varroa Mite

Varroa destructor is an external parasite of honeybees, that feeds on the blood
(haemolymph) of adult and immature bees. The varroa mites originated in Asia,
in close association with A. cerana, the Asian honeybee. In the 1970’s, V. destructor
was found parasitizing A. mellifera in Western Europe. By 1982, the mites had
spread to the US. Presently, with the exception of some Hawaiian islands and
Australia this destructive honeybee pest is found worldwide.

Sampling adult bees and /or drone
brood are the most effective ways to
detect the mite. Within this pamphlet
you will find a quick review of the
most common sampling methods for
Varroa.

Frequently
asked questions

What are the problems
associated with Varroa?

Should I continue to monitor
once I know my hives are
infested?

| Yes, you should keep track of the
infestation levels and treat hives
when the mite levels are high.

The varroa mite is one of the most
serious pests of honeybees. The mites
weaken adult and developing bees by
feeding on their haemolymph. In
addition high mite levels are often
associated with the spread of viral

diseases in the hives. Mites spend a large portion of

their life cycle inside capped cells

An infested hive is less productive

d their prese icht notb
than a healtlz?r hive, and high levels of and their presence might not be
ill

y: I ; ; obvious at a quick glance.
varroa can kill a colony within a year Eggg ‘ldfzrr;c :: ;? w if my colonies Continuous sampling will help

- of infection.
track the levels of non-
When did Varroa get to Hawaii? Monitoring for mites canbe doneina reproductive Varroa (phoretic
variety of ways. Some methods are mites) that are feeding on the
The mites were first detected in Oahu  more sensitive than others in dult b
on March 2007, and later found in detecting the presence of the mite, adiuit bees.
Hilo, Hawaii, in August of 2008. especially when the mite levels are
low.

CTAHR, UNIVERSITY OF HAWAIL ]



nirigad thresholds

Survey methods can be used lo detect the presence or absence of Varroa or to provide an estimate of the levels
of infestation in the hive. High sensitivity in the test is needed for detection. In contrast, less intrusive and
rapid methods are often preferred to monitor mite levels.

Detection

As the Varroa mite spreads, either via swarms, hive
robbing, or more likely through transport of infested hives,
the beekeepers in uninfected areas should remain vigilant.
Survey methods vary in their sensitivity and their ability to
detect the arrival of the mite to an area. There are two
sampling methods that increase the chances of detection of
the mite: drone brood sampling and adult bee sampling.

Sampling drone brood can be very effective due to the fact
that Varroa mites prefer drones 8-10 times more than they
prefer worker brood. So even at low infestation levels,
drones are a magnet for the reproductive female mites.
Sample a minimum of 50 capped drones cells per hive
(preferably 100 cells) to increase the odds of detecting
Varroa.

If drone numbers are low, sampling nurse bees is a good
alternative. When female mites are in their reproductive
phase, they are more likely to be found in the cells or on
nurse bees, therefore sampling either of these stages
increases the likelihood of detection.

Beekeepers with large bee yards (>100 colonies) are often
unable to sample all their hives, and consequently mite
detection can be more challenging, The probability of early
detection, however, increases if: 1- the sampling occurs at
regular intervals (every 1-2 months during the initial stages
of Varroa dispersal), 2- the beekeeper makes an effort to
sample approximately 10 % of the hives, and 3- the
beekeeper includes some of the strongest colonies in the
sample.

Infestation Levels and treatment thresholds

Mite levels have dramatic effects on hive health and survival. A
heavily infested hive can suddenly display a number of symptoms,
including an increase in viral diseases, such as deformed wing
virus, a reduction in brood production, and a quick decline in
overall strength possibly due to weakened adult bees. The rapid
changes observed at high levels of mite infestation can catch the
beekeepers off guard, and a hive can be lost within a few months
to a year if the Varroa populations spike out of control.

Although it is obvious that high levels of Varroa can have very
serious consequences for the colony and that beekeepers should
apply control methods to keep the mite population at a low level,
it is somewhat more difficult to determine what can be considered
a tolerable level of infestation. Hives vary greatly in the level of
infestation that can be tolerated before the colony declines and
economic losses occur. Climatic and biological factors such as bee
race, and the underlying level of disease that existed in the hive
before the arrival of Varroa, may influence the hive’s response and
tolerance to the mite invasion. It is also possible that the first year
or two of Varroa presence may be the more difficult for the hives or
that there is year- to- year variation in mite levels.

Beekeepers should monitor and record the cycles of the Varroa
population in their own apiaries. The colony cycle table presented
below shows an increase of Varroa levels starting in the fall and
peaking in winter. During the winter months the mite levels
increased 4- fold compared to the summer levels. A noticeable
increase in mite levels during the fall suggests that mite
populations will spike in the winter and treatment is needed.

CTAHR, UNIVERSITY OF HAWAIE




Sampling adult bees

Sampling adult bees, especially nurse
bees will give a snapshot of the Jevel
of infestation in your hive. This
detection method is based on

_ removing mites attached to adults to
produce a count of mites/bee.

To conduct this test, brush about 200
bees from a frame into a clear glass
container {mason jar). Cover the jar
with a mesh lid. You can then choose
to add one of these substances,
rubbing alcohol, soapy water, or
powdered sugar as a tool to dislodge
the mites. Shake or roll (if using
sugar) the jar, count the number of
mites that fall off. The sugar method
is less effective but the bees will not
be killed during the sampling.

If you have more than 15 mites/ 100
bees during the fall, you have a
relatively high infestation and should
consider treatment immediately.

Sampling drone brood

Mite detection can be aided by
sampling drone brood. Using a
capping -scratcher fork check for
mites on the developing drones.

This sampling method is made easier
if the drones are clumped in an area
of the frame which facilitates the use
of the fork or if you can cut away a
piece of the brood and examine it for
mites. Since female mites are highly
attracted to drone brood this method
is a very effective early detection tool
for Varroa.

Drone brood inspection can also help
keep track of the infestation levels in
the hive and the beekeeper may also
choose to use drone brood removal as
a Varroa management tool (see below
for details).

Using sticky hoards

e

Using screened bottom boards in
combination with some kind of sticky
surface to trap fallen mites is a
recommended technique for
management and sampling,.
Recording the number of mites that
fall off the comb onto a sticky board
(passive mite drop) is a relatively easy
technique that provides a record of
mite levels. This method is simple
and non-disruptive. Unfortunately it
is not very sensitive to low levels and
may not be the best choice as an early
detection method.

If you would like more detailed
information about how to conduct these
sampling techniques, please go to our
website and download the handout on
Varroa sampling and detection.

CTAHR, UNIVERSITY OF HAWAII



WHAT METHODS ARE AVAILABLE TO
"CONTROL VARROA?
Control methods can be divided into:
e Chemical
Synthetic: varroacides.
Natural: organic oils and aclds.
e Biomechanical

Chemical free technigues that can be used during the
honeyflow. Examples are drone comb removal and
screen bottom boards.

o Cultural

The use of management techwigues to disrupt the
reproductive cycle of the colony and the mite.

» Genelics

Selection and breeding of traifs than reduce Varron's
impact on the colony.

Please note that beekeepers may choose to use a mixture of
controls methods as part of an Tntegrated Pesi Managemeni
strategy, please see below for more details about this practice.

HOW DOES THE CLIMATE OF HAWAII
INFLUENCE THE TREATMENT METHODS I
CAN USE?

The Hawaiian climate allows the bees to produce brood year
round, consequently treatments designed to work during the

broodless periods, typical of temperate regions, are not
suttable for the local conditions. Products such as lactic and
oxalic acid are of little use for Hawati beckecpers.

The prolonged flowering season of Hawail vesults in
extended honey flows and multiple honey hnrvests
throughout ihe year. Varroacides lowever, should nof be
employed when there is a honeyflow and local beekeepers

Ie

need to recognize when a suitable “window of opportunity”

is present for trealment ko aveid honey contanunation.

Organic treatments such as (hymol and formic acid can be
employed in warmer climales, but the beekeepers should
avoid excessively wari humid periods. Selecting the right
environmental condifions is crucial for the efficacy of any
control method.

CTANR, UNIVERSITY OF HAWAH




Thymol gel (Apiguard)

Thymol is one of many essential oils that show promise in controlling
Varroa infestationsy Thymol is sold under the trade name Apiguard
and is applied as a gel formulation delivered in a tray fo the top of the
brood chamber. The product works by both contact and evaporation
(sublimation) of the
chemical. The honey supers
should be removed during
application, and for best
results we recommend that
treatment be applied when
ambient temperalures are
59 I to 85 F. The hive
cover needs to provide

g enotigh air space for the
chemical to sublimate and
disperse homogeneously
throughout the colony. We
suggest a 2 inch space

§ Detween the top of the brood
frames and the cover.

Reports for thymol efficacy

S ; are generally high, ranging
from 70 to 90% mite kill. Our experience with thymol indicates that
best results are obtained if the treatment tray is introduced in the late
afternoon, and the initial sublimation takes place in the evening
when ambient temperatures are lower. We also noted, contrary fo
some recommendations, that the hive's entrance should not be closed
and screen bottom boards can be used during treatment. Avoid rainy
periods since adult bees may initially congregate on the outside of the
hive when thymol is introduced.

Beekeepers should keep an eye on treated hives, because thymol
applications may temporarily disrupt the egg laying of the queen,
and rarely the queen may disappear or die. If applied correctly the
treatment is most often successful, and mite drops are very high.

Hives with 30,000 bees or more should be able to handle the full
thymol dose of 50¢ per tray. Treating smaller hives or nucs may

require adjusting the dose of the chemical. Hives with heavy
infestations may require 2 consecutive treatments with thymol.

Drone comb removal

The drone comb treatment aims at trapping mites as they attack the
brood. Drone cells are known to be significantly more attractive to
female mites compared to worker brood cells. Selectively culling the
capped drone brood provides both a way to estimate overall density of
infestation but also serves as an effective control method by removing
a large proportion of the mites found in the colony.

Plastic drone combs or drone foundation can be purchased
commercially or beekeepers can modify a regular frame into a “half
frame” with foundation only on the top part of the frame. Half frames
allow the bees to draw drone cells in the open bottom section of the
frame, and the drone portion can be simply cut away with a knife and
removed.

The key to the success of drone comb trapping depends on: 1- the
amount of drones produced by the hive and 2- the beekeeper’s timing
of the removal of the frame. Drone frames need to be removed after
the majority of cells
are capped, in order
to trap mites within
the cell, but before
drone emergence, in
order to prevent re-
infestation by the
mites and her newly
formed daughters. If
the drone comb is
not removed
promptly the hive
will become a
virtual “Varroa nursery”. Deciding when to remove a drone frame
takes practice, beekeepers can aim for 25-30 days after the frame is
introduced to the hive. On Oahu, Varroa infestation levels in drone
brood average 30 to 40 % in the summer months and removal of full
drone frames (approximately 1400 drones) can have a large impact
on the mite population.

Using varroacides and the development of resistance

The use of synthetic chemicals (fluvalinate and coumaphos) for Varroa control is a common practice in many parts of the world. The appeal
of the varroacides is their initial high efficacy rate and the ease of application. There are, however, serious drawbacks to using pesticides in
hives. Synthetic chemicals are known to leave residues in honey and wax, and beekeepers need to exercise extreme care when exposing their
hives to any pesticide. It is also unclear what, if any, effect these chemicals have in lhe long term health of the developing bees. There i3 some
evidence that miticides may interfere with sperm development in drones and consequently compromise the reproductive ability of the hive.
Another concern with the widespread use of miticdes is that the initial efficacy of these chemicals does not remain constant as the mites

develop resistance to these treatments over time.

Beekeepers that use varroacides should follow label directions carefully and avoid applications during the honey flow. 1o delay the
development of resistance the beekeepers should treat only for the specified time and only when the mite levels require treatment. In addition,
beckeepers should consider alternating their varroacide treatment with other chemicals, such as thymol or formic acid, or even including
biomechanical control methods like drone brood removal in their manacement schedule.

CTAHR, UNIVERSITY OF HAWAII




The relationship between colony
cycle and Varroa management

The life cycle of the Varroa mite is linked closely to the life
cycle of the bees. The large- bodied, slow-developing drone
bees provide excellent hosts for the female mites. Drone
brood allows individual female mites to produce more
offspring, and each drone can support more than one
reproductive female mite.

Just as the life cycle of an individual mite matches that of its
host, the growth of the mite population is linked to colony
growth cycles. The availability of brood, and drone brood in
particular, has a great impact on mite abundance. Although
brood is always available in Hawaii’s tropical climate, the
reproductive cycle of the colony and certain management
techniques can affect the availability of brood and
consequently the population growth of Varroa. For example,
during the swarming season, as the drone numbers increase,
mite numbers also begin to rise. On QOahu, there can as much
as a 10-fold increase in drone production during the summer
months. In contrast, during re-queening events, when there
is a decrease in egg laying and a temporary reduction in
brood availability (worker and drone alike), mite numbers
fall temporarily. Consequently, adjusting the treatment
schedule to the cycles in brood production and anticipating
variations in mite levels are important components of Varroa
management.

Another important element affecting Varroa population
growth is mite reproductive success, which is determined by
the mother mite’s ability to produce fertile daughters.
Research has shown that mites from different parts of the
world differ in their fertility, with some strains having lower
reproductive success than others. We need to gain a deeper
understanding of the dynamics of the mite population here

in Hawaii so that we can better predict their increase and
adjust our treatment levels. Research on this important issue
is ongoing at UH Manoa.

Integrated Pest Management of
Varroa in Hawaii

Integrated Pest Management (IPM) is a strategy commonly
used in agriculture to ensure crop productivity while
keeping pesticide use at a minimum. The goal of an IPM
program is to intervene before the pest population increases
and causes economic damages to the producer. Although
IPM techniques aim to reduce the pest density, the
treatments are not expected to eliminate the pest completely.

In the present situation with Varroa, the IPM program will
attempt to control the mite population using a variety of
treatments applied during different times of the year.
Successful pest management will reduce the losses to honey
producers and will help maintain the strength of hives for
crop pollination. Varroa IPM strategies are likely to vary
from locality to locality due to weather, colony cycles, and
honeyflow seasonality. It is important that each beekeeper
becomes familiar with the rhythms of their hives and is able
to identify the reproductive cycle and the corresponding rise
in the mite population. The charts presented in this brochure
are based on data from the southeastern portion of Oahu.

Although we are not endorsing specific products, we are
emphasizing the use of screened bottom boards, drone comb
and thymol, treatments that have produced good results
during our first year of Varroa monitoring and control. We
will continue to update our information and the
recommendations as more data becomes available for the
different regions of Oahu and the Big Island of Hawaii.

CTAHR, UNIVERSITY OF HAWAII




ColonOdThamics will vary slightly across the islands and each beckeeper should consider his/her unique
situation. The key issue is to recognize when mite levels are increasing and treat accordingly. To able to
identify and respond to changes in mite density the beekeeper needs to sample at least 4 times during the yea
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Hygienic Behavior: How genetics can play a part in the
control of Varroa

Traits that are important in the breeding and selection of managed honeybee
colonies include productivity, tameness, and behavioral mechanisms that
increase colony resistance to disease. Hygienic behavior is the genetically
based tendency for the worker bees to detect and remove larvae that are
infected with diseases and parasites, including Varroa. Hives are considered
hygienic if the workers remove 95% of dead or infected pupa within 24-48
hours. To test for hygienic behavior a patch of capped brood of about 200 cells
is killed by freezing. The bees’ response to the dead larvae and pupae is then Patch of brood frozen with liquid nitrogen

recorded and scored. {above), and the same patch 48 hours after
re-introducton to the hive (below).

According to the literature, the frequency of hygienic behavior in the wild is
relatively low, approximately only 10-12 % of hives exhibit this trait. On
Oahu, the percent of hives that exhibit hygienic behavior is very variable, but
some hives appear to be consistently good throughout the year. Identifying
hives with strong cleaning behavior, especially among those that have already
been exposed to Varroa, is highly recommended. These hives can be used as a
source of new queens and drones and to produce splits. In addition to the
natural resistance found in some hives, beekeepers may want to consider
locally produced queens fertilized with semen from hygienic drones. These
queens should produce consistently good cleaning worker bees and thus
provide some added protection against the impact of the Varroa mite.

]
%# Plant and Environmental Protection Sciences

College of Tropical Agriculture and Human Resources
University of Hawai'i at Manoa

Contact information:
The University of Hawaii Honeybee Varroa Project

Mailing address:
3050 Maile Way. Room 310 Gilmore Hall
Department of Plant and Environmental Protection Sciences,
CTAHR, University of Hawaii at Manoa. 96822

Lab phone number: 808-956-2445
Website:

http:/ / www.ctahrhawaii.edu/wrightm/Honey_Bee_Home.html
Or, Google search for “bee CTAHR”.

Written by Ethel M. Villalobos. July 2009, Thanks to M, G. Wright, T. Shelly, L. Medina, S. Nikaido, and J. Wright for comments and sug-
gestions in the making of this brochure. Photos by E. Villalobos, S. Nikaido, and J. Wright. Funding provided by the Hawaii Department of
Agriculture.
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Alcohol/ Soap Shake Powdered Sugar Shake | Brood Sampling Mite Fall
Submerge a sample of bees in | Dust bees with powdered sugar | Look inside capped cells o Monitor the passive drop of

aleohol or soapy water fo to encourage grooming and mite | check for presence of the varroa | miles using a screen bottom

dislodge varroa. Jall mite. board.

Page 2 Page 2 Page 3

The varroa mite (Varroa destructor) is a serious pest of honeybees. As an
external parasite, the varroa mite feeds on the hemolymph of adult workers,
drones, and developing honeybees. Reproduction of varroa occurs within the
capped cells of developing honeybees, with drones having a higher infestation
rate than worker bees. Colonies infested with varroa will show symptoms of
varroasis: spotty brood, disfigured and deformed wing bees. Within 2 years, a
colony with varroa can collapse and die. Varroa was first detected in the
United States in Florida in 1987 and quickly spread to other states throughout
the country. Due to geographical isolation, Hawaii was free of this parasite for
many years. However, in 2007, the mites were detected in Hawaii on the island
of Oahu, and soon after, on the island of Hawalii in 2008.

It is important for beekeepers to detect the arrival

Varroa and Viral

of varroa to their apiaries and to subsequently Diseases in Honeybees

monitor their yards regularly for changes In | Varroa mites are vectors of
varroa mite levels. Sampling for mites is an viral diseases that affect the
development of honeybees. At

important part of any IPM strategy to combat high infestation levels,
symptoms (spotty brood
pattern, shrunken abdomens,
and when colonies are ireated. Keeping varroa | and deformed wings of worker
and drone brood) from viruses
can be seen throughout the
productivity: colony.

varroa, as infestation levels will help determine if

mite levels low will promote colony health and
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Alcohol / Soap “  Brush or shake approximately two
Shake hundred bees into a glass or plastic jar
g p ]
The alcohol or soap shalke containing two hundred milliliters of
G
targets phoretic mites that alcohol {isopropyl or ethyl) or
are attached to adult dishwashing detergent soap.

honeybees. Mites are
dislodged and killed, then

separated from the honeybee For a precise measurement, shake bees

sample. This method into a bucket, then scoop up the bees
sacrifices approximately two with a measuring cup (1/2 cup = 200
hundred bees from the

bees).
colony.
"This sampling method is *  Shake jar vigorously for one minute,
quick and accurate,
especially when brood levels
are low and the majority of #  TFilter contents through a sifter or a wire
the mites can be found mesh screen (#8, 3 mm) and examine for
feeding on the adult bees. mites

Additional rinsing with water may be
required as mites may still be attached to

the wings and/ or other body parts of

the honeybee.

Powdered Sugar Shake

Powdered sugar can be used to dislodge mites from adult bees. Unlike using alcohol or soap, powdered sugar is a non-
lethal method and will not kill the bees in the sample. Coating the bees in powdered sugar will stimulate grooming behavior
in bees, thus removing mites. In addition, powdered sugar clogs the tarsal pads causing the mites to lose their grip and
dislodge from the adult bees. Not all of the mites in the sample will necessarily be removed from the bees. Approximately

10% or more of the mites may remain on the bees.

Modify the cover of a wide mouth Mason jar by installing a #8, 3 mm wire mesh screen. Brush or shake approximately
200 bees into the Mason jar. Pour 1 teaspoon of powdered sugar through the cover of the wire mesh. Roll the jar
ensuring cach bee is coated in powdered sugar. Invert it and shake vigorously into a container (white is preferable). Count

the number of mites that fall. Open the jar, and pour out bees in front of the hive entrance.
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Brood Sampling

During brood production,
approximately 80% of varroa
reside in the cells of brood
larvae. Taking a random sample
of brood larvae can be used to

detect the presence of mitesin a

colony. Since varroa mites prefer
drone cells over worker cells,
sampling drone brood can give
an accurate estimate of the
infestation level. However, at low
level infestations, detection of the
mite can be difficult. Drone

sampling is obviously limited by

the reproductive cycle of the

colony.

Mite Fall

Use a capping scratcher to remove 50 —
100 drone pupae. If no drone cells are
available, worker pupae can be sampled.

Search for mites on each individual
pupae or cell. Feces {white spots) can
also be present in cells containing mites.

Since mites prefer to utilize drone cells,
a drone frame (an empty frame can also
be used) can facilitate the detection of
varroa mites.

Once the frame is used and the drone
larvae are capped, remove the frame
and sample larvae with a capping
scratcher.

Varroa mites will fall off of honeybees due to death, or by honeybee grooming. This passive mite fail can beusedasa
detection method as well as a means of monitoring the varroa levels in a colony. A sticky board is placed below a screen
mesh allowing for daily or weekly counting of varroa mite. To increase mite fall for detection of a new or low infestation,
powdered sugar, or an acaricide can be used in conjunction with the screen bottom.

Install a screen bottom board (#8, 3 mm wire mesh) with a sticky board below the screen. A poster or plastic board can be
covered with any sticky substance (Tanglefoot, Crisco, or Vaseline) and be used to trap mites after they fall through the
screen. After one to seven days have passed, remove the board and examine it for mites. Leaving the board under the
screen for over a week can result in lots of hive debris accumulating on it and can make detection difficult.

Produced by Scott Nikaido and Ethel M. Villalobos

Plant and Environmental Protection Sciences, CTAHR, University of Hawail
Photos by S. Nikaido, E. Villalobos, and E. Shelly

Design by Jonathan Wright
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Hawaii field tests of formic
acid for Varroa control

Under an experimental permit from the
Hawaii Department of Agriculture the
UH Honeybee Varroa Project tested
Mite Away™ Quick Strip (MAQS), a
new formic acid treatment created by
NOD Apiary Products Ltd. {Canada) in
three apiaries located on the island of
Oahu.

Formic acid has been used as an
organic miticide to control varroa and
appears to have a high degree of
selectivity, that is, formic acid is more
likely to kill mites rather than harm the
bees when applied in the correct dosage
and under suitable temperatures. High
ambient temperatures are often
associated with an increase in bee deaths
and brood damage during formic acid
applications, Tropical areas, such as
Hawaii, frequently experience
temperatures much higher than
recommended for formic acid products
and consequently have fewer options for
summer treatments. The new NOD
formulation is designed to work at the
hive’s core temperature and,
consequently, is affected less by high
ambient temperatures and/or extreme
terperature {luctuations found outside
of the hive.

AUGUST 2009

Application and mode of
action

We tested a single application of MAQS to
the brood chamber. MAQS does not require
hive spacers of any sort, and can be applied
directly over the brood frames.

The beckeeper must wear a respirator
and use acid resistant gloves during
application. The screen bottom boards must
be covered during the treatment.

Test hives remained open through the
treatment, even entrance reducers were
removed, to allow for enhanced air
circulation and gas dispersion within the
hive.

How it works: Formic acid vapor is
teleased from the MAQS matrix saturating
the hive space. By the end of the three day
application period all the formic acid has
been released and all that remains is an inert

maitrix.

efficacy depending on the ambient temperature during the application. The
product that we tested is expected to have a more consistent rate of release. The

rate at which vapor is released is influenced more by the constant temperature of

Formic acid and thymol, two commonly used fumigants, vary in their

the hive than by ambient temperature.
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Treatment groups and assessment of the hives

"The trial included a total of forty one hives of various colony strengths. The experimental colonies were assigned to either a control
group or one of 3 treatment groups. The treatment groups consisted of a low dose treatment with no supers (n=6), a high dose
treatment also without supers (n=7), a high dose treatment with the honey supers on (n=15), and a control group (n=13).

To evaluate the impact of each treatment on the colonies, we inspected, prior to the start of the trial, each frame and noted the
amount of brood present. We also recorded the mite infestation levels via passive mite drop on sticky boards for 3 days before the start of
the trial.

The efficacy of formic acid treatments can be influenced by ambient temperature, relative humidity, the hive configuration (hive
spacc), and the positioning of the product within the hive. Ambient temperature, corc hive temperature, and relatively humidity were
monitored during the trial application using HHOBO units (a device used to monitor and log temperature and/ or humidity). Recording
units were installed inside the brood box of one control hive and two test hives, and the ambient temperature and relative humidity at
the apiary were monitored using a fourth HOBO unit placed in the shade of a macadamia tree. Two dosages of formic acid were tested
in the trial, 200g and 300g strips. "The weight of the formic acid strips was recorded in the field prior to insertion in the hive and
immediately after removal from the hive.

Evaluation of treatment eflicacy included both data on mite mortality and observations on the bees’ response to the treatment. Mite
mortality after formic acid treatment was evaluated by comparing the mites that fell on sticky boards (control versus treatment) and by
dissection of capped cells to observe the survival of adult and immature mites inside brood cells. Mite mortality was assessed throughout
the month-long experiment by monitoring mite drop levels every three days initially, and weekly after the first seven days of the trial.
The three day treatment period when the formic acid was inside the hive will be referred to as “at treatment” hereafter, and data from
sticky boards collected at the end of this period constitute our first measurement of product efficacy. Colony response was evaluated by
noting the degree of brood damage immediately after treatment, queen presence or absence, and egg laying activity post treatment. The
long term effects of the treatment will be evaluated by recording before and after treatment the levels of formic acid in honey and the
overall hive strength.

Please note: The bees
respond to formic acid by
initiafly exiting the hive and
fanning. This mass exit can
be alarming to observe, but
during the experiment the
bees re-entered the hive

within twenty-four hours.
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Mite [evels and product efficacy

All experimental colonies had similar levels of varroa infestation at the beginning of the trial, as indicated by the pre-
treatment sticky hoard counts (p>0.05, Kruskal-Wallis test). The average colony had a passive mite drop of 49.4 mites/day, which
is typical for this season on Oahu.

The mite drop at treatment varied significantly among the four categories of hives, Fig. 1 (P=0.003. H=14.3, DF = 3 Kruaskal-
Wallis test). Subsequent analysis using Dunn’s test revealed a significant difference between the High Dose with Super category
and the control (P < 0.05) but no significant differences between the other 2 formic acid groups and the control or among the
three formic acid groups (P > 0.05 in all cases). Treated colonies however, had a combined average mite drop of 223 mites/day
compared to 51 mites/day in control colonies. This initial mite drop observed at treatment most likely represents the phoretic mite
kill obtained with these formic acid applications.

Formic acid is one of the few varroa control methods that can cause the death of the mites while still under capped cells. It 1s
the killing ability of formic acid that makes it possible for the treatment to be of short duration (three day application), thus
reducing the treatment’s possible interference with honey collection.

Three days after the formic acid was removed from the hives, mites that had died within the capped cells during treatment
would be exposed as the new bees emerged from the cells. The dead mites would then be reroved by the nurse bees and
contribute to the counts on the sticky boards. When sampled after three days, a treatment successful at killing mites under capped
brood cells should yield a higher number of mites on the sticky boards of the trcated colonies than for control colonies.

The cumulative mite drop of test colonies, from the start of the trial to three days after treatment, varied significantly
(P=0.011. H=11.2 DF=3, Kruskal-Wallis test. The cumulative mite fall for the “High Dose with Supers” category was
significantly higher than that of control colonies (P<0.05, Dunn’s test) Fig. 2. The treatment groups, however, did not differ

significantly in their curnulative mite drops at this point of the trial (P>0.05 Dunn’s test).

Figure 1;: Average mite drop per day : Figure 2: Cumulative mite counts at
300 2 three days post treatment
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Mite levels and product efficacy

The application of the NOD MAQS resulted in a large initial kill of varroa mites in the phoretic stage and mites under capped
cells. However, to be truly effective, a treatment should result in a significant long term reduction in the varroa population levels.
Such a change in mite numbers should be detectable as a decrease in mite/day drop in the treated colonies compared to control
colonies. The average mite/day in treated hives spiked at treatment but steadily decreased over time, Fig, 3.

At 24 days post treatment, which represents a full cycle of brood production, the average mite drop levels differed
significantly among all categories (P< 0.001. H=16.3, DF = 3 Kruskal-Wallis test). Subsequent analysis using Dunn’s test revealed
significant differences between each of the treated categories and the control (P < 0.05 in all cases) but no differences among the 8
formic acid groups (P > 0.05 in all cases). The average mite/day drop among treated hives was 11.6 mites/day while the control
hives average was 70.8 mites/day.

Product application and temperature concerns

The ambient temperature at the apiary during the three day application period was very variable; the average daily ambient
temperature was 26.17 °G (79.1 °F) with a range of 23 to 37 °C (73.4 to 98.6 °F). Thesc ambient temperatures would be
problematic for other formic acid treatments including Mite Away II, which is also a NOD Apiary product. Mite Away I, as is
the case for other fumigants including thymol, has the potential to cause large brood damage if applied during high ambient
temperatures. According to the EPA, Mite Away II should not be applied if the ambient temperature exceeds 26.1 °C (79 °F).
Mite Away II should also be removed from the hives if the ambient temperature goes above 27.7 °G (82 °F) during treatment to
avoid brood kill and/or absconding,

The average daily temperatures in our trials were on the upper end of the Mite Away IT use recommendation and the
peak temperature of 37 °C (98 °F) experienced during one of the three treatment days was well above the proper use of Mite
Away II. However, in spite of the high ambient temperatures and high humidity levels (average relative humidity was 82.6 %,
(range: 52 to 96 %) registered during the application period, the treated colonies suffered very little adult and/or brood mortality
with this new product {see Colony Effects),

The core hive temperaturcs and humidity are among the most important factors that regulate the release rate of the new
product. The core hive temperatures were on average higher, but more constant, than the ambient temperatures. The average core
temperature of the hives was 35.6 °C, (96.1 °F, range 31 to 37 °C or 87.8 to 98.6 °F) and the average relative humidity was 68.8%
(range 60 to 80.4%). The NOD formic acid flash strips released their fumigant vapors in response to the microclimatic conditions
within the hive. The formic acid strips lost approximately 40% of their total weight during the 72 hours inside the hive, and the
product matrix had become drier and more brittle even under the elevated humidity in the field.

Figure 3: Mite fall levels over time
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Mite mortality under
capped cells

We collected drone brood samples
from four treated colonies and one
control colony at the time the formic
acid strips were removed from the
hives. Dissection of those samples
revealed that adult mites under capped
cells suffered an increase in mortality
compared to untreated colonies. Fifty
percent of the adult female mites were
found dead within the capped cells of
treated colonies (103 cells sampled,
total of 164 mites in the sampled cells),
while all the adult mites under capped
cells in control hives were alive upon
dissection of the comb {total of 18 cells
sampled, total of 25 adult female
mites.

Adult males also suffered an
increase in mortality in treated colonies
compared to control colonies; male
death was 71% and 33% respectively.
The

particularly serious consequences for

death of the male mite has

the surviving daughter mites since
mating and fertilization only take place

within the cell, Premature male death

is likely to result in a large number of
unfertilized adult females that will not
be able to contribute to the next mite
generation. Preliminary data also
suggests that immature mites of both
sexes suffered an even higher mortality
than adult mites, Over 90% of all
young mites were found dead following
treatment, while only 18 % of juveniles
were dead in the control colonies. It is
possible that the tough exoskeleton of
the adult mites protected them from
damage during the formic acid
treatment but that the younger stages
were more susceptible to the vapors.
Mite mortality within capped cells
is an important element in varroa
control. Although a large proportion of
mites died in the cells, it is stll unclear
whether the adult mites that survived
were damaged by the treatment and il
their reproductive ability may have
been compromised. The University of
Hawaii plans to conduct a smaller scale
study of mite mortality under capped

cells.

Formic acid residues in honey

Varroa control can be difficult becanse any
chemical substance applicd to a honeybee
colony has the potential to leave a residue in
honcy and/or wax. Honey samples from
control and treated hives were analyzed for
changes in formic acid content during the
trial, Results indicatc that there was no
significant increase in formic acid levels 72
hours after product application, Treated
colonics had an average of 923 parts per
milfion {ppm) pre treatment and 836 ppm at
treatment. Control colonics had average pre
treatment levels of 805 ppm compared to 839
ppm at the 72 hours mark. The short term
treatment duration of the new NOD product
application combined with the rccent results
of the formic acid residucs in Hawaii suggest
that withdrawal of thc honey supers is not
needed, and greatly facilitates the

management efforts.
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The observed brood damaged was minimal. About A few bees that were emerging right during the
2/3 of the hives removed larvae from the cells ireatment were suffocated by the vapors
during the 3 day treatment, The discarded larvae (emerging brood burn). Bees under capped cells
fell onto the sticky boards and were counted. The were apparcntly unharmed by the application

" average number of larvae discarded was about 22 and the overall levels of brood disruption were
larvae/hive (range 0-130}, which is relatively smalk, negligible,

There were no adverse effects on queens derived In fact, new queens hatched during the 3 day
from the treatments. Following (reatment with treatment period, as indicated by the destruction
formic acid the queens were located visually and/ by the wvirgin queen of the vounger, unopened
or egg laying was observed in all the treated hives. queen cells.

"The UH Honeyhce Varroa Project Oahu team included D Mark Wright, Dr. Ethel Villalobos, Scott Nikaido, and Tyler
Ito. The NOD Apiary team included David and Mary VanderDussen, We wouid like to thank the beckeepers who so
generously provided experimental colondes and logistical support for this trial: Dennis Takata, Rhea McWiltiams, Howard

MeGinnis, George Hudes, and Charlie Reppun. Funding for this project was provided by the Hawaii Department of

Agriculture.
Report produced by Ethel M. Villalobos, Ph.DD. Plant and Environmental Protection Sciences, CTAHR, August 2009,
Design by Jonathan Wright. Photos by 5. Nikaido, E. Villalobos, and J. Wright.
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Governor

SANDRA LEE KUNIMOTO
Chairperson, Board of Agricuilure

DUANE K. OKAMOTO
Deputy to the Chairperson

State of Hawaii
DEPARTMENT OF AGRICULTURE
Pesticides Branch
1428 South King Street
Honolulu, Hawaii 96814-2512
Phona: {808} 873-9401 Fax: (808) §73-8418

October 19, 2009

Document Processing Desk (SLN)
Office of Pesticide Programs (7504P)
U.S. Environmental Protection Agency
Room $-4900, One Potomac Yard
2777 South Crystal Drive

Arlington, VA 22202-4501

Dear Product Manager:

Enclosed is a special local need (24(c)) registration for the use of Mite-Away Quick Strips

(MAQS), unregistered, for the treatment of honey bee colonies infested with varroa mites

(Varroa destructor).

Registered alternatives include Apistan Anti-Varroa Mite Strip (Fluvalinate), CheckMite+ Bee

Hive Pest Control Strip (coumaphos), Apiguard (thymol), Apilife Var {thymot), Mite-Away I
 (formic acid) and Sucrocide Concentrate (sUcrose octanoate esters).

lssues including early signs of resistance, chemical residues in wax (which adversely affects

gueen production), lack of a non-reproductive period in the tropics, and high ambient

temperatures and humidity, significantly limit use of the alternatives.

A signed copy of the "Application for / Notification of State Registration of a Pesticide...", and the

Hawaii Department of Agricutture "ACCEPTED with Comments" stamped label is enclosed.

The EPA SLN Number assigned to this registration is HI-080002.

Should you have any questions, please contact Lance Kobashigawa, Pesticide Specialist, at
(808) 973-9411.

Sincerely,
(— ~
/é /@&Wﬂﬂ/
%@1 Lyle Wong, Ph.D.
Administrator, Plant Industry Division

LWk
[0902epa]

c: Glenda Dugan (CEDS5), EPA Region 9



Mite-Away Quick Strips™

For Use Only in the State of Hawaii.

For Treatment of Honey Bees Infested with Varroa Mites

Active Ingredient ACCEPTED
T W 48.4%
Other Ingredients......o..onvasesenane 51.6%
T T 100.0% OCT 26 2000
KEEP OUT OF REACH OF CHILDREN e amant 1o s Law

DANGER-POISON -
CORROSIVE TO SKIN AND EYES

PELIGRO-Si usted no entiende la etiqueta,
busque a alguien para que se la explique a usted en detalle.

SEE SIDE PANEL FOR FIRST AID STATEMENT
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EPA SLN No. HI-090002

EPA Establishment Number: 075710-CAN-001

Best before Date:
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Net Contents: TBD
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Mite-Away Quick Strips™ — For treatment of honey bee colonies infested with varroa mites,
Mite-Away Quick Strips™ requires a single application of twe strips per treatment to reduce the number of
varroa mites for one season.

Precautionary Statements

FIRST AID STATEMENT

*Move persen to fresh air,

«If a person is not breathing, call 11 or an ambulance, then
If inhaled give artificial respiration, preferably by meuth-te-mouth, if
possible. )

+Call a poison control center or doctor for further treatment
advice.

+Talke off contaminated clothing

Honskinor | -Rinsc skin immediately with pienty of water for 15-20
clothing minutes.

=Call a poison control center or dector for treatment advice

sHeld eye open and rinse slowly and gently with water for

Ifin eyes 15-20 minutes.

*Remove contact lenses, if present, after the first 5 minutes,

then continue rinsing eye.

-Call a poison controf center or doctor for treatment advice

»Call a poison corlrol center or doctor for further treatment

If swallowed | advice.

«Have a person sip a glass of water if able to swallow.

+*Da not induce vomiting nnless told to do so by the poison

controt center or doctor.

Do not give anything by mouth to an unconscious person
Poison Control Center HOT LINE NUMBER 1-800-222-1222

Have the product container with you when calling a poison control center or

doctor, or going for treatment.

NOTE TO PHYSICIAN: Probabje mucosal damage may contraindicate the
use of gastiic lavage.

HAZARDPOUS TO HUMANS AND DOMESTIC ANIMALS
DANGER - PELIGRO

Fatal if inhaled, absorbed through the skin, or swallowed. Do not breathe dust, vapor or spray mist. Corrosive.
Causes skin burns and irreversible eye damage. Avoid contact with skin, eyes, or clothing. Wash skin thoroughly
with soap and water after handling and before eating, drinking, chewing gum or using tobacco. Remove and wash
contaminated clothing before reuse.

ENVIRONMENTAL HAZARDS

For terrestrial use: Do not apply directly to water or to areas where surface water is present or to intertidal areas below the
mean high water mark. Do not contaminate water when disposing of used container, wash waler or rinsate.

PHYSICAL OR CHEMICAL HAZARDS

Corrosive — Do not allow product to contact metal surfaces, Do not place, even briefly, on metallic hive covers,
Store unused product in original container.

Handler Personal Protective Equipment (PPE): Applicators and other handlers must weat coveralls over a
long-sleeved shirt, long pants, socks and shoes, acid resistant gloves (PVC, neoprene, or nitrile), and protective
eyewear. Wear a respirator with an organic-vapor removing cartridge with a prefilter approved for pesticides
(MSHA/NIOSH approval number prefix TC-23C), or a canister approved for pesticides (MSHA/NIOSH approval
number prefix TC-14G), or a NIOSH approved respirator with an organic vapot {OV) cartridge or canister with
any N, R, P or HE prefilter. Clean or replace PPE at end of each day’s work period. Rinse off pesticides at rest
breaks. Follow the manufacturer’s instructions for cleaning/maintaming PPE. If no such instructions for
washables exist, use detergent and hot water, Keep and wash PPE separately from other laundry.



User Safety Recommendations:

Users should remove Personal Protective Equipment/clothing immediately if pesticide gets inside. Wash thoroughly and put on
clean clothing. Replace chemical gloves if punctured of stretched.

Have water readily avaiiable should skin or eye contact oceur.

Only use out of doors, stand upwind of product. Use caution when opening the container, especially in warm weather.

Agricultural Use Requirements

Use this product only in accordance with its labeling and with the Worker Protection Standard, 40 CFR part 170. This standard
conlains requirements for the protection of agricultural workers on farms, forests, nurseries, and greenhouses, and handlers of
agricultural pesticides. It contains requirements for training, decontamination, notification, and emergency assistance. 1t also
contains specific instructions and cxceplions pettaining to the statements on this label about pessonal protective equipment (PPE),
notification to workers, and restricted-entry interval. The requirements in this box apply to uses of this product that are covered
by the Worker Protection Standard.

Re-entry interval: Do not enter or aliow worker entry into treated area (bec hive) during the restricted entey interval (REI) of 72
hrs.

Appropriate PPE as listed must be worn for re-entry into the treated area (bee hive) after the 72 hour REI and within the
remaining 7 days.

PPE reguired for entry info treated bee hives (that is permitted under the Worlker Protection Standard and that involves contact
with anything that has been treated), is:

Wear coveralis over a long-sleeved shirt, long pants, socks and shoes, acid resistant gloves (PVC, neoprene or nitrile), and
protective eyewear, Wear a respirator with an organic-vapor removing cartridge with a pre-filter approved for pesticides
(MSHA/NIOSH approval number prefix TC-23C), ora canister approved for pesticides (MSHA/NIOSH approval number prefix
TC-14G), or a NIOSH approved respirator with an arganic vapor (OV) cartridge or canister with any N, R, P or HE pre-filter.

Notify workers of the application by warning them orally and by posting warning signs at enfrances to treated bee yards. Posting
in the hec yard should read as follows: The hives in this bee yard have been ireated with Mite-Away Quick Strips™ Treatment
was applied: Date and time. Do not open the bee hives in this yard until affer the 72 hour REI unless wearing PPE as stated on
the product label at any time within the 7 day treatment period.

DIRECTIONS FOR USE - Mite-Away Quick Strips™

It is a violation of Federal law to use this product in a manner inconsistent with its labeling. Do not apply this
product in a way that will contact workers or other persons, either directly or through drift. Only protected
handlers may be in the area during application. For any requirements specific to your State, consult the Agency in
your State responsible for pesticide regulation.

WHEN TO TREAT: Use Mite-Away Quick Strips™ as part of an Integrated Pest Management (IPM)

program, Treat only if treatment thresholds are exceeded. Treatment period is for this product is 7 days.
Treatment ends at day 7.

When treatment levels are reached, use Mite-Away Quick Strips™ for single or double brood-chamber, standard
Langstroth equipment honeybee hives, honeybee colony cluster covering a minimum of 6 brood frames. Qutside
daytime temperature highs should be between 70 - 92°F on days of application. Excessive temperatures (> 95°F)
during the first three days of treatinent can cause excessive brood mortality and absconding.

Brood mortality may occur in the initial stage of treatment. Overall colony health is not expected to be affected,
with brood rearing returning to normal by the end of treatment. Treatment of smaller colonies than those listed
on the label will result in excessive brood mortality and even in colony mortality.

APPLICATION Disturb the colony activity as little as possible during the application process. Remove the Mite-
Away Quick Strips™ from the outer pouch. For hives with single brood chambers lay two strips across the top
bars of the frames of the brood chambers, staggering them so they lay flat and across the full width of the hive
body, with approximately 2 inches between strips and 4 inches between the ends of the brood chamber and the
outer edges of the strips. For hives with two brood chambers place the strips as described above on the frame top
bars of the lower hive body, so the strips are in-between the brood chambers. Put on honey supers, if a honey
flow is anticipated. The active ingredient dissipates after 3 days however, do not disturb the colony for 7 days to
allow i to recover from any side-effects that may have occurred. Spent strips need not be removed after




treatment.

The bottom hive entrance needs to be fully open for the entire duration of treatment. Other entrances should be
sealed. Entrance reducers MUST be removed to prevent excessive damage to the colonies, Treat all bee colonies
in the apiary at the same time. Allow a minimum of one month between applications,

STORAGE AND DISPOSAL

Da not contaminate water, food, or feed by storage or disposal.

STORAGE: Store in original container in a cool, dry, and well-ventilated area away from sulphuric acid, oxidizing agents, and sources of igaition
and away from the reach of children. Avoid heat, sparks, and open flames. Do not eat, drink or smwoke in arcas of use or storage. Use caution when
opening the container, especially in warm weather, Le.: open outdoors and stay downwind. Keep scparate Lo prevent cross-contamination of other
pesticides, fertilizer, food, or feed.

FOR DISPOSAL OF UNUSED, UNWANTED, OR DAMAGED PRODUCT: CONTACT THE MANUFACTURER or the National Pesticide
Information Center at 800-858-7378 {www.npic.orst.edun).

CONTAINER DISPOSAL: Tf empty, triple rinse the container, Place in trash or offer for recycling if available. If partly fiiled: Call your local solid
waste agency or (300-858-7378/www.npic.orst.edu) for disposai instrictions.

PLASTIC BAG (OUTER WRAP) DISPOSAL: Rinse or air dry empty outer pouch, wearing PPE, and then dispose in a sanitary landfill or by
incineration, or, if allowed by state and local authorities, by burning. If burned, stay out of smoke. :

Pesticide wastes are acutely hazardous. Improper disposal of excess pesticide, spray prixture, or rinsate is a violation of Federal Law. If these wastes
cannot be disposed of by use according 1o label instructions, contact your State Pesticide or Environmental Control Agency, or the Hazardous Waste
Representative at the nearest EP'A Regional Office for guidance.

Warranty Statement:

To the extent allowable by state law, the seller shall not be liable for any damages when the product is misused or
not used in accordance with label directions.

This special local need registration label is valid until October 18, 2014 or until otherwise revised, amended,
cancelled or suspended.

Tssue date: October 19, 2009

Expiration date: October 18, 2014



Science!

. Chemicals & Laboratory Equipment Reactivit
' Personal
Protection
Material Safety Data Sheet |
Formic acid, 85%, F.C.C MSDS
| ~ " Section 1: Chemical Product and Company \dentification
Product Name: Formic acid, 85%, F.C.C Contact Information:
Catalog Codes: SLF1387 : Sciencelab.com, Inc.
14025 Smith Rd.
CASH: Mixture. Houston, Texas 77396
. . US Sales: 1-800-901-7247
RTECS: Not applicable. International Sales: 1-281-441-4400
TSCA: TSCA 8(b) inventory: Formic acid; Water Order Online: ScienceLab.com
CH#: Not applicable. CHEMTREC (24HR Emergency Telephone), call:
. ‘ 1-800-424-9300 ‘
Synonym: Formic Acid, 85%
. ) International CHEMTREC, call: 1-703-527-3887
Chemical Name: Not applicable.

: . For non-emergency assistance, call: 1-281-441-4400
" Chemical Formula: Not applicables. '

T Section 7 Composition and Information on Ingredients

Composition:

Name CAS # % by Weight
Formic acid 64-18-6 _ 85
.Water 7732-18-5 15

Toxicological Data on Ingredients: Formic acid: ORAL (LD50): Acute: 700 mg/kg [Mouse]. 1100 mg/kg [Rati]. 4000 mag/kg
[Dog]. VAPOR (LC50); Acute: 6200 mg/m 0.25 hours [Mouse].

_ Section 3: Hazards Identification .~~~

Potential Acute Health Effects:
Very hazardous in case of skin contact (irritant), of eye contact (irritant, corrosive}, of ingestion, . Hazardous in
case of skin contact (corrosive, permeator). Slightly hazardous in case of inhalation (fung sensitizer).
Non-corrosive for lungs. Liquid or spray mist may produce tissue damage particutarly on mucous membranes of
eyes, mouth and respiratory tract. Skin contact may produce burns. Inhalation of the spray mist may produce
severe irritation of respiratory tract, characterized by coughing, choking, or shortness of breath. Inflammation of
the eye is characterized by redness, watering, and itching. Skin inflammation is characterized by itching, scaling,
reddening, or, occasionally, blistering.

Potential Chronic Health Effects:
. Slightly hazardous in case of skin contact (sensitizer).
{ CARCINOGENIC EFFECTS: Not available.
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MUTAGENIC EFFECTS: Mutagenic for mammatian somatic cells. [Formic acid]. Mutagenic for bacteria andfor
yeast, [Formic acid].

TERATOGENIC EFFECTS: Not available.

DEVELOPMENTAL TOXICITY: Not available.

The substance may be toxic to kidneys, liver, upper respiratory tract, skin, eyes, central nervous system (CNS).
Repeated or prolonged exposure to the substance can produce target organs damage. Repeated or prolonged
contact with spray mist may produce chronic eye irritation and severe skin irritation. Repeated or prolonged
exposure to spray mist may produce respiratory tract irritation leading to frequent attacks of bronchial infection.

_ Section 4: First Aid Measures

Eye Contact:
Check for and remove any contact lenses. In case of contact, immediately flush eyes with plenty of water for at
least 15 minutes. Cold water may be used. Get medicai attention immediately.

Skin Contact:

In case of contact, immediately fiush skin with plenty of water for at least 15 minutes while removing contaminated
clothing and shoes. Cover the irritated skin with an emollient. Cold water may be used.Wash clothing before
reuse. Thoroughly clean shoes before reuse. Get medical attention immediately.

Serious Skin Contact:
Wash with a disinfectant soap and cover the contaminated skin with an anti-bacterial cream. Seek immediate
medical atfention.

Inhalation:
- If inhaled, remove to fresh air. If not breath:ng give artificial respiration. If breathing is difficult, give oxygen. Get
medical attention immediately.

Serious Inhalation:

Evacuate the victim to a safe area as soon as possible. Loosen tlght clothing such as a collar, tie, belt or
“waistband. If breathing is difficult, administer oxygen. If the victim is not breathing, perform mouth—to—mouth
resuscitation. WARNING: It may be hazardous to the person providing aid to give mouth-to-mouth resuscitation
when the inhaled material is toxic, infectious or corrosive. Seek medical attention.

Ingestion:

Do NOT induce vormiting unless directed to do so by medical personnel. Never give anything by mouth to an
unconscious person. If large quantities of this material are swallowed, call a physician immediately. Loosen tight
clothing such as a collar, tie, belt or waistband.

Serious Ingestion: Not available. ‘

" Section 5: Firs and Explosion Data_____

Flammability of the Product: Combustible.

Auto-lgnition Temperature: The lowest known value is 539°C (1002.2°F) (Formic acid).

Flash Points: The towest known value is OPEN CUP: 69°C (156.2°F). {(Formic acid)

Flammable Limits: The greatest known range is LOWER: 18% UPPER: 57% (Formic acid)

Products of Combustion: These products are carbon oxides (CO, CO2}.

'Fire Hazards in Presence of Various Substances: 7

Flammable in presence of open flames and sparks, of heat.

Slightly flammable to flammable in presence of metals.

Non-flammable in presence of shocks, of oxidizing materials, of reducing materials, of combustible materials, of

_ organic materials, of acids, of alkalis, of moisture.

| Explosion Hazards in Presence of Various Substances:
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Explosive in presence of oxidizing materials.
~ Slightly exploswe in presence of organic materials, of metais
Non-explosive in presence of open flames and sparks, of shocks.

Fire Fighting Media and Instructions:
SMALL FIRE: Use DRY chemical powder.
LARGE FIRE: Use water spray, fog or foam. Do not use water jet.

Special Remarks on Fire Hazards:
Decomposes more rapidly under fire conditions, forming carbon monoxide.
Aluminum reduces formic acid (itself a reductant) with incandescence. (Formic acid)

Special Remarks on Explosion Hazards:

Formic acid forms explosive reactions with the following: Furfuryl alcohol, Hydrogen Peroxide + organic matter;
Nitromethane, P205, Thallic nitrate trihydrate +vanillin, and oxidizing agents

Explosive decompositon of Formic Acid on clean nickel. (Formic acid)

" ‘Section 6: Accidental Release Measures.

Smali Spill:
Dilute with water and mop up, or absorb with an inert dry material and place in an appropriate waste disposal
container. If necessary: Neutralize the residue with a dilute solution of sodium carbonate.

Large Spill:
Combustible material. Caorrosive liquid.
Keep away from heat. Keep away from sources of ignition. Stop leak if without risk. Absorb with DRY earth,
sand or other non-combustible material. Do not get water inside container. Do not touch spilled material. Use
water spray curtain to divert vapor drift. Prevent entry into sewers, basements or confined areas; dike if needed.
Call for assistance on disposal. Neutralize the residue with a dilute solution of sodium carbonate. Be careful

. that the product is not present at a concentration level above TLV. Check TLV on the MSDS and with local

" authorities.

- Section 7: Handling and Storage .

Precautions:

Keep locked up.. Keep container dry. Keep away from heat. Keep away from sources of ignition. Ground all
equipment containing material. Do not ingest. Do not breathe gas/fumes/ vapor/spray. Never add water to this
product. In case of insufficient ventilation, wear suitable respiratory equipment. If ingested, seek medical advice
immediately and show the container or the fabel. Avoid contact with skin and eyes. Keep away from
incompatibles such as oxidizing agents, organic materials, acids, alkalis.

Storage:
Keep contalner in a cool, well-ventilated area. Keep container tightly closed and sealed until ready for use. Avoid
all possible sources of ignition (spark or flame).

Engineering Controls:

Provide exhaust ventilation or other engineering controls to keep the airborne concentrations of vapors below their
respective threshold limit value. Ensure that eyewash stations and safety showers are proximal to the
work-stafion location.

Personal Protection:
Face shield. Full suit. Vapor respirator. Be sure to use an approved/certified respirator or equivalent. Gloves.
Boots.

_ Personal Protection in Case of a Large Spill:
Splash goggles. Full suit. Vapor respirator. Boots. Gloves. A self contained breathing apparatus should be
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used to avoid inhalation of the product. Suggested protective clothing might not be sufficient; consult a specialist
BEFORE handling this product.

Exposure Limits:

Formic acid

TWA: 5 STEL: 10 (ppm) from ACGIH (TLV) [United States] [1 999]
TWA: 9 (mg/m3) from NIOSH

TWA: 5 {ppm) from NIOSH

TWA: 9 (mg/m3) from OSHA {PEL}) [United States]

TWA: 5 (ppm) from OSHA (PEL) [United States]

TWA: 5 (ppm) [United Kingdom (UK)]

TWA: 9.3 (mg/m3} [United Kingdom (UK)}3

Consult local authorities for acceptable exposure limits.

" Section 9: Physical and Chemical Properties

Physical state and appearance: Liquid.

Qdor: Pungent. Penetrating. Benzaldehyde-like

Taste: Sour

Molecular Weight: Not applicable.

Color: Clear Colotless.

pH (1% solnfwater): Acidic.

~ Boiling Point: The lowest known value is 100°C (212°F) (Water). Weighted average: 100.67°C (213.2°F)
Melting Point: May start to solidify at 8.4°C (47.1°F) based on data for: Formic acid.

Critical Temperature: Not available.

Specific Gravity: Weighted average: 1.21 (Water = 1)

Vapor Pressure: The highest known value is 4.7 kPa (@ 20°C) (Formic acid). Weighted average: 4.6 kPa (@ 20°C)
Vapor Density: The highest known value is 1.59 (Air = 1) (Formic acid). Weighted average: 1.55 (Air = 1)
Volatility: Not available.

Odor Threshold: The highest known value is 0.625 ppm (Formic acid)

Water/OQil Dist. Coeff.: Not available.

lonicity (in Water): Not available.

Dispersion Properties: See solubility in water, diethyl ether, acetone.

Solubility:

Easily soluble in acetone.
Soluble in cold water, hot water, disthyl ether.

Section 10: Stability and Reactivity Data

Stability: The product is stable.

" Instability Temperature: Not available.
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Conditions of Instability: Heat, ignition sources, incompatible materiais

Incompatibility with various substances:
Highly reactive with oxidizing agents.
Reagctive with organic materials, metals, acids, alkalis.

Corrosivity:

Highly corrosive in presence of copper.

Corrosive in presence of stainless steel{304).

Non-corrosive in presence of glass, of aluminum, of stainless steel(316).

Special Remarks on Reactivity:

Formic acid is a strong reducing agent. Decomposes slowly during storage! Vent Container At Least Monthly.
Formic acid may react with alkalies and oxidizing materials such as peroxides, nitric acid, and chromic acid. It is
also incompatible with concentrated Sulfluric Acid, Nitromethane, finely powdered metals, permanganates, strong
bases, oxidizing agents. (Formic acid)

Special Remarks on Corrosivity: Cortrosive to metals

Polymerization: Will not occur.

- section 11: Toxicological Information ~ =

Routes of Entry: Absorbed through skin. Dermal contact. Eye contact. Inhalation. ingestion.
Toxicity to Animals: Acute oral toxicity (LD50): 729 mg/kg (Mouse) (Calculated value for the mixture).

Chronic Effects on Humans:

MUTAGENIC EFFECTS: Mutagenic for mammalian somatic cells. [Formic acid]. Mutagenic for bacteria and/or
' yeast. [Formic acid].

May cause damage to the following organs: kidneys, liver, upper respiratory tract, skin, eyes, central nervous

system (CNS).

Other Toxic Effects on Humans: _

Extremnely hazardous in case of inhalation (fung corrosive).

Very hazardous in case of skin contact {initant), of eye contact {corrosive), of ingestion, .
Hazardous in case of skin contact (corrosive, permeator).

Special Remarks on Toxicity to Animals: Not available.
Special Remarks on Chronic Effects on Humans: May affect genetic materiai {mutagenic)

Special Remarks on other Toxic Effects on Humans:

Acute Potential Health Effects:

Skin: Corrosive. Causes skin irritation and burns . Absorbed through the skin. May cause erythema and
blistering.

Eyes: Corrosive. Causes eye irritation and burns. Lachrymator. May cause cofneal edema, ulceration and -
scaring. Vapors may cause itching, burning and swelling of the eyes.

Inhalation: Affects respiration and causes respiratory tract irritation and burns. Vapors may afect behavior (brain)
and sense organs and cause dizziness, and nausea. May also affect the urinary system and liver

Ingestion: May be harmful if swallowed. Causes digestive tract irritation and burns with abdominal pain, vomiting,
and possible death. May product corrosive ulceration and bleeding, and necrosis of the gastrointestinal tract.
May also affect the cardiovascular system, urinary system, blood, behavior, and metabolism.

- Chronic Potential Heaith Effects: Prolonged or repeated skin-contact may cause dermatitis. Mah cause liver and
kidney damage. Effects may be delayed. Laboratory experiments have resulted in mutagenic effects.

- Section 12: Ecological Information

Ecotoxicity: Not availabie.
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BODS5 and COD: Not available.

| Products of Blodegradation:

Possibly hazardous short term degradation products are not likely. However, long term degradation products may
arise.

Toxicity of the Products of Biodegradation: The products of degradation are less toxic than the product itself.

Special Remarks on the Products of Biodegradation: Not available.

" Geotion 13: Disposal Considerations

Waste Disposal:
Waste must be disposed of in accordance with federal, state and local environmental
control regulations.

" Soction 14: Transport Information

POT Classification: Class 8: Carrosive material
Identification: : Formic acid (Formic acid) UNNA: 1779 PG: lI

Special Provisions for Transport: Not available.

. Section 15: Other Regulatory Information =~

Federal and State Regulations:
: New York release reporting list: Formic acid
Rhode Istand RTK hazardous substances: Formic acid
Pennsylvania RTK: Formic acid
Florida: Formic acid
Minnesota: Formic acid
Massachusetts RTK: Formic acid
New Jersey: Formic acid
TSCA 8(b) inventory: Formic acid;, Water
SARA 313 toxic chemical notification and release reporting: Formic acid
CERCLA: Hazardous substances.: Formic acid: 5000 Ibs. (2268 kg);

Other Regulations: OSHA: Hazardous by definition of Hazard Communication Standard (29 CFR 1910.1200).
Other Classifications:
WHMIS (Canada):
CLA?S B-3: Combustible liquid with a flash point between 37.8°C (100°F) and 93.3°C
gl?gsfs)t: Corrosive liquid.
DSCL (EEC):
HMIS (U.S.A.):
Health Hazard: 3~
Fire Hazard: 2
Reactivity: O

Personal Protection:
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National Fire Protection Association (U.S.A.):
Health: 3
Flammability: 2
Reactivity: 0
Specific hazard:

Protective Equipment:

Gloves.

Full suit.

Vapeor respirator. Be sure to use an
approved/certified respirator or
equivalent. Wear appropriate respirator
when ventilation is inadequate.

Face shield.

. Section 16: Other Information -

References: Not available.

Other Special Considerations: Not available.
Created: 10/09/2005 05:35 PM

Last Updated: 11/06/2008 12:00 PM

| The Iinformation above is believed to be accurate and represents the best information currently available to us. However, we
make no warranty of merchantability or any other warranty, express or implied, with respect fo such information, and we
assume no liability resulting from its use. Users should make their own investigations to determine the suitability of the
information for their particular purposes. In no event shall Sciencelab.com be liable for any claims, losses, or damages of any
third party or for lost profits or any special, indirect, incidental, consequential or exemplary damages, howsoever arising, even
if Sciencelab.com has been advised of the possibility of such damages.
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NOTE TO THE READER

The National Toxicology Program (NTF) 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
(NCTRJ, Foad 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 sclected 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, NTP TOXICITY REPORT NUMBER 19

CONTRIBUTORS

The NTP report on the toxicity studies of formic acid is based primarily on the 2-week studies that
began in August, 1987, and ended in September, 1987, and the 13-week studies that began in
December, 1987, and ended in March, 1988, at Battelle Northwest Laboratories.
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Formic Acid

0
Vs
H—C:
OH

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 decaicifier; 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 methano!l 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 dcid 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 (I 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 (NGAEL) 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-
weel 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 siniﬂarity in local toxic effects among rodents and humans should be
made more clear.

Dr. Zeise guestioned 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 fo 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/cm? 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 ppin}, 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 pg /L (SRI, 1981). Other sources of formic acid inchade
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, 1980j.

Formic acid is synthesized industriaily 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-proeduct 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 100 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, especiaily fruit and honey mixtures (Wagner, 1980; Sittig,
1985},
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The Threshold Limit Value {TWA) for exposure to aitborne 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 LD5p values for formic acid in rats range from 1100 to 1850 mg/kg. LDso 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 LD5q 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 LD5g 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
Iymphocytosis 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 enzyme# iti 1iver, kidney, and brain of fiiale Wistar rats exposed to 20 pp 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 HyO, 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 CQq 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 COg and HaO (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 mornkeys 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 COg 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 (Smiith 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 (N20) 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 COo
and tetrahydrofolate, were compared in human and rat liver (Johlin ef 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{ajanthracene (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 Ingtitute,
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). Curmulative
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% 8P-
1000/1% H3PO4) resolved 1 peak. A second gas chromatography system (15% SP-1220/1%

H3P04) 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, commerciaily 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 O from the reservoir.
Liguid 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. Omne 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 immedia[:ely 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:, Foxbore, 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 coltected 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 contintiously 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, & 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 (A81), 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 COg,
bhlood samples were placed into tubes devoid of an anticoagulant, and serum was harvested.
Instrumentation Laboratories instruments, Models 442 and 446 (Instrumentation Laboratfories,
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, 1ungs 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
¥190/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.
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Clinical pathology studies were performed on the additional rats on days 3 and 23, and on care
study rats at study termination. Animals were anesthetized with 70% C05:30% Og 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 appreximately 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 Orthe 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,
hermatocrit (TICT), mean corpuscular volume (MCV}, mean corpuscular hemogiobin (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, 11} The following assays were performed using reagenfs and methods provided by the
manufacturer: urea nitrogen (UN), creatinine, total protein, albumin, alanine aminotransferase
{ALT), alkaline phosphatase [AP), creatine kinase {CK}, and amylase. For determination of activity
of sorbito]l 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 exarnined microscopically.

Upeon 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 resulis 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 Beorman et al. (1985). ' '
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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 budfer (mice} or test yolk buffer (rats) was applied
to two pre-warmed silides, 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 sperin sarmpling for
metility 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 funica albuginea and
homogenizing the testis in PBS containing 10% DMS0O. Homogenization-resistant spermatid nuclei
were enumerated using a herhocytometer; the data were expressed as spermatid heads per total
testis and per gram of testis. r

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 59 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 contrel 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 chetnistry and hematology data,
which typically have skewed distributions, were anilyzed using the nonparametric multiple
compatrisons 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 (195 1) 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 vahie.

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

Method of Animal Distribution

Route of Administration

Exposure Concentrations

Diet

Animal Room Envirenment

Time Held Before Study

Age When Placed on Study

Age When Killed

Battalle Pacific Northwast Lakoratorias

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

F344/N rats; BEC3F | mice
Taconic Farms, Inc., Germantown, NY
BASF Wyancdotte Corporation {Parsippany, NJ).
14-Day Studies:
Bfsexigroup of each species. Animals were individually caged,
13-Week Studies:
Mice--10/sex/group; rais--20/sex/group (10 core study and 10 for clinical pathology).

Animals were individually caged.

Animals assigned to dosed and control groups by computer-generated tables of random
numbers, using body weight as a blocking variabie,

Whels bedy inhalation

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

NIH-07 available ad kbitum except during exposure perlods

Temp--75 + 3°F; relative humidity--55 + 15%,; flucrescent light 12 h/d;
15 + 3 air changesth,

14-Day Siudies: Rats-11 d; Mice-12 d
13-Week Studies: Rats-12 d, Mice-13 d

14-Day and 13-Week Studies: 6 wks (7 wks for mice in 13-week studies).

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; welghed 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
weeldy 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 terminaticn.

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/ prostateftestes or ovaries/uterus, esophagus, eyes (If
grossly abnormal), femur {including marraw), gallbladder (mice), gross lesions and tissue masses with regional lymph nodes, heart, lleum, jejunum,
kidneys, larynx, liver, lungs with malnstem bronchi, mammary gland and adjacent skin, mandibutar and mesenteric lymph nodes, mediastinaé iymph
nodes, nasal cavity and twbinates, pancreas, parathyroid glands, pharynx {if grossly abnormal), pituitary gland, preputial /cfitorat glands (rats),
rectum, salivary giands, spinal cord and sciatic nerve (if neurclogic signs present), spleen, stomach {including ferestomach and glandular stomach},
thigh muscle, thymus, thyroid gfand, trachea, and urinary bladder. In addition to ali gross lesions, the following tissues were examined in all other
dose groups: rafs~nose (three transverse sections), lung, larynx, frachea, bronchial and mediastinal lymph nodes; mice--nose {three transverse
seclions). Organ weighls (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 perfermed; sperm morphology and vaginal cylology were evaiuated in rats and mice
exposed to 0, 8, 32, and 128 ppm.
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RESULTS

2-Week Studies in Rats

One femate 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) Survival@ Initial Final ChangeP to Controls {%)¢
MALE
0.0 5/5 119 177 58
31.0 5/5 118 179 60 101
62.5 5/5 117 175 58 59
125.0 5/5 119 172 53 97
250.0 5/5 119 162 43 92
500.0 215 120 135 15 78
FEMALE
0.0 5/5 54 127 33
31.0 515 ) 93 126 33 99
62.5 5i5 92 131 39 103
125.0 5/5 91 123 32 97
250.0 515 94 118 24 93
500.0 : 4/5 94 96 2 76

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

Effects of treatment on blood pIH 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 he 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,



FORMIC ACID, NTP TOXICITY REPORT NUMBER 19 21

corneal opacity was identified in onfy 1 male rat at the time of necropsy. This corneal change was
characterized microscopically by a very minimal inflammmatory 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 absclute
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 epithelinm in the anterior (Level I} and mid
portion (Level IT) 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 .
sgquaimous metaplasia 0 I 4(1.3P 5(1.8) 5(2.8) 5(2.8)
inflamrmation G ; 0 3(1.0) 5(2.4) 5(3.0)
necrosis 0 0 0 0 5(2.0) 5{2.8)
Olfactory epithelium
necrosis & 0 0 1(1.0) 2{2.5) 5{2.6)
Larynx
squamous metapiasia 0 0 0 0 0 1{(1.9)
inflammation 0 0 0 0 0 2{1.9)
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)
OClfactory epithelium
necrosis 0 0 0 1(1.0) 4085 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)

& 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 humber 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) Finat W eight Relafive
Concentration (ppm) Survival@ Initial Final ChangeP to Controls (%)C
MALE
0 1010 119 339 220
8 16110 124 357 233 105
16 . 18110 117 ] 357 240 105
32 10410 123 367 244 108
64 10/10 119 362 243 107
128 10/10 121 333 212 98
FEMALE
Q 10/10 113 212 99
8 10/10 113 210 97 98
16 10/10 112 205 93 97
32 10M10 11 208 97 98
64 10/16 111 205 94 97
128 10/10 108 201 93 a5

8 Number surviving at 13 weeks/number of animals per dose group.
b Mean weight change of the animats 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 mederate 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
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Figure 1  Body Weights of F344/N Rats In the

13-Week Inhalation Studies of Formic Acid
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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

pPpm 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)
\] 8 16 32 64 128

Site/Lesion
MALE

NOSE
Respiratory epithelium
squamous metaplasia 0 0 0 0 ) a 9 (1.0

Olfactory epithetium
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)

- em—oee.. Olfactory epithelium R R e e I [ N [

degeneration 0 o 0 0 0 5(1.0)

a Incidence and severily 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 . Foci of
squamous metaplasia occasionally were present on the anterior nasal septum and/or tips
(marginsg) 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 thickress 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 Iung 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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Plates

Plate 1. Nasoturbinate from male rat
exposed to 500 ppm formic acid in the 2-
week study shows prominent squamous
metaplasia (M) of the respiratory mucosa,
and inflammatory cell exudate (E} on the
mucosal surface. 330X

Plate 3. Nasal turbinate of female rat
exposed to 125 ppm formic acid in the 2-
week study shows minimal squamous
metaplasia of respiratory mucosa on tip of
turbinate (arrows). Compare with Plate 4,
showing similar nasal lesion at same dose
after 13 weeks of exposure. 330X

Plate 5. Olfactory mucosa from dorsal

meatus of female rat exposed to 128 ppm
formic acid in the 13-week study shows
degeneration of the olfactory epithelial
layer, Note the thinning of the apical
cytoplasm (arrows) and slight decreased
thickness of the nuclear layer compared to
the control in Plate 6. 330X

Plate 7. Nasal turbinate from female
mouse exposed to 125 ppm formic acid in

the 2-week study shows minimal

squamous metaplasia of respiratory
epithelium on turbinate. Compare to
normal turbinate from control in Plate 8.
330X

Plate 2, Medial septum of male rat
exposed to 500 ppm formic acid in the 2-
week study shows squamous metaplasia
{M]) of the respiratory mucosa, with keratin
and an inflammatory cell exudate (arrows)
aleng the mucosal surface. 330X

Plate 4. Nasal turbinate of female rat
exposed to 128 ppm formic acid in the 13-
week study shows minimal squamous
metaplasia of the respiratory mucosa on
the tip of turbinate (arrows). Note the
similar severity to that seen in Plate 3 with
the same dose in the 2-week study. 330X

Plate 6. Olfactory mucosa from dorsal
meatus of control female rat in the 13-
week study, for comparison with minimal
degeneration in Plate 5. 330X

Plate 8, Nasal turbinate from control
femate mouse in the 2-week study shows
normal cuboidal__to _columnar, ciliated

(arrows) respiratory epithelium, 330X
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2-Week Studies in Mice

All mice exposed to 500 ppm of formic acid died during the first week of study; a female mouse
from the 250 ppm exposure group became moribund and was killed on day 4. At the end of the
study, body weight gain was significantly less than controls in the 250 ppm exposure groups (Table
6). Exposure-related clinical signs were limited to the 250 and 500 ppm exposure groups. These
signs were consistent for effects produced by respiratory irritants and included nasal discharge,
increased preening, and labored breathing. Corneal opacity was present in the highest dose
groups of male and female mice.

TABLE 6 Survival and Weight Gain of B6C3F, Mice
In the 2-Week Inhalation Studies of Formic Acid
Exposure Mean Body Weight {grams) Final Weight Refative
Concentration {ppm) Survival® Initiat Final ChangeP to Controls (%)°
MALE
0.0 5/5 22.8 258 3.0 )
31.0 5/5 22.6 25.3 2.7 98
62.5 5/5 227 2585 2.8 99
125.0 5/5 23.0 247 . 1.7 96
250.0 5/5 23.1 21.0 2.1 81
500.0 0/5 22.6 - - -
FEMALE
0.0 5/5 19.6 225 29
31.0 5/5 19.5 225 3.0 100
62.5 5/5 19.6 ! 227 31 101
1250 5/5 19.8 21.5 1.7 96
250.0 a5 18.2 18.9 0.3 84
500.0 B/5 19.8 - - -

& 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/conirol group mean) x 100.

At necropsy, exposure-related gross lesions consisted of dried exudate around the external nares of
all mice from the 500 ppm exposure groups and the 1 female from the 250 ppm exposure groups
that died during the first week of the study. In mice that died during the study, segmental
portions of the gastrointestinal tract (stomach and smail intestine) were distended with air,
Distention is at{ributed to the swelling and occlusion of nasal passages and subsequent swallowing
of air which occurs when an obligate nose-breathing animal must breathe by mouth. There were
no exposure-related gross lesions in mice necropsied at the end of the study. There were small
increases (~10%] in the relative kidney weight in males exposed to 62.5, 125, and 250 ppm and in
females exposed to 250 ppm. Thymus weights were reduced on an absolute and relative basis in
mice exposed to 250 ppm; relative hing weights were increased mildly in these groups.

Histopathologic lesions were similar in male and female mice. They were limited to the nasal
passages, except at the highest dose where they also were present in the larynx, pharynx, and
trachea (Table 7). At 500 ppm, exposure-related lesions were of greatest severity in the most
anterior section {Level §j of the nose and consisted of necrosis of the respiratory epithelium, with
an accumulation of inflammatory cells in the mucosa and lumen of the nasal cavity, Squamous
metaplasia of the respiratory epithelium generally was not present, but occasionally a basophilic-
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TABLE 7 Histopathologic Lesions in B6C3F Mice
in the 2-Week Inhalation Studies of Formic Acid

Exposure Concentration {ppm}

1] ] 31 62.5 125 250 500
MALE
Nose
Respiratory epithelium
squamous metaplasia 1] 0 0 3(1.3)2 4(1.3) 1(1.0)
inframmation 0 0 0 2{1.0) 4(1.2) 5(14)
necrasis 0 1] 0 0 o 4 (3.5)
Oifactery epithetium
degeneration [¢] 0 4] 1] 3(1.3) 1(2.0)
necrosis 1] 0 4] 1] 1] 3{2.0)
Larynx
squarmous metaplasia 0 G 0 0 0 5(2.8)
inflarmation 0 1] 0 0 0 - 3(1.0)
Pharynx -
necrosis 4] 0 o] 0 D 3 (2.0}
FEMALE
Nose
Respiratory epithelium
squamous metaplasia 1] 0 2(1.0) 3(1.3) 4 (1.0} 0
Inflammation 0] 0 4] 2(1.5) 5(1.4} 5(1.8)
necrosis 0 4] 0 0 2{1.5) 5(3.6)
Olfactory epithelivm
degeneration : 0 ¢ ] 4] 2(2.0) 0
necrosis 0 1] 0 0 1(1.0) 5(1.8)
Larynx
squarmous metapiasia 4] 0 G v] 0 1(2.0)
Inflarnmation a 0 ] 0 0 3(1.0)
necrosis 0 0 0 [¢] 0 5(2.2)
Pharynx
necrosis 0 0 0 0 0 2 (1.0}

@ 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 animais with lesions from groups of 5.

staining, flattened cuboidal cell partially covered the mucosal surface in areas with necrosis.
Morphologic features of these cells were suggestive of regeneration; this was more prominent in the
mice which survived longer.

Necrosis of respiratory and olfactory epithelium and nasal turbinate bone alsc was present in the
midsection (Level II} of the nose. Focal areas of necrosis with associatéd inflammation and
ulceration were present on the anterior portion of the pharyngeal hard palate. In female mice,
there was necrosis, inflammation, and squamous tmetaplasia of the respiratory epithelium in the
larynx. In the larynx of male mice, necrosis was not present, but squamous metaplasia was more
prominent than in females. In the trachea of 2 of the 5 males from this exposure group, there was
focal regeneration of the respiratory epithelium, morphologically similar to that seen in the nasal
.cavity. Mice exposed to 250.ppm of formic acid had a lower incidence and severity of necrosis of
respiratory epithelium and nasal turbinate bone; in mice from this exposure concentratior,
necrosis of the olfactory epithelium was present in only a single female, . There was a minimal to
mild degeneration of the olfactory epithelium similar to that previously described for the rats. This
degeneration was characterized by a decrease in thickness and loss of the normal arrangement of
the pseudostratified nuclear layers comprising the olfactory epithelium. Squamous metaplasia of
the respiratory epithelium was more prominent in the 250 ppm exposure groups when compared to
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the 500 ppm groups which died during the first week of exposure. At an exposure concentration of
125 ppm of formic acid, squamous metaplasia and inflammation were present in 3 males and 3
females (Plates 7, 8); necrosis (minimal) of the respiratory epithelium was present in 1 female.
There was no microscopic evidence for toxicity in the olfactory epithelium at this exposure
concentration. There were no exposure-related changes in male mice exposed to concentrations
below 125 ppm. At 62.5 ppm, there was minimal squamous metaplasia of the respiratory
epithelium in 2 female mice; no microscopic evidence of toxicity was present in the 31 ppm
exposure group of female mice.

13-Week Studies in Mice

There were no clinical signs or mortality'.a'ssociated with exposure of male or female mice to formic
acid concentrations up to 128 ppm. Body weight gains were significantly less than controls in the
128 ppm exposure groups of both sexes and in female mice exposed to 64 ppm formie acid (Table
8, Figure 2). Changes in organ weights werc limited largely to increases in relative weights in
animals in the 128 ppm groups (Appendix A). This was primarily a reflection of the lower body
weights of these animals compared to controls, and of the greater relative weight of organs in
smaller animals. However, small increases in relative liver and kidney weights were seen in males
and females, respectively, in the 32 and 64 ppm exposure groups.

TABLE 8 Survival and Weight Gain of B6C3F1 Mice
in the 13-Week Inhalation Studies of Formic Acid
Exposure Mean Body Weight (grams) Final Weight Relative
Concentration (ppm} Survival® Initiat Final Changeb to Controls (%)
MALE ‘_
4 10/10 26.4 35.3 89
8 10/10 26.3 36.0 97 102
16 10110 2589 348 8.7 28
32 1010 . 26.4 35.7 9.3 101
64 16/10 26.1 34.3 82 97
128 . 910 25.9 29.5 36 84
FEMALE :
0 1010 20.8 319 11.1
8 10/10 21.0 324 114 102
16 10/10 20.2 311 10.9 a7
32 10110 21.0 316 1086 99
64 10/10 20.5 29.9 9.4 94
128 5/10 20.9 256 4.7 80

@  Number surviving at 13 weeks/number of animals per dose group.
b Mean waight change of the animals in each dose group.
© € (Dosed group mean/Controt group mean) x 100.

There were no exposure-related gross lesions; microscopic changes attributed to toxicity of formic
acid were limited to dégeneration of the olfactory epithelium of the nose in a few mice from the 64
and 128 ppm exposure groups (Table 9). This minimal degeneration occurred in the dorsal portion
of the dorsal meatus in the anterior or mid-nasal section (Levels 1 and I} and was similar to the
olfactory degeneration described previously.
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TABLE 9 Histopathologic Lesions in B6C3F, Mice
in the 13-Week Inhalation Studies of Formic Acid

Exposure Concentration {ppm)

0 8 16 32 64 128
MALE
Olfactory epithelium
degenerafion 0 0 0 ¢ 0 2({1.08
FEMALE
Olfactory epithelium
degeneration 0 0 0 0 2(1.0) 5(1.0)

2 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.

There were no adverse effects of formic acid exposure on reproductive parameters evaluated in
male or female mice (Appendix C). Sperm motility was somewhat lower in the exposed groups
compared to contrels, but the values for controls were rather high, and the values for exposed mice
fall well within the historical range for control mice.

Genetic Toxicity

Buffered solutions of formic acid were found not mutagenic in Salmonella typhimurium strains
TA100, TA1535, TA97, and TA98, {Appendix D1}.
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DISCUSSION

The upper respiratory tract was the site for toxicity in rats and mice following exposure to formic
acid by the inhalation route. In 2-week studies, toxicity, as evidenced primarily by necrosis and
inflammation, was limited to the nasal passages, pharynx, larynx, and trachea of rats and mice
exposed to concentrations of 250 and 500 ppm formic acid. Mice generally were more sensitive to
the toxicity of formic acid at the highest exposure concentrations. Deaths were attributed to
swelling of the nasal mucosa resulting in marked impairment of respiration. Because of mortality,
clinical signs of labored breathing, and depression in body weight gain seen at exposure
concentrations of 250 and 500 ppm in the 2-week studies, the highest exposure for the 13-week
studies was limited to 128 ppm,

Microscopic lesions following exposure to 125 ppm formic acid for 2 weeks were limited to the nasal
respiratory and olfactory epithelium in rats and the respiratory epithelium in mice. At the end of
the 13-week studies there was little evidence for progression (in severity or incidence) of the
respiratory or olfactory lesions at exposure concentrations equivalent to those in the 2-week
studies, Exposure-related toxicity in the larynx, pharynx, or trachea that was seen in rats and
mice at the 250 and 500 ppm exposure concentrations in the 2-week studies did not oceur
following 13 weeks of exposure to concentrations as high as 128 ppm.

Rats exposed to equivalent concentrations of formic acid for 2 weeks and 13 weeks had no
increased severity of lesions in the nasal passages following the longer period of exposure. In fact,
the minimal effects present after 2 weeks of exposure to 62.5 ppm formic acid were not evident in
male or female rats exposed to 64 ppm for 13 weeks; and necrosis of the respiratory epithelium
observed in rats after 2 weeks exposure to 125 ppm wag not present in the 13-week study among
rats in the 128 ppm exposure group. Squamous metaplasia of the respiratory epithelium was
present after 13 weeks of exposure to 128 ppm formic acid, but the severity was equal to or less
than that present at 2 weeks. After 13 weeks there was no evidence of hyperplasia, dysplasia, or
development of a superficial layer of keratinized epithelium in the areas of squamous metaplasia.
Adaptation of nasal respiratory epitheiiun’l to the irritant effects of formaldehyde vapor has been
obsetved in the rat (Monticello, 1990). Six weeks of exposure to a vapor concentration of 6 ppm
resulted in squamous metaplasia and hyperplasia of the respiratory -epithelium. When the period
of exposure was increased to 18 months, treatment-related microscopic lesions were no longer

present.

Although olfactory epithelial necrosis was not present in the 13-week study, minimal degeneration
of olfactory epithelium was present in most rats in the highest exposure groups. Absence of
inflammation, hyperplasia, metaplasia, and nerve fiber atrophy in the olfactory mucosa is further
indication of the minimal severity of the olfactory degeneration. There were no lesions in the lungs

occurred in the control and the 32-ppm exposure groups were associated with minimal to mild
inflammatory lesions of undetermined etiology. Morphologically identical inflammatory lesions
with corresponding increased lung weights have been seen in control and treated rats from other
toxicity studies (NTP, 1992); the occurrence of these lesions has not been related to chemical
exposure in either incidence or severity.
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In mice the squamous metaplasia of respiratory epithelium which developed after 14 days of
exposure to formic acid at 125 ppm was not present after 13 weeks of exposure to 128 ppm. In
contrast, however, the minimal olfactory degeneration in 7/20 mice exposed to 128 ppm for 13
weeks did not develop in mice exposed to a similar concentration (125 ppm) of formic acid during
the shorter period of the 2-week study.

Hematelogic changes in rats measured at 3 time points during the study were mild and generally
unremarkable. Changes related to RBC variables could have been associated with minimal to mild
hemoconcentration. Considering the changes in WBC variables, the lymphocytosis at day 3 of
exposure is consistent with a physiologic response, as opposed to an immunologic response,
Leukocytoses produced by endogenous release of epinephrine can result in increases in lymphocyte
counts. However, these usually are accompanied by neutrophilia. An explanation for the
neutropenia at 13 weeks (not dose-related) is not obvicous. Causes of neutropenias include
decreased production in the bone marrow, increased margination or sequestration in the peripheral
circulatiorl, and increased utilization by an inflammatory response. Based on histopathologic
findings at 13 weeks, an inflammatory response does not appear to be an adequate explanation.

Changes in serum biochemical variables were few and mild. Decreases in concentrations of UN,
albumin {and consequently, total protein), and creatinine at day 3 are consistent with a decreased
intake of food. An increased concentration of albumin, as occurred in male rats at 13 weeks, is
usually associated with hemoconcentration {mild). At 3 days, the increase in SDH activity in male
rats exposed to formic acid indicates damage to hepatocytes. However, the lack of increase in other
indicators of hepatocellular injury (ALT, bile acids) and the extent of the increase in activity of SDH
suggest a minimal to mild effect. Increases in serum activities of ALP (13 weeks, male and female
rats} generally are produced by disorders in bone, liver, or intestines. However, microscopic
changes were not observed in these tissues, and the biologic importance of this finding, as well as
of the decreases in activities of amylase {females) and CK {males), are not known.

The site-specific and morphological effects of formic acid on the upper respiratory tract in rats and
mice are consistent with those produced by exposure to irritant chemicals administered by the
inhalation route {(Buckley et al, 1984; Boorman et al, 1987; Morgan et al, 1990; Jiang et al,
1983). A spectrum of histopathologic lesions in the upper respiratory tract after exposure to water-
soluble irritant chemicals has been described (Morgan et al., 1990; Buckley et al, 1984). As'seen
in this study, the squamous epithelium lining the anterior portion of the nasal cavity typically is
more resistant to the toxic effect of irritant gases, but lesions frequently occur at multiple locations
in the anterior nasal cavity including the dorsal meatus, nasal septum, and the tips or margins of
the nasoturbinates (Morgan et al, 1990). Irritant chemicals administered at sufficiently high
concentrations result not only in toxicity in the nasal cavity but at sites lower in the respiratory
tract, including the pharynx, larynx, trachea, and lung (Boorman et al., 1987; Jiang ef al,, 1983},

Aerosols containing particulates (dusts), including cobalt sulfate (Bucher et al, 1990) and nickel

" compounds {Dunnick et al., 1989), also have produced a similar spectrum of toxicity in the nasal

cavity. Strong chemical irritants may produce marked necrosis, inflammmation, or metaplasia at
these sites as well as in the nasal cavity; inflammatory exudate or swelling of respiratory tract
tissues may result in dyspnea or death. Necrosis of the turbinate bone seen in the 2-week studies
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in mice is consistent with changes described for other chemicals that have caused extensive
necrosis and ulceration of the respiratory mucosa on the nasal turbinates (Gross et al., 1987;
Monticello et al, 1990). Similarly, irritant gases result in degenerative changes of the olfactory
epithelium, most commonly in the most anterior portion of the dorsal meatus (Gaskell, 1990), the
same site in the nose where olfactory degeneration occurred with exposure to formic acid. Despite
the clinical signs {marked toxicity and mortality at the highest exposure concentrations of formic
acid in the 2-week studies), at 125 ppm and below there were minimal histopathologic effects
related to exposure. When compared with findings in the 2-week study, the incidence and severity
of histopathologic changes in the respiratory epithelium of the nasal cavity from the 125 ppm
exposure concentration groups suggest some adaptation to the irritant effects, following resclution
of the initial injury. However, there appears to be less evidence of adaptation in the olfactory
mucosa where, after 13 weeks, minimal degeneration occurred at a dose level (125 ppm) where no
effect was seen in mice and only a minimal effect was seen in 2/10 rats following 2 weeks of
exposure,

The lack of significant systemic effects from exposure of rats and mice to formic acid should be
considered in light of the known differences in species susceptibilities to methanol toxicity. After
ingestion or administration of methanol, human beings and primates can develop severe metaholic
acidosis and blindness. Rodents are resistant to methanol toxicity and, consequently,
extrapolation of results from methanol studies with non-primates to human beings is not possible
(Tephley, 1991). In studies with monkeys, however, the administration of methanol produced
clinical effects (depression, anorexia, weakness, vomiting, hyperpnea, tachypnea, and dilated
unresponsive pupils), morphological effects (edema of optic disc and optic nerve), and biochemical
findings (acidosis, decrease in concentrations of blood HCOg3) consistent with those described in
cases of human poisoning (McMartin et al, 1975; Hayreh et al, 1977; Clay et al., 1975; Baumbach
et al, 1977). Metabolic acidosis and ocular toxicity are produced by accumulation of formate, a
metabolic intermediate in methanol catabolism (Clay et al, 1975; Tephly, 1977). Ocular toxicity
results from formate accumulation and is independent of the development of metabolic acidosis
(Hayreh et al., 1977). In primates and monkeys, the primary system for formate metabolism is the
folate-dependent pathway which converts formate to COg and tetrahydrofolate. Inhibition of thig
system by feeding folate-deficient diets to rats, or by exposure of rats and monkeys to nitrous oxide
(which inhibits activity of methionine synthetase, the enzyme that catalyzes the conversion of 5-
methyl tetrahydrofolate to tetrahydrofolate), decreases hepatic concentrations of tetrahydrofolate
and decreases rates of formate oxidation (Eells ef al,, 1981; 1982; 1983). Additionally, activity of
10-formyl tetrahydrofolate dehydrogenase, the enzyme that catalyzes the conversion of 10-formyl
tetrahydrofolate (which results from the metabolism of formate and tetrahydrofolate) to COq and
tetrahydrofolate, is much lower in human and monkey liver than in rat liver {Johlin et al, 1987).
Therefore, the insensitivity of rodents to methanol and, consequently, formate toxicity results from
high levels of hepatic tetrahydrofolate and rapid metabolism of 10-formyl tetrahydrofolate to COq
and tetrahydrofolate. In future studies of formic acid/formate toxicity, the use of more susceptible
species such as nonhuman primates or swine should be considered.

In conclusion, buffered solutions of formic acid were not mutagenic in Salmonella. Inhalation
exposures to formic acid for 2 and 13 weeks in F344 /N rats and B6C3F: mice produced minimal
systemic toxic effects. At 13 weeks, hematologic and biochemical changes were mild. and
consistent with hemoconcentration. Gross and microscopic changes were confined to the upper
respiratory tract and were consistent with effects produced by irritant chemicals administered by
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inhalation exposure. Effects on the respiratory and olfactory epithelium at 13 weeks consisted of
squamous metaplasia (minimal, rats) and degeneration (minimal, rats and mice}, respectively.
Based on the findings in the 13-week studies, the no-observed-adverse-effect-level (NOAEL) for
microscopic lesions in rats and mice was 64 ppm, but a lower NOAEL (32 ppm) was determined
based on respiratory lesions present at the end of the 2-week study. The lack of systemic effects in
either the 2- or 13-week studies may be related to the ability of rodents to rapidly metabolize
formate to COs. Decause humans metabolize formate less readily than rodents and are
significantly more sensitive to its toxicity, caution should be used in considering the results of
these studies in determining potential human risks associated with systemic exposure to formic
acid.
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TABLE A1 Organ Weights and Organ-Weight-to-Body-Welght Ratios for F344/N Rats in the 13-Week
Inhalation Study of Formic Acld’
0 ppm 8 ppm 16 ppm 32 ppm 64 ppm 128 ppm

MALE
n 10 10 10 10 10 10
Necropsy body wt 339+ 5 358 + 10 35816 367 + &* 365+ 4° 3346
Heart

Absoclute 092020021 098410032 097110014 1021 £0021* 09930019 0966 +0022

Relative 272+004 2751003 271+ 002 2782005 2721004 290 + 0 06**
Right Kidney '

Absclute 110+ 003 114+005 114+ 003. 123002 11720063 115+003

Realative 323+004 317+008 31820086 334+004 3211£006 344 £ 006"
Liver :

Absclute 10671029 1174 £ 049 1160t027 1241 £033" 1246+ 030 1115+ 044"

Relative 312%£080 3274+084 324+057 338+ 039" 34 1 x050™ 333+ 096"
Lungs

Absalute 187+006 17640086 174006 193 +008 186 + Q05" 1611004

Relativa 581+018 490+011* 487012 5§28 +01{9" 454 £ 012" 481005
Pight Testis

Abscjute 140+ 003 145003 1461002 147 £+ 002 144 £ 003 141003

Relatve 413+006 405+007 407007 4001008 395+008 423+008
Thymus .

Absclute 03780010 03530012 03410010 0400+0024 035510010 03250012

Relative 1121003 099 +003 0985+003 1091007 087+ 003" 088+ Q05"
FEMALE
n 10 10 10 10 10 10
Necropsy body wt 212+ 4 20816 20615 20716 206 + 4 202+6
Heant

Absclute 0858+0015 06580017 O0B645+0013 (64810019 062710014 065710014

Relative 310003 316005 315+006 3141004 3041004 326£0086
Right Kidney

Absolute 0721+0013 0607+0023 0730+0010 0730+0018 071840020 072940018

Relanve 3401004 335+ 009 3571008 354 + 008 348+t 008 362006
Liver

Absolute 628+018 6321027 607018 615+£020 6291027 591+£019

Relative 296+ 068 302+ 064 236+063 298 £ 060 o4+102 293 £ 047
Lungs ‘ :

Absolute 147 +008 124 £ 005" 120+ 003" 1254004 117+ 003" 124 £ 004"

Relatve 6971030 586 £ 021" 585017 BO6 L+ O 14™ 568+ 010" 6181 023"
Thymus

Absolute 0289+£0019 028040019 0258+0008 026710013 Q268720010 027210014

Reiatve - 136 +008 134+008 1264005 130007 134£005

1280+ 004

arror)

.

Organ weights are given in grams, organ

-

Statsteally sigmificantly different (P<0 05) from the control group by Willams' test or Dunnett's test
Stalistically sigrficantly different (P<0 01) from the control group by Willams' test or Dunnstt's tast

-weight-to-body waight ratios are given as mg organ weight'g body weight (mean + standard




FORMIC ACID, NTP TOXICITY REPORT NUMBER 19

A-3

TABLE A2 Organ Welghts and Organ-Weight-to-Body-Weight Ratlos for B6C3F, Mice in the 13-Week
inhalation Study of Formic Acid'

0 ppm 8 ppm 16 ppm 32 ppm 64 ppm 128 ppm
MALE
n 10 10 10 0 10 9
VNacropsybodywelgm 355+ 05 w107 346105 358308 345104 25403
Heart
Absolute 0152+ 0004 O0145+0003 015040002 014810002 014610002 O 140 +0003*
Relabve 4281009 402+ 008 434+0086 415+ 007 423+008 477+0 10"
Right Kidney
Absalute 02000009 03140007 031640005 031310006 0209+0007 028610006
. Pelatve 841021 869+013 913+012 8761014 866+020 972+ 015"
Liver
Absolute 183+003 1584003 1563+003 166 003" 164 001" 144 £ 002
Relative 4300+ 024 438+053 4431063 46 5+ 0 44 475+ 043" 491+ 087
Lungs
Absoiute 0241+0003 0233+0002 0234+0004 0232+0008 0225+0005" O208+0003"
Relative 680014 6471013 6761010 647+012 662015 7081014
Right Tests
Absolute 0122+ 0003 0121£0002 01200003 012240003 012210002 01200003
Relative 344+010 3361006 346+ 008 3412007 352+005 407010
Thymus
Absclute 0035+0003 0036+0003 0038+0001 00340004 0QO039+0002 00330001
Relatve 0981007 101£0607 1032003 093+011 113+006 112+ 005
'FEMALE
n 10 10 10 10 10 10
Necropsy body wi 32707 330+t09 310x£08 . 319+07 20407 253+ G3
Heart
Absolute 01340002 0130£0002 0131+0002 012910002 012410003 0130+ 0003
Relative 412+013 3571013 424+ 011 4051006 424+t011 513+ 010"
Right Kidney .
Absolute 0200£0003 0209+0004 020430003 021640003 020010005 020710004
Relative 614+015 638+024 661019 679+ 014" 6824+ 018" 818+ 0 t2*
Liver
Absolute 152+ 003 163+£006 162+003 155+003 1412003 131003
Relative 4661058 464104 4900+ 066 487+ 069 4800+ 039 516+ 066"
Lungs
Absclute 0230+0005 022540005 0237+0005 0240+0005 0243+0013 024110044
W Relative 7331016 6841014 768+024 754+ 017 824026 9 50+ 048"
ymus . '
Absolute 00640002 O0055+0003 004410002 00560003 Q04710002 0042+ Q002
Relative 186+007 166012 142+005 168+ 008 162+ 008 166+ 009

arror)

Statistcally significantly different {P<0 08) from the control group by Willlams’ test or Dunnett's test

**  Statistcally sigrificantly different {P<0 01) from the control group by Williams' test or Dunnett's tast

Organ waights are given in grams, organ-weight-to-body weight ratios are given as mg crgan weight/'g body weight (mean  standard
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APPENDIX B

Hematology and Clinical Chemistry

Table Bl Hematology Data for F344/N Rats in the 13-Week Inhalation Study
of Formuic Acid . ... ... .. i e e e e B-2

Table B2 Clinical Chemistry Data for F344/N Rats in the 13-Week Study
of Fommic Actd . ... .. . e e e e B-5
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TABLE Bt 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 418202 420104 421104 428105 432+04° 428+ 04

Day 23 453403 453106 459+ 03 457+03 448+02 452+03

Wesak 13 44003 441103 440x023 439102 432403 441+ 02
Hemoglobin (g/dL)

Day 3 142+01 14101 14101 145+ 02 147101 i46+01"

Day 23 156401 157+£02 157201 16701 155+ 01 154103

Woeek 13 16902 160+ 01 160101 158+ 01 157101 160201
Erythrocytes (10%uL}

Day 3 7931007 789+008 795+011 816+ 010 824+ 008" 822+ 008"

Day 23 8884009 887+013 901t +007 ge5+ 008 8801006 884006

Weak 13 978+005 989+008 9771007 9771008 963+008 985+ 008
Reticulocytes {10%uL)

Day 3 3502+ 24 4 3943+ 245 4002+ 295 3187+ 254 34721207 3897+372

Day 23 2373+ 183 283182 22671222 2504+ 202 2363+267 2362+ 269

Weak 13 1818+ 14¢ 1747 4+190 18432152 23+192 241+ 212 1967+ 128
Nucleated erythrocytes {10%uL)

Day 2 080025 100+ 039 0701034 070024 110018 080+044

Day 23 010+010 0501022 010+ 010 010£010 040022 010010

Weak 13 0iC+010 030£021 020+ 013 03019021 010+ 010 000000
Mean cell volume (IL)

Day 3 527+03 531t02 530£03 525+02 f2gx02 521+02

bDay 23 505103 510+03 510+£¢2 509+02 51002 511103

Weak 13 449102 446+02 450+ 00 450+ 02 45003 448+02
Mean cell hamoglobin (pg)

Day 3 179+01 179401 177201 178101 178101 177+0t

Day 23 174+ 061 177401 175+0¢ 176+ 01 176401 173103

Weak 13 163 +01 162+01 164+01 163101 163+ 01 16301
Mean calt hemoglebin concantration (g/di)

Day 3 339101 336+01 336+02 33801 340101 341+01

Day 23 344102 702 34301 344+ 01 34601 340+056

Weak 13 6102 364+£01 as4+01 3aE2+02 3302 364+01
Platelats (10%uL)

Day 3 €983 +307 8042 £ 236" 72601175 8728+ 174 708412213 7421+ 137

Day 23 6237+129 6224+77 62241128 6047+ 1689 6208+76 6111+£208

Week 13 5704+ 214 5458+ 88 51401 188 5546+ 89 5416+£69 5067+92™
Leukocytes {16°/uL)

Day 3 7371032 7680+£034 7461023 812+033 902+030" 879+ 050

Day 23 580+ 020 574+017 6181029 590+£024 60312024 591+023

Week 13 6991042 551018 567+ 026" 660019 597+023 §68+024
Segmaented noutrophils (10°/ul)

Day 3 G41z008 046 £+ 007 044+ 006 049+009 054£012' 047010

Day 23 061007 39+ 0085 0831015 053+006 067010 050 +005

Week 13 151+£014 093+ 007 081+£006™ 161 + 009 093+ 010" 0821011
Lymphocytas (10%/ut)

Day 3 680+031 7021033 676021 745+037 815027 816+047

Day 23 491+019 518+ 017 537t028 525+023 5261021 . §32+024

Week 13 511+£038 437+£013 468+ 027 5281022 479+026 4551029
.- Monocytes (10%uL). . .. . I AT _

Day 3 015+ 002 011003 023x007 017+ 003 030008 014003

‘Day 23 0084002 0154003 . 0161003 0112063 009001 005 +002
Week 13 031007 019004 0141003 025+003 0181004 018+003
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B-3

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 (16°/pL)
Day 3 00100t 0021001 003001 po2xoct 004+ 002 0021001
Day 23 001£001 0631001 002+001 002+001 002+001 001+001
Week 13 007£002 003+001 D05+002 007 +001 007 +002 005+£002
FEMALE
n 10 10 10 10 10 10
Hematocnt {mi/dL) )
Day 3 453104 448103 450+ 05 451 +05 458+09 454 +£086
Day 23 477404 469103 471104 467104 488+04 469102
Week 13 440t 02 45202 447103 449404 442105 448+03
Hemoglobin {g/dL)
Day 3 1521201 150201 16102 15102 156+03 15402
Day 23 164+02 16101 163101 161+01 162+02° 162101
Week 13 1569+ 01 1652 01* 163101 t63+02 161102 164+ 01"
Erythrocytes (10%uL) :
Day 3 8671010 845+ 007 8441011 g848+011 8771019 870015
Day 23 826+ 010 8961009 9011009 gagxoo” 898 £ 008 897+006
Week 13 210004 937+£005" 934 £t 006" 9341010 923+ 010 939+ 008"
Reticulocytes (10%puL)
Day 3 2569+233 27701442 29931320 2809 + 28 1 2683+ 2686 2643+265
Day 23 1376+ 91 1625+ 146 1343+ 120 1438+ 112 15821+ 2017 1557 + 149
Week 13 1637+ 142 1382+ 162 1455+ 204 15142117 15691197 1519+ 108
Nucleated erythrocytes (10°/ul)
Day 3 090+ 041 050+ 022 030+015 0301015 040 £ 022 0401022
Day 23 010£010 020+013 010010 000+ 000 000 + 0 0C° 010+010
Wesk 13 0301015 010+£010 000 +000 000+ 000" 000 + 000" 000+ 000"
Mean cell volume (fL)
Day 3 530102 531+01 533+03 532+02 52302 522103
Day 23 516103 524+03" §21+03 s26x02™ 521to02% §523+03*
Week 13 483+ 02 482101 477+02* 481+01 481+01 478+01*
Mean csll hemoglobin (pg)
Day 3 177201 178x01 1791+ 01 178101 176101 1771201
Day 23 177201 t80+ 01 181+01* 181+£01* 180 £ 012 i80+01*
Week 13 175201 176+ 00 175100 174+00 174+ 01 1741200
Mean cefi hemoglobm concentration (g/dl}
Day 3 334101 335101 336+0t 334101 338+01 34001
Day 23 344t01 344+02 345101 344+01 345+01° 345101
Wesk 13 361101 3B4+01™ 3E5+01" _2+01" 364101 5601
Platelats (10%pl)
Day 3 GO+ 360 6921+168 6993+ 307 6827+ 208 6538+ 17t 60591404
Day 23 5625+ 121 5876132 5736+ 156 5827 +385 6128+ 11 7 5826+84
Wesk 13 5756 166 5416+92 5303168 55614196 5425197 Baszt13z
Leukocytes (10°/uL) :
Day 3 803+020 892+ 068" 867+ 026" 8968 £ 040 983+041 984+017
Day 23 585+029 545+ 0232 5861030 590+ 051 591+ 018° 603014
Week 13— 557 £ 029 5284026478+ 026 495 + 026 496+ 038 §65TOs0 T




B-4 ForMIC AcID, NTP TOXICITY REPORT NUMBER 19

TABLE B1 Hematology Data for F344/N Rats in the 13-Week Inhalatlon Study of Formic Acid
{continued)

Analysis 0 ppm 8 ppm 16 ppm 32 ppm &4 ppm 128 ppm
FEMALE (continued)
Sagmented neutrophils (10%uL)
Day 3 062+005 0721013 064+ 009 075+ 011 0691007 0751009
Day 23 066£017 060009 0571007 0491005 053+ 008° 044+ 006
Week 13 150015 061 008" 0 56 + 009 068 £ 005" 056+ 006" 064 £ 008"
Lymphocytes {10%uL)
Day 3 7241018 794+ 0563 7881022 801+039* 896+ 047" B95+ 023"
Day 23 504+029 4681032 5161028 527+ 047 5241022 5481016
Week 13 380+027 4511028 397£023 4111028 4244033 478+042
Monocytes (10%ul) :
Day 3 014+ 002 018+ 005 012+003 015+ 003 012+003 01012003
Day 23 010£002 012+003 0081003 010+ 003 009 + 002 0081002
Week 13 023+005 0154003 0164003 014+003 012+002 017+003
Eosmophits (10°/uL)
Day 3 00312002 coB+002 © 0031002 0051002 007003 006+002
Day 23 0041002 004 £001 0051002 005+ 002 005+ 002° 0032002
Week 13 005002 0021001 005+ 002 003+002 004£001 007002

! Mean + standard error

n=9

’ Statisticaily significantly different {P<0 05) from the control group by Dunn's test or Shirfey's test
**  Stastically significantly diferent (P<0 01) from the control group by Dunn's tast 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 & ppm 16 ppm 32 ppm 64 ppm 128 ppm
MALE
n 10 10 10 10 10 10
Urea mtrogen {mg/dL)

Day 3 31310 293+05 281+ 086" 262+08" 2381056 244+08"

Day 23 2421+ 09 269+06 266205 255+ 10 256107 239106

Weel 13 217tx08 224+07 245+£13 231110 240110 245+11
Creatinine (mg/dL)

Day 3 083x004 081+ 006 076+003 QE8 1 004" 0621004 060+ 004"

Day 23 076+ 005 0B2+004 076+004 079005 082003 071003

Week 13 079+004 078+ 00t 082+ 004 C80£003 078x003 077+003
Total protem (g/dt)

Day "3 76102 73101 72+01 7201 72x07% 70x02*

Day 23 78101 80%01 80101 78+01% 78+ 01 77+01

Week 13 74101 74101 76101 76101 73101 72x07v
Albumin (g/dL)

Day 3 54:01 52+01 §1+01 511201 5101 50x01

Day 23 52101 54+00 §3100 52101 52101 §2+01

Week 13 46£01 48+01" 4901 49+ 071" 48101 47101
Globulm (g/dL)

Day 3 22+01 2101 2tzo1 22401 21t01* 20+01°

Day 23 26+01 26101 2701 26201 26100 26+01

Woeek 13 28101 2601 26+ 00" 27+x00° 26+00™ 26+01"
A/G ratio :

Day 3 2401 25101 25+01 24%01 25+01 25+01

Day 23 21100 2000 20101 2001 20%00 20+00

Week 13 16+01 19+01™ 19+01* 18+G1* 19+00" 18+01*
Alkahine phosphatase (IU/L) _

Day 3 1,049 + 27 1,059 £ 33 1,041 £33 1,042 £ 27 870 £ 13* 921 + 23**

Day 23 72t £ 18 727+ 9 730 £ 17 763+ 16 73219 689+ 13

Weok 13 326+ 14 3N ‘E T 354+ 11 e+ 7" 375+ 6"
Atanine aminotransferase (IU/A)

Day 3 43+ 2 4241 4+2 451 4it1 412

Day 23 34 +1 32 a8 1 361 93x1 a2+

Week 13 6215 66+ 4 68+ 10 6214 593 565
Amylase (JU/L)

Day 3 5,520 + 148 5,537 + 117 5,606 + 143 5419+ 78 5,443 t 59 5,256 & 119

Day 23 6,223 + 58 6,218 £ 169 8272+ 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 {IU/L)

Day 3 752 £ 4% 634 + 34 508 + ag* 394 + 19** 412 & 42* 366 + 54

Day 23 207+ 23 256 1 20 245+ 34 253 + 29 218+ 20 247 £ 30

Wook 13 131+ 13 127 £ 19 1511 18 162 £ 19 140+ 20 167+ 24
Sorbitol dehydrogenase (fU/L)

Day 3 : 6+0 71 9% 1 114 1 941 10+ 1"

Day 23 100 1M1+0 101 11+0 10+0 1041

Week 13 15+ 1 1641 18+ 6 151 1511 18+2
Bile acids {pmol/L) '

Day 3 480+ 105 63651045 6556+138 5§75+t 11 7065+ 169 575+ 134

Day 23 735x071 720+ 092 5651073 610+ 109 §i0+082 1088 £ 433

Week t3 6481170 810+ 2563 742+ 163

445+ 103

4231050

560074
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TABLE B2 Clinical 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 32409 08tL16* 288+ 08" 288 11™ 267+10"

Day 23 283+12 279+ 12 27612 Jcetit 2733z07 284+ 11

Week 13 254111 239+ 11 2464108 2431 11 238x11 240+ 11
Creatimine (mg/dL)

Day 3 085+004 0761003 0741003 0731003 066 £ Q02" 0631004

Day 23 082+0086 0844004 0821005 1001008 0811005 083+0086

Week 13 0821002 o71+002* 0741002 0781002 077+003 073+ 002"
Total protain {g/dL}

Day 3 75201 721014 7tz01° 70:01™ 68+01™ 67x01™

Day 29 78101 78+01 7701 76101 77+01? 77101

Week 13 74£01 7501 7502 75+01 74%02 76101
Albumin {g/dL)

Day 3 §2+01 §0+01 5001 4g+01™ 48£01™ 47 00"

Day 23 57+01 5601 5601 5601 55+£01° 5§7+01

Week 13 50+01t 52x01 §2+01 51101 51+01 52+x01
Globulin {g/dl) '

Day 3 23101 22101 2101 22101 20+00" 2001

Day 23 21101 22+00 20+01 2201 22017 2101

Week 13 24101 24101 24401 24101 24101t 23100
A/G ratio

Day 3 23101 2301 24101 23101 24100 2401

Day 23 2820t 2601 28+0t 26101 26£01° 28+01

Waek 13 2101 22101 2201 22101 22+01 22101
Alkaline phosphatase (IU/L} . _

Day 3 995 + 21 954 + 28 983 £ 39 931133 864 + 33* 837 & 47

Day 23 702 £ 23 624 + 21 655 + 22 658 £ 20 629 + 21° T o662+ 27

Week 13 351+ ¢ 37519 400 £ 11** 385 + 9** 392 t 14* 404 + 13"
Alanine aminotransferase (IU/}

Day 3 B2 37+ 2 9+2 W2 38+2 a7+ 2

Day 23 B2 31£1 Dx1 3241 33+ 2 33+1

Week 13 70+ 13 5t+3 4913 82+ 4 56+6 57+ 4
Amylase {IU/L)

Day 3 4,230 £ 77 4,152 + 58 4,125 + 53 4,129 + 57 3,873 t 66~ 3,983 i 95

Day 23 4,687 + 55 4,290 + 126* 4412+ 70 4,354 + 61" 4,206 * 59+ 4,206 £ 61+

Week 13 4,942 + 200 4973 + 203 5057 + t12 5,076 + 185 5,068 1 405 4,704 + 145
Creatine kinase {IU/L)

Day 3 388+ 4 373+ 34 285 + 31 270 £ 31* 454 + 75 305 £ 17

Day 23 168 & 16 231+ 29 227 + 19° 233 £ 26* 188 + 24° 251 + 27*

Week 13 192 £ 32 130 + 23 158 + 25 211+ 33 137 £ 20 122 + 19
Sorbitol dehydrogenase (ILI/L)

Day 23 11+t 1011 11+0 1"t 11+1 1M+t

Week 13 1623 1441 1511 f4+1 16+ 1* 1441
Bile acids (umot/L)

Day 3 680+ 156 4651073 726+118 5051031 815+247 5681065

Day 23 785+ 128 5951 096 7354148 955+ 154 783+ 109 660105

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

! Mean * standard emor

2 n=9

* Statisncally significantly different (P<0 05) from the contref group by Dunn's test or Shirey's test
* Statisteally significantly different (P<0 01) from the control group by Dunn's test or Shirdey's tast
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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 a2 ppm 128 ppm
Woeights (g) _
Necropsay body weight 338+5 358 + 10 367 + 6" A4 +6
Left epididymis G449 £ 0011 0461 0011 04690011 0460 £ 0004
Left epididyrnal taul 0 167 £ 0007 0171 + 0005 0174 £ 0007 0169+ 0004
Spermatozoal measurements
Motihty (%) _ 91+1 91t1 . 9111 88t1
Concentraton {10%g) 658 + 21 706t 580 + 60 651+29

! Data presented as mean + standard error, n=10 Ditferences from the control group for reproductive tissue weights and spermatozoal
measuremants are not signifcant by Dunn's test or Shirley’s test
: Statstically sigrificantly different (P<0 05) from the contrel group by Dunnett's test

TABLE C2 Summary of Estrous Cycle Characterization In Female F344/N Rats
in the 13-Week Inhaiation Study of Formic Acid

Study
Parametors’ 0 ppm 8 ppm 32 ppm 128 ppm
Necropsy body weight (g) 212+ 4 208+6 20716 202+6
Estrous cycle length {days) 4801015 475+ 01 4951005 495+ 012
Estrous stages as % of cycle
Diestrus B3 392 417 40 8
Proestrus i 175 183 192 192
Estrus 250 217 200 225
Metestrus 162 208 192 . 175

Data presented as mean + standard error, n=10 Necropsy body weights are not sigmficant by Dunnett's test  Estrous cycie lengths
are not significant by Dunn’s test or Shirlay’s test By muitivaralo analysis of valance (MANOVA), dosed groups do not differ
significantly from controls in the ralative length of tme spent in estrous stages '



FORMIC AciD, NTP ToxICITY REPORT NUMBER 10

TABLE C3 Summary of Reproductive Tissue Evaluation in Male B6C3F, Mice
in the 13-Week Inhalation Study of Formic Acld

Study ' 1
Parametors’ 0 ppm 8 ppm 32 ppm 128 ppm
Weights (g) .
Necropsy body weight 355+05 B1+07 388+08 284+03
Left epididymis 0042 + 0001 0045 £ 0001 0042 £ 0001 0041 £ 0001
Leit epididymat tail 0017 £ G001 0017 + 0 001 0015+ 0000 0015 £ 0 000"
Spermatozoal measurements
Motiity {%) 9440 91+ 1* 86 & 80 + 1**
Concentration (10°/g) 1060 £ 62 1114 £ 60 1337 + 44** 1406 + 56**

' Data presented as mean & standard error, n=10, except where noted Reproductve 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 Willlams's test

z n=g
* Statistically significantly cifferent (P<0 05) from the control group
** Stahsteally sigruficantly different (P<0 01) from the control group

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

Study :
Paramoters’ 0 ppm 8 ppm® . 32ppm 128 ppm
Necropsy body weight {g) 32707 330109 319107 25303
Estrous cycle lsngth {days) 400000 417012 400+000 4401015
Estrous stages as % of cycle
Dtestrus © 308 300 258 317
Proastrus 250 250 250 217
Estrus 276 258 275 275
Metestrus 67 192 217 192

! Data prasented as mean + standard error, n=10 Estrous cycle lengths are not significant by Dunn's test or Shirtey’s test By
muluvanate analysis of vanance (MANOVA), dosed groups do not differ significantly from controls in the relative length of ime spent

in the estrous stages

z For 1/10 antmals at this dose, estrous cycle fength exceeded 12 days and the data was not inciuded in the mean

* Statstically significantly different {P<G 01) from the control group by Wilham's test
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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 Acld In Saimonaelia typhimurium'

Reveriants/plate®
Strain  Dose -89 + hamster S9 + rat 89
{ng/plate) Triat 1 Trial 2 10% 30% 10% 0%
TA100 0 13327 151 + 11.0 $171+3.2 159 + 9.2 162 + 5.1 162 £ 9.1
10 164 £ 8.4 176+ 38 157 + 12.2
as 132271 152 + 10.1 160+ 6.8 154 + 4.3 162+ 96 170 £ 3.1
100 131 £ 35 157+ 133 161+68 - 139+ 386 167 £+ 57 16185
333 138 £ 03 153+ 98 175+ 5.2 138+ 7.5 170+ 85 151+ 9.0
1000 137 £ 6.1 1251 153 1658 1 15.0 111 £ 3.5 157+ 7.¢ 1121107
3333 €8+97 8t + 46 46 +£20.2°
Trial summary Negative Negative Negative Negative . Negativa Negative
Pasitive contral* 319 + 105 316+ 35 857 + 5.1 389+ 49 599 + 23.1 447 £ 17.6
TAIS35 _— ‘ ,
4] 121 07 26+ 24 9+ 1.7 81 25 11+ 10 18+ 1.2
10 , 2t 27 1t 1.3 15 28
33 16+ 1.7 15+ Q9 10+ 09 91 23 16+ 0.7 20143
100 13+ 08 19+ 1.2 11+ 1.2 12+ 26 14+ 26 15+ 09
333 8+ 07 131 03 11+ 18 12+ 1.7 0t 1.0 161086
1000 13+ 23 13+ 08 12+ 1.2 7+ 1.2 10+ 21 707
3333 i1+ 1.7 4+ 2.7 318
Trial summary Negative Negative Negative Negative Negative Negative
Positive contral 506 + 24.1 332+ 10.2 180 + 18.4 340228 2141 27.7 60t23
Revertants/plate
Strain  Dose «89 + hamster S9 + rat S9
(ng/piste)  Trial 1 Teiat 2 10% 30% 30% 10% 30%
Trial 1 Trial 1 Trial 2 Trial 1 Triat 1
TA9? [4] 144+ 93 1756+ 1486 207 £ 111 172 % 44 204 + 196 213x 59 178+ 1564
10 181 ¢ 7.1 213+ 94 211+ 95
33 179+ 98 182+ 0.2 214+ 97 150+ 68 214+ 78 214+ 35 191+ 94
100 179+ 60 180 £ 10.5 206+ 1.8 167+ 340 213t 125 201 £ 248 182+ 44
333 1651 8.1 179 + 95 222+ 21 2131130 186 + 16.2 203 £ 104 188+ 176
1000 122 27 185+ 1.8 170+ 86 1461 146 158+ 10.7° 153+ 5.2 109t 7.2
3333 651 6.1 w102 65+ 67 85+ 17.1%
Trial summary Equivocal Negative Negative  Equivocal Negative Negative Negative
Positive control 4152112 403 % 114 463 £ 168 3681249 451 + 196 449 + 10.1 454 + 256
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TABLE Dt Mutagenicity of'FormIc Acld In Saimonelia typhimurium (continued)

Revartahis/plate’

Strain - Dose S8 + hamster 89 + rat 89
{ng/plate) Trial ¥ Trial 2 10% 0% 10% 0%
TAg92 0 24426 241 03 42 21 32108 3%t 37 4015
- 10 21+ 23 18+ 086 28% 52
aa 24120 17+ t0 22+ 28 3t12 3w+ 54 3540
100 24118 20+ 20 42+ 94 2603 30 48 3115
333 21435 14+ 03 33x 40 26086 23+ 15 23+23
1000 21+ 23 20+ 20 351 22 25+13 24+ 35 25+ 20
3333 18200 11+£15 7440
Tnal summary Negative Negabve Negabve Negative Neganve Negative
Poswive control 380+ 56 423277 202+ 160 147183 202+ 109 83+73

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

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

Shight toxicity

The positve controls in the presence of metabolic achvation were 4-nitro-o-phenylenediamine (TA98), sodium azide (TA100 and
TA1535), and 9-amincacndine (TAS?) The positive controf for matabolic activationt with all sirains was 2-aminoanthracene

N
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