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Abstract

Formaldehyde is present in man (as a metabolite), food, land, atmosphere,
water, clothing, building materials, consumer products (preservatives,
tobacco/ cigarettes, shoe care agents, body and hair lotions etc). It is the most
common aldehyde in the air. It has high solubility in polar solvents and readily
reactive. It is easily photo-oxidized under sunlight. Sources of exposures to
man and animal include, inhalation, ingestion and occupational which is the
major source of exposure. Formaldehyde is readily metabolized after
ingestion. It is absorbed from the respiratory tract on inhalation, but it is
poorly absorbed following dermal exposure. Acute inhalation result in
irritation and burning of the mucous membranes of the nose, mouth and upper
respiratory tract. Arising from occupational exposure, through vapours, a
temporary reversible decrease in lung function results. Ocular exposure to
formaldehyde could result in permanent alterations to vision or blindness. At
concentrations below maternal toxicity, formaldehyde is considered not to be
a reproductive or developmental toxicant. Sufficient evidences are now
available for the carcinogenicity of formaldehyde in both humans and
animals. The International Agency for Research on cancer has classified
formaldehyde as a group 1 carcinogen. Scarce information which is not within
the reach of the larger population is only available in the developing countries
like Nigeria relating to the sources of exposure to formaldehyde and its
numerous health hazards. It was against the above background that this review
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was initiated to guide the populace in general and those prone to occupational
exposure in particular. Additionally, to stimulate research into the unexplored
areas relating to formaldehyde so as to generate the data bank on this subject.

Key words: Formaldehyde, Occurrence, Chemical characteristics, Exposure,
Metabolism, Humans and Animals.

Introduction

Formaldehyde is found generally in the environment and also as a by-product of many
natural reactions. For example, it is emitted as gas during biomass combustion (forest
and bush burning) [1-3]. Other sources of formaldehyde includes: most living
organisms where it is present in low concentrations as a metabolic intermediate [4, 5],
anthropogenic sources [6-10]. Formaldehyde is also formed in the troposphere [4, 11].

Exposure sources to humans include: the major source which is from
occupational exposure, from finished products like adhesives [12, 4 and13]; emissions
from the combustion of wood, tobacco and automobile emission [12, 4 and 13].

Inhalation of vapour, dermal contact and ingestion are major routes of
occupational exposure to formaldehyde [12, 4 and 13]. Apart from being an air
pollutant, formaldehyde is a corrosive substance which causes irritation and burns to
the skin when in contact [12, 13]. Formaldehyde has been classed as a carcinogenic
substance in man and animals [14].

Formaldehyde dehydrogenase is the enzyme that catalyzes the metabolic
process of formaldehyde in man to the formation of formate which is excreted as
formic acid or exhale as carbon dioxide [12, 4 and13]. Though formaldehyde has been
classed as a Group 1 carcinogen, it is not considered to be a reproductive or
developmental toxicant [4, 13 and 14].

The international group of experts like the United Nations Environment
Programme, the international labour organization and the World Health Organization
have continuously provided and updated their information/ publications on the
management of chemicals in relation to human health and the environment. It was
against this background that this review was motivated. To provide an jnsight on the
occurrence, chemical characteristics, exposure, metabolism, toxicity, carcinogenetic,
health effects and the uses of formaldehyde.

Occurrence

Researchers have identified the various sources of occurrence of formaldehyde which
include: the combustion of biomass or organic materials, natural and anthropogenic
sources; the atmosphere (air); food; and water etc. The concentration of formaldehyde
from the above sources varies [13, 14].
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Natural sources

The occurrence of formaldehyde in the natural environment and as product of many
natural processes or reactions have been reported. For example, during the
combustion of biomass, formaldehyde is released [1, 2]. Beside this source,
formaldehyde is also released as a metabolic intermediate at low concentrations in
most living organisms [4, 15] and formed by irradiation of humic substances by
sunlight [15].

Anthropogenic sources

Several anthropogenic sources of formaldehyde have been detected and reported.
These include direct sources such as fuel combustion, industrial on-site uses and off-
gassing from building materials and consumer products. For example, combustion of
fuels from wood to plastic, furnances, agricultural burns, waste incinerators, cigarette
smoking and the cooking of food [7, 8,16-19 and 4].

Secondary formation

Evidences are already available for the formation of formaldehyde in the troposphere
by the photochemical oxidation process on many types of organic such as methane [4,
11]. Natural occurring compounds and pollutants from mobile and stationary sources
have also served in the production of formaldehyde by the above process [20-27].

Drinking water
Formaldehyde is found in water but at a low concentration level of 0.1mg/litre, except
for accidental contamination which could be higher [28].

Food

The occurrence of formaldehyde in natural foods has been detected. Fumigation has
also resulted in accidental contamination of foods e.g. grains cooking (as a
combustion product) [4].

In nature, formaldehyde is found in a variety of foodstuffs [4, 5]. Several
workers have reported on the natural components of formaldehyde in foods. 60mg/kg
concentration of formaldehyde has been reported in foods and some fruits [29, 30]
and marine fish [31-32]. Although higher concentrations of formaldehyde have been
detected in fruits and vegetable juices (800mg.kg) it is not clear if these elevated
levels were due to processing [33]. Concentrations of up 267mg/kg have been
reported in the outer layer of smoked ham [34]. In a variety of alcoholic beverages
concentrations ranging from 0.04 to 1.7mg/litre in Japan [35] and from 0.02 to
3.8mg/litre in Brazil [36] have been reported. In the United States of America,
concentration of 3.4 and 4.5kg/kg in brewed coffee and 10 to 16mg/kg in instant
coffee have been reported [37].
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Identification and chemical characteristics

Other names of formaldehyde (CH,O) include: methylene oxide, methanol,
oxymethylene, methylaldehyde, oxomethane and formic aldehyde [3]. It is a
colourless gas with pungent, irritating odour at room temperature. It is highly reactive,
readily undergoes polymerization, is highly flammable and can form explosive
mixtures in air. It decomposes at temperatures above 150°C. It is readily soluble in
water, alcohols and other polar solvents. In aqueous solutions, formaldehyde hydrates
and polymerizes and can exist in methylene glycol, polyoxymethane, and
hemiformals [3]. Solutions with high concentration (> 30%) of formaldehyde become
turbid as the polymer precipitates [4]. When formaldehyde is photo-oxidized in
sunlight, carbon dioxide results. In the absence of nitrogen dioxide, the half life of
formaldehyde is approximately 50 minutes during the daytime; in the presence of
nitrogen dioxide, this drops to 35minutes [4].

Consumer products

Various concentrations of formaldehyde and its derivatives have been detected in a
wide variety of consumer products meant to protect them as preservative [38].
Reports from researchers have implicated some preservatives as formaldehyde
releasers [39]. The release of formaldehyde from such product is dependent on
temperature and pH when they decomposed.

Tobacco products contain formaldehyde in their smoke both mainstream and
side stream, which have been determined by several workers based on cigarettes from
several countries [40]. Further investigation by other workers indicated that side
stream smoke contain higher levels of formaldehyde than the mainstream smoke [41].

Household products like cleaning agents, dish washing liquids, fabric
softeners, shoe care agents, car shampoos and waxes, carpet cleaning agents etc and
cosmetics have been reported to contain different levels of concentrations of
formaldehyde [4, 42] being part of the components in their industrial preparations.
Additionally, formaldehyde serves as an antimicrobial agent in several products like,
hair lotions (e.g. suntan lotion and dry skin lotion) makeup and mouthwashes, hand
cream, bath products, mascara and eye makeup, cuticle softeners, nail creams, vaginal
deodorants and shaving cream [4, 12].

Clothing and fabrics

Clothing and fabrics have been identified to contain varied concentrations of
formaldehyde. For example, reports by workers have indicated that approximately
100 — 200ug free formaldehyde/g are contained by textiles made in the USA [43].
Moist baby toilet tissues also contain formaldehyde [44].

Building materials
Majority of building materials e.g. pressed wood products (particle board, medium-
density fireboard, and hardwood) have been identified as one of the positive sources
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of indoor emission of formaldehyde and sources of residential contamination [45, 46].
It has been recognized that the release of formaldehyde is highest from newly made
wood products. Thus, the emission would decrease over time, to very low rates, after
some years [45]. Additionally, it has been identified that the concentrations of
formaldehyde released from pressed wood materials is greater in mobile homes
compared to conventional houses. These observations resulted from the fact that
mobile homes have minimal ventilation, minimally insulated and are often situated in
exposed sites subjected to temperature extremes [47].

Kinetics and metabolism in laboratory animal and man

In vivo, formaldehyde is formed during the metabolism of amino acids and
Xenabiotic, as a metabolite, which may be bound (reversibly) to macromolecules. In
short, this results during the oxidative DE methylation of xenobiotic and can be
detected in the liver [5]. Due to the spontaneous reaction of formaldehyde with
primary and secondary amines, thiols, hydroxyls and amides, methyl derivate are
formed. When formaldehyde is absorbed it is oxidized to formate in the presence of
formaldehyde dehydrogenase, along three different pathways, and it could be exhaled
as carbon dioxide, or incorporated into biological macromolecules via
tetrahydrofolate — dependent one-carbon biosynthetic pathways [5]. Evidences have
been provided showing that the exposure of humans, monkeys or rats to formaldehyde
by inhalation does not alter the concentration of endogenous formaldehyde in the
blood, which is about 2-3mg/litre for each of the three species [5]. Arising from the
reactivity of formaldehyde with biological macromolecules, when it is inhaled it is
deposited and absorbed around the upper respiratory tract with which the substance
first come into contact [48-50]. Additionally, at the point of contact and on absorption
it has been recognized that formaldehyde produces intra and intermolecular crosslinks
within proteins and nucleic acids [51]. Several enzymes that are widely distributed are
involved in the rapid metabolism of formaldehyde to formate. The most important of
these cellular enzymes is the NAD® - dependent formaldehyde dehydrogenase.
Formate, which is one of the products of metabolism of formaldehyde, is excreted
through the urine [52, 48and 53-56].

Health effects

The effects on man depend on the duration of exposure and amount of concentration.
Evidences from studies are available to show that formaldehyde is toxic by inhalation
and ingestion. The general toxicity of the chemical indicates that it is a severe irritant
to skin, eyes, skin, mouth, nose and upper respiratory tract [12, 4 and 13-14]. Case
reports and clinical studies have shown that deaths following acute inhablation
exposures to formaldehyde were not identified [3]. However, ulceration and damage
along the aerodigestive tract, including oral and gastrointestinal mucosa have been
recognized where formaldehyde had been ingested [57, 58 and 4]. Several workers
have reported on cases of systemic (e.g. Anaphylaxis) and contact dermatitis
(localized) allergic reactions arising from formaldehyde (or resins which contain
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formaldehyde) used for household and personal care and dental products, clothing and
textiles, bank note paper and medical treatments and devices [59- 64]. Additionally,
other clinical studies/reports have indicated generally mild to moderate sensory eye,
nose and throat irritation as exemplified by the exposure of volunteers to 0.25ppm
(0.030mg/m?®) formaldehyde [65]. In the cases of sufferers from asthma and in health
individuals that were exposed to concentrations of formaldehyde up to 3.0ppm
(3.6mg/m°) no significant clinical detrimental effect upon lung function was observed
[65].

Genotoxicity, carcinogenicity and dermal/ocular effects of formaldehyde on
man have been reported by several workers. Skin irritation or allergic contact
dermatitis has been observed during repeated or prolonged dermal exposure to
splashes of solutions containing formaldehyde [4]. Evidences are available which
suggest that formaldehyde may be genotoxic in humans. Increased DNA-Protein
cross-links have been observed in occupational workers who were exposed to
formaldehyde, while this effect was absent in non exposed subjects [12,
14].Significant increases in chromosomal aberrations and chromosomal breakage
were observed in another group of workers exposed to formaldehyde compared to the
unexposed controlled group. However there were no evidences to show any
differences between the sister chromalid exchange and scheduled DNA synthesis and
repair in the same study [12]. Sufficient evidence for the carcinogenicity of
formaldehyde in humans has been evaluated and reported by the International Agency
for Research on Cancer (IAPC) and thus classified the substance as a group 1
carcinogen [14]. For example, nasopharyngeal cancers caused by formaldehyde have
been reported [14].

However, limited evidences are available to support the fact that formaldehyde
causes sinonasal cancer in humans based on epidemiological studies [14]. Currently
there are limited and/or scarce studies on the reproductive and developmental toxicity
of formaldehyde. However, one of the few studies have revealed an increased
incidence of menstrual disorders, anaemia, toxaemia and low birth weight of
offspring in female workers to urea-formaldehyde [4]. On the other hand, another
report has indicated that formaldehyde is not expected to cause reproductive or
developmental toxicity at exposure below maternally toxic doses [14].

Animal and in-vitro studies

The effects of formaldehyde on some species of animals have been reported by
numerous authors and World Bodies. In studies involving the exposure of mice to
high concentrations of formaldehyde by inhalation, a marked reduction in body
weight, labored breathing, listlessness, hunched posture and loss of coordination were
observed [13].

Male and female Wister rats showed a significant reduction in body weight
compared to the controls when exposed to formaldehyde in drinking water. The
reduction in body weight resulted from the drop or reduction in food in-take [12, 13].

Epidermal hyperplasia and cutaneous ulcers were observed in hairless mice
dermally exposed to 0.2ml (100%) formaldehyde, 2times per week for a period of
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60weeks. The genotoxicity of formaldehyde in animals have been reported [4, 13-14
and 69]. Based on the genotoxic potentials of formaldehyde as evident from results of
both in-vitro and in-vivo studies, formaldehyde is regarded as mutagenic at the site of
contact [13-14].

The Carcinogenicity of formaldehyde has been demonstrated in several studies
involving rats by inhalation [14]. Additionally, the carcinogenicity of formaldehyde
has also been observed in rats exposed to formaldehyde in drinking water [14].
Currently, sufficient evidences are available to conclude that formaldehyde is
carcinogenic in experimental animals [14].

Evidences from the application of does below those causing significant
maternal toxicity have indicated that formaldehyde is not reproductive or
developmental toxicant [4, 13-14].

Conclusion

Formaldehyde is found in the total environment (air, soil and water) food, man (as a
metabolite), and consumer products etc. It is highly soluble in polar solvents. Sources
of exposure include by contact, inhalation and ingestion. On inhalation, it is readily
absorbed from the respiratory tract and from the gastrointestinal tract during
ingestion. Formaldehyde is poorly absorbed following dermal exposure. Various
effects and disorders results on exposure to formaldehyde, depending on time and
concentration of exposure. Formaldehyde has been classified as a human carcinogen.
Formaldehyde is mutagenic at the site of contact. Additionally, formaldehyde is not a
reproductive or developmental toxicant. It has varieties of uses in science, industry
and medicine. Researches are underway to determine and generate data for
formaldehyde in harvested rain waters in parts of the country and consumable
products due to scarce literature on this subject.

Acknowledgement

| wish to thank the International group of experts from whose joint report and other
learned bodies this review on formaldehyde was made possible. Additionally, I wish
to acknowledge the various authors cited in this paper.

References

[1] Howard, P.H., 1989, ‘’Handbook of environmental fate and exposure data for
organic chemical Vol. 1 large production and priority pollutants,”” Chelsea,
MI, Lewish Publishers, pp. 101-16.

[2] Reinhardt, T.E., 1991, “’Monitoring firefighter exposure of air toxins at
prescribed burns of forest and rage biomass,”” Portland, OR, US, Department
of Agriculture, Forest Service, Pacific Northwest Research Station, 8pp
(Research Paper PNW-RP-441).



50
[3]
[4]
[5]

[6]

[7]

[8]

[9]

[10]

[11]

[12]

[13]
[14]

[15]

[16]

F.1. Obahiagbon and Dr. Ikponmwosa Obahiagbon

WHO, 2002, “’Formaldehyde (Concise International Chemical Assessment
Document 40,”” Geneva.

International Programme on Chemical Safety (IPCS), 1989, ‘’Formaldehyde.
Environmental Health Criteria 89,”” WHO Geneva.

“’Formaldehyde In: Wood dust and formaldehyde,”” Lyon International
Agency for Research on Cancer, 1995, pp. 217-362 (IARC Monographs on the
Evaluation of the Carcinogenic Risk of Chemicals to Humans, Vol. 62).
Environmental Canada, 1997¢,””VOC emissions survey of adhesives, sealants
and adhesive tape manufacturers in Canada’® Draft report prepared for
pollution data Branch, Environment Canada, Hull, Quebec.

Jermini C., and Weber Grandjean A., 1976, [*’Quantitative determination of
various gas-phase components of the side-stream smoke of cigarettes in the
room air as a contribution to the problem of passive smoking’’]. International
archives of occupational and environmental health, 36: 169 — 181 (In
German).

Kitchens J.F., Casner R.E., Edwards G.S., Harward W.E., and Marci B.J.,
1976, ’Investigation of selected potential environmental contaminants,’’
Formaldehyde. Washington, D.C., US Environmental Protection Agency,
204pp (EPA 560/2-76-009).

U.S. EPA 1990, “’Evaluation of emission factors for formaldehyde from
certain wood processing operations,”” Final report, May — August 1989.
Research Triangle Park, NC, US Environmental Protection Agency, Office of
Research and Development, Air and energy engineering Research Laboratory
(EPA/600/8-90/052).

Fisher, P.W., Foster, J.A., and Deb, K., 1991, “’Development of toxic air
pollutants emissions for thirteen pulp and paper milk in Winsconsin,”” In:
TAPPI Proceedings 1991 Environmental Conference. Atlanta, G.A., Technical
Association of the Pulp and Paper Industry, pp 409 — 481.

U.S. EPA, 1993, “’Motor Vehicle related air toxics study’> Ann. Arbor, M,
US Environmental Protection Agency, Office of Mobil Sources, emission
Planning and Strategies Division, April (EPA 420-R-93-005).

ATSDR, 1999, “’Toxicological profile of formaldehyde,”” Atlanta, G.A., US
Department of Health and Human Services, Agency for Toxic Substances and
Disease Registry.

Canadian Centre for Occupational Health and Safety (CCOHS), 2004,
Formaldehyde gas, Cheminfo.

International Agency for the Research on Cancer (IARC), 2004,
Formaldehyde Vol. 88 IARC. Lyon.

Kieber, R.J., Zhou, X., and Mopper, M., 1990, “’Formation of Carbonyl
compounds from UV-induced photodegeneration of humic substances in
natural waters: Fate of riverine carbon in the sea,”” Limnology and
oceanography, 35(7): 503-1515.

Klus, H., and Kuhn, H., 1982, “’Distribution of different components of
tobacco smoke between main-current and side-current smoke,”’ Beitrage zur
Tabak forsc-hung International, 11:229-265 (in German).



Formaldehyde: A Review Of Occurrence, Chemical Characteristics 51

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

Ramdahl, T., Alfeinm, B.l., Rustod, S., and Olsen, T., 1982, ’Chemical and
biological characterization of emissions from small residential stove burning
wood and charcoal,”” Chemosphere, 11(4): 601-611.

Schriever, E., Marutzky, R., and Markel, D., 1983, [“’Examinations of
emissions from small wood fired combustion furnances’’], Staub-Reinhaltung
der luft, 43: 62-65 (in German).

Lipari, F., Dasch, J.M., and Seruggs, W.F., 1984, <’Aldehyde emissions from
wood burning fireplaces,”” Environmental Science and Technology, 18: 326-
330.

Tanner, R.L., Zielinska, B., Ueberna, E., and Harshfield, G.,1994,
“’Measurement of carbonyls and the carbon isotopy of formaldehyde at a
coastal site in Nova Scotia during NARE,’’ Final report prepared by Desert
Research Institute, Reno, NV, for the Office of Global Programs, National
Oceanic and Atmospheric Administration, Silver Spring, M.D, 25pp (DRI
Document 3910-IF1).

U.S. EPA, 1985, Health and environmental effects profile for formaldehyde,
OH,”” US environmental protection agency, office of health and
environmental assessment, office of research and development (EPA/600/X-
85/362).

Atkinson, R., 1989, < Atmospheric lifetimes and fate of acetaldehyde,”
Sacramento, C.A., California Environmental Protection Agency, Air
Resources Board, Research Division Riverside, C.A University of California
Statewide Air pollution Research Centre (Contract No. A732-102).

Atkinson, R., Arey, J., Harger, W.P., Kwok, E.S.C., and Long, W.D., 1993,
“’Lifetimes and fates of toxic air contaminants in California’s atmosphere,’’
June 1993, Sacraments CA, California Environmental Protection Agency, Air
Resources Board, Research Division (Contract No. A032-055).

Grosjean, D., 1990a, ‘’Atmospheric Chemistry of Toxic contaminants 2,
Saturated aliphatics: acetaldehyde, dioxane, ethylene glycol ethers, propylene
oxide,”” Journal of the Air and Waste Management Association, 40(11): 1522
—1531.

Grosjean, D., 1990b, ’Gas phase reaction of ozone with 2-methyl-2-butene:
Dicarbonyl formation from Criegee biradicals,”” Environmental Science and
technology, 24: 1428 — 1432.

Grosjean, D., 1991C, “’Atmospheric fate of toxic aromatic compounds,’” The
science of the total environment, 100: 367 — 414.

Skov, H., Hjorth, J., Lohse, C., Jensen, N.R., and Restelli, G., 1992,
“’Products and mechanisms of the reactions of the nitrate radical (NO3) with
isoprene, 1, 3 — butadiene and 2, 3-dimethyl — 1, 3-butadiene in air,”
Atmospheric environment, 26A (15): 2771 — 2783.

“’Air quality guidelines for Europe, Copenhagen, WHO Regional Office for
Europe,”” 1987, (WHO Regional Publications, European Series, No. 23).
Mohler, K., and Denbsky, G., 1970, [*’Determination of formaldehyde in
foods’’] Zeitschrift fur Lebensmittel-Untersuchung and Forschung, 142:109
(in German) [Cited in IPCS, 1989, but not listed among references; cited in



52

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

F.1. Obahiagbon and Dr. Ikponmwosa Obahiagbon

Owen et al.,, 1990, as “Mohler, K. and Denby, G. 91970, as reported in
Cantoni et al 91987)”]

Tsuchiya, H.K., Onodera, M., and Hasegawa, T., 1975., “’Toxicity of
formaldehyde in experimental animals — concentrations of the chemical in the
elution from dishes of formaldehyde resin in some vegetables,”” Keio Journal
of Medicine, 24: 19-37.

Rehbein, H., 1986, [“’Formation of formaldehyde in fish products’’]
Lebensmittelchmie and Gerichtliche Chemie, 40:147-118 (in German) [Cited
in IPCS, 1989].

Tsuda, M., Frank, N., Sato, S., and Scigimura, T., 1988, ’Marked increase in
the urinary level of N-nitrosothioproline after ingestion of cod with
vegetables,”” Cancer research, 48: 4049 — 4052.

Tashkova,W., 1996, “’Determination of formaldehyde in foods, biological
media and technological materials by head space gas chromatography,”’
Chromatographia, 43(11/12): 625 — 627.

Tsuchiya, H., Ohtanis, S., Yamada, K., Akagiri, M., Takagi, N., and Sato, M.,
1994, <’Determination of formaldehyde in reagents and beverages using flow
injection,”” Analyst, 119:1413 — 1416.

Brunn,W., and Klostermeyer, H., 1984, ¢’Detection and determination of
formaldehyde in foods,”” Lebensmittelchemie and Gerichtliche chemie, 38:
16-17 (in German) [Cited in Buckley et al., 1988].

Andrade, J.B.de., Bispo, M. S., Reboucas, M.V., Carvalhoand, M.L.S.M. and
H.L.C. Pinheiro, H.L.C., 1996, ’Spectrofluorimetric determination of
formaldehyde in liquid samples,”” American laboratory 28(12): 56 — 58.
Hayashi, T., Reece, C. A., and Shibamoto, T., 1986, “’Gas chromatographic
determination of formaldehye in coffee via thiozolidine derivative,”” Journal
of the association of official analytical chemists, 69(1): 101-105.

Preuss, P.W., Dailey, R. L. and Lehman., E. S., 1985, “Exposure to
formaldehyde,”” In:Turoski V, ed. Formaldehyde-analytical Chemistry and
toxicology. Washington, DC, American chemical society pp 247-259
(Advances in Chemistry Series 210).

Flyvholm, M. A., and Anderson, P., 1993, “’ldentification of formaldehyde
releasers and occurrence of formaldehyde and formaldehyde releasers in
registered chemical products,”” American journal of industrial medicine,
24:533 — 552.

Miyake, T., and Shibamoto, T., 1995, ‘Quantitative analysis by gas
chromatography of volatile carbonyl compounds in cigarette smoke,”” Journal
of chromatography, A 693: 376-381.

Schitt, H., and Knoppel, H., 1989, ’Carbonyl compounds in mainstream and
side stream cigarette smoke,”” In: Bieva C., Courtois Y, Govaerts M, eds.
Present and future of indoor air quality. Amsterdam, Excerpta medica, pp.
197-206.

Jass, H.E., 1985, “’History and statics of formaldehyde in the cosmetics
industry,”” In: Turoski V., ed. Formaldehyde analytical chemistry and



Formaldehyde: A Review Of Occurrence, Chemical Characteristics 53

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

toxicology. Washington, DC, American Chemical society, pp 229 — 236
(Advances in Chemistry Series 210).

Scheman, A. J., Carrol, P.A., Brown, K. H., and Osburn, A. H., 1998,
“‘Formaldehyde related textile allergy: an update. Contact dermatitis,”” 38:
332 — 336. [43] Pitetta-Zanin, P.A., Pasche-koo, F., Anderset, P.C.,
Huggenberger, D., Saurat, J. H., and Hauser,C., 1996, ‘‘Detection of
formaldehyde in ten brands of moist baby toilet tissue by the acetylacetone
methods and high performance liquid chromatography,”” Determatology,
193:170.

Godish, T., 1988, ’Residential formaldehyde contamination; sources and
levels. Comments on toxicology,*” 2(3): 115 — 134.

Etkin, D. S., 1996, “’Volatile organic compounds in indoor environments.
Arlington, MA, Cutter Information Corp.”’, 426pp.

Meyer, B., and Hermanns, K., 1985, “’Formaldehyde release from pressed
wood products,”” In: Turoski V., Ed. Formaldehyde — analytical Chemistry
and toxicology.Washington, D.C., American Chemical Society, pp 101 — 116
(Advances in Chemistry Series 210).

Heck,H.d’A., Chin, C.Y., and Schmitz, M.C., 1983, ¢’ Distribution of (*/C)
Formalydehyde in rat after inhalation exposure,”” In: Gibson JE, ed.
Formaldehyde toxicity Washington DC, Hemisphere Publishing, pp. 26 — 37.
Swenberg, J.A., Gross, E. A., Martin, J., and Popp, J.A., 1983, ’Mechanisms
of formaldehyde toxicity,”” In: Gibson JF, ed. Formaldehyde toxicity,
Washington DC, Hemisphere Publishing pp. 132 — 147.

Patterson, D. L. Gross, E. A.. Bogdanffy, M. S., and Morgan,K.T., 1986,
“’Retention of formaldehyde gas by the nasal passages of F-344 rats,”
Toxicologist 6:55.

Johansson E. B., and Tjalve, H., 1978, ¢Distribution of (**C) dimethyl
nitrosoamine in mice. Autoradiographic studies in mice with inhibited and non
inhibited dimethylnitrosoamine metabolism and comparison with the
distribution of [**C] Formaldehyde,”> Toxicology and applied Pharmacology,
45: 565 — 575.

Billings, R.H., Brower, M. E., Dallas, C. E., and Theiss, J.C., 1984,
“’Disposition of formaldehyde (CH,0) in mice,”’ Toxicologist, 4:29.

Keefer, L. K.., Streeter, AJ., Leung, L.Y., Perry,W.C., and HS-W. HU and
Baillie, T.A., 1987, ’Pharmacokinetic and deuterium isotope effect studies on
the metabolism of formaldehyde and formate to carbon dioxide in rats
invivo,”” Drug metabolism and disposition, 15:300 — 304.

Upreti, R. K., Farooqui, M.Y.H., Ahmed, A.E., and Ansari,G.A.S., 1987,
“*Toxicokinetics and molecular interaction of [**C] Formaldehyde in rats,”’
Archives of environmental contamination and toxicology 16: 263 — 273.

Bhatt, H. S., Lober, S.B, and Combas, B., 1988., ‘’Effect of glutathione
depletion on aminopyrine and formaldehyde metabolism,”” Biochemical
pharmacology, 37: 1581 — 1589.



54

[54]

[55]

[56]

[57]

[58]

[59]

[60]

[61]

[62]

[63]

[64]

[65]

[66]

F.1. Obahiagbon and Dr. Ikponmwosa Obahiagbon

Kochhar, R., Nanda, V., Nagi, B.,, and S. K. Mehta, S. K., 1986,
“’Formaldehyde induced corrosive gastric cicatrization case report,”” Human
toxicology, 5: 381 — 382.

Nishi, K., Yamada, M., and Wakasugi, C., 1988, <’Formaldehyde poisoning:
report of an autopsy case,”” Nippon Hoigaku Zasshi, 42: 85 — 89.

Maurice, F., Rivory, J. P., Larsson, P.H., Johansson S,G.O., and J. Bousquet,
J., 1986, <’Anaphylactic shock caused by formaldehyde in a patient
undergoing long term hemodialysis’> Journal of allergy and clinical
immunology, 77: 594 — 597.

Feinman, S.E., 1988, ’Formaldehyde sensitivity and toxicity,”” Boca Raton,
FL, CRC Press.

Ebner, H., and Kraft, D., 1991,”’Formaldehyde induced anaphylaxis after
dental treatment?’” Contact dermatitis, 24: 307 — 309.

Norton, L. A., 1991), “°Common and uncommon reactions to formaldehyde
containing nail hardeners’” Seminars in dermatology. 10: 29 — 33.

Flyvholm, M.A., and Menne, T., 1992, “’Allergic contact dermatitis from
formaldehyde,”” Contact dermatitis, 27: 27 — 36.

Fowler, J.F., Skinner, S. M., and D.V. Belsito, D.V.,1992, “’Allergic contact
dermatitis from formaldehyde resins in permanent pressing clothing: An
underdiagnozed cause of generalized dermatitis,”” Journal of the American
Academy of Dermatology, 48(5): 749 — 758.

Anderson, L., and Molhave, I., 1983, “’Controlled human studies with
formaldehyde hazard characterization and dose response assessment’ Fort
Collins, CO, Colorado State University (unpublished).

Day, J.H., Lees, R.E.M., Clark, R.H., and Pattee,P.L., 1984, ’Respiratory
response to formaldehyde and off-gas of urea formaldehyde foam insulation,’’
Canadian Medical Association Journal, 131: 1061-1065.

Sauder, L.R., Chatham, M.D., Green, D.J., and Kulle, T.J., 1986, <’Acute
pulmonary response to formaldehyde exposure in healthy nonsmokers,”’
Journal of occupational medicine, 28: 420 — 424.

Sauder, L.R. Green, D.J., Chatham, M. D., and Kulle, T.J., 1987, <’Acute
pulmonary response of asthmatics to 3.00ppm formaldehyde,”” Toxicology
and industrial health, 3:569 — 578.

Committee on Mutagenicity (COM), 2007, <’Formaldehyde evidence for
systemic mutagenicity,”” Com/07/35.



