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The Health Risk of Formaldehyde to Human Beings
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Abstract: Problem statement: Formaldehyde was classified as a potential human carcinogen,
identified by the US Environmental Protection Agency and International Agency for Research on
Cancer as a Class 2A carcinogen. It also can cause irritation to human. However, formaldehyde present
in biological fluids or tissues and environment as a result of natural processes or from man-made
sources and can be emitted slowly into the air. Formaldehyde was used in many industries, hospitals
and research as a sterilizing and preserving agent. The utmost concern of this study was about the
present of formaldehyde in seafood product. Approach: A review was done on the health effect
adverse by formaldehyde, formaldehyde toxicity to human, formaldehyde in seafood and methods to
control formaldehyde in food and seafood. Google, Pubmed, Science Direct and Scopus were used in
preparation of this review. Results: This review clarified that one of the formaldehyde source to human
was seafood. Previous study showed that seafood contained high amount of formaldehyde because of
natural production by postmortem enzymatic reaction besides the used of formaldehyde as preservative.
Based on prior studies, exposure to formaldehyde can cause irritation and genotoxicity effect. For cancer
effect studies, formaldehyde was long considered as a potential human carcinogen based on experimental
animal studies and limited evidence of human carcinogenicity. Conclusion: Several mefinding of many
health effect of formaldehyde, suggests that the investigation of level of formaldehyde in seafthods
have been suggested to reduce formaldehyde in food such as cooking and washing. The ood should be
done and also the level of formaldehyde natural production.
Key words: Formaldehyde, fish, natural formaldehyde, leukemia, formaldehyde genotoxicity,
formaldehyde toxicity, cancer
highly reactive agent which can react with
macromolecules in biological systems[9,10].
Most commercial formaldehyde is produced from
methanol. Formaldehyde is widely used and important
in the chemical industry as a solvent and raw material
for the production of phenolic polymers which are
synthesized by the condensation of phenol and
formaldehyde[11].
Formaldehyde used predominantly in the synthesis
of resins, with urea-formaldehyde[12] resins, phenolicformaldehyde resins, pentaerythritol and other
resin[13,14]. Formaldehyde uses also related to fertilizers
production and formaldehyde also used for various
other purposes, such as preservatives and disinfectant. It
also can be used in many industrial processes, including
wood fixatives, dry cleaning solutions, solvent use, boiler
use, chemical production, oil, gas and petroleum
production, as well as paper and pulp production,
cosmetics[15], food and the textile industry[10,16].

INTRODUCTION
Recent trends in global food production,
processing, distribution and preparation are creating an
increasing demand for food safety research in order to
ensure a safer global food supply[1]. However, chemical
contamination in food results in the major sources of
the foodborne disease[2,3]. Among them, great attention
has been paid toward volatiles toxic aldehydes like
formaldehyde, which has been reported by the
International Agency for Research on cancer[4] as
carcinogenic to humans[5-8].
Formaldehyde is present in biological fluids or
tissues and environment as a result of natural processes
or from man-made sources. Formaldehyde is biologically
present in many interior construction materials of houses
and can be emitted slowly into the air. Formaldehyde is
also used in hospitals, research and teaching laboratories
as a sterilizing and preserving agent. Formaldehyde is a
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For decades, formaldehyde has been applied in
many industries and consumer goods with the primary
function of ceasing spoilage by microbial contamination.
The anti microbial property of formaldehyde has gain
place in producing cosmetics, shampoos, sun-ton lotion,
shaving creams and many others[15]. It is also used as
household cleaning agents and car shampoo[10]. The use
of formaldehyde in medical field is relatively small,
primarily as antiseptic and fumigant[17].
In the agriculture industry, formaldehyde has been
used as fumigant, as a preventative for the mildew and
spelt in wheat and for rot in oats. It has also been used as
germicide and fungicide for plants and vegetables and as
insecticide for destroying flies and other insects[10].
With much attention, the utmost concern of this
study is about food industry. In food industry,
formaldehyde is used as an antibacterial agent and
preservative in processing of foodstuffs[10]. It widely
used in food processing for its bleaching effect and also
as preservative in order to prevent the product from
spoilage by microbial contamination[18]. Formaldehyde
was used as a preservative in dried foods, fish and certain
oils and fats, disinfections for containers as well as
modifying starch for cold swelling. It is sometimes added
inappropriately in food processing for its preserving and
bleaching effects such as dried foods, vermicelli, tripe
and chicken paws[18]. It is also found in cheese as
bacteriostatic agent[4]. In the sugar industry, it is added
while producing juices as infection inhibitor[19,20].
Now days, the safety and quality of seafood has
arose much public attention. Before putting on shelf,
seafood is firstly dipped in formaldehyde-water solution
for a period of time by dishonest mongers, in order to
prevent from spoiling and to increase the storage time[20]
The seafood dipped with formaldehyde is a big danger to
the physical health of consumer[21]. Besides, it also used
as such as herring and caviar[10]. Due to this issue, voices
have to protest to the practice of such chemical in
foods[20]. Even though chemical treatment is helpful in
controlling spoilage on fish, these chemicals brought
about the negative adverse effects upon human
consumption, yet such issue is still under controversy.
Since formaldehyde can cause adverse effect to
human health, they are prohibited under the Food
regulation 1985. Although regulation has been enforced
but still there are reports that revealed the practice of
such prohibited chemicals in food. Formaldehyde is
classified as a mutagen and possible human carcinogen
being proved by experiments on microorganisms
(mutagenic effect), mice and rats (induction of
cancer)[20]. Recently, formaldehyde has been described
as one of the chemical mediators of apoptosis.
The purpose of this review is to focus on
formaldehyde contamination in the seafood. It also

provides an up-to-date critical review of the
information for formaldehyde, especially about the
existence of formaldehyde in seafood whether as an
additive or naturally produces. Besides, this review
highlights about the toxicology of formaldehyde and
health impact of formaldehyde to human.
The characteristics of formaldehyde: Formaldehyde
(CH2O) is also known as methanal, methylene oxide,
oxymethylene, methylaldehyde, oxomethane and
formic aldehyde. Its Chemical Abstracts Service (CAS)
registry number is 50-00-0[10]. The physical and
chemical properties of formaldehyde was shown in
Table 1.
At room temperature, formaldehyde is a colorless
gas with a pungent, irritating odor[15]. It is highly
reactive, readily undergoes polymerization, is highly
flammable and can form explosive mixtures in air[6,8,18].
It decomposes at temperatures above 150°C.
Formaldehyde is readily soluble in water, alcohols and
other polar solvents. In aqueous solutions,
formaldehyde hydrates and polymerizes and can exist
as methylene glycol, polyoxymethylene and
hemiformals. Solutions with high concentrations
(>30%) of formaldehyde become turbid as the polymer
precipitates. As a reactive aldehyde, formaldehyde can
undergo a number of self-association reactions and it
can associate with water to form a variety of chemical
species with properties different from those of the pure
monomolecular substance. These associations tend to
be most prevalent at high concentrations of
formaldehyde; hence, data on properties at high
concentrations are not relevant to dilute conditions[10].
The most common commercially available form is
a 30-50% aqueous solution. Formaldehyde is the most
widespread carbonyl compound. It is widely used in
consumer goods to protect the products from spoilage
by microbial contamination. Formaldehyde is often
added to keep food pleasing to the consumers, but this
chemical poses a threat to human health[18].
Table 1: Physical and chemical properties of formaldehyde[10]
Property
Range of reported values
Relative molecular mass (Dalton)
30.03
Melting point (°C)
-118 to -92
Boiling point (°C, at 101.3 kPa)
-21 to -19
Vapour pressure (calculated) (Pa, at25°C) 516 000
Water solubility (mg L−1, at 25°C)
400 000-550 000
Henry’s law constant (Pa. m3 moL−1,
2.2×10–2-3.4×10–2
at 25°C)
Log octanol/water partitioncoefficient
-0.75 to 0.35
(log Kow)
Log organic carbon/water partition
0.70-1.57
coefficient (log Koc)
Conversion factor
1 ppm = 1.2 mg m−3

99

Am. J. Pharm. & Toxicol., 4 (3):98-106, 2009
The toxicity of formaldehyde to man and animals
has been reported. The International Agency for
Research on Cancer has concluded that formaldehyde is
a potential carcinogen for animals and an evidence for
the carcinogenicity of formaldehyde inhuman beings
has been reported[18].

However, a number of biological, chemical and
physical hazards are reported associated with seafood
contamination[26]. Microbiological and chemical
hazards result in the most significant sources of
foodborne diseases. Chemical contamination in food
can include natural toxicants, such as mycotoxins[27-29]
and marine toxins[30]; environmental contaminants, such
as mercury and lead[12,31-35] and naturally occurring
substances. Among them, great attention has been paid
toward volatile toxic aldehydes like formaldehyde. The
WHO reported that highest concentration of
formaldehyde was found in marine fish[10]. Besides,
Bianchi et al.[5] studied that during storage, fish
belonging to the Gadidae family have high formaldehyde
concentration (from 6.4±1.2-293±26 mg kg−1), in
four cases out of 14 exceeding the value of 60 mg kg−1
proposed by the Italian Ministry of Health. More over,
there is also variable formaldehyde levels were
observed among four species squid, which was
generally far higher in viscera than in muscle of frozen
squid[7]. Table 2 showed the formaldehyde content in
some seafood from previous study.

Toxicity of formaldehyde to human: Formaldehyde
concentrations in humans prior to exposure to external
source of formaldehyde have been found to be
approximately 2 µg g−1 of venous blood[22].
Formaldehyde is an essential metabolic intermediate in
mammalian cells that is produced during the normal
metabolism of amino acids such as serine, glycine,
methionine and choline.
Most inhaled formaldehyde is deposited and
absorbed in the upper respiratory tract, with which the
substance first comes into contact[22]. In humans, due to
oral and nasal breathing, depositions and absorption
occur in the nasal passages, oral cavity, trachea and
bronchus[23].
Formaldehyde is rapidly metabolized to
hydroxymethylglutation by formaldehyde-glutathione
conjugate. Hydroxymethylglutation is subsequently
metabolized to format by formaldehyde dehydrogenase;
it is a major metabolic enzyme involved in the
metabolism
of
formaldehyde.
Formaldehyde
dehydrogenase is widely distributed in mammalian
tissues such as liver and red blood cells in humans.
After the oxidation of formaldehyde to format, the
carbon atom is further oxidized to carbon dioxide or
incorporated into purines, thymidine and amino acids
via tetrahydrofolate-dependent one-carbon biosynthetic
pathways. If formaldehyde is not metabolized by
formaldehyde dehydrogenese, it can form crosslinkages between proteins and between proteins and
single- stranded DNA. Endogenous or exogenous
formaldehyde enters the formaldehyde dehydrogenese
metabolic pathway and is eliminated from the body as
format in urine or CO2 in expired air[24].
Due to its deposition principally in the respiratory
tract and to rapid metabolism, exposure to high
atmospheric concentrations of formaldehyde does not
result in an increase in blood concentrations in
humans[22].
The US Environmental Protection Agency (EPA)
has established a maximum daily dose reference (RfD)
of 0.2 mg kg−1 body weight per day for formaldehyde.
At exposures increasingly greater than the RfD, the
potential for adverse health effects increases[18].

Formaldehyde as seafood preservative and additive:
Formalin is a generic term which describes a solution of
37% formaldehyde gas dissolved in water. Formalin was
used to preserve fish and other seafood from pathogens
due to its anti microbial agent property. Formalin or
formaldehyde will be added as a preservative after the
fish were caught, during transportation or in storage. This
compound also helps to maintain the freshness of
seafood because it will react with protein and
subsequently causes muscle toughness[5,37].
In the other hand, formaldehyde has been used as
food additive in processed seafood such as herring and
caviar in some countries[10]. Mutsuga et al.[38] studied
that Polyethylene Terephthalate (PET) is frequently
used as a packaging material for beverage bottles, fruit
and vegetable trays, fish and seafood product and egg
crates in Japan contain low levels of formaldehyde.
Even though the level is low, but it will give negative
effect after long term exposure.
Table 2: Formaldehyde content in some seafood
Body
Formaldehyde
region/
Concentration Country/
Species
part eaten (mg kg−1)
region
Reference
[5]
Cod
Flesh
10.38±0.82
Italy
[7]
Dosidicus gigas Muscle
17.30±1.62
China
Viscus
165.0±15.2
[7]
Japanese Ocean Muscle
10.70±0.16
China
Viscus
42.20±1.52
[7]
Ilex argentinus Muscle
19.70±0.58
China
Viscus
412.0±59.6
[36]
Gadus callarias Flesh
3.300±0.6
Poland

Formaldehyde in seafood: Fishery products are of
great importance for global human nutrition[25].
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Besides, formalin is used as a bath treatment to
control external parasitic infections of fish. Formalin
effectively kills parasites on gills, skin and fins. It is
extremely effective against most protozoans, as well as
some of the larger parasites such as monogenetic
trematodes. Formalin also was employed as aquatic
fungi controller in hatcheries and culture facilities.
Aquatic fungi (Saprolegniaceae) often cause disease
problems for fish culturists[39,40]. In addition, high
concentrations of formalin are used to control fungi on
fish eggs. Since formalin is approved in US and Canada
as aquatic chemotherapeutant[39], formalin remains
fungicide of choice at fish hatcheries[40]. Formaldehyde
is registered as feed under Canada Feed Act. However,
formalin usage for aquaculture was not approved in
Australia, Europe and Japan due to its association with
oncogenesis[41].

Fig. 1: Enzymatic reaction of TMOase
It was suggested that the accumulation of
formaldehyde and the resulting deterioration of seafood
products during frozen storage are primarily caused by
the enzymatic activity of trimethylamine oxide
aldolase (TMAOase). A screening of muscle samples
from 24 species showed TMAOase activity in only the
nine gadiform species that were analyzed. Enzyme
activities in the major white muscle of gadiform fish
showed large variations between species as well as
between individuals. A frozen storage experiment
showed a similarly large variation in the rate of
formaldehyde accumulation, which could be accounted
for by the endogenous white muscle in situ TMAOase
activity. This TMAOase activity also correlated with
the rate of insolubilization of otherwise high ionic
strength soluble protein. A simple model describing the
accumulation of free formaldehyde during frozen
storage of gadiform fish is proposed. The model is
based on a storage time-dependent decay of substratesaturated white muscle TMAOase activity[42].
Moreover,
the
observation
showed
that
formaldehyde content of crab samples increased
throughout the storage. Slightly higher formaldehyde
content was found in soft shell crab muscle, compared
with hard shell counterpart. Claw muscle generally
contained a greater amount of formaldehyde than lump
counterpart[43].

Natural
production
and
mechanism
of
formaldehyde: Formaldehyde develops postmortem in
marine fish and crustaceans, from the enzymatic
reduction of Trimethylamine-Oxide (TMAO) to
equimolar
amounts
of
formaldehyde
and
Dimethylamine (DMA) as shown in Fig. 1[37]. Different
amount of formaldehyde has been observed among the
species as well as between fresh and frozen seafood.
This condition can be explained by the different level of
TMAO from species to species and also enzymatic
reaction to reduce TMAO to formaldehyde and DMA
that obtained in frozen seafood. A different result was
observed in fresh seafood because the reduction of
TMAO depend to the bacterial activity[5].
Formaldehyde may be formed during the ageing
and deterioration of fish flesh, high level do not
accumulate in the fish tissue, due to subsequent
conversion of the formaldehyde formed to other
chemical
compounds.
However,
formaldehyde
accumulated during the frozen storage of some species of
fish, including cod, Pollack and haddock[37]. The
amounts of formaldehyde formed depend mainly on the
time and temperature of frozen storage and it causes
muscle toughening and water loss in fish species, leading
to lower acceptability as well as functionality[7].
It was reviewed that proteins of fish muscle
undergo chemical and physical changes during frozen
storage which may result in, under certain conditions
(i.e., long periods of storage, poor freezing practices,
temperature fluctuations), loss of quality, reflected
mainly by an unacceptable texture as well as an
undesirable flavor, odor and color[37]. In frozen gadoid
fish species, most of these changes are caused by the
production of formaldehyde in the muscle.

Health effect to human: Human studies have shown
that chronic inhalation exposure to formaldehyde is
associated with respiratory symptoms and eye, nose and
throat irritation[14,44]. On the other hand, the oral
exposure to formaldehyde related to the induction of
gastrointestinal tract ulcer. There are also cases of
systemic or localized allergic reaction attributed to the
formaldehyde have been reported in clothing and
textiles[16], bank note paper, medical treatment and
household and personal care[10,24].
In clinical studies, eye, nose and throat irritation
was experienced in volunteers that exposed to
formaldehyde ranging from 0.25-3.0 ppm, eye, nose
and throat irritation was experienced[45,46]. Mucociliary
clearance in the nasal cavity has been found to be
reduced following exposure to 0.25 ppm formaldehyde
in volunteers. In healthy volunteers as well as asthma
patients, there was no clinical effect on lung function
after exposure to formaldehyde up to 3.0ppm for up to
3 h[24,47].
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In genotoxicity studies, formaldehyde is considered
to be a weak genetic toxicant at the first contact[24].
Studies of genetic effects in buccal or nasal mucosal
cells[48,49] and in lymphocytes pheripheral[50] have been
observed in individuals occupationally exposed to
formaldehyde but in some studies, genetic effects of
formaldehyde were not observed in lymphocytes
pheripheral[24].
Besides, an increased incidence of micronucleated
buccal or nasal mucosal cells has been reported in some
surveys of individuals occupationally exposed to
formaldehyde[48,49]. Evidence of genetic effects like
chromosomal aberrations and sister chromatid
exchanges in peripheral lymphocytes from individuals
exposed to formaldehyde vapor has also been reported
in some studies[10,51]..
Moreover, formaldehyde is genotoxic in vitro in
cultured mammalian cells. When formaldehyde reaches
the nuclear DNA, it forms DNA-protein cross-links
(DPX). Incomplete repair of DPX can lead to the
formation of mutations, in particular chromosome
mutations and micronuclei (MN) in proliferating cells.
Due to its high reactivity, formaldehyde leads primarily
to local genotoxic effects at the site of contact[52].
For cancer effect studies, formaldehyde was long
considered as a potential human carcinogen (Group 2A
chemical) based on experimental animal studies and
limited evidence of human carcinogenicity. However,
formaldehyde was reclassified as a human carcinogen
(Group 1) by the International Agency for Research on
Cancer (IARC) in June 2004 based on “sufficient
epidemiological evidence that formaldehyde causes
nasopharyngeal cancer in humans”[53,54].
Further more, there are cohort and case-control
studies investigating the association between
occupational
exposure
to
formaldehyde
and
Nasopharyngeal Cancer (NPC) and reporting estimates
of formaldehyde exposure as well as the most recent
meta-analyses[53]. Results of the cohort studies reviewed
by Duhayon reported that mortality from NPC was
elevated compared with that of the US general
population[54]. However, internal comparison analysis
using alternative categorization revealed that none of
the relative risk for NPC was statistically significantly
increased in any category of exposure. Experimental
data indicate that in rats, the carcinogenic activity of
formaldehyde is associated with cytotoxic/proliferative
mechanisms. Therefore protecting from these effects
associated with formaldehyde exposure should be
sufficient to protect from its potential carcinogenic
effects, if any in humans.
Heck and Casanova reviewed the biological
evidence that pertains to the issue of leukemia induction

by formaldehyde, which includes: (1) The failure of
inhaled formaldehyde to increase the formaldehyde
concentration in the blood of rats, monkeys, or humans
exposed to concentrations of 14.4, 6, or 1.9 ppm,
respectively; (2) The lack of detectable protein adducts
or DNA-protein cross-links (DPX) in the bone marrow
of normal rats exposed to [3H]- and [14C]formaldehyde
at concentrations as high as 15 ppm; (3) The lack of
detectable protein adducts or DPX in the bone marrow
of glutathione-depleted (metabolically inhibited) rats
exposed to [3H]- and [14C] formaldehyde at
concentrations as high as 10 ppm; (4) The lack of
detectable DPX in the bone marrow of Rhesus monkeys
exposed to [14C] formaldehyde at concentrations as
high as 6 ppm; (5) The failure of formaldehyde to
induce leukemia in any of seven long-term inhalation
bioassays in rats, mice, or hamsters; and (6) The failure
of formaldehyde to induce chromosomal aberrations in
the bone marrow of rats exposed to airborne
concentrations as high as 15 ppm or of mice injected
intraperitoneally with formaldehyde at doses as high as
25 mg kg−1[55].
Symptoms of respiratory irritancy and effects on
pulmonary function have been examined in studies of
populations exposed to formaldehyde (and other
compounds) in both the occupational and general
environments. In a number of studies of relatively small
numbers of workers (38-84) in which exposure was
monitored for individuals, there was a higher
prevalence of symptoms, primarily of irritation of the
eye and respiratory tract, in workers exposed to
formaldehyde in the production of resin-embedded
fiberglass[56], chemicals and furniture and wood
products[57] or through employment in the funeral
services industry[58], compared with various unexposed
control groups. Due to the small numbers of exposed
workers, however, it was not possible to meaningfully
examine exposure-response in most of these
investigations. In the one survey in which it was
considered[59], formaldehyde was a statistically
significant predictor of symptoms of eye, nose and
throat irritation, phlegm, cough and chest complaints.
Workers in these studies were exposed to mean
formaldehyde concentrations of 0.17 ppm (0.20 mg m−3)
and greater[59,60].
Methods and procedures to control formaldehyde in
food and seafood: In order to control or reduces
formaldehyde content in food and seafood, several
methods and procedures has been taken and proposed.
In Hong Kong, food for sale must be fit for
consumption as stipulated in the Public Health and
Municipal Services Ordinance, Cap. 132. The use of
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prohibited preservatives such as formaldehyde
contravenes the Preservatives in Food Regulations and
is liable to a maximum fine of HK$50,000 and
imprisonment for 6 months.
Furthermore, great attention to formaldehyde in
food and seafood leading to the many research
associated formaldehyde determination in order to
measure and control formaldehyde amount in
food[6,8,18,61]. Wang et al suggested rapid determination
of formaldehyde in food products and Chinese herbals
based on reaction between formaldehyde and acetyl
acetone solution[18]. Many different procedures also
has been proposed to determine formaldehyde in
seafood such as using High-Performance Liquid
Chromatography
(HPLC)
for
formaldehyde
determination in squid[7] and solid Phase
Microextraction (SPME)-GC-MS for determination in
fish[5].
Hong Kong Government also advised to the public
to choose only fish that are fresh and avoid those with
unusual smell; and avoid buying noodlefish that are
stiff (formaldehyde could stiffen flesh of fish). Besides,
public also advised to wash and cook food products
thoroughly as formaldehyde is water soluble and could
dissipate upon heating. The formaldehyde concentration
was decreased after roasting and boiling[5]. Boiling also
resulted in a large accumulation of DMA and a lesser
increase in free FA in squid[36]. The decrease behavior
was due to the evaporation of the analyte during
cooking process[5].

REFERENCE
1.

Scott, E., 2003. Food safety and foodborne disease
in 21st century homes. Can. J. Infect. Dis., 14: 277-280.

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cm
d=Retrieve&db=PubMed&dopt=Citation&list_uids
=18159469
2.

3.

4.

5.

6.

CONCLUSION
In conclusion, formaldehyde is a chemical hazard
that was found in high concentration in seafood and
marine fish. This compound was used as food
preservatives and additive in seafood product such as
caviar and herring. In the others hand, formaldehyde
also can produce naturally by the enzymatic activity of
trimethylamine oxide aldolase (TMAOase). Many
studies showed that formaldehyde exposure can cause
dermatitis, eye irritation, respiration irritation, asthma
and pulmonary edema. Some studies have found that
formaldehyde can cause respiratory cancer and also can
increase the rate of leukemia. Furthermore, several
methods have been suggested to reduce formaldehyde
in food such as cooking and washing. The finding of
many health effect of formaldehyde, suggests that the
investigation of level of formaldehyde in seafood
should be done and also the level of formaldehyde
natural production.

7.

Pantaleon, J., J. Gledel, G. Cumont and L. Richou-Bac,

1983. Biological and chemical contamination of
food of animal origin. The activity of the Paris
Laboratoire central d'Hygiene alimentaire (19731981). Bull. Acad. Natl. Med., 167: 427-432.
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cm
d=Retrieve&db=PubMed&dopt=Citation&list_uids
=6357386
Donato, F., M. Magoni, R. Bergonzi, C. Scarcella,
A. Indelicato, S. Carasi and P. Apostoli, 2006.
Exposure to polychlorinated biphenyls in residents
near a chemical factory in Italy: The food chain as
main source of contamination. Chemosphere,
64: 1562-1572.
DOI: 10.1016/j.chemosphere.2005.11.057
IARC., 1995. IARC monographs on the evaluation
of carcinogenic risk of chemicals to humans: Wood
dusts and formaldehyde. Vol. 62. World Health
Organzation, Lyon, France, 37: 500. DOI:
10.1007/BF02908826
Bianchi, F., M. Careri, M. Musci and A. Mangia,
2007. Fish and food safety: Determination of
formaldehyde in 12 fish species by SPME
extraction and GC-MS analysis. Food Chem.,
100: 1049-1053.
DOI: 10.1016/j.foodchem.2005.09.089
Cui, X., G. Fang, L. Jiang and W. Wang, 2007.
Kinetic spectrophotometric method for rapid
determination of trace formaldehyde in foods.
Anal.
Chim.
Acta,
590:
253-259.
http://www.ncbi.nlm.nih.gov/pubmed/17448352
Li, J., J. Zhu and L. Ye, 2007. Determination of
formaldehyde in squid by high performance liquid
chromatography. Asia Pacific J. Clin. Nutr., 16: 127-130.

8.

9.

http://apjcn.nhri.org.tw/server/APJCN/Volume16/v
ol16suppl.1/JianongLi(127-130).pdf
Cui, X., G. Fang, L. Jiang and S. Wang, 2007.
Kinetic spectrophotometric method for rapid
determination of trace formaldehyde in foods.
Anal. Chim. Acta, 590: 253-259. DOI:
10.1016/j.aca.2007.03.042
Luo, W., H. Li, Y. Zhang and C.Y.W. Ang, 2001.
Determination of formaldehyde in blood plasma by
high-performance liquid chromatography with
fluorescence detection. J. Chromatograp. B
Biomed.
Sci.
Appli.,
753:
253-257.
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Ret
rieve&db=PubMed&dopt=Citation&list_uids=11334338

103

Am. J. Pharm. & Toxicol., 4 (3):98-106, 2009
10. WHO., 2002. Concise International Chemical
Assessment Document 40: Formaldehyde. World
Health
Organization,
Geneva.
http://www.who.int/ipcs/publications/en/index.html
11. Mitsui, R., M. Omori, H. Kitazawa and M. Tanaka,
2005. Formaldehyde-limited cultivation of a newly
isolated
methylotrophic
bacterium,
Methylobacterium sp. MF1: Enzymatic analysis
related to C1 metabolism. J. Biosci. Bioeng.,
99: 18-22. DOI: 10.1263/jbb.99.018
12. Storelli, M.M., A. Storelli, R. Giacominelli-Stuffler
and G.O. Marcotrigiano, 2005. Mercury speciation
in the muscle of two commercially important fish,
hake (Merluccius merluccius) and striped mullet
(Mullus barbatus) from the Mediterranean sea:

21. Zhang, S., C. Xie, Z. Bai, M. Hub, H. Li and
D. Zeng, 2009. Spoiling and formaldehydecontaining detections in octopus with an E-nose.
Food
Chem.,
113:
1346-1350.
DOI:
10.1016/j.foodchem.2008.08.090
22. Heck, H.D.A., M. Casanova-Schmitz, P.B. Dodd,
E.N. Schachter, T.J. Witek and T. Tosun, 1985.
Formaldehyde (CH2O) concentrations in the blood
of humans and Fischer-344 rats exposed to CH2O
under controlled conditions. Am. Ind. Hyg. Assoc.,
46: 1-3.
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pub
med&Cmd=ShowDetailView&TermToSearch=40
25145&log$=activity
23. Monticello, T.M., F.J. Miller and K.T. Morgan,
1991. Regional increases in rat nasal epithelial cell
proliferation following acute and subchronic
inhalation of formaldehyde. Toxicol. Applied
Pharmacol.,
111:
409-421.
http://www.ncbi.nlm.nih.gov/pubmed/1746023
24. Naya, M. and J. Nakahashi, 2005. Risk assessment
of formaldehyde for the general population in
Japan. Regul. Toxicol. Pharmacol., 43: 232-248.
DOI: 10.1016/j.yrtph.2005.08.002
25. Feldhusen, F., 2000. The role of seafood in
bacterial foodborne diseases. Microbes Infect.,
2: 1651-1660.
http://www.ncbi.nlm.nih.gov/pubmed/11113384
26. Huss, H.H., A. Reilly and P.K.B. Embarek, 2000.
Prevention and control of hazards in seafood. Food
Control, 11: 149-156. DOI: 10.1016/S09567135(99)00087-0
27. Melchert, H.U. and E. Pabel, 2004. Reliable
identification and quantification of trichothecenes
and other mycotoxins by electron impact and
chemical ionization-gas chromatography-mass
spectrometry, using an ion-trap system in the
multiple mass spectrometry mode: Candidate
reference method for complex matrices. J.
Chromatograph. A., 1056: 195-199. DOI:
10.1016/j.chroma.2004.08.093
28. Chan, D., S.J. Macdonald, V. Boughtflower and
P. Brereton, 2004. Simultaneous determination of
aflatoxins and ochratoxin A in food using a fully
automated immunoaffinity column clean-up and
liquid chromatography-fluorescence detection. J.
Chromatogr.,
1059:
13-16.
http://www.cababstractsplus.org/abstracts/Abstract.
aspx?AcNo=20043216682
29. Tafuri, A., R. Ferracane and A. Ritieni, 2004.
Ochratoxin A in Italian marketed cocoa products.
Food
Chem.,
88:
487-494.
DOI:
10.1016/j.foodchem.2004.01.061

Estimated weekly intake. Food Chem., 89: 295-300.
http://cat.inist.fr/?aModele=afficheN&cpsidt=16095068

13. Prado, O.J., M.C. Veiga and C. Kennes, 2007.
Removal
of
formaldehyde,
methanol,
dimethylether and carbon monoxide from waste
gases of synthetic resin-producing industries.
Chemosphere,
70:
1357-65.
DOI:
10.1016/j.chemosphere.2007.09.039
14. Zhang, L., C. Steinmaus, D.A. Eastmond, X.K. Xin
and M.T. Smith, 2008. Formaldehyde exposure and
leukemia: A new meta-analysis and potential
mechanisms. Mutat. Res., 681: 150-168. DOI:
10.1016/j.mrrev.2008.07.002
15. Mcnary, J.E. and E.M. Jackson, 2007. Inhalation
exposure to formaldehyde and toluene in the same
occupational and consumer setting. Inhal Toxicol.,
19: 573-576. DOI: 10.1080/08958370701270946
16. Donovan, J. and S. Skotnicki-Grant, 2007. Allergic
contact dermatitis from formaldehyde textile resins
in surgical uniforms and nonwoven textile masks.
Dermatitis, 18: 40-44.
http://www.ncbi.nlm.nih.gov/pubmed/17303043
17. HSDB. 1999. Hazardous substance data bank.
National library of medicine, National toxicology
information
program,
Bethesda
MD.
http://www.nlm.nih.gov/nlmhome.html
18. Wang, S., X. Cui and G. Fang, 2007. Rapid
determination of formaldehyde and sulfur dioxide
in food products and Chinese herbals. Food Chem.,
103: 1487-1493.
DOI: 10.1016/j.foodchem.2006.09.023
19. ATSDR., 1999. Toxicological profile for
formaldehyde. DOHAH Services, editor. Agency
for Toxic Substances and Disease Registry,
Atlanta, GA, US.
http://www.atsdr.cdc.gov/toxprofiles/tp111-p.pdf
20. Wilbur, S., M.O. Harris, P.R.M. Cllure and W. Spoo,
1999. Toxicology profile of formaldehyde. US
Department of Health and Service (DHHS). Public
Health. http://www.atsdr.cdc.gov/toxprofiles/tp111.pdf
104

Am. J. Pharm. & Toxicol., 4 (3):98-106, 2009
30. Vale, P., M. Anto´ Nia and M. Sampayo, 1999.
Esters of okadaic acid and dinophysistoxin-2 in
Portuguese bivalves related to human poisonings.
Toxicon, 37: 1109-1121.

40. Schnick, R.A., 1991, Chemicals for worldwide
aquaculture, Fish health management in AsiaPacific: Report on a regional study and workshop
on fish disease and fish health management:
Bangkok, Thailand, Asian Development Bank,
pp: 441-467.
http://www.umesc.usgs.gov/documents/publication
s/1991/schnick_a_1991.txt
41. Schnick, R.A., D.J. Alderman, R. Armstrtong and
R.L. Gouvello et al., 1997. World wide aquaculture
drug and vaccine registration progress. Proceeding
of the Workshop at the EAFP 8th International
Conference on Disease of Fish and Shellfish,
(ICDFS’97), Edinburgh, Scotland, pp: 14-19.
http://www.aquanic.org/aquadrugs/publications/wo
rld_drug_progress_9-20-99.htm
42. Nielsen, M.K. and B.M. Jorgensen, 2004.
Quantitative relationship between trimethylamine
oxide aldolase activity and formaldehyde
accumulation in white muscle from gadiform fish
during frozen storage. J. Agric. Food Chem.,
52: 3814-3822. DOI: 10.1021/jf035169l
43. Benjakul, S. and N. Sutthipan, 2009. Muscle
changes in hard and soft shell crabs during frozen
storage. Food Sci. Technol., 42: 723-729. DOI:
10.1016/j.lwt.2008.10.003
44. Noisel, N., M. Bouchard and G. Carrier, 2007.
Evaluation of the health impact of lowering the
formaldehyde occupational exposure limit for
Quebec workers. Regul. Toxicol. Pharmacol.,
48: 118-27.
http://cat.inist.fr/?aModele=afficheN&cpsidt=1882
3862
45. Pazdrak, K., P. Gorski, A. Krakowiak and U. Ruta,
1993. Changes in nasal lavage fluid due to
formaldehyde inhalation. Int. Arch. Occupat.
Environ. Health, 64: 515-519.
http://www.occupationalasthma.com/occupational_
asthma_viewreference.aspx?id=4267
46. Kulle, T.J., 1993. Acute odor and irritation
response in healthy nonsmokers with formaldehyde
exposure. Inhal Toxicol., 5: 323-332. DOI:
10.3109/08958379308998389
47. Ezratty, V., M. Bonay, C. Neukirch, G. OrsetGuillossou and M. Dehoux et al., 2007. Effect of
formaldehyde on asthmatic response to inhaled
allergen challenge. Environ. Health Perspect.,
115: 210-214.
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cm
d=Retrieve&db=PubMed&dopt=Citation&list_uids
=17384766

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Ret
rieve&db=PubMed&dopt=Citation&list_uids=10400295

31. Hui, C.A., D. Rudnick and E. Williams, 2005.
Mercury burdens in Chinese mitten crabs
(Eriocheir sinensis) in three tributaries of southern
San Francisco Bay, California, USA. Environ.
Pollut.,
133:
481-487.
DOI:
10.1016/j.envpol.2004.06.019
32. Vupputuri, S., M.P. Longnecker, J.L. Daniels, X.
Guo and D.P. Sandler, 2005. Blood mercury level
and blood pressure among US women: results from
the National Health and Nutrition Examination
Survey 1999-2000. Environ. Res., 97: 195-200.
DOI: 10.1016/j.envres.2004.05.001
33. Meador, J.P., D.W. Ernest and A.N. Kagley, 2005.
A comparison of the non-essential elements
cadmium, mercury and lead found in fish and
sediment from Alaska and California. Sci. Total
Environ.
Pollut.,
339:
189-205.
DOI:
10.1016/j.scitotenv.2004.07.028
34. Cubadda, F. and A. Raggi, 2005. Determination of
cadmium, lead, iron, nickel and chromium in
selected food matrices by plasma spectrometric
techniques. Microchem. J., 79: 91-96. DOI:
10.1016/j.microc.2004.10.007
35. Zhao, F.J., M.L. Adams, C. Dumont, S.P. Mcgrath,
A.M. Chaudri, F.A. Nicholson, B.J. Chambers and
A.H. Sinclair, 2004. Factors affecting the
concentrations of lead in British wheat and barley
grain. Environ. Pollut., 131: 461-468. DOI:
10.1016/j.envpol.2004.02.011
36. Kolodziejska, I., C. Niecikowska and Z.E. Sikorski,
1994. Dimethylamine and formaldehyde in cooked
squid (Lllex argentinus) muscle extract and mantle.
Food
Chem.,
50:
281-283.
http://cat.inist.fr/?aModele=afficheN&cpsidt=4165386

37. Sotelo, C.G., C. Pineiro and R.T. Perez-Martin,
1995. Denaturation of fish protein during frozen
storage: Role of formaldehyde. Z. Lebensm.
Unters.
Forsch.,
200:
14-23.
http://www.ncbi.nlm.nih.gov/pubmed/7732729
38. Mutsuga, M., T. Tojima, Y. Kawamura and
K. Tanamoto, 2005. Survey of formaldehyde,
acetaldehyde and oligomers in polyethylene
terephthalate food-packaging materials. Food
Additives
Contam.,
22:
783-89.
DOI:
10.1080/02652030500157593
39. Rach, J.J., G.E. Howe and T.M. Schreier, 1997.
Safety of formalin treatments on warm and
coolwater fish eggs. Aquaculture, 149: 183-191.
DOI: 10.1016/S0044-8486(96)01447-0
105

Am. J. Pharm. & Toxicol., 4 (3):98-106, 2009
48. Ying, C.J., W.S. Yan, M.Y. Zhao, X.L. Ye and
H. Xie et al., 1997. Micronuclei in nasal mucosa,
oral mucosa and lymphocytes in students exposed
to formaldehyde vapor in anatomy class. Biomed.
Environ. Sci., 10: 451-455.
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cm
d=Retrieve&db=PubMed&dopt=Citation&list_uids
=9448927
49. Titenko-Holland, N., A.J. Levine, M.T. Smith and
P.J.E. Quintana et al., 1996. Quantification of
epithelial cell micronuclei by Fluorescence In Situ
Hybridization (FISH) in mortuary science students
exposed to formaldehyde. Mutat. Res., 371: 237-248.
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cm
d=Retrieve&db=PubMed&dopt=Citation&list_uids
=9008725
50. Zhitkovich, A., A. Lukanova, T. Popov, E. Taioli,
H. Cohen, M. Costa and P. Toniolo, 1996. DNAprotein crosslinks in peripheral lymphocytes of
individuals exposed to hexavalent chromium
compounds. Biomarkers, 1: 86-93. DOI:
10.3109/13547509609088675
51. Neuss, S. and G. Speit, 2008. Further
characterization
of
the
genotoxicity
of
formaldehyde in vitro by the sister chromatid
exchange test and co-cultivation experiments.
Mutagenesis,
235:
355-357.
DOI:
10.1093/mutage/gen025
52. Speit, S. and O. Schmid, 2006. Local genotoxic
effects of formaldehyde in humans measured by
the micronucleus test with exfoliated epithelial
cells.
Mutat.
Res.,
613:
1-9.
DOI:
10.1016/j.mrrev.2006.02.002
53. Bosetti, C., J.K. Mclaughlin, R.E. Tarone, E. Pira
and C. La Vecchia, 2008. Formaldehyde and
cancer risk: A quantitative review of cohort studies
through 2006. Ann. Oncol., 19: 29-43. DOI:
10.1093/annonc/mdm202
54. Duhayon, S., P. Hoet, G. Van Maele-Fabry and
D. Lison, 2008. Carcinogenic potential of
formaldehyde in occupational settings: A critical
assessment and possible impact on occupational
exposure levels. Int. Arch. Occup. Environ. Health,
81: 695-710. DOI: 10.1007/s00420-007-0241-9

55. Heck, H. and M. Casanova, 2004. The
implausibility of leukemia induction by
formaldehyde: A critical review of the biological
evidence on distant-site toxicity. Regul. Toxicol.
Pharmacol.,
40:
92-106.
DOI:
10.1016/j.yrtph.2004.05.001
56. Kilburn, K.H., R. Warshaw, C.T. Boylen, S.J.S. Johnson,
B. Seidman, R. Sinclair and T.J. Takaro, 1985a.
Pulmonary and neurobehavioral effects of
formaldehyde exposure. Arch. Environ. Health,
40: 254-260.
http://www.biomedexperts.com/Abstract.bme/4062
359/Pulmonary_and_neurobehavioral_effects_of_f
ormaldehyde_exposure
57. Malaka, T. and A.M. Kodama, 1990. Respiratory
health of plywood workers occupationally exposed
to formaldehyde. Arch. Environ. Health, 45: 288-294.

58.

59.

60.

61.

106

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cm
d=Retrieve&db=PubMed&dopt=Citation&list_uids
=2256713
Holness, D.L. and J.R. Nethercott, 1989. Health
status of funeral service workers exposed to
formaldehyde. Arch. Environ. Health, 44: 222-228.
http://cat.inist.fr/?aModele=afficheN&cpsidt=6758
676
Horvath, E.P.J., H.J. Anderson, W.E. Pierce,
L. Hanrahan and J.D. Wendlick, 1988. Effects of
formaldehyde on the mucous membranes and
lungs. A study of an industrial population. J. Am.
Med. Assoc., 259: 701-707. http://jama.amaassn.org/cgi/content/abstract/259/5/701
Lang, I., T. Bruckner and G. Triebig, 2008.
Formaldehyde and chemosensory irritation in
humans: A controlled human exposure study.
Regul. Toxicol. Pharmacol., 50: 23-36. DOI:
10.1016/j.yrtph.2007.08.012
De Oliveira, F.S., E.T. Sousa and J.B. De Andrade,
2007. A sensitive flow analysis system for the
fluorimetric determination of low levels of
formaldehyde in alcoholic beverages. Talanta,
73: 561-566. DOI: 10.1016/j.talanta.2007.04.027

