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ABSTRACT

Formaldehyde is a chemical compound used as a precursor in various industrial processes and hair straightening products. 
It is classified as carcinogenic in humans. Considering the importance of the topic, this review aims to identify and 
characterize the health risks that formaldehyde chronic  exposure involves and to describe the existing evidence of  its 
main toxic effects as well as the risk factors during the application of this compound in the hair straightening process.
For this purpose, a literature review was carried out by using the PubMed database, limiting it to studies conducted 
between 2010 and 2020. A total of 126 publications were found, for which a relevance analysis was performed, and those 
that studied the effects after chronic inhalation of formaldehyde in humans were selected. Finally, this search resulted in 
75 publications. Among the harmful effects of formaldehyde analyzed in each publication, those present in three or more 
publications were selected.
Based on the results obtained in this review, harmful effects of formaldehyde chronic exposure cannot be ruled out. There 
is evidence from the literature that corroborates the increase in genotoxic processes in humans, specifically in nasal 
epithelial cells and peripheral blood leukocytes. On the other hand, there is no robust epidemiological evidence that links 
chronic exposure to this compound and leukemia or nasopharyngeal cancer. Regarding reproductive toxicity, there are 
reports of miscarriages and low birth weight, even when the exposed subject is the future father. Other pathologies that 
have been linked to formaldehyde chronic exposure are renal damage, methemoglobinemia, asthma, dermatitis, tumors, 
skin irritation and burns, eye fatigue and pain, tearing, mood changes, fatigue, sore throat, rhinorrhea and headache.
On the other hand, the average concentration of formaldehyde to which a person could be exposed during a hair straightening 
treatment shows alarming values since it frequently exceeds the least restrictive exposure limits and can reach levels much 
higher than those experienced by the exposed subjects included in the reviewed epidemiological studies. It is important to 
have good ventilation and use products with formaldehyde concentrations within the allowed limit.
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INTRODUCTION

Formaldehyde at room temperature is a colorless gas 
with a distinct pungent and suffocating odor, irritating 
to the eyes, nose and lungs (1). Formalin, a 37 % to 40 % 
w/v aqueous solution of formaldehyde, is colorless, also 
has a pungent odor, and is irritating and toxic if ingested 
(National Institute for Occupational Safety and Health - 
NIOSH, 2007).

Formaldehyde in solution is also referred to as formalin 
or formol. There are also products initially free of 
formaldehyde but contain methylene glycol, which 
generates formaldehyde through a temperature-mediated 
chemical reaction, e.g., during the hair straightening 
process. Up to 47 % of the vaporized volume at 204 °C of a 

37 % formalin solution (59 % methylene glycol) corresponds 
to formaldehyde (2,6).

Formaldehyde is used to manufacture explosives, fuels, 
resins, paint, adhesives, plastics, textiles, electronic 
products, plywood, disinfectants, as a preservative in 
agriculture and biological samples, and in the production 
of cosmetics (6,7,9-18).

As to hair straightening products, formaldehyde is used due 
to its ability to create covalent bonds between the amino 
acids of the keratin contained the hair fiber and the amino 
acids of the keratin contained in the product (2,3).
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Formaldehyde is easily absorbed by mucous membranes and 
airways and reacts with macromolecules such as proteins 
and nucleic acids (19). It is capable of producing covalent 
bonds between DNA and proteins or DNA-protein crosslinks 
(DPCs), which is one of the most harmful and least studied 
types of genetic damage, leading to steric hindrances in 
transcription and replication. If not repaired, DPCs can 
result in mutations, genomic instability and cell death. 
Hair straightening products are used to remove waves from 
the hair: after leaving them on for about 30 minutes, the 
hair is straightened with a curling iron heated to 230 °C. 
Formaldehyde can be released in high concentrations, 
posing a risk of allergic reactions or irritation of the 
eyes, skin and airways and, in some cases, more serious 
consequences (20).

Formaldehyde is classified as carcinogenic in humans (5). In 
Chile, Supreme Decree No. 594, which establishes the basic 
sanitary and environmental conditions that all workplaces 
must comply with, sets an absolute allowable limit of 0.3 
ppm for formaldehyde (21,22).

In July 2023, the European Commission adopted a new 
regulation aimed at safeguarding public health and 
environmental well-being. It intended to regulate the 
use of formaldehyde and formaldehyde-releasing agents. 
The regulation was prompted by the European Chemicals 
Agency (ECHA), which highlighted the inadequacy of 
current controls on formaldehyde exposure in consumer 
goods placed on the community market. The dossier 
revealed that formaldehyde-releasing substances could 
lead to concentrations that might exceed safe levels in 
indoor air, posing a potential risk to human health.

After a thorough evaluation, the commission established an 
emission limit of 0.062 mg/m3 for furniture, wood-based 
articles and composite products, and 0.080 mg/m3 for all 
other products (23).

In February 2023, the Agência Nacional de Vigilância 
Sanitária (ANVISA - National Health Surveillance Agency) 
of Brazil reported the recall of products for styling, 
braiding and setting hair due to reports of health issues, 
some serious, mainly affecting the eyes (even resulting 
in temporary blindness). Ninety percent of these effects 
required medical assistance. The marketing of all types of 
these products—not only those involved in the reports—
was banned. Several compounds, including formaldehyde, 
were considered to be the cause of the health issues. At 
the local level, the Instituto de Salud Pública (ISP – Public 
Health Institute) conducted a review of the existence of 
these products in Chile, but it could not find their existence 
or imports (24).

The U.S. Occupational Safety and Health Administration 
(OSHA) has established an allowable limit of 0.75 parts of 

formaldehyde per million parts of air (0.75 ppm) for an 
8-hour workday during a 40-hour workweek (25).

The objective of this study was to identify and characterize 
the health risks associated with chronic exposure to 
formaldehyde and hair straightening products that contain 
or produce formaldehyde.

SEARCH STRATEGY

A literature review was conducted using the PubMed 
database, restricted to studies between 2010 and 2020, 
and using the keywords formaldehyde, toxic effects and 
risk factors.

A total of 126 publications were found, which were then 
analyzed for relevance, selecting those that studied the 
effects of chronic formaldehyde inhalation in humans, 
resulting in 75 publications (1-75). The effects present in 
three or more publications were selected from the harmful 
effects of formaldehyde analyzed in each publication.

The description of the risk factors involved in exposure 
to formaldehyde released by hair straightening 
products included the formaldehyde concentrations 
in these products and the volume of air around the 
users (dependent on the space where the treatment 
is performed) as the main variables to determine the 
maximum level of exposure (8,26-30,36,38).

To estimate the formaldehyde concentration in hair 
straightening products, the analytical results obtained 
by Pierce et al. (26) were used. Values between 1 m³ and 
24 m³ were considered for the air volume. The minimum 
value represents the direct exposure around the stylist and 
client, and the maximum value represents the exposure for 
beauty salon attendees who are not in direct contact with 
the treatment (26).

To determine the amount of product used by each 
procedure, the simulation method by Stewart et al. was 
used, which considers a product volume of 30 ml and 
estimates the percentage of formaldehyde contained in 
the products that is released during the treatment, a value 
that varies depending on the consulted study. In this case, 
the most conservative estimate of 5.1 % is assumed (28).

The formaldehyde concentration in air was obtained 
from the formula: c = (b/1.23)/v, where c represents the 
formaldehyde concentration in ppm, b the amount of 
formaldehyde released in mg, and v the volume of air in 
the room (28).

The formaldehyde concentration in the product to be used 
is the most important factor in predicting whether its 
concentration in air will reach levels above the absolute 
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allowable limit. The dimensions of the room also play an 
important role. According to these parameters, the stylist 
applying the treatment and the client could be exposed to 
concentrations even 460 times above the limit of 0.3 ppm.

The literature review also allowed describing the four 
most frequently studied toxic effects resulting from 
formaldehyde inhalation.

Genotoxicity-related studies
Bono et al., in 2010 (30), studied the relationship between 
formaldehyde in air and the formation of M₁dG adducts 
(a biomarker of oxidative stress and lipid peroxidation) 
in leukocyte DNA among pathology laboratory workers 
exposed to formaldehyde. Their results revealed a 
significant increase in the number of M₁dG adducts in 
pathologists compared to unexposed controls: 5.7 M₁dG 
adducts per 10⁸ normal nucleotides (nn) and 2.4 M₁dG 
adducts per 10⁸ nn, respectively (p = 0.021). They also 
underscore that increased levels of M₁dG adducts were 
detected only in workers exposed to more than 0.054 ppm 
of formaldehyde. However, the predictive value of early 
biomarkers is limited for estimating individual risk because 
the process from exposure to disease depends on numerous 
factors (genes, age, diet, lifestyle, etc.).

Santovito et al., in 2011 (31), evaluated the occurrence of 
chromosomal aberrations in peripheral blood lymphocytes 
from workers exposed to formaldehyde. They also 
analyzed the presence of inactive genotypes of the enzyme 
glutathione S-transferase (GST), which is responsible for 
the metabolic detoxification of environmental mutagens 
and carcinogens and their reactive metabolites. Their 
results indicated a significant increase (approximately 
three times) in the frequency of chromosomal aberrations 
per cell (p < 0.001) in the peripheral blood lymphocytes 
of workers exposed to formaldehyde (on average 0.059 
ppm compared to controls exposed only to 0.030 ppm). 
Furthermore, they reported that genetic damage was not 
significantly influenced by the presence of inactive GST 
genotypes.

Kim et al., also in 2011 (32), reported damage to 
chromosomes and DNA in human peripheral blood cells, 
increased frequency of micronuclei in nasal epithelial cells 
after only eight weeks of exposure (0.41-0.80 ppm) and 
higher frequency of micronuclei in lymphocytes after one 
year of exposure, as well as increased sister chromatid 
exchange in individuals exposed to 0.5 ppm formaldehyde, 
compared to their control groups. In addition to this, 
the authors mention frequent chromosomal aberrations 
in peripheral blood lymphocytes of children exposed to 
formaldehyde in prefabricated schools. Concerning the 
possibility of carcinogenesis due to formaldehyde exposure, 
they indicate that formaldehyde undergoes chemical 
changes immediately after being absorbed; therefore, 

they consider it is unlikely that there are effects beyond 
the upper airways. Finally, they state that low levels of 
formaldehyde in air (< 1 ppm) may only have minimal or 
even nonexistent carcinogenic potential in humans.

Costa et al., in 2013 (33), studied the occurrence of 
genotoxicity by measuring the frequency of cells with 
micronuclei, sister chromatid exchange and T-cell receptor 
mutations in peripheral lymphocytes of workers exposed to 
an average of 0.36 ppm formaldehyde. The percentage of 
micronuclei was 2.5 times higher, and the sister chromatid 
exchange per cell was 1.3 times greater, in both cases, 
particularly in exposed workers compared to the control 
group (p < 0.05). The frequency of mutations in T-cell 
receptors was not significantly altered when comparing 
both groups.

Costa, in 2015 (40), evaluated the effects of formaldehyde 
on peripheral blood lymphocytes of workers exposed 
to an average of 0.38 ppm, and detected chromosomal 
aberrations and DNA damage. According to the authors, 
their results confirm the genotoxic activity of formaldehyde 
at the structural level in chromosomes, as well as the risk 
of damage to peripheral blood lymphocytes. Lorenzoni et 
al., in 2017 (41), researched the potential mutagenic and 
cytotoxic effects of formaldehyde on the buccal epithelium 
cells of students exposed to 0.73 ppm of the compound 
during anatomy classes. The frequency of micronucleated 
cells in the students increased significantly from 0.05 % to 
0.11 % after one month of exposure (p = 0.034), and then to 
0.16 % after 3.5 months of exposure (p = 0.017).

Liang et al., in 2018 (42), evaluated the risk of carcinogenesis 
in workers in China exposed to formaldehyde by collecting 
air samples from different areas of public places. They 
obtained an average formaldehyde concentration of 0.46 
ppm, with a maximum of 0.67 ppm, and cancer risk rates 
ranging from 4.7 x 10-5 to 1.57 x 10-4. These values were 
above the acceptable range of 1 x 10-6 proposed by the 
U.S. Environmental Protection Agency (EPA). Of particular 
interest for this review was that, according to their study, 
the authors found that work in beauty salons had the highest 
cancer risk: 1.57 in 10,000 for men and 1.47 in 10,000 for 
women (1.57 x 10-4 and 1.47 x 10-4, respectively), one order 
of magnitude above the hotel industry, shopping malls 
and cultural or entertainment centers, and two orders of 
magnitude above the acceptable risk of one in a million.

Zendehdel et al., also in 2018 (43), determined, in Iranian 
workers, a cumulative exposure between 2.4 and 1972 
mg in one year, and estimated the level of formaldehyde 
exposure at which there is a 10 % excess risk of genetic 
damage at 0.08 ppm.

Aglan et al., in 2020 (36), found a significant increase in 
genotoxic markers in workers exposed to formaldehyde, 
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and there was a positive correlation between the degree of 
increase and the duration of exposure.

Leukemogenicity-related studies
Zhang et al., in 2010 (44), conducted a cross-sectional study 
aimed to determine whether formaldehyde exposure 
alters hematopoietic function and causes leukemia-related 
chromosomal changes. They studied 43 workers exposed 
to formaldehyde (median of 1.28 ppm) and 51 controls 
in China. The effect of formaldehyde as an inhibitor of 
myeloid progenitor cell differentiation was studied by 
measuring the number of colonies formed in cultures of 
blood samples from volunteers, confirming a 20 % decrease 
in exposed workers. Although the decrease was not 
significant (p = 0.10), the inhibitory effect on the myeloid 
progenitor cell differentiation was supported by the results 
of hemograms, which showed a significant decrease in 
the total leukocyte count (p = 0.0016) and a significant 
decrease in the lymphocyte count (p = 0.0002) in exposed 
workers compared to the control group.

Bachand et al., also in 2010 (45), conducted a series of meta-
analyses of epidemiological literature on the association 
between formaldehyde exposure and leukemia. The 
authors did not evidence a significant increased risk of 
leukemia between exposed individuals and controls, since 
the summary relative risk (RR) was 1.05 (95 % confidence 
interval [95 % CI]: 0.03-1.20) for cohort studies and the 
summary odds ratio (OR) was 0.99 (95 % CI: 0.71-1.37) for 
case-control studies.

Goldstein, in 2010 (46), published a review of the existing 
hematological and toxicological evidence, focusing 
particularly on confirming or refuting the findings of 
pancytopenia and chromosomal abnormalities in Chinese 
workers exposed to high formaldehyde concentrations as 
reported by Zhang et al. in 2010. According to Goldstein, 
it seems impossible that inhaled formaldehyde could 
penetrate the nasal mucosa and reach the bone marrow.

Gentry et al., in 2013 (47), conducted a review and 
reevaluation of the results obtained by Zhang et al. in 2010: 
inhaled formaldehyde and its metabolite, methanediol 
(methylene glycol), are unable to reach the bone marrow 
due to their rapid metabolism to formic acid, carbon 
dioxide and water, along with the homeostatic mechanisms 
that regulate their tissue levels. They concluded that it is 
questionable to use the results obtained by Zhang et al. 
(2010) as evidence to support the biological plausibility of 
formaldehyde as a causative agent of leukemia.

Coggon et al., in 2014 (48), followed up a British cohort 
of workers at six chemical factories in England and 
Wales where formaldehyde was produced or used, and 
compared mortality in these with that in the area during 
the period 1941-2012. They concluded that there was no 

significant increase in mortality among workers exposed to 
formaldehyde.

Checkoway et al., in 2015 (49), aimed to evaluate the 
association between formaldehyde exposure and 
mortality from acute myeloid leukemia and other 
lymphohematopoietic malignancies in a U.S. National 
Cancer Institute (NCI) cohort study of workers in 
formaldehyde industries. They did not observe an 
association between cumulative formaldehyde exposure 
and mortality.

Mundt et al., in 2017 (50), reevaluated the study conducted 
by Zhang et al. in 2010 (44), with particular focus on 
hematotoxicity indicators. Values for blood parameters 
were lower for exposed workers compared to controls; 
however, the differences in total granulocyte, platelet 
and leukocyte counts were greater for workers exposed 
to formaldehyde concentrations < 1.3 ppm than for those 
exposed to concentrations ≥ 1.3 ppm.

Allegra et al., in 2019 (51), conducted a literature review 
to evaluate the associations between cumulative and peak 
formaldehyde exposure and the occurrence of myeloid 
leukemia. Their analysis revealed that, with the exception 
of Zhang et al. (2010) (44), none of the included studies 
suggested a causal relationship.

Reproductive toxicity-related studies
The review by Duong et al. (52) and that by Kim et al. (32) 
highlighted that, in a Finnish cohort, formaldehyde 
exposure was significantly associated with an increase in 
delayed conception, with a fecundability ratio (FR) for 
female workers exposed to average formaldehyde levels of 
0.33 ppm (FR = 0.64, 95 % CI: 0.43–0.92).

In the case of spontaneous abortions, among the 12 
publications that studied this effect, only one Finnish 
publication yielded results that significantly associated the 
risk of spontaneous abortions with formaldehyde exposure, 
with an OR of 3.5 (95 % CI: 1.1-11.2) among female laboratory 
workers exposed to formaldehyde levels between 0.01 and 
7 ppm when compared to a control group. For both the 
occurrence of congenital malformations and preterm 
deliveries, the publications reviewed by the authors 
showed no significant differences when comparing groups 
exposed to formaldehyde and control groups. Finally, 
Doung et al. (52) performed a meta-analysis, which indicated 
a significant increase only for the RR of spontaneous 
abortions (1.76; 95 % CI: 1.20-2.59; p < 0.002) following 
chronic formaldehyde exposure.

Wang et al., in 2012 (53), conducted a study in China 
comparing the reproductive outcomes of a group of 302 
men occupationally exposed to formaldehyde and a control 
group. Their results revealed a significant increase in the 
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delayed conception among the wives of exposed workers 
(OR = 2.828; 95 % CI: 1.081–7.224; p = 0.034). The study 
also showed a significant increase in the risk of spontaneous 
abortion (OR = 1.916; 95% CI: 1.103–3.329; p = 0.021, 
respectively).

Haffner et al., in 2015 (54), concluded that avoiding 
formaldehyde exposure during pregnancy is associated with 
a lower RR of low birth weight, congenital malformations 
and spontaneous abortions.

Nasopharyngeal cancer-related studies
Bachand et al., in 2010 (45), conducted a meta-analysis, 
reporting a summary OR across all studies of 1.22.

Coggon et al., in 2014 (48), conducted a follow-up of a British 
cohort of workers at six factories that used or produced 
formaldehyde. They found no evidence of excess deaths 
from nasopharyngeal cancer.

Bono et al., in 2016 (30), conducted a cross-sectional study to 
compare the frequency of M₁dG adducts in nasal epithelial 
cells of workers exposed to formaldehyde compared 
to controls. The frequency of M₁dG adducts in workers 
exposed to average formaldehyde levels of 0.172 ppm was 
two times higher than the frequency in the control group 
(exposed to 0.029 ppm), respectively. The authors state 
that M₁dG adducts constitute a potential mechanism for 
formaldehyde-induced toxicity in nasal carcinomas.

Other studies
Cases of renal damage (7,9) and methemoglobinemia (12) 
have also been reported with the use of hair straightening 
products.

Chang et al. (56) studied the relationship between hair 
product use and uterine cancer in 33,947 volunteers aged 
35 to 74 years, between 2003 and 2009. The women had 
used hair products for at least 12 months. After an average 
follow-up of 10.9 years, 378 cases of uterine cancer were 
identified. Although no statistically significant relationship 
was established between the use of hair products and 
uterine cancer, a stronger association was observed with 
frequent use of these cosmetics (more than four times in 
12 months).

Other diseases mentioned as related to formaldehyde 
exposure are asthma, dermatitis, cancers of various 
organs, tumors, skin irritation and burns; eye irritation, 
fatigue and pain; tearing, mood changes, general fatigue, 
throat irritation, rhinorrhea, headache (55-75).

Researchers at the U.S. National Institute of Environmental 
Health Sciences (NIEHS)—which is part of the National 
Institute of Health (NIH)—found in the Sister Study, 
conducted on 46,709 women, that those who used 

permanent hair dyes and chemical straighteners had a 
higher risk of developing breast cancer than those who 
did not use them. Many hair products contain endocrine 
disruptors and carcinogens that may be relevant to breast 
cancer. In the abstract of their study, the experts explained 
that products used predominantly by Black women may 
contain more hormonally active compounds. The study 
analyzed data from women aged 35 to 74 years, enrolled 
between 2003 and 2009, who had used these chemicals for 
at least one year and had a sister with breast cancer (75).

CONCLUSIONS

Based on the results obtained in this review, harmful 
effects from chronic formaldehyde exposure cannot be 
ruled out. There is literature evidence that confirms the 
increase in genotoxic processes in humans, specifically in 
nasal epithelial cells and peripheral blood leukocytes.

Regarding reproductive toxicity, there are reports of 
spontaneous abortions and low birth weight, even when 
the exposed individual is the future father. Consequently, 
it is advisable to avoid formaldehyde exposure for both 
parents prior to conception.

Concerning the relationship of formaldehyde with other 
diseases whose association is frequently researched, studies 
on this topic face difficulties in detecting significantly 
increased risk in the exposed population. For this reason, 
there is controversy with the decision of agencies such as 
the International Agency for Research on Cancer (IARC) 
or the National Toxicology Program (NTP) to classify 
formaldehyde as a carcinogen in humans, a controversy 
that is evidenced by research linking formaldehyde to 
nasopharyngeal cancer and leukemia. The latter is of 
particular interest as several authors believe that the 
relationship between formaldehyde and the onset of 
leukemia was strongly influenced by the study of Zhang et 
al. (2010) (44), on which subsequent reviews have detected 
protocol flaws and proposed mechanisms for which there is 
little or no biological evidence supporting their plausibility.

On the other hand, the average formaldehyde 
concentrations to which a person could be exposed during a 
hair straightening treatment present alarming values as they 
exceed many times the least restrictive exposure limits and 
can reach levels much higher than those experienced by the 
exposed individuals included in the epidemiological studies 
reviewed. In this regard, the primary recommendation is, 
in the first place, to avoid the use of hair straightening 
products containing formaldehyde. If they are used, it is 
preferable to choose those with less than 0.025 % of this 
compound, so as not to exceed the allowable limit of 0.3 
ppm (8,10-11, 13-18).

In conclusion, there is consistent evidence to link 
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chronic exposure to formaldehyde with increased 
genotoxic processes in humans and with an increased 
risk of unfavorable reproductive outcomes, primarily 
spontaneous abortions. There is no robust epidemiological 
evidence linking chronic exposure to this compound and 
leukemia or nasopharyngeal cancer. Regarding its use as a 
hair straightening product, it is advisable to perform this 
procedure in well-ventilated areas and to use products with 
formaldehyde concentrations within the allowable limit.
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