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Asthma from hair straightening
treatment containing formaldehyde:
Two cases and a review of the literature

James G Dahlgren and Patrick J Talbott

Abstract
We report two cases of formaldehyde-containing hair straighteners causing new onset asthma. For-
maldehyde has been reported to cause asthma in other settings. The purpose of this article is to examine two
cases of asthma in hairdressers exposed to hair smoothing products and to review the relevant literature on
formaldehyde exposure and asthma. The results indicated that both subjects developed asthma from
repeated occupational exposure to formaldehyde during hair treatments. Both subjects became unable to
tolerate hair straightening activity in their vicinity. Formaldehyde-containing hair smoothing products are
sources of exposure, and the risk of developing asthma is high in salon settings where hair straightening is
performed using formaldehyde.
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Introduction

Chemicals that are both irritants and sensitizers are

dangerous in occupational settings. Formaldehyde

from inhalation can cause adverse pulmonary effects

and skin exposures can cause or induce pulmonary

responses (NIOSH, 2011b). Short term, high level,

or longer term low exposures can cause irritant

asthma or cause or aggravate obstructive lung disease.

The mechanism is either a direct irritant effect or

immune system sensitization (Brooks, 2013; Delfino,

2002; NIOSH, 2009). Additionally, there is individual

variation in reaction to any exposure. The immune

response to chemicals can be affected by genetics,

although there are differences in the susceptibility to

chemical sensitization and hypersensitization (Corsini

and Kimber, 2007).

Formaldehyde is both an irritant and a sensitizer.

It can cause a proportion of those exposed to develop

an abnormal reaction in normal tissue including

asthma (ACGIH, 2001; Gupta, 1982; US National

Research Council, 1981). Harmful exposure occurs

through inhalation and or dermal absorption. For-

maldehyde absorbed in the nose, upper airways, and

the lungs causes both upper respiratory and lower

respiratory problems.

OSHA has found that many hair straightening (or

smoothing) products contain formaldehyde, often

identified by synonyms such as formalin, methanal,

formalith, formol, or methylene glycol (formaldehyde

dissolved in water). A larger list of formaldehyde

synonyms used on labels and the Material Safety Data

Sheets can be found by Dahlgren et al. (2012) and the

California Department of Public Health (2011) hand-

out for formaldehyde exposed workers (NIOSH,

2011a). Hair straightening products have been

reported to contain high levels of formaldehyde in the

United States and internationally (McCarthy et al.,

2010; Maneli et al., 2014; Health Canada, 2011;

OSHA, 2011). Individuals exposed to these products
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include hairdressers and salon workers as well as

their clients.

Methods

We report two cases of asthma in hairdressers initiated

and aggravated by the exposure to formaldehyde con-

tained in a hair straightening product. Medical records

for both individuals were reviewed along with the

administration of a questionnaire and examination per-

formed. Additionally, we reviewed both the literature

on formaldehyde containing hair straighteners and the

literature on the occupational asthma as caused or

aggravated by formaldehyde exposure. Other cos-

metics have been found to contain formaldehyde, such

as nail hardening products, but were ruled out after

questionnaire and examination (Boyer et al., 2013; de

Groot and Veenstra, 2010; Hauksson et al., 2016).

Case 1

A woman hairdresser in her early 30s took a 1–2 h

course to learn how to use the hair straightening prod-

uct in 2010. After the course, she was allowed to buy a

bottle of the hair straightening product. Depending

on client’s hair length, each bottle would provide

between 10 and 15 treatments. This subject hairdres-

ser performed up to two treatments a day in 2010 and

2011. The process involves applying the product solu-

tion, blow drying, and applying a hot iron. She noted a

white cloud of smoke appeared during the heating

portion of the treatment. This process created fumes

that caused immediate irritating symptoms in the

eyes, nose, and throat. As she regularly performed the

hair straightening treatments, her throat became

increasingly irritated and she developed sinus pain.

Following 6 months of performing hair straightening

with this irritating solution, her symptoms of severe

sore throat, chest pain, and lightheadedness did not

lessen as they had at first. The respiratory symptoms

have continued to the present. In 2010, she sought

medical advice from her general practitioner who

noted wheezing and referred her to a pulmonologist

who diagnosed chemically induced asthma. She did

not have any prior history of asthma. She attempted

to do a few more hair straightening treatments but

finally had to give up, including being present in the

salon when others were applying the formaldehyde-

based hair straightening chemical. She is now on a

long-acting steroid inhaler and a rescue inhaler due

to persistent asthma. She is only working part time

because of her respiratory symptoms. Prior to the onset

of her lung problems, she was easily able to exercise

but she now becomes out of breath with slight exertion.

She develops asthma attacks if exposed to many other

chemicals, which did not bother her before her work

around formaldehyde fumes. She has a daily dry

cough. Her medical records indicate an enlarged thyr-

oid. She has no other environmental or work exposures

that are known causes of asthma. She denied using

persulfate as a hair stylist. Other hair chemicals did not

cause any symptoms until her asthma developed. She

had to stop using ammonia containing hair dye after the

onset of asthma. Before the formaldehyde exposure,

she did not have any problem with these hair dyes. Her

only symptomatic exposures were the hair straighten-

ing chemicals. She has no family history of asthma.

Case 2

A 26-year-old woman, with a background in beauty

school and as a salon receptionist, received her cosme-

tologist license in 2010. The same year she went to a

class sponsored by the hair straightening company. Sim-

ilar to Case 1, the class was free with a purchase of a

bottle of the solution, and instructors purported there

was no formaldehyde in the solution. During the demon-

stration, there was smoke during the heating and blow-

drying of the hair. She started performing the treatment

5–7 times a week and noted she could do as many as 100

treatments with one bottle of the solution. In the begin-

ning, her symptoms included burning in the eyes, nose

irritation, and a sore throat. After more and more use, the

symptoms increased and her coughing became worse

until it progressed into chest tightness. Her doctor noted

blisters on her throat but she continued to perform the

treatments. In 2012, she went to the emergency room

and the emergency-room doctor diagnosed asthma. She

had no prior personal or family history of asthma. She

performed one formaldehyde hair straightening proce-

dure after the diagnosis for a special client and became

extremely ill, unable to breathe, and almost passed out.

She had to completely stop performing these hair

straightening treatments but her shortness of breath,

wheezing and other symptoms persisted, including fast

heart beat with possible heart disease and severe asthma

attacks secondarily to almost all chemical exposures.

She has developed several new allergies, and her thyr-

oid is enlarged. She cannot exercise and cannot travel to

the mountains or fly in an airliner due to the reduced

oxygen present in these circumstances. Her medical

records reflect two doctors diagnosing chemically

induced asthma, one being a lung specialist.
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Dose and treatment process

The level of formaldehyde in the air varies during the

different phases of the formaldehyde hair straighten-

ing process. Both the hair stylists and customers are

exposed to significant formaldehyde levels in the air

at each step. Stylists first apply the solution, blow-

dry the hair, and then flat iron (heat-treats at about

400�F ) the hair. A follow-up conditioner, rinse, and

blow dry is sometimes used. Oregon OSHA, in eight

different cases, found average airborne exposure lev-

els during application of hair straightening treat-

ments using formaldehyde-containing solutions.

The formaldehyde ranged from 0.059 to 1.88 ppm.

The highest level in this study occurred during 26

min of the blow-drying step (McCarthy, 2010).

NIOSH measured airborne formaldehyde during for-

maldehyde treatment and found levels of 1.3 ppm

during application and 0.9 ppm during blow drying

(NIOSH, 2011a). Airborne formaldehyde levels

have been shown to reach 3.59 ppm during peak

exposure in the blow-drying process. In a study of

air formaldehyde levels by Pierce et al. (2011), the

airborne exposure was shown to be slightly higher

than levels Oregon OSHA and NIOSH measured,

but the findings are consistent between the three

studies. In a study comparing salons, environmen-

tal formaldehyde levels ranged from 0.09 to 0.16

ppm in four salons that used products versus 0.02

and 0.04 ppm in salons that did not use them. On

measurement day, five salons performed one

straightening treatment and one salon performed

two straightening treatments (Peteffi et al., 2016).

While we do not have air measurements of formal-

dehyde in our cases, we can deduce that the levels

of formaldehyde experienced were elevated to

higher levels than these three studies found for

three reasons:

1. Stylists often performed more than one formal-

dehyde hair treatment per day. The aforemen-

tioned studies performed only one treatment to

obtain the air levels.

2. Multiple salon workers were performing for-

maldehyde hair treatments throughout the

entire day.

3. Salon workers occasionally performed formal-

dehyde hair treatments concurrently.

For illustrative purposes, a map of the Case 2 salon

layout is shown in Figure 1. Both this salon and the

salon depicted in the Pierce study point to the typical

layout in hair salons. Pierce sampled a number of

areas within the salon, including the reception and

up to 10 m away from the treatment areas and found

significant formaldehyde levels throughout. In Case

2, multiple treatments were performed in different

areas of the salon at the same time providing ample

evidence that her exposure levels would have been

significantly higher than the air levels reported in the

three studies.

In the Pierce study, the mean concentration for

Zone 1 measured in the immediate area of the stylist

was 1.17 ppm and in zone 4, the mean concentration

was 0.52 ppm. Combining Zones 2 and 3 gives a

concentration of about 0.705 ppm. If all three stylists

were performing hair straightening treatments, it is

likely the concentrations within case 2 Zone 1 would

rise to the levels exceeding those measured in the

three studies. As described by case 2, not all stylists

would perform treatments at the same time, that is,

often times while one stylist was in an ending stage of

the treatment another would be starting another case.

The multiple treatments occurring simultaneously and

building up during the day would result in higher

figures of formaldehyde exposure than a single treat-

ment as performed by Oregon OSHA, NIOSH, and

Pierce. The air levels during blow-drying operations

were air concentration of 3.47 and 1.05 ppm in the

area where the hair stylist worked. Area samples 30 ft

away from the actual hair straitening were elevated

indicating that everyone in the hair salon was being

exposed to formaldehyde at unsafe levels.

Pierce also demonstrated a time-weighted average

in an approximately 6 h workday to show levels of a

single treatment versus four treatments in zones 1–4.

The product with the highest concentrations showed a

significant increase in the levels of formaldehyde in

the air with multiple treatments, at the OSHA 8-h

permissible exposure limit (PEL) of 0.75 and well

above the NIOSH 8-h recommended exposure limit

(REL) of 0.016 (Figure 2). As described previously,

simultaneous treatments in zones 1 and 4 would likely

increase exposure to formaldehyde gas well above

both the OSHA PEL and NIOSH REL for hairdressers

in their respective zones. If each stylist performed two

treatments per day as discussed in Cases 1 and 2, the

levels of formaldehyde would undoubtedly rise in all

zones of the salon. Certain susceptible individuals

have been shown to have increased asthmatic symp-

toms to formaldehyde levels below those discussed

here, including the OSHA PEL and NIOSH REL

(Kim et al., 2001).
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Discussion

Hairdressers and salon workers are at significant risk

for asthma due to the use of formaldehyde in hair

straightening products. Of particular concern is the

heating process undertaken during the blow-drying

and flat-ironing stages because of the release of free

formaldehyde (FHO). The form of formaldehyde in

these products is called methylene glycol, otherwise

known as formaldehyde, present in water solution. The

air formaldehyde is in equilibrium with methylene gly-

col in solution (Matubayasi et al., 2007; Winkelman,

2003). Gas-phase inhalation occurs because the stylist

is very close to the off gassing from the hair and is

absorbing the formaldehyde through the skin. Both the

stylist performing the treatment and the customer

being treated are exposed to significant concentrations.

Using products that contain the quantity of formalde-

hyde needed for effective hair straightening can result

in worker exposure to unsafe levels of formaldehyde.

In Peteffi et al. (2016), formaldehyde exposure was

not only measured and confirmed by environmental

levels but also by a significant increase in urinary

formaldehyde concentrations. Specifically concentra-

tions at the end of the workday.

Irritant effects of exposure to formaldehyde-con-

taining hair straightening products include eye, nose,

and throat irritation; loss of smell; respiratory irrita-

tion and disease; cough; chest pains; dyspnea; and

wheezing. Skin irritation was also reported, and

symptoms of irritation in the mucous membranes of

the upper airways and eyes have been documented in

multiple studies (Kriebel et al., 1993; Malaka and

Kodama, 1990). Other health complications, includ-

ing DNA damage, cancer, and autoimmune diseases,

have been reported in multiple studies (Galiotte et al.,

2008; Dahlgren et al., 2012; Mazzei et al., 2010; Niel-

sen et al., 2013). Exposure to this chemical poses a

significant potential risk because of its toxicity in the

body, including the toxicity to the respiratory tract.

Decreased pulmonary function has also been shown

by those exposed to formaldehyde at low concentra-

tions (Kilburn et al., 1989). Both individuals outlined

in this report were exposed to high levels of formal-

dehyde on a daily basis for extended periods of over

2 years that caused damage to their lungs. To the

authors’ knowledge, this report documents the first

case reports of asthmatic reactions to formaldehyde

from hair straightening products. Hendrick and Lane

(1975, 1977) and Hendrick et al. (1982) documented

asthmatic reactions to formalin fumes in a hospital

worker, including a consistent dry cough and wheez-

ing accompanied by breathlessness and rhinitis, late

asthmatic responses to inhaled formaldehyde, and

asthmatic reactions to formaldehyde fumes. Robert-

son et al. (1985) modeled occupational levels of for-

maldehyde and tested bronchial provocation, finding

six subjects developed immediate asthmatic reactions

and three developed late, classical occupational

asthma caused by fumes. Irritant reactions to formal-

dehyde occur at concentrations found in the work-

place, causing occupational asthma. These and other

cases of asthmatic reactions due to formaldehyde

exposure have been documented in other occupational

reports as shown in Table 1.

There are other epidemiological studies that present

evidence of formaldehyde induced asthma, including

many studies on the relationship between respiratory

health in children and indoor air exposure. This

includes wheezing, doctor-diagnosed asthma, and

breathlessness (Norback et al., 1995; Rumchev et al.,

2002; Smedje et al., 1997). A meta-analysis by Yao

et al. (2015) on the relationship between the concen-

tration of formaldehyde and asthma in children showed

a larger probability of asthma was associated with

higher levels of formaldehyde.

The occurrence of two cases of asthma discussed

here are the result of exposure to formaldehyde in the

salons during hair straightening treatments. Given the

individuals’ history, medical records, and the

Figure 2. Time Weighted Average (TWA) concentrations
of formaldehyde (ppm). Formaldehyde levels were mea-
sured under simulated conditions to a working salon at
distance in meters.
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evidence of airborne formaldehyde levels during sin-

gle treatments, it is highly probable that the levels

experienced were higher than some reports reviewed

above. Higher formaldehyde air levels are likely in

the workplace with multiple treatments occurring

simultaneously. Simulation studies reflect the mini-

mum formaldehyde exposure for what hairdressers,

their customers, and salon staff experience in a typical

salon. The presence of formaldehyde in hair straigh-

tening products creates a hazardous environment for

potentially thousands of people being exposed to a

highly toxic and carcinogenic substance. Unfortu-

nately, the labels do not always reflect the presence

of the formaldehyde in the products. The companies

use several synonyms to mask the presence of formal-

dehyde. Physicians should not rule out the occurrence

of asthma as caused by exposure to formaldehyde in

hair straightening products.
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