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Abstract
While the financial advantages of hair coloring and tattooing are widely acknowledged, environmental
hazards and health risks linked to this trend due to their p-phenylenediamine (PPD) content have received
less attention. Health education on hair-dying products is warranted to enhance the public's awareness of
hair-dying ingredients and their side effects. 

A cross-sectional study was therefore conducted with 319 students to assess knowledge of ecotoxicity,
health risks, and practices of hair dyeing and tattooing among undergraduate students. A random sample of
59 students was checked for any allergic morphology in the scalp and exposed areas of skin near the neck,
ears, palms, and nails. Responses collected were used for data analyses using IBM SPSS Statistics for
Windows, Version 17 (Released 2008; IBM Corp., Armonk, New York, United States).

Use of hair dye was significantly high among study participants 58.5% (n=187; p<0.05). However, their
knowledge regarding the presence of PPD in hair dyes and associated environmental toxicity (37.8%, n=121)
was very limited. The majority of participants did not do any allergy tests before applying hair dye (88.9%,
n=283). The study revealed that the main reason for hair coloring was as a fashion statement (93.7%, n=299).
Regarding tattooing practices, 96.9% (n=309) of study participants had never practiced tattoos, and hence,
the prevalence of tattooing was 3.9% (n=12).

These data confirmed that the practice of hair dyeing as a style statement was high among students.
However, the majority were unaware of their PPD contents and their potential ecotoxicity and health risks.

Categories: Public Health, Epidemiology/Public Health, Environmental Health
Keywords: oxidative radicals, contact allergy, ppd, health risks, ecotoxicity

Introduction
It is innate in human nature to want to look better. Hair dyes (HDs), one of the first cosmetics, have been
used for centuries and in many cultures. Because lifestyles are changing so quickly, these products are vital
and contribute positively to our standard of living. According to SCCP, 9th Forum Brussels, Belgium, p-
phenylenediamine is an organic molecule having the molecular formula C6H8N2 [1]. It is the primary
ingredient in the HD that causes toxicity. To intensify its coloring effects, it is mixed with H2O2 which is

extremely soluble. 

Considering the degree and frequency of human contact with hair coloring products, their ingredients must
be safe. While the socio-economic benefits and impacts of this globalization trend are widely understood,
the environmental effects and adverse health impacts are largely unknown. In particular, commonly
available oxidative dyes potentially pose specific environmental risks due to the aromatic amine p-
phenylenediamine (PPD).

According to a 2019 global market research report, the hair coloring industry is predicted to reach USD 40.08
billion by 2024. PPD forms a variety of hues by penetrating the hair shaft and binding to proteins [1-3]. HD
wastewater containing a significant amount of toxic aromatic amines causes ecotoxicity as up to 84% of PPD
is left unused after hair dyeing which is an emerging environmental concern that has received little research
and understanding [4-7]. In order to effectively manage the issue of related environmental risks as well as
different health dangers, knowledge and understanding of environmental consequences are essential [8-10].
Abiotic and biotic variables, such as oxygen and microbes, often transform the parent contaminant into
more toxic compounds [11]. Studies conducted by Aeby et al. [12], da França et al. [2], and Meyer and Fischer
[13] and the National Center for Biotechnology Information (2019) have reported that approximately 3-5%
of PPD autoxidizes in aqueous solution into combination of different toxicity polymers such as Bandrowski's
base which is 10 times more toxic than PPD and also known to cause cancer (LD50 of PPD: 80 mg/kg; LD50
of Bandrowski's base: 5 mg/kg [12,13]. Therefore, there is a need for regulatory controls on PPD wastewater
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pollution from the hair dyeing industry to prevent potential environmental hazards.

The primary enzyme involved in the N-acetylation of HDs and their constituents, such as PPD (arylamine),
is NAT1 [14,15]. The conversion of PPD into N-mono and N,N-diacetylated (MAPPD and DAPPD,
respectively) metabolites was mediated by N-acetyltransferase-1 (NAT-1) located in the epidermis and N-
acetyltransferase-2 (NAT-2) located in the liver and gut [16,17]. The conversion of aromatic amines to N-
hydroxylamines by CyP450 oxidation is a crucial step in the activation of arylamines. This ultimately results
in the creation of nitrenium ions by O-acetylation or sulfation, which can damage DNA and have a
carcinogenic effect on the bladder [5].

HD-related side effects are becoming more common due to the growing trend of hair coloring. These effects
can range from mild contact dermatitis that is limited to one body site (hand dermatitis) or widespread
generalized dermatitis to serious, potentially fatal issues like contact urticaria/angioedema,
rhinitis/bronchospasm/asthma, and renal toxicity [18,19]. According to International Agency for Research
on Cancer (IARC), some in vitro and in vivo studies on exposed human subjects have shown that some HDs
and various chemicals used in HDs are mutagenic or carcinogenic [5]. According to several studies, PPD
causes blood, breast, and bladder cancer in humans and other mammalian species [6,20,21,22].

In addition, tattoos are a form of decorative body art created through the dermal injection of pigment.
Tattoos that include aromatic amines (PPD) carry a number of health hazards, such as the potential for
cutaneous viral infections that are limited to the tattoo ink; on the other hand, systemic diseases can be
caused by viral pathogens obtained through injection [23].

There is great demand for HDs due to their ability to impart temporary or permanent change in hair color
which satisfies the consumers' desire for beauty, fashion, and a look-younger image. PPD is a well-known
cause of type 4 hypersensitivity reactions from topical contact and is a popular ingredient in temporary
tattoos and HDs. Along with the increasing popularity of HD use, growing complaints about HD-induced hair
loss have been a concern of dermatologists. H2O2, monoethanolamine, and PPD in HDs have been proposed

as the main causative ingredients of hair dyeing-induced oxidative stress and cytotoxicity in human
keratinocytes causing hair loss. Histological examinations of animal models have shown that oxidative
stress is the reason for hair-dye-induced dermatitis and hair loss. H2O2 and monoethanolamine, in

particular, were shown to synergistically induce oxidative stress and cytotoxicity in human keratinocytes.

In recent years, tattoos have gained enormous popularity among individuals worldwide. Tattoo artists
inadvertently introduce a lot of unknown substances into the skin when they apply tattoo ink inside the skin
with the use of small needles. These elements include heavy metals, polycyclic aromatic hydrocarbons, and
primary aromatic amines, which are either created inside the skin through various processes like cleavage,
metabolism, and photodecomposition, or accidentally entered with the ink. Group 2B substances include
carbon black, cobalt sulfate, mercury, and other soluble cobalt salts that may cause cancer in people. On the
other hand, Group 1 includes cadmium and its compounds (carcinogenic to humans). Various components of
tattoo inks are harmful to human health or they become harmful after the way they are metabolized under
the skin. Regulations and public awareness campaigns are needed globally to increase awareness about
adverse health effects of tattooing. Zebrafish embryos are suitable animal models for studying how HDs
affect embryonic growth. Studies have demonstrated that exposure to HDs induced morphological and
physiological abnormalities in zebrafish embryos. Abnormal birth weight in humans (live birth weight <2500
g or >4000 g) reflects the poor health of the fetus and mother, which could contribute to the occurrence of
obesity, malnutrition, hypertension, cardiovascular diseases, and cancer in the child in future. Hair dyeing
and tattooing pose the risk of infantile abnormal birth weight that is elevated when mothers have irregular
menstruation or have used HDs before pregnancy; the risk is increased if both factors exist.

Identification of correlates of poor knowledge, casual attitude, and wrong perceptions among HD users and
those who prefer tattooing will help in reducing the prevalence of complications associated with their use.
Published information on the PPD content of HDs and associated environmental and health risks are
sporadic in both, animals and humans. Furthermore, there is a paucity of literature on the level of
knowledge of ecotoxicity, health hazards, their PPD content, contact allergy, and practices of HDs and
tattoos among college students. A comprehensive review of the literature only reveals a limited number of
published reports regarding students’ knowledge of cutaneous viral lesions due to tattooing and the practice
of getting tattoos that too not from KSA.

Moreover, information on knowledge of ecotoxicity, health risks, and contact allergy due to PPD content of
HDs and tattooing among college students from Farasan Province is totally lacking.

About 40 kilometers offshore from Jazan is the stunning island of Farasan which is registered in
UNESCO's Man and Biosphere Program. Farasan University College is affiliated to Jazan University. Despite
its natural beauty, the scientific research outcomes are still less.

This study, therefore, was conducted with the aim to assess the knowledge of female college youth about
ecotoxicity, health risks, and contact allergy due to PPD in HDs and the prevalence of hair dyeing and
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tattooing among these educated youth. 

Materials And Methods
This was a cross-sectional study conducted among undergraduate students at the Department of Nursing,
English and Home Economics. The sampling procedure used was simple random sampling.

Research tool
A self-administered pre-tested questionnaire was used as a research tool for data collection from the study
participants. Pre-testing of the questionnaire was done to evaluate the time needed to complete this
assessment tool. Pilot survey results were not included in the final analysis.

The final self-administered questionnaire had 36 items, and answering them all took about eight minutes.
The questionnaire covered items on demographic data which had six items including age, gender,
qualification, study year, marital status and family’s educational background, participants’ knowledge,
attitude, and opinion about HDs and allergies due to use of HDs if encountered.

In-depth information about preferred HD products and hair coloring frequency was also collected in the
questionnaire. The questionnaire also requested detailed information regarding the brands of HDs preferred
and the frequencies of hair dyeing. The questionnaire also requested details about performing an allergy test
before using an HD and the motive behind hair dyeing. Safety-related questions concerned the use of HDs
during pregnancy and lactation. The last section of the questionnaire was exclusively devoted to evaluation
items on tattooing and its practices.

Sample size
In view of the current trend of hair coloring as a fashion statement among youth in Kingdom as per various
previous studies and also according to the self-observation of the researchers, the required sample size was
determined by Cochran’s formula, however, to compensate for a non-response rate, and 5% of the calculated
samples were taken into account to get the final result of sample size which came to be 319.

Data collection procedure and ethical approval
A formal approval was taken from the College Ethical Committee (Farasan University College) before
conducting the study (22/02/IRB/FUC.02). Enough information of research was provided to participants
using informed consent via a consent form attached to the questionnaire. Consent was taken from all the
participants and a free hand was given to the participants to participate in the study or refused to
participate. Full confidentiality of the information was ensured. The rights of participants were protected as
per the Helsinki Code of Ethics. The questionnaire was distributed among students of Farasan University
College as Google Forms to their WhatsApp groups. The link was retained active for a month between
January to February 2022.

Inclusion and exclusion criteria
Regular students enrolled with Jazan University during academic year 2021-2022, however, those who were
not willing to participate were excluded from the study.

Statistical analyses
All statistical analyses were done using IBM SPSS Statistics for Windows, Version 17 (Released 2008; IBM
Corp., Armonk, New York, United States). Descriptive statistics were used to report numerical variables as
mean (SD) and categorical variables as frequencies (n) and percentages (%). To investigate the relationship
between the frequency of HD use and demographic factors, the chi-square test for trend was employed. A
score of one was given to each correct response; a score of zero was given to any wrong or possibly incorrect
response. The means for each domain and the sum of the scores were then determined. A score above the
mean was interpreted as indicative of good knowledge, and a score below the mean as poor knowledge. The
reliability of the questionnaire was assessed using Cronbach's Alpha, which yielded a result of 0.875. A
significance level of p<0.05 was used. The information was entered into a password-protected personal
computer to guarantee secrecy. The information was entered onto a password-protected personal computer
to guarantee confidentiality.

Results

The demographic characteristics of the study participant are given in Table 1. Analysis of responses (Table 2)
revealed that 61% (n=195) of respondents agreed that HDs and tattoos are unsafe. However, about their
carcinogenic potential, only 24% (n=77) of respondents were agreed. Sixty-seven percent (n=214) of the
participants were not aware of the risks of HDs during pregnancy and lactation (Table 2) and a small portion
of the participants dyed their hair during their pregnancy (9.3%, n=30). Seventy-eight percent (n=249) of
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study participants had no idea of the PPD content in hair dyes and tattoos, and only 38% agreed with their
toxic effects (Table 2).

Parameters Frequency (N) Percentage (%)

Mean age (21.8±3.2 years)

≤20 year 216 82.9

>20 year 44 17.1

Gender

Female 319 100%

Male - -

Marital status

Married 57 18

Unmarried 262 87

Residence

Farasan 97 56.6

Jazan 80 36.8

Other cities 142 6.6

Living with parents

Yes 161 50.5

No 158 49.5

Study year

Ist year 32 09.90

IInd year 52 16.20

IIIrd year 63 19.8

IVth year 172 54.0

TABLE 1: Demographic information of study participants (n = 319).
N: Number of participants; Mean±SD (N=319)

Knowledge of Hair dyes and Tattoos among the study participants (n = 319).

Variables Frequency (N)/(%) #p-value

Do you know about PPD content in HDs and Tattoos? 249/(78.40%) 0.03

Do you know about the negative environmental impact of HD? 121/(38%)* 0.01

Do you know the toxic effects of PPD contents in HDs & Tattoos? 121/(38%)* 0.05

Have you practiced HD during pregnancy? 30/(9.3%)* 0.05

Are the hair dyes and tattoos unsafe? 195/(61%)* 0.03

Can hair dyes and tattoos cause cancer? 79/(24.8%)** 0.02

Can hair dyes be used during pregnancy and lactation? 214/(67%)* 0.01
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Do you perform allergy/patch test before using hair dye or tattoos? 19/(6%)** 0.02

Do you read the instruction manual before using hair dye? 93/(29%)* 0.04

Have you ever practiced tattoos? 12 (3.90%)*  

Have you ever experienced any adverse effect with hair dye and tattoos? 36/(11.3%)* 0.03

If yes, did you consult a medical practitioner for the same? 13/(4%)* 0.02

Reasons for not consulting a doctor

Side effects were not too bad 168/(52.8%)* 0.03

Thought that these are the part of hair coloring and nothing serious 35/(11.1%)* 0.04

Took self-medication 09/(2.77%)* 0.01

Discontinued hair dye after side effects 29/(9.01%)* 0.03

Switched the brands 62/(19.4%)* 0.02

Frequencies and % of HD practices among study participants (n = 319)

Monthly 57/(17.86%)* 0.01

< a month 78/(24.45%)* 0.02

Every fortnightly 39/(12.22%)* 0.03

Once in year 13/(4.06%)* 0.01

Never practiced 132/(41.4%)* 0.04

Impact of Hair dyeing on hair quality and body (n = 319)

Hair loss 129/(40.5%)* 0.05

Dry hair 69/(21.6%)* 0.01

Dandruff 51/(16.0%)* 0.03

No side effect 69/(21.6%)* 0.12

Health

Itching 149/(46.8%)* 0.01

Bruising 09/(2.7%)* 0.02

Red rashes 26/(8.1%)* 0.04

Puffy face 26/(8.1%)* 0.02

Eye infection 14/(4.5%)* 0.06

Increased heart rates 09/(2.7%)* 0.13

Tiredness 09/(2.7%)* 0.01

Nothing 104/(32.5%)* 0.07

Reasons for hair dyeing

As a fashion statement 279/(87.5%)* 0.03

To cover grey hair 13/(04.0%)* 0.25

Younger look 06/(02.0%)* 0.07

Recommended by friends 22/(07.0%)* 0.03

Significant at p-value < 0.05; *Significant at p-value < 0.05 based on the Chi-square test. Mean±SD (N=319). *=response as Yes, **=response as No

TABLE 2: Knowledge of hair dyes and tattoos, frequencies of HD practices, impact of hair dyeing
on hair quality and body, and reasons for hair dyeing (n = 319).
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*: Response as Yes, **: Response as No, N: Number of participants; Mean±SD (N=319), p<0.05

Of those participants who responded to applying hair color, 24% were using it with a gap of less than a
month (Table 2). In response to the question of whether they conducted an allergy test before using a HD
product, just 6% (n = 19) of the participants claimed they had done so, and only 29% (n = 93) said that they
had read the application instructions beforehand. When asked about the negative impacts of using HD, 12%
of respondents (n=38) mentioned negative environmental and health impacts. Itching was the most frequent
side effect (n=149, 46.8%), followed by hair loss, dry hair and dandruff (Table 2). Of the 36 (11%) participants
who reported experiencing side symptoms, only 4% (n=13) sought medical attention from a professional.

When asked why they had not seen a doctor, 52.77% (n=168) said that the side effects were not too bad. The
other respondents (11.1%, n=35) thought the side effects were part of hair coloring, and the remaining
respondents (2.77%, n=9) took self-medication to deal with the same problem. Merely 29 participants
(9.01%) discontinued their use of hair dyes, 62 (19.44%) switched brands, and the remaining participants
continued to use the same hair coloring agent despite the negative consequences.

A total of 161 (50.5%) participants responded that during hair dyeing, they dyed the global area of the hair.
This pattern is suggestive of coloring hair just for a fun or fashion and style (Table 2). However, those who
dyed hair at an interval of a fortnight were doing only root touch up (n=22, 7%).

Table 3 illustrates the correlation between study years in the program, age, marital status and level of
knowledge of study participants. A very strong correlation was found between hair dye practice, study year,
and age, whereas a weak correlation was noted between marital status and hair dyeing and tattooing
practices.

Variables Correlation coefficient #p-value

First year 0.821 0.02

Mid-year 0.898 0.04

Final year 0.899 0.05

Age 0.767 0.05

Marital status 0.018 0.36

#Significant at p-value < 0.05 based on the Chi-square test. Mean±SD (N=319).

TABLE 3: Correlation between hair dyeing and tattooing practices and the variables such as study
year, age, and marital status.

Discussion
Recently a very significant study conducted by Dhafiri et al. at King Faisal University, KSA has emphasized
educational awareness regarding adverse health impacts of hair dyeing [24]. Untreated synthetic dyes
released into aquatic environments reduce the light available for photosynthesis by primary producers, with
consequential impacts on the whole food chain. In addition, dyes are also directly harmful to plants,
animals, and humans, with human health implications including increasing allergy and cancer risk. The
recognition that human skin is not an impermeable barrier for some topically applied substances initiated
the investigation of percutaneous absorption/penetration of HDs and their ingredients. The concentration
of PPD in HD formulation varies from 70 to 90% in stone HD and 2-10% in branded dyes [25]. Exact PPD
concentrations in formulations are not known as most HD solutions are proprietary. PPD is an aromatic
amine and is a common component of HDs and tattoos [26,27] which can cause skin contact allergy and
asthma with impaired pulmonary function. PPD is also a common allergen and is commonly suspected to be
the cause of HD contact allergy [28]. The existence of high levels of unreacted PPD increases the likelihood
of allergic events and elevates the risk of PPD-related chemicals [29]. PPD penetrates deep into hair due to
its strong protein-binding ability. Given that the human scalp and skin are not always resistant to the
inherent components of HDs, such as couplers (resorcinol, m-hydroxyphenols) and primary intermediates
(p-phenylenediamines, p-aminophenols), hair colors have the potential to cause detrimental to the human
body. Acute, reproductive, and genetic toxicity are among the conditions of carcinogenicity, mutagenicity,
and human systemic risk reported in vitro studies. The chemical reaction in hair with PPD and hydrogen
peroxide leads to the formation of a potentially carcinogenic and completely mutagenic reaction product
[30].
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The allergic reactions due to PPD toxicities in HDs and tattoos may cause swelling, burning, and itching
sensation spreading across the skin. Serious reactions to PPD can result in life-threatening reactions such as
urticaria, anaphylaxis, rhabdomyolysis, laryngeal edema, severe metabolic acidosis, and acute renal failure
[31,32]. Another concern is the site of application of HDs, where the major target of exposure is the skin
epidermal layer, which is formed mainly by keratinocytes. These cells actively respond to allergens and ROS
by the induction of inflammatory cytokines and by direct stimulation of the immune system [33]. PPD is also
cytotoxic to dendritic cells [34] and human neutrophils [35]. However, results of the present study indicate
that only 36% of study participants performed allergy tests before dyeing their hair. Regarding tattooing
practices, cutaneous viral infections at the site of tattoos have been reported in previous studies
[24,36,37,38,39,40,41] In addition, systemic viral infections may develop in individuals who acquire a tattoo
[23,41]. Chye et al. have also demonstrated that ROS production induced by PPD causes cell cycle arrest in
the G1 phase in human liver cells [42]. Also, Picardo et al. hypothesized that oxidative stress may play a role
in the development of allergy, which was attributed to the exposure of cells to autoxidation products of PPD
[43,44].

According to research by Alghamdi and Moussa, 82.6% of the participating females in the survey had dyed
their hair at some time in their lives [45]. The study also concluded that the usage of HDs is quite common
among Saudi Arabian females. Of the participants, 11.6% began coloring their hair when they were 15 years
old or younger. Hair coloring was first done on children as early as seven years old. In a similar vein, Sosted
et al. revealed that 74.9% of females used HD in a previous survey conducted in Denmark. In the Danish
trial, HD was started as early as the child's first birthday [46].

In European, North American, and Asian general populations, 1 to 6% of all patients with dermatitis have
been reported to be sensitized to PPD; these percentages rise to 38% to 97% in patients with HD dermatitis
[25]. Another study reported a median prevalence of PPD sensitization in Asia of 4.3% [27]. These rates
seem to be related to the increased demand for hair coloring and the trend for individuals to begin using HDs
for cosmetic purposes at a relatively young age.

In addition, PPD can leave permanent scars sensitivity to chemicals. To help prevent or limit allergic
reactions, the majority of these products recommend that users conduct an allergy/patch test before using
the product. Most participants in this study did not do an allergy test before using any dye. This approach
raises concerns because 8% of HD users experience post-dye allergy issues. Another concerning issue is that
many of the participants did not use HDs as directed, which is concerning because improper or excessive
usage of HDs might harm hair. In the present study adverse reactions on hair quality as dry hair were noted
in 40.5% of the study participants. The spectrum consisted of rashes, burning, dry hair, hair fall, dandruff,
puffy face, eyes infection and ears with itching being the commonest. In a study by Zaid et al., 20.4% of the
women reported allergic reactions with itching and redness of the scalp being the commonest and the
findings of this study are in line with various other studies done on HDs in the past [47].

The majority of respondents (77.4%) expressed dissatisfaction with their original hair color; in Saudi Arabia,
black and dark brown are the most common natural hair color. Some individuals (22.6%) expressed
dissatisfaction with their natural hair color. These results show that consumers continue to use HDs despite
their lack of confidence in their safety and sometimes dissatisfaction with the results. None of the
participants experienced an immediate or severe adverse reaction; however, 46.8% of participants reported
that after 24 hours of the use of HDs, they experienced itching and dryness of hair (Table 2). A side effect of
dye on the body of hair like dryness, hair fall, and change of texture was the important finding of this study.
These results suggest that further research on the composition of hair and type of HD is necessary. It's also
necessary to raise awareness among younger generations about the need to refrain from undue and frequent
application of hair coloring.

Limitations
The main limitation of the study was the small sample size; a cross-sectional study sample should be large to
get the accurate findings of results from participants of the study. Second, the self-report questions for
young nurses were another limitation in this study; this mostly affected the study with biasness.

Conclusions
Our study found a higher practice of hair dyeing with higher frequencies of applications among these
educated youth as fashion statements, which reflects the higher exposure of the youth to PPD at this very
young age. Practicing getting tattoos was also found, but with a very low prevalence.

There is an urgent need to create awareness regarding the ecotoxicity and adverse health impacts of HDs
and tattoos to reduce any potential health impact on life quality.

Appendices

Knowledge of hair dyes and tattoos among the study participants (n = 319).
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Variables Frequency (N) (%) #P-value

Do you know about PPD content in HDs and tattoos?   

Do you know about the negative environmental impact of HD?   

Do you know the toxic effects of PPD contents in HDs & tattoos?   

Have you practiced HD during pregnancy?   

Can hair dyes and tattoos cause cancer?   

Can hair dyes be used during pregnancy and lactation?   

Do you perform allergy/patch test before using hair dye or tattoos?   

Do you read the instruction manual before using hair dye?   

Which brand of HD you use frequently   

Have you ever experienced any adverse effect with hair dye and tattoos?   

If yes, did you consult a medical practitioner for the same?   

Reasons for not consulting a doctor

Side effects were not too bad   

Thought that these are the part of hair coloring and nothing serious   

Took self-medication   

Discontinued hair dye after side effects   

Switched the brands   

Impact of hair dye on hair quality and associated health risk

Dry hair   

Hair loss   

Dandruff   

None   

Itching   

Bruising   

Red rashes   

Puffy face   

Eye infection   

Increased heart rates   

Tiredness   

Nothing   

Have you ever practiced tattoos?   

Tattoo pigments are accumulated in the lymph nodes   

Different colored tattoos have different levels of risk   

Do you think bleeding or hematoma is caused due to tattoos   

Do you receive enough information before getting a tattoo done   

Frequencies and % of HD practices among study participants (n = 319)

Monthly   

< a month   
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Every fortnightly   

Once in year   

Never practiced   

Areas covered during Hair dyeing

Entire hair   

Roots   

Partial   

Impact of Hair dyeing on hair quality and body (n = 319).

Variables (Hair Quality)        

Hair loss   

Dry hair   

Dandruff   

No side effect   

Health

Itching   

Bruising   

Red rashes   

Puffy face   

Eye infection   

Increased heart rates   

Tiredness   

Nothing   

Reasons of Practicing HD

As fashion statement   

To cover grey hair   

Younger look   

Recommended by friends   

#Significant at P value < 0.05 based on Chi square test. Mean±SD (N=319). Response collected at 3 point scale as Yes, No & May be

TABLE 4: Sample questionnaire
HD: Hair dye; PPD: p-phenylenediamine

Additional Information
Author Contributions
All authors have reviewed the final version to be published and agreed to be accountable for all aspects of the
work.

Concept and design:  Shabihul Fatma Sayed, Hamad G. Dalai, Mukti Sharma, Raneem Halawani

Acquisition, analysis, or interpretation of data:  Shabihul Fatma Sayed, Hamad G. Dalai, Mukti Sharma,
Raneem Halawani

Drafting of the manuscript:  Shabihul Fatma Sayed, Hamad G. Dalai, Mukti Sharma, Raneem Halawani

2024 Sayed et al. Cureus 16(5): e60984. DOI 10.7759/cureus.60984 9 of 11



Critical review of the manuscript for important intellectual content:  Shabihul Fatma Sayed, Hamad G.
Dalai, Mukti Sharma, Raneem Halawani

Supervision:  Shabihul Fatma Sayed

Disclosures
Human subjects: Consent was obtained or waived by all participants in this study. College Ethical
Committee (Farasan University College) issued approval 21/IR/2022. Animal subjects: All authors have
confirmed that this study did not involve animal subjects or tissue. Conflicts of interest: In compliance
with the ICMJE uniform disclosure form, all authors declare the following: Payment/services info: All
authors have declared that no financial support was received from any organization for the submitted work.
Financial relationships: All authors have declared that they have no financial relationships at present or
within the previous three years with any organizations that might have an interest in the submitted work.
Other relationships: All authors have declared that there are no other relationships or activities that could
appear to have influenced the submitted work.

Acknowledgements
The authors are highly grateful to the Dean of the College, Dr. Afaf Mohammad Babeeir, for providing
necessary facilities for electronic submission of the manuscript and for providing a highly conducive work
environment. The authors gratefully acknowledge Writefull Tool from Hindawi which was used for language
check/editing prior to submission of the manuscript. Thanks are also due to the participants who willingly
participated in the study. We highly appreciate the active participation of students of Graduate Projects of
Department of Nursing, Farasan Campus, Jazan University, KSA in data collection.

References
1. White JM, Kullavanijaya P, Duangdeeden I, Zazzeroni R, Gilmour NJ, Basketter DA, McFadden JP: p-

Phenylenediamine allergy: the role of Bandrowski's base. Clin Exp Allergy. 2006, 36:1289-93.
10.1111/j.1365-2222.2006.02561.x

2. Da França SA, Dario MF, Esteves VB, Baby AR, Velasco MV: Types of hair dye and their mechanisms of
action. Cosmetics. 2015, 2:110-26. 10.3390/cosmetics2020110

3. Rust RC, Schlatter H: Hair dyes. Cosmetic Dermatology: Products and Procedures. Draelos ZD (ed): 2022.
10.1002/9781119676881.ch32

4. Corbett JF: An historical review of the use of dye precursors in the formulation of commercial oxidation hair
dyes. Dyes Pigm. 1999, 41:127-36. 10.1016/S0143-7208(98)00075-8

5. IARC Monographs on the Evaluation of Carcinogenic Risks to Humans; Some Aromatic Amines, Organic
Dyes, and Related Exposures. IARC, Lyon, France ; 2010.

6. Maiti S, Sasmal K, Sinha SS, Singh M: Analysis of cytotoxicity and genotoxicity on E. coli, human blood cells
and Allium cepa suggests a greater toxic potential of hair dye. Ecotoxicol Environ Saf. 2016, 124:248-54.
10.1016/j.ecoenv.2015.10.028

7. Bessegato GG, de Souza JC, Cardoso JC, Zanoni MV: Assessment of several advanced oxidation processes
applied in the treatment of environmental concern constituents from a real hair dye wastewater. J Environ
Chem Eng. 2018, 6:2794-802. 10.1016/J.JECE.2018.04.041

8. Goebel C, Diepgen TL, Blömeke B, et al.: Skin sensitization quantitative risk assessment for occupational
exposure of hairdressers to hair dye ingredients. Regul Toxicol Pharmacol. 2018, 95:124-32.
10.1016/j.yrtph.2018.03.006

9. Mishra V, Sharma U, Rawat D, Benson D, Singh M, Sharma RS: Fast-changing life-styles and ecotoxicity of
hair dyes drive the emergence of hidden toxicants threatening environmental sustainability in Asia. Environ
Res. 2020, 184:109253. 10.1016/j.envres.2020.109253

10. Singh S, Mishra R, Sharma RS, Mishra V: Phenol remediation by peroxidase from an invasive mesquite:
turning an environmental wound into wisdom. J Hazard Mater. 2017, 334:201-11.
10.1016/j.jhazmat.2017.04.007

11. Rawat D, Sharma RS, Karmakar S, Arora LS, Mishra V: Ecotoxic potential of a presumably non-toxic azo dye .
Ecotoxicol Environ Saf. 2018, 148:528-37. 10.1016/j.ecoenv.2017.10.049

12. Aeby P, Sieber T, Beck H, Gerberick GF, Goebel C: Skin sensitization to p-phenylenediamine: the diverging
roles of oxidation and N-acetylation for dendritic cell activation and the immune response. J Invest
Dermatol. 2009, 129:99-109. 10.1038/jid.2008.209

13. Meyer A, Fischer, K: Oxidative transformation processes and products of para-Phenylenediamine (PPD) and
para-toluenediamine (PTD)—a review. Environ Sci Eur. 2015, 27:11. 10.1186/s12302-015-0044-7

14. Nohynek GJ, Duche D, Garrigues A, Meunier PA, Toutain H, Leclaire J: Under the skin: biotransformation of
para-aminophenol and para-phenylenediamine in reconstructed human epidermis and human hepatocytes.
Toxicol Lett. 2005, 158:196-212. 10.1016/j.toxlet.2005.03.014

15. Skare J, Nohynek GJ, Powrie R, et al.: Metabolism of oxidative hair dyes: an overview of in vitro, in vivo, and
clinical studies. Toxicol Lett. 2007, 172:S31. 10.1016/j.toxlet.2007.05.109

16. van Amerongen CC, Kramer D, Pas HH, Schuttelaar ML: The expression pattern of N-acetyltransferase 1 in
healthy human skin. Contact Dermatitis. 2021, 85:1-6. 10.1111/cod.13821

17. He L, Michailidou F, Gahlon HL, Zeng W: Hair dye ingredients and potential health risks from exposure to
hair dyeing. Chem Res Toxicol. 2022, 35:901-15. 10.1021/acs.chemrestox.1c00427

18. Fukunaga T, Kawagoe R, Hozumi H, Kanzaki T: Contact anaphylaxis due to para-phenylenediamine.
Contact Dermatitis. 1996, 35:185-6. 10.1111/j.1600-0536.1996.tb02348.x

2024 Sayed et al. Cureus 16(5): e60984. DOI 10.7759/cureus.60984 10 of 11

https://dx.doi.org/10.1111/j.1365-2222.2006.02561.x
https://dx.doi.org/10.1111/j.1365-2222.2006.02561.x
https://dx.doi.org/10.3390/cosmetics2020110
https://dx.doi.org/10.3390/cosmetics2020110
https://dx.doi.org/10.1002/9781119676881.ch32
https://dx.doi.org/10.1002/9781119676881.ch32
https://dx.doi.org/10.1016/S0143-7208(98)00075-8
https://dx.doi.org/10.1016/S0143-7208(98)00075-8
https://publications.iarc.fr/Book-And-Report-Series/Iarc-Monographs-On-The-Identification-Of-Carcinogenic-Hazards-To-Humans/Some-Aromatic-Amines-Organic-Dyes-And-Related-Exposures-2010
https://dx.doi.org/10.1016/j.ecoenv.2015.10.028
https://dx.doi.org/10.1016/j.ecoenv.2015.10.028
https://dx.doi.org/10.1016/J.JECE.2018.04.041
https://dx.doi.org/10.1016/J.JECE.2018.04.041
https://dx.doi.org/10.1016/j.yrtph.2018.03.006
https://dx.doi.org/10.1016/j.yrtph.2018.03.006
https://dx.doi.org/10.1016/j.envres.2020.109253
https://dx.doi.org/10.1016/j.envres.2020.109253
https://dx.doi.org/10.1016/j.jhazmat.2017.04.007
https://dx.doi.org/10.1016/j.jhazmat.2017.04.007
https://dx.doi.org/10.1016/j.ecoenv.2017.10.049
https://dx.doi.org/10.1016/j.ecoenv.2017.10.049
https://dx.doi.org/10.1038/jid.2008.209
https://dx.doi.org/10.1038/jid.2008.209
https://dx.doi.org/10.1186/s12302-015-0044-7
https://dx.doi.org/10.1186/s12302-015-0044-7
https://dx.doi.org/10.1016/j.toxlet.2005.03.014
https://dx.doi.org/10.1016/j.toxlet.2005.03.014
https://dx.doi.org/10.1016/j.toxlet.2007.05.109
https://dx.doi.org/10.1016/j.toxlet.2007.05.109
https://dx.doi.org/10.1111/cod.13821
https://dx.doi.org/10.1111/cod.13821
https://dx.doi.org/10.1021/acs.chemrestox.1c00427
https://dx.doi.org/10.1021/acs.chemrestox.1c00427
https://dx.doi.org/10.1111/j.1600-0536.1996.tb02348.x
https://dx.doi.org/10.1111/j.1600-0536.1996.tb02348.x


19. Helaskoski E, Suojalehto H, Virtanen H, Airaksinen L, Kuuliala O, Aalto-Korte K, Pesonen M: Occupational
asthma, rhinitis, and contact urticaria caused by oxidative hair dyes in hairdressers. Ann Allergy Asthma
Immunol. 2014, 112:46-52. 10.1016/j.anai.2013.10.002

20. Garrigue JL, Ballantyne M, Kumaravel T, et al.: In vitro genotoxicity of para-phenylenediamine and its N-
monoacetyl or N,N′-diacetyl metabolites. Mutat Res. 2006, 608:58-71. 10.1016/j.mrgentox.2006.05.001

21. Abd-ElZaher M, Fawzy IA, Ahmed HM, Abd-Allah AM, Gayyed MF: Some toxicological health hazards
associated with subchronic dermal exposure to paraphenylene-diamine (PPD): An experimental study.
Egyptian J Basic Appl Sci. 2012, 2:105-11. 10.1016/j.ejfs.2012.06.003

22. Al-Shaikh TM, Khaznah S, Mudawi MM, Yassin AY, Habeballa RS, Alzain SD: Toxicological studies on
commercial hair dye brand commonly used in Saudi Arabia: histological study of the liver, kidney, heart, and
testis. J Basic Appl Zool. 2018, 79:22. 10.1186/s41936-018-0036-4

23. Cohen PR: Tattoo-associated viral infections: a review . Clin Cosmet Investig Dermatol. 2021, 14:1529-40.
24. Dhafiri MA, Furaikh BA, Aljasir A, Alsubaie T, Al Dandan A, Alfalah R, Albahar S: Practice and impact of hair

dyeing; a local study. Int J Innov Res Med Sci. 2022, 7:764-70. 10.23958/ijirms/vol07-i12/1594
25. Kondle, R, Pathapati R, Saginela S, Malliboina S, Makineedi VP: Clinical profile and outcomes of hair dye

poisoning in a teaching Hospital in Nellore. Int Sch Res Notices. 2012, 2012:624253. 10.5402/2012/624253
26. Pot LM, Scheitza SM, Coenraads PJ, Blömeke B: Penetration and haptenation of p-phenylenediamine .

Contact Dermatitis. 2013, 68:193-207. 10.1111/cod.12032
27. Gupta M: A study of knowledge, attitude and practices regarding hair dye use among general population .

Dermatol Online. 2017, 9:15-8. 10.7241/ourd.20181.4
28. Han JH, Lee HJ, Bang CH, Lee JH, Park YM, Lee JY: P-Phenylenediamine hair dye allergy and its clinical

characteristics. Ann Dermatol. 2018, 30:316-21. 10.5021/ad.2018.30.3.316
29. AL-Enezi MH, Aldawsari FS: Study of P-phenylenediamine (PPD) concentrations after hair dye mixing: a call

for safety reassessment. Cosmetics. 2022, 9:41. 10.3390/cosmetics9020041
30. Bracher M, Faller C, Grotsch W, Marshall R, Spengler J: Studies on the potential mutagenicity of p-

phenylenediamine in oxidative hair dye mixtures. Mutation Res. 1990, 241:313-23. 10.1016/0165-
1218(90)90030-6

31. Averbukh Z, Modai D, Leonov Y, et al.: Rhabdomyolysis and acute renal failure induced by
paraphenylenediamine. Hum Toxicol. 1989, 8:345-8. 10.1177/096032718900800502

32. Barna JS, Frable MA: Life-threatening angioedema. Otolaryngol Head Neck Surg. 1990, 103:795-8.
10.1177/019459989010300521

33. Gutowska-Owsiak D, Ogg GS: The epidermis as an adjuvant. J Invest Dermatol. 2012, 132:940-8.
10.1038/jid.2011.398

34. Coulter EM, Farrell J, Mathews KL, et al.: Activation of human dendritic cells by p-phenylenediamine . J
Pharmacol Exp Ther. 2007, 320:885-92. 10.1124/jpet.106.113803

35. Elyoussoufi Z, Mounaji K, Cadi R, Habti N, Motaouakii S: Induction of oxidative stress and apoptosis in
human neutrophils by p-phenylenediamine. J Toxicol Environ Health. 2013, 5:142-9.
10.5897/JTEHS2013.0274

36. Ullmann J: About peculiar tumor formation in a tattoo mark . Monatshefte Fur Praktische Dermatologie.
1903, 37:49-52.

37. Watkins DB: Viral disease in tattoos: verruca vulgaris . Arch Dermatol. 1961, 84:306-9.
10.1001/archderm.1961.01580140132017

38. Garland SM, Ung L, Vujovic OV, Said JM: Cosmetic tattooing: a potential transmission route for HIV? . Aust
N Z J Obstet Gynaecol. 2006, 46:458-9. 10.1111/j.1479-828X.2006.00635.x

39. Jafari S, Buxton JA, Afshar K, Copes R, Baharlou S: Tattooing and risk of hepatitis B: a systematic review and
meta-analysis. Can J Public Health. 2012, 103:207-12. 10.1007/BF03403814

40. Islam PS, Chang C, Selmi C, Generali E, Huntley A, Teuber SS, Gershwin ME: Medical complications of
tattoos: a comprehensive review. Clin Rev Allergy Immunol. 2016, 50:273-86. 10.1007/s12016-016-8532-0

41. Gerqari AB, Ferizi M, Kotori M, et al.: Activation of herpes simplex infection after tattoo . Acta
Dermatovenerol Croat. 2018, 26:75-6.

42. Chye SM, Tiong YL, Yip WK, et al.: Apoptosis induced by para-phenylenediamine involves formation of ROS
and activation of p38 and JNK in chang liver cells. Environ Toxicol. 2014, 29:981-90. 10.1002/tox.21828

43. Picardo M, Zompetta C, Marchese C: Paraphenylenediamine, a contact allergen, induces oxidative stress and
ICAM-1 expression in human keratinocytes. Br J Dermatol. 1992, 126:450-5.

44. Picardo M, Zompetta C, Grandinetti M, Ameglio F, Santucci B, Faggioni A, Passi S: Paraphenylene diamine,
a contact allergen, induces oxidative stress in normal human keratinocytes in culture. Br J Dermatol. 1996,
134:681-5. 10.1111/j.1365-2133.1996.tb06970.x

45. AlGhamdi KM, Moussa NA: Knowledge and practices of, and attitudes towards, the use of hair dyes among
females visiting a teaching hospital in Riyadh, Saudi Arabia. Ann Saudi Med. 2011, 31:613-9. 10.4103/0256-
4947.87099

46. Søsted H, Hesse U, Menné T, Andersen KE, Johansen JD: Contact dermatitis to hair dyes in a Danish adult
population: an interview-based study. Br J Dermatol. 2005, 153:132-5. 10.1111/j.1365-2133.2005.06588.x

47. Zaid AN, Al-Ramahi R, Ghoush AA, Jaradat N, Musmar M: Frequency and attitudes of using hair dyes among
Palestinian women. Intl J Pharm Pharmaceut Sci. 2013, 5:485-8.

2024 Sayed et al. Cureus 16(5): e60984. DOI 10.7759/cureus.60984 11 of 11

https://dx.doi.org/10.1016/j.anai.2013.10.002
https://dx.doi.org/10.1016/j.anai.2013.10.002
https://dx.doi.org/10.1016/j.mrgentox.2006.05.001
https://dx.doi.org/10.1016/j.mrgentox.2006.05.001
https://dx.doi.org/10.1016/j.ejfs.2012.06.003
https://dx.doi.org/10.1016/j.ejfs.2012.06.003
https://dx.doi.org/10.1186/s41936-018-0036-4
https://dx.doi.org/10.1186/s41936-018-0036-4
https://pubmed.ncbi.nlm.nih.gov/34720594/
https://dx.doi.org/10.23958/ijirms/vol07-i12/1594
https://dx.doi.org/10.23958/ijirms/vol07-i12/1594
https://dx.doi.org/10.5402/2012/624253
https://dx.doi.org/10.5402/2012/624253
https://dx.doi.org/10.1111/cod.12032
https://dx.doi.org/10.1111/cod.12032
https://dx.doi.org/10.7241/ourd.20181.4
https://dx.doi.org/10.7241/ourd.20181.4
https://dx.doi.org/10.5021/ad.2018.30.3.316
https://dx.doi.org/10.5021/ad.2018.30.3.316
https://dx.doi.org/10.3390/cosmetics9020041
https://dx.doi.org/10.3390/cosmetics9020041
https://dx.doi.org/10.1016/0165-1218(90)90030-6
https://dx.doi.org/10.1016/0165-1218(90)90030-6
https://dx.doi.org/10.1177/096032718900800502
https://dx.doi.org/10.1177/096032718900800502
https://dx.doi.org/10.1177/019459989010300521
https://dx.doi.org/10.1177/019459989010300521
https://dx.doi.org/10.1038/jid.2011.398
https://dx.doi.org/10.1038/jid.2011.398
https://dx.doi.org/10.1124/jpet.106.113803
https://dx.doi.org/10.1124/jpet.106.113803
https://dx.doi.org/10.5897/JTEHS2013.0274
https://dx.doi.org/10.5897/JTEHS2013.0274
https://scholar.google.com/scholar?q=intitle:About peculiar tumor formation in a tattoo mark
https://dx.doi.org/10.1001/archderm.1961.01580140132017
https://dx.doi.org/10.1001/archderm.1961.01580140132017
https://dx.doi.org/10.1111/j.1479-828X.2006.00635.x
https://dx.doi.org/10.1111/j.1479-828X.2006.00635.x
https://dx.doi.org/10.1007/BF03403814
https://dx.doi.org/10.1007/BF03403814
https://dx.doi.org/10.1007/s12016-016-8532-0
https://dx.doi.org/10.1007/s12016-016-8532-0
https://pubmed.ncbi.nlm.nih.gov/29782308/#:~:text=Activation of the infection occurs,a tattoo as described herein.
https://dx.doi.org/10.1002/tox.21828
https://dx.doi.org/10.1002/tox.21828
https://pubmed.ncbi.nlm.nih.gov/1351738/
https://dx.doi.org/10.1111/j.1365-2133.1996.tb06970.x
https://dx.doi.org/10.1111/j.1365-2133.1996.tb06970.x
https://dx.doi.org/10.4103/0256-4947.87099
https://dx.doi.org/10.4103/0256-4947.87099
https://dx.doi.org/10.1111/j.1365-2133.2005.06588.x
https://dx.doi.org/10.1111/j.1365-2133.2005.06588.x
https://staff-beta.najah.edu/media/sites/default/files/Frequency_and_Attitudes_of_Using_Hair_Dyes_among_Palestinian_Women_0.pdf

	Ecotoxicity, Health Risks and Contact Allergy Due to p-Phenylenediamine in Hair Dyes and Tattoos: Female Students' Perspectives
	Abstract
	Introduction
	Materials And Methods
	Research tool
	Sample size
	Data collection procedure and ethical approval
	Inclusion and exclusion criteria
	Statistical analyses

	Results
	TABLE 1: Demographic information of study participants (n = 319).
	TABLE 2: Knowledge of hair dyes and tattoos, frequencies of HD practices, impact of hair dyeing on hair quality and body, and reasons for hair dyeing (n = 319).
	TABLE 3: Correlation between hair dyeing and tattooing practices and the variables such as study year, age, and marital status.

	Discussion
	Limitations

	Conclusions
	Appendices
	TABLE 4: Sample questionnaire

	Additional Information
	Author Contributions
	Disclosures
	Acknowledgements

	References


