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Abstract 
Hairdressers are chronically exposed to several occupational hazards during their work including 
potentially genotoxic chemicals. Hair dying, hair smoothening and straightening products are ha- 
zardous chemicals that affect human health and are frequently used in beauty salons. So, this 
study aimed to evaluate the genotoxic risk among the studied hairdressers, to estimate the level of 
p-phenylenediamine (p-PDA) in urine and to assess the degree of adherence of the studied hair- 
dressers to occupational safety measures at work. A comparative cross sectional study was carried 
out on 40 hairdressers working in beauty salons in Zagazig city, Egypt and 40 administrative staff 
at faculty of medicine as a control group. The results of the study revealed a significant increase in 
mean concentration of urinary p-PDA as well as significant increase in DNA damage assessed by 
Comet assay in lymphocytes among studied hairdressers than among their controls. Also, there 
was a statistically significant decrease in adherence to most of the occupational safety precaution 
measures that should be followed by the studied hairdressers. The significant risk factors of high 
Comet total mean score among the studied hairdressers were occupational use of hair straighten- 
ing ≥8 times/week, use of hair dyes at work ≥15 times/week, length of service ≥13 years, negli- 
gence of wearing gloves during work, use of bleaching agents ≥12/week and negligence of hand 
wash after handling chemicals. So, it was concluded that the hairdressers are occupationally ex- 
posed to the risk of genotoxic hazards from chemicals frequently used in their work. The lack of 
commitment to occupational safety measures at beauty salons like wearing gloves during work 
and hand washing increases the risk of genotoxicity. 
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1. Introduction 
Hairdressers, barbers and beauticians represent an important occupational group. This group will grow through 
2016, more rapidly than the average of all occupations [1].  

The hairdressers in beauty salons are chronically exposed to chemical and mechanical hair treatments as 
hairdyes, bleaching agents, permanent waves solutions, hair conditioners, hair sprays and perfumes. These sub-
stances contain a large number of potentially harmful chemicals, including resorcinol, aromatic amines, volatile 
solvents, diaminotoluene, formaldehyde, ammonia, ethanol and thioglycolic acid [2]. Recently hair 
straightening and smoothening products have been widely used in many beauty salons. OSHA conducted exten- 
sive testing of these products in the fall of 2010. The agency found significant levels of formaldehyde in many 
popular products, despite being labelled “formaldehyde free” [3]. 

Different mutagenic and carcinogenic compounds have been historically found in many brands of hair dye 
products because they contain aromatic amines [4]. Formaldehyde is used in a wide variety of cosmetics, in-
cluding hair-straighteners. The World Health Organization (WHO) and the International Agency for Research 
on Cancer (IARC) classify formaldehyde as a human carcinogen, particularly in the nasal cavities. Formalde-
hyde exposure is linked to leukaemia and lung cancer [3]. Also, methylene chloride is a possible carcinogen. A 
risk estimate made by the FDA in 1985 estimated that one out of every hundred hairdressers may develop cancer 
from continued use of methylene chloride-containing hairsprays [5]. 

Evidence of cancer among hairdressers was first reviewed by the International Agency for Research on Can-
cer which reported an increased risk of urinary bladder cancer, lung cancer, upper aero-digestive tract cancer, 
breast cancer and non-Hodgkin’s lymphoma in these professionals [6]. Moreover, some studies showed an in-
creased risk of cancer among hairdresser that was most prominent in groups with the longest duration on this job 
[2]. A cohort study of hairdressers followed for cancer showed high risk for certain categories of cancer, com-
prising non-melanoma lung, skin, cervical, ovarian and pancreatic cancers [7].  

The single-cell gel electrophoresis (SCGE) or Comet assay was first described by Östling and Johanson in 
1984 [8], as a simple and sensitive method for studying DNA damage and repair. Like, other genotoxicity tests, 
the Comet assay can’t predict individual cancer risk but it is considered as a useful and still reliable tool to as-
sess early genotoxic effects due to occupational or environmental exposure [9]. 

Improvement of the ventilation system in the hairdressing salons, wearing protective gloves, aprons and 
chemical splash goggles plus implementation of hygiene measures at workplace, all can alleviate exposure to 
potential carcinogens and may reduce the risk of genotoxicity among hairdressers [3] [5] [7].  

An increased risk of cancer among hairdressers would cause an important public health concern given to the 
large number of people employed in this sector. Also, there are no published genotoxic data concerning hair-
dressers in Zagazig city. Therefore, the objectives of this study were to use the Comet assay to evaluate the ge-
notoxic risk among hairdressers compared to a control group (not exposed to similar work conditions), to esti-
mate the level of p-phenylenediamine (p-PDA) in urine and to assess the degree of adherence of the studied 
hairdressers to occupational safety measures at work. 

2. Subjects and Methods 

2.1. Study Design and Setting 
A comparative cross sectional study was conducted in Zagazig city, Sharkia governorate on 40 hairdressers and 
40 administrative staff at faculty of medicine as a control group. Informed written consents had been taken from 
all participants in the present study. Previously arranged semi structured interview was conducted with all stu-
died participants in their workplace to fill a designed questionnaire in purpose of the study. Blood samples were 
collected by trained personnel from them in a private setting during the same day of the interview. The interview 
and sample collection were scheduled to be in the last day of the working week. This study was conducted from 
November 1st 2013 to January 31st 2014.  
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2.2. Study Sample and Procedure 
As per Zagazig association of hairdressers, the number of licensed Hairdressers beauty salons in Zagazig city, 
Sharkia Governorate was 22 salons. The total population of hairdressers at these places at the time of the study 
was 55 male and female workers. All of them were requested to participate in this study according to the fol-
lowing criteria: hairdressers for more than 2 years, non-smokers or alcoholic, not on current medications or con-
traceptive pills or exposed to radiodiagnosis in the past 3 months and never received radio or chemotherapy. 

Forty five hairdressers matched the inclusion criteria 43 females and only 2 males. So, the 2 male hairdressers 
were excluded. Only 40 of the 43 female hairdressers accepted to participate. Forty controls from the adminis-
trative female staff at Faculty of Medicine matched the criteria and accepted to participate in this study as well. 

2.3. Ethical Issues 
Proposal acceptance was obtained from the Institutional Review Board (IRB) of the Faculty of Medicine; Zaga-
zig University. Moreover, informed consent was obtained from all participants after explaining the aim of the 
study and confidentiality of the information was assured. 

2.4. Data Collection and Measures 
1) Questionnaire data: 
A structured questionnaire was used, based on those of other relevant studies and also on instructions and 

guidelines formulated by institutions concerned with health and occupational safety of hairdressers [2] [3] [5] 
[10] [11]. The questionnaire was introduced to participants in Arabic language. A pilot study was conducted on 
about 10% of the sample size population to assess the intelligibility of the questions and to identify any logistic 
problem. The result of the pilot study showed no logistic problems so it was included in the main survey. Hair-
dressers and controls completed the same questionnaire at work place in a period of 30 minutes using a semi- 
structured interview schedule.  

The questionnaire composed of three main parts: 1. Socio-demographic and occupational data as: age, 
education, residence, marital status, duration of work, working hours per day and the chemicals frequently used 
during the working week. 2. Professional practice data as: usage of personal protective equipment (PPE), water 
proof coverage of wounded skin before work, use of protective creams on exposed skin and occupational safety 
knowledge and training courses. 3. Check list regarding ventilation of work place and application of occupa-
tional safety measures as: presence of hoods at work place, existence of odours more than 10 minutes, discovery 
of strong odours away from the source, remaining of product odours in the morning in hair salons, availability of 
material safety data sheets for workers, provision of PPE, safe storage of chemical substances, waste disposal of 
these substances, eating and drinking at workplace and the use of neutral pH soap or cream barrier before eating 
and/or drinking. 

2) Sample collection: 
A) Blood sampling 
Five ml of peripheral venous blood samples were taken from all participants including controls by specialized 

medical personnel under complete aseptic condition in sterile heparinized disposable syringes. The blood sam-
ples were kept on ice and transferred within 2 hours in a dark container to the laboratory for analyses. Lympho-
cytes were then isolated from blood samples according to Boyum, 1976 [12], on a Ficoll-based density gradient 
and immediately used for Comet test.  

B) Urine sampling 
All workers were asked to wash their hands carefully before providing urine samples to prevent external con-

tamination with p-phenylenediamine (p-PDA). Urine samples were taken on the last day of a work week to 
overcome variation in workloads throughout the week. Urine samples were stored at −20˚C immediately after 
collection to measure excretion of aromatic diamines (p-PDA) as a major component of commercially available 
hair dyes and Henna by gas chromatography-mass spectrometry (GC-MS) according to the method of Skarping 
et al., (1990); Gube et al., (2011); and Schettgen et al., (2011) [13]-[15] using Gas Chromatography-Mass Spec-
trometry (GC/MS) model Clarus 600 (PerkinElmer Life and Analytical Sciences, USA). 

3) Laboratory investigation: 
The alkaline Comet assay (Single Cell Gel Electrophoresis): 
Comet assay was carried out in Animal Venereology Research Institute (El-Haram, Giza, Egypt). Alkaline 
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electrophoresis was performed according to Singh et al., (1988), [16], with minor modifications. Briefly, lym-
phocyte pellets were resuspended in 75 μL of 0.5% low melting point agarose (LMPA) (Sigma-Aldrich, St. 
Louis, MO, USA) prepared in Ca2+-, Mg2+-free PBS (Sigma) at 37˚ sl C and placed on microscope ide, which 
was already covered with a thin layer of 0.5% LMPA and 1% normal melting agarose (NMA) (HiMedia). After 
cooling at 4˚C for 5 min on a slide tray resting on ice packs to harden, slides were covered with a third layer of 
80 μL LMPA. After solidification on the slide tray for 5 min, slides were dipped in a prechilled lysing solution 
containing [2.5 M NaCl, 100 mM ethylene diamine tetra acetic acid (EDTA)-2Na and 10 m MTris-HCl, pH 10] 
with the addition of 1% Triton X-100 and 10% dimethyl sulfoxide, for 24 hrs. The slides were incubated for 1 hr 
in alkaline buffer solution (300 mM NaOH and 1 mM EDTA, pH 13.2), prepared at time of use at 4˚C to allow 
for unwinding of the DNA and the expression of alkali-labile damage. 

Electrophoresis and staining: 
Cells on the slides were submitted to electrophoresis for 30 min in a horizontal electrophoresis platform at 

300 milliamperes and 24 V at 4˚C. After that, the slides were neutralized by immersion and washing three times 
with neutralization buffer (0.4 M Tris-HCl, pH 7.5) for 5 min each at 4˚C to remove alkalis and detergents. 
These procedures were performed in the dark to minimize extraneous sources of DNA damage. Slides were then 
stained with 80 μL of (2 μL/mL) ethidium bromide for 5 min followed by washing with chilled distilled water to 
remove excess stain. Positive controls were incubated for 2 hours at 37˚C with 10 ul of hydrogen peroxide to 
evaluate test efficiency and electrophoresis conditions. Following staining; the intensity of the stain was related 
to DNA content.  

Image analysis & DNA migration (comet) assessment: 
Slides were examined at 40× objective on an epifluorescence microscope equipped with a 515 - 560 nm exci-

tation filter. Images of 100 randomly selected cells from each subject were analysed with an automatic digital 
analysis system, comet 5 image analysis software developed by Kinetic Imaging linked to a CCD camera (Ltd. 
Liverpool, UK) to determine the quantitative and qualitative extent of DNA damage in the cells by measuring 
the length of DNA migration and the percentage of migrated DNA. Tail length and tail moment (tail length × 
tail % DNA/100) were calculated from this program. DNA damage was further quantified by visual classifica-
tion of cells into categories of “comets” corresponding to the amount of DNA in the tail according to Anderson 
et al. (1994), [17], Comet tail lengths (comprising nuclear region and tail) for each cell were manually scored 
into five Comet Classes: Class 0 (undamaged, no tail), Class 1 (tail up to 1.5 times the diameter of the comet 
nucleus), Class 2 (tail 1.5 - 2.0 times the diameter of the comet nucleus), Class 3 (tail 2.0 - 2.5 times the diame-
ter of the comet nucleus) and Class 4 (maximally damaged, tail 2.5 times the diameter of the comet nucleus). A 
final overall DNA damage rating for all 100 cells (Comet Score) was obtained by summation of the number of 
cells in each class, yielding a rating between 0 (completely undamaged) and 400 (maximum damaged) [18].  

2.5. Statistical Analysis 
The collected data were computerized and statistically analysed using SPSS version 19, [19]. Student’s t-test; 
was used to compare between group means while comparison between categorical qualitative data was done us-
ing Chi-squared test. Yates correction was used where needed. Univariate analysis was carried out initially to 
identify risk factors in terms of unadjusted odds ratios (OR) with their 95% confidence intervals (CIs). Then, 
stepwise multiple logistic regression analysis was carried out subsequently to identify independent determinants 
whilst adjusting results by potential confounders. The significance level was considered at p-value <0.05.  

3. Results 

1) Socio-Demographic and Occupational Data 
The results of the present study showed that there was no statistical significant difference between studied 

hairdressers and their controls regarding age, marital status, residence, education, length of service and personal 
use of hair dyes. However, there was a significant increase in the frequency of using personal hair dyes per year 
and working hours per week among hairdressers than their controls (Table 1). 

2) Professional Practice Data and Degree of Adherence to Safety Measures 
The most chemicals that were used by the studied hair dressers/weak were hair dyes, bleaching agents, hair 

spray and hair straightening and smoothening products with mean frequencies (15.3 ± 4.2), (12.5 ± 3.2), (9.5 ± 
2.2) and (8.5 ± 2.3); respectively. Moreover, there was a high statistical significant decrease among studied  
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Table 1. Socio-demographic and occupational characteristics of participants.                            

Demographic & Occupational variables Hairdressers N (%) Control N (%) p-value 

Age (years) (28.9 ± 9.1) (31.2 ± 8.3) ˃0.05 

Marital status    

Married 15 (37.5%) 18 (45%) ˃0.05 

Single/divorced/widowed 25 (62.5%) 22 (55%) ˃0.05 

Residence    

Urban 37 (92.5%) 38 (95%) ˃0.05 

Rural 3 (7.5%) 2 (5%)  

Education    

Illiterate and basic education 5 (12.5%) 0 (0%) ˃0.05 

Secondary and above education 35 (87.5%) 40 (100%) ˃0.05 

Length of service (years) (13.2 ± 4.3) (15.4 ± 5.2) ˃0.05 

Work hours/week (50.1 ± 5.5) (30.4 ± 4.2) <0.0001 

Personal use of hair dyes    

-Yes 10 (25%) 3 (7.5%) ˃0.05 

-No 30 (75%) 37 (92.5%)  

Use of personal hair dyes/year (8.4 ± 2.3) (4.5 ± 1.1) <0.001 

 
hairdressers in following up the safety measures during work especially hand washing, wearing PPE, use of 
protective creams, avoiding eating and drinking at workplace, knowing ingredients of chemicals used, reading 
instructions and warnings, knowing hazards of chemicals used and attending occupational safety training 
courses (Table 2). 

3) Check List Regarding Ventilation of Work Place and Application of Occupational Safety Measures as 
Figure 1 revealed that there was a statistical high significant increase of odours in work place >10 minutes as 

well as presence of strong odours away from the source. The studied hairdressers also, revealed high statistical 
significant decrease in availability of material safety data sheet (MSDS) and, PPE in workplace. Moreover, there 
were high statistical significant decrease regarding proper disposal of chemical wastes and cleaning of chemical 
spills. 

4) Mean Concentrations of Urinary p-PDA and Comet Score 
Table 3 explained that mean concentrations of urinary p-PDA (a mutagenic component of permanent hair 

dyes), which was significantly higher among studied hairdressers than among their controls with mean concen-
trations (17.37 ± 1.35 ng/ml and 1.92 ± 0.17 ng/ml; respectively). 

Figure 2 and Table 4 showed that DNA damage among the hairdressers was significantly higher than that 
among the control group; Comet score (161.15 ± 45.84) compared to (93.6 ± 20.13); respectively. Also, class 3 
and 4 of the Comet assay were frequently observed among hairdressers than that among the control group while 
class 0 (cells with no DNA damage) was frequently observed among control group than that among hairdressers. 

Univariate analysis in Table 5 showed that, occupational use of hair straightening ≥8 times/week, negligence 
of hand wash after handling chemicals, length of service ≥13 years, use of hair dyes at work ≥15 times/week, 
negligence of wearing PPE at work place, negligence of wearing gloves during work, use of bleaching agent 
≥12/week, frequent use of personal hair dyes ≥8 times/year and working hours per week ≥50 hours are signifi-
cant risk factors of high Comet total mean score among studied hairdressers. Stepwise logistic regression 
showed that occupational use of hair straightening ≥8 times/week, use of hair dyes at work ≥15 times/week, 
length of service ≥13 years, negligence of wearing gloves during work, use of bleaching agent ≥12/week and 
negligence of hand wash after handling chemicals were significant risk factors of high Comet total mean score 
among the same group. 
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Figure 1. Ventilation in the work place and application of occupational safety measures. *Significant 
< 0.05; **Highly significant = 0.000.                                                      

 

  
Figure 2. Photomicrographs of peripheral blood lymphocytes of the control group (A), showing 
fluorescent spheres without DNA damage (no tail) and the hairdresser group (B), showing a lot 
of fluorescent heads with tails indicating DNA damage (ethidium bromide stain).              

 
Table 2. Occupational safety measures followed by studied hairdressers.                               

Safety measures variables Yes (%) No (%) p-value 

Wearing gloves during work 
Hand washing after handling chemicals 
Wearing personal protective equipment 

Covering injured skin during work 
Use of protective creams on exposed skin 
Avoid eating and drinking at workplace 

Use of neutral pH before eating or drinking 
Knowing ingredients of chemicals used 

Reading instructions and warnings 
Knowing hazards of chemicals used 
Occupational safety training courses 

18 (45%) 
10 (25%) 
5 (12.5%) 
20 (50%) 
4 (10%) 
0 (0%) 
0 (0%) 
8 (20%) 
6 (15%) 
6 (15%) 

5(12.5%) 

22 (55%) 
30 (75%) 

35 (87.5%) 
20 (50%) 
36 (90%) 

40 (100%) 
40 (100%) 
32 (80%) 
34 (85%) 
34 (85%) 

35 (87.5%) 

>0.05 
0.000 
0.000 
>0.05 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 

87.5%

12.5%**

80%

20%**

75%

25%**

62.5%

38.5%*

0%**

100%

22.5%**

77.5%
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Table 3. Mean concentrations of urinary p-PDA in studied hairdressers and their controls.                 

Variable Hairdressers Control p-value 

Mean concentrations of urinary p-PDA 
( X ± SD) (ng/ml) 

 
17.37 ± 1.35 

 
1.92 ± 0.17 

 
<0.0001 

 
Table 4. Mean frequency of each Comet class per 100 cells and total mean comet score.                   

Comet classes 0 1 2 3 4 Total Comet score p-value 

Hairdressers 
( X ± SD) 36.3 ± 9.2 28.6 ± 6.89 19.2 ± 5.41 15.65 ± 6.63 9.65 ± 2.23 161.15 ± 45.84 

<0.0001 
Control 

( X ± SD) 75.9 ± 17.2 7.95 ± 1.79 5.35 ± 2.99 3.25 ± 1.25 1.5 ± 0.83 93.6 ± 20.13 

 
Table 5. Risk factors associated with high Comet scores (more than total mean Comet score): results of un-
ivariate and stepwise multiple logistic regression analysis.                                            

Risk factors of high Comet scores Unadjusted OR (95% CI) Adjusted OR (95% CI) 

Use of hair straightening/week (>8) 9.8 (2.5 - 13.2)* 7.2 (2.8 - 13.6)* 

Use hair dyes/week (>15) 6.7 (1.6 - 5.3)* 4.5 (2.4 - 8.6)* 

Length of service (>13) 7.1 (2.84 - 11.2)* 3.7 (1.7 - 6.7)* 

Wearing gloves during work (No) 6.1 (1.3 - 12.2)* 2.6 (1.6 - 7.2)* 

Use of bleaching agent/week (>12) 5.3 (1.2 - 16.2)* 2.1 (1.8 - 4.2)* 

Hand washing after handling chemicals (No) 7.7 (1.9 - 18.9)* 1.8 (1.2 - 4.3)* 

Frequent use of personal hair dyes/year(>8) 5.1 (2.3 - 16.6)* 2.9 (0.82 - 6.4) 

Wearing personal protective equipment (No) 6.5 (1.8 - 11.6)* 2.2 (0.07 - 6.1) 

Working hours per week (>50) 4.2 (2.1 - 6.3)* 1.1 (0.6 - 5.4) 

Use of hair spray/week (≥9) 3.5 (0.79 - 6.5) - 

Age (>29) 3.5 (0.73 - 7.9) - 

Covering injured skin during work (no) 3.2 (0.7 - 9.5) - 

Education (illiterate, read and write) 2.0 (0.23 - 10.8) - 

Personal use of hair dyes (yes) 1.5 (0.86 - 4.6) - 

Protective creams on exposed skin (no) 0.8 (0.07 - 9.2) - 

Residence (urban) 0.38 (0.01 - 6.2) - 

*Significant risk factors. 

4. Discussion 
Due to the high unemployment rate in Egypt 12.6% [20], the small scale businesses like beauty industry are 
growing. The business of hair and beauty played a major role in generating employment chances. Forty female 
workers were employed in the 22 licensed Hairdressers beauty salons in Zagazig city, Sharkia governorate 
matched the inclusion criteria and accepted to participate in this study. Their mean age is 28.9 ± 9.1 and 87.5% 
of them are educated. The studied hairdressers spent a considerable duration in this occupation as their mean 
length of service in this field was 13.2 ± 4.3. 

Hairdressers, are subjected to various occupational health risks (biological, physical, mechanical, ergonomi-
cally and chemical). There are a large number of chemical products in their work environments such as hair dyes, 
permanent wave solutions, shampoo, conditioner and various styling products [21]. The studied hairdressers re-
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ported the following chemicals as the most frequently used on weekly basis in their workstations (hair dyes, 
bleaching agents, hair sprays and hair straightening and smoothening products; respectively). 

In Egypt hairdressing has a very long history. Among the Egyptians there were hairdressers as early as 5000 
years BC and the art of dyeing hair with vegetable dyes was known already at that time [22]. However the hair-
dressing profession in Egypt is not subjected to government control or inspected by the occupational health au-
thorities. So, there are no standards for work conditions or occupational safety measures to be followed by the 
hairdressers or the beauty salons owners. The results of this study reflect these facts as the studied hairdressers 
showed high statistically significant decrease in most of the studied occupational safety measures including 
wearing PPE, hand washing after handling chemicals, use of protective creams on exposed skin, not eating and 
drinking in workplace and use of neutral pH soap before eating or drinking. In the present study, there was a 
high statistical significant decrease in availability of PPE where, 77.5% of the studied hairdressers reported that 
their employers don’t supply them with all the required PPE. However, Lind et al., 2005, [22], proved that 
working with or without gloves during hair dying did not change the hair dye residues detected in hand rinse 
samples collected from hairdressers before the start of hair dying, after application of the dye and after cutting 
the newly dyed hair, this is because the glove use was often improper and was insufficient to prevent exposure. 

The growing business of beauty salons needs to meet and maintain high standards of safety, health and hy-
giene so that no risk is present to customers and workers. Salon workers and clients both need to become aware 
and acquire knowledge on occupational injuries [21]. Regarding occupational safety knowledge among the stu-
died hairdressers, the results of the present study showed that there were high statistical significant decrease in 
knowing ingredients of chemicals used at work, reading instructions and warning labels and knowing health ha-
zards encountered by using these chemicals and/or even participating in occupational safety training courses. 
Union safe 2005 and OSHA 2010 [3] [11], stated that professionals in beauty salons can determine whether a 
product is a hazardous substance by reading its label and material safety data sheet (MSDS). In the present study 
all the studied workplaces didn’t have any MSDS available for workers. Moreover 80% of the studied hair-
dressers reported that they don’t read the labels on chemicals they use to be aware about their ingredients.  

Although most of the studied beauty salons 87.5% had hoods, there was a high statistical significant increase 
of chemicals’ odours in work place >10 minutes as well as presence of strong odours away from the source of 
triggering. This reflects the improper ventilation status of the studied workplaces which in consequences affects 
workers health through high exposures to inhalation of these chemicals. 

Currently, p-PDA is present in more than 1000 hair dye formulations marketed all over the world. P-PDA is a 
suspected carcinogen that can induce DNA damage in lymphocytes [23]. The internal exposure to aromatic di-
amines in hairdressers using permanent hair dyes can be determined using biological monitoring. In the present 
study, the mean concentration of urinary p-PDA among studied hairdressers in the urine samples that had been 
taken from them in the last day of the working week was 17.37 ± 1.35 ng/ml urine compared to 1.92 ± 0.17 
ng/ml urine among their controls. The mean concentration among controls is considered very low. The results of 
urine analyses among group of 18 professional hairdressers monitored by Hueber-Becker and colleagues 2007 
[24], showed that the daily mean urinary excretion across all study subjects was 8.4 ± 4.8 ng P-PDAeq/mL urine 
or ug-PPDeq. The results variance between the present study and the study of Hueber-Becker and colleagues 
may be related to several factors like, the urine volume, time of taking urine specimen, the type of hair dyes used 
and/or the difference in frequency of using personal hair dyes. Also, Hueber-Becker and colleagues [24], con-
cluded that occupational use of oxidative hair dyes among the hairdressers monitored in their study produces 
negligible local or systemic exposure to p-PDA. They refer this fact to the safety precautions for the handling of 
hair dyes that offer sufficient protection against local and systemic exposure. On contrast, to the present study 
where following occupational safety measures by the studied hairdressers were almost nil.  

In addition to the effect of p-PDA, OSHA has reported that most of hair smoothening products that hairdress-
ers use in beauty salons (even that labelled formaldehyde free) are containing considerable level of formalde-
hyde. Both the Environmental Protection Agency and the Federal Occupational Safety and Health Administra-
tion classify formaldehyde as a suspected human carcinogen because of links to nasal cancer and leukaemia, 
while NIOSH and the International Agency for Research on Cancer list it as a known human carcinogen [3].  

The level of genetic damage in cells could be considered a good biomarker of effect, and in consequence an 
indicator of a future cancer risk. In recent years, single cell electrophoresis “the Comet assay” has been shown to 
be a very sensitive technique and a useful tool that is being widely used to detect genetic damage at individual 
cell level and in human bio monitoring [25]. The results of total comet score in the present study revealed high 
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significant difference between the studied hairdressers and their controls in DNA damage (Comet score 161.15 
± 45.84) compared to (93.6 ± 20.13) respectively. These results matched that of Galiotte et al., 2008 [2], where 
there was a significant difference between Comet score of hairdressers and their controls with mean total Comet 
score 159.8 ± 71.0 and 125.4 ± 64.1; respectively. Also, Cho et al., 2003 [25], proved that acute exposure to hair 
dyes causes DNA damage in human lymphocytes by means of the Comet assay. On the other hand, Previous 
studies of occupational exposure to hair dyes reported no increases in the frequency of sister chromatid ex-
changes, or the levels of DNA damage measured with the Comet assay in professional hair colourists, which 
may indicate a higher risk associated to personal hair dye than from professional exposure [26]. Number of pop-
ulation studied, type of chemicals ingredients of hair dyes and level of adherence to safety precautions may af-
fect all the previously mentioned results. So, complementary in vitro genotoxicity studies and further large scale 
studies are needed to get more clear information. 

Stepwise logistic regression of risk factors associated with high Comet scores in the present study showed that 
occupational use of hair straightening ≥8 times/week, use of hair dyes at work ≥15 times/week, length of service 
≥13 years, negligence of wearing gloves during work, use of bleaching agent ≥12/week and negligence of hand 
wash after handling chemicals are significant risk factors of high Comet total mean score among the studied 
hairdressers. These results coincide with a review conducted by the IARC concluded that formaldehyde (main 
constituent of most hair straightening solutions) is carcinogenic in humans [27]. Also, Lee et al. (2001) [28], 
reported that there is a statistically significant dose dependent association between hair dying and risk of ovarian 
cancer. Moreover, Hueber-Becker et al., 2007 [24], proved that adherence to safety precautions for the handling 
of hair dyes offers sufficient protection against local and systemic exposure and thus against their occupational 
health hazards. Although bleaching agents appear to be safer than dyeing and the chemicals involved have not 
been associated with the long-term health effects of mutagenicity or carcinogenicity [5], there is increased risk 
of genotoxicity associated with increased exposure to bleaching agents in the present study. This may be related 
to a confounding factor of the association between using hair dyes and bleaching agents by clients at the same 
setting. So, genotoxicity is related to hair dyes not to the bleaching agent itself. 

In the present study duration of occupational exposure was associated with increased risk of genotoxicity. On 
the other hand Galiotte et al., 2008 [2] found that the duration of occupational exposure did not correlate with 
Comet Score. Different quality of work conditions and poor adherence to occupational safety precautions of the 
studied hairdressers in the present study may explain this contrast. 

5. Conclusion and Recommendation 
Occupational exposure to hazardous chemicals in beauty salons carries the risk of genotoxicity to working hair-
dressers at these workplaces especially after exclusion of several confounding factors like smoking, alcohol in-
take and exposure to radiation. Commitment to occupational safety measures by hairdressers and their employ-
ers might alleviate this risk to a measurable extent. It is recommended to conduct large scale studies and to as-
sess the levels of the hazardous chemicals in workplaces through environmental monitoring in further researches 
to get more information regarding this risk of genotoxicity. 
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