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ABSTRACT 

Many cases of toxicity and mortality either due to accidental or deliberate ingestion of hair dyes were reported in Egypt, 
Sudan, Israel, Morocco, Saudi Arabia, India and Tunisia. In the field of forensic analytical toxicology, the identification 
and quantification of chemicals are essential in deaths related to intoxication. The aim of the present study is to conduct 
chemico-analytical characterization of para-phenylenediamine (PPD) based hair dye of (Black stone hair dye, SHD) 
currently used for dying hear in Egypt, to confirm the identification of its components, that may be potentially toxic on 
oral or dermal exposure, this study uses comparison between different analytical methods. The applied analytical 
methods were inductively coupled plasma/MS (ICP/MS), witch used to determine the metal components of the dye, 
high performance liquid chromatography/MS (HPLC/MS) and gas chromatography/mass spectroscopy (GC/MS) were 
used for qualitative and quantitative analysis of PPD in the dye. A derivatization method was applied by transforming 
PPD (aromatic amines) into corresponding imine derivatives. This compound was prepared by condensation of 
4-methylbenzeneamine with benzaldehyed to give N-benzylidene-4-methylbenzene-amine, which is a very stable inter- 
nal standard. ICP/MS analysis revealed that most metal components of hair dye are Be, Na, Al, K, Ca, Sc, Ti, V, Cr, Mn, 
Fe, Cu, and Zr, where HPLC/MS analysis revealed that PPD is the main ingredient of SHD. Derivatization is necessary 
for accurate determination of PPD in hair dye by GC/MS method and this results could not be obtained by direct injec-
tion of dye (without derivatization). 
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1. Introduction 

Stone hair dye SHD is a commercial hair coloring. It 
contains PPD and other elements [1-3]. Many cases of 
toxicity and mortality either due to its accidental or de- 
liberate ingestion were reported in Egypt, Sudan, Israel, 
Morocco, Saudi Arabia, India and Tunisia [4]. On the 
other hand, para-phenylenediamine is a very common 
allergen in man. Contact dermatitis following exposure 
to chemical allergens is a common health problem [5]. It 
is an immunologic skin reaction that occurs in a geneti- 
cally predisposed individual, the risk of sensitization 
rises with frequency of contacts with the allergen. Cases 
of photosensitization induced by para-phenylenediamine 
have also been recorded. Some attributed this to hyper-  

sensitivity of its para-group [6]. N-Substitution of PPD 
influences its sensitization potential. Also the length of 
the chain of the alkyl substituent often has an effect on 
the sensitization potential [7]. 

A number of analytical procedures have been devel- 
oped to separate and determine PPD intermediate in col- 
oring products, including ICP/MS, HPLC/MS and GC- 
MS [8,9]. Some of these methods require laborious and 
time consuming methods of extractions of hair dye com- 
ponents, followed by their chemical derivatization [10]. 
High performance liquid chromatography (HPLC) has 
been adopted as a popular method for the determination 
PPD derivatives, during which test chemicals are not 
heated above room temperature. Each PPD derivative has  
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a characteristic ultraviolet absorption spectrum, and quali- 
tative analysis is possible by selection of a suitable de- 
tection wavelength. Therefore HPLC is a suitable method 
for the determination of PPD derivatives [11]. HPLC/MS 
was chosen for the determination of PPD derivatives in 
the present study because of the stability of aromatic im- 
ines [12]. In the present work, PPD was converted into 
an imine; taking in account that coloring product com- 
postion should not affect the reaction of PPD with alde- 
hydes. On the application of GC/MS technique operating 
in SIM mode to determine the derivatives PPD obtained 
from commercially available hair dyes, many peaks were 
obtained in the chromatograms with the use of flame 
ionization detector. This could be due to the thermo la- 
bile nature of PPD. This explains the previous use of 
GC/MS for the qualitative analysis of its derivative [13]. 

The aim of the study is to define chemico-analytical 
characterization of PPD containing hair dye currently 
used in Egypt (SHD), identify the suitable methods of 
detection, and quantify its components that may be po-
tentially toxic on oral or dermal exposure. 

2. Material and Methods 

2.1. Chemicals 

A commercially available and widely used black hair dye 
in Upper Egypt, traditionally known as “Stone Hair Dye” 
(SHD) was obtained from market in Assuit. Para-pheny- 
lenediamine (PPD1) (CAS no. 106-50-3, 97% pure), 
PPD2 (crystallization form of PPD1 99.9%) and H2O2 
were obtained from organic laboratory Faculty of Science 
Assuit University. Sodium tetraborat (Ponreac Quimica SA, 
Espain), Methanol (Lichrosolv, HPLC grad > 99.8% 
pure), Second water {was obtained using a Milliq system 
with Q-PAK Purification Paks (Millipore Corp., Bedford, 
MA)} obtained from the unit of toxicology and chemical 
safety, institute of bioengineering, University Miguel Her- 
nández of Elche (Alicante) Spain. Hydrochloric acid 
(37%) was obtained from Merck KGaA (Darmstadt, Ger- 
many). Benzaldehyde (+99%, chlorine free) was pur-
chased from Sigma-Aldrich (Milan, Italy). Tetrahydro-
furan (THF) (Merck, Darmstadt, Germany). 

2.2. Apparatuses and Instruments 

Inductively coupled plasma-mass spectrometry 7700 
(ICP-MS) Brochure, from (Agilent Technologies Inc., 
Palo Alto, CA, USA). 

High performance chromatography (HPLC-MS), the 
column used was XDB-phenyl, 4.6 × 150 nm, and 3.5 
micron, from (Agilent Technologies Inc., Palo Alto, CA, 
USA). 

Gas chromatography/mass spectroscopy (GC/MS) 
(GC 6890 N, MS 5973 N) analyses was performed using 

a GC/MS system G1800 Series II (Agilent Technologies 
Inc., Palo Alto, CA, USA), equipped with an HP-5MS 
(30 m × 0.25 mm, Ph Mesiloxane 5%) capillary column. 

2.3. Preparation Injection of the Samples for 
Injection 

2.3.1. ICP-MS 
Two samples of SHD were weighted and dissolved in 
second water. The first was 0.1 mg/ml, and the second 
was 3.3 mg/ml. The used blank was second water. Tun- 
ing solution was used to adjust the instrument. Samples 
were injected directly to the instrument. Each sample 
repeated three times and the average was taken. 

2.3.2. HPLC/MS 
Preparation of Mobil phase: 
Borate buffer: 19.06 gm of Sodium tetraborat was dis- 

solved in 800 ml distilled water and completed to 1000 
ml to reach to pH 8.0 using 0.1 N HCl. 

Preparation of the samples of PPD1, PPD2 & SHD 
for injection: 
 10 mg (10000 µL) of PPD and (SHD) were dissolved 

in 10 ml of (30% Methanol and 70% buffer). 
 Samples were centrifuged at 7500 rcf for 5 min. 
 200 µL of the supernatant were filtered using nylon 

millex (0.45 µL). 
 100 µL from the last pure solution were diluted to 

1000 µL using 900 µL (30% Methanol and 70% 
buffer, the concentration of this solution was 0.1 
mg/ml (1/10). 

 500 µL from the last solution was diluted to 1000 µL 
using 500 µL (30% Methanol and 70% buffer. The 
concentration of this solution was 0.05 mg/ml (1/500). 

The apparatus was adjusted at the following pa-
rameters: 
 flow rate 0.05 ml/min, 125 bar 
 Solvent A is 70% Borate buffer at pH 8 
 Solvent B is 30% Methanol 
 Stop time is 9 min 
 Wavelength 242 nm 

Three samples of PPD1, PPD2 and SHD were ana- 
lyzed and each sample was repeated three times. The sum- 
mation of all samples was 27 runs and the average of 
readings was taken. 

3. GC-MS 

3.1. Derivatization of Hair Dye SHD & PPD 
(Original Solution) 

3.1.1. Preparation of the N1,N4-Dibenzylidenebenzene- 
1,4-diamine (Derivatized SHD and PPD) 

975.6 mg Benzaldehyde (9.20 mmol) was added to a 
magnetically stirred solutions of PPD and SHD (497.1 
mg, 4.60 mmol) in THF (20 ml). The resulting mixture  
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was treated with a catalytic amount of 4-methylbenzene- 
sulfonic acid (23.74 mg, 0.138 mmol) and then Na2SO4 
(236.13 mg, 18.4 mmol) was added as drying agent. Af- 
ter 5 h at 70˚C, the reaction mixture was filtered and the 
solvent was evaporated under vacuum, to give a yellow 
oil which was dissolved in CHCl3 (2 ml). Using 
CHCl3/MeOH (9:1, v/v) as eluent, and visualizing the 
spot of residual benzaldehyde with a 5% solution of 2, 
4-dinitrophenylhydrazine in ethanol (99.5%), the product 
was recovered in 81% yield after precipitation from n- 
hexane (15 ml). The purity of the final compound was 
checked by 1H NMR. 

3.1.2. Preparation of the Samples for Injection 
The original solution was diluted 100 times by taking 50 
µl of it and adding 4.95 ml of THF, so the final concen- 
tration was 5 mg/ml. Second dilution was obtained by 
taking 50 µl from the first dilution and adding 4.95 ml of 
THF, so the final concentration is 0.05 mg/ml. 

The GC/MS analyses were carried out in splitless 
mode (1 min purge off) using helium as carrier gas at a 
flow rate of 1 ml/min. The injection port temperature was 
250˚C for derivatization PPD and PPD, the oven was 
maintained at an initial temperature of 60˚C for 2 min for 
PPD and derivatized PPD, and then programmed at 
14˚C/min for PPD and derivatized PPD to a final tem- 
perature of 280˚C and stop time for PPD but for derivat- 
ized PPD, it was maintained for 20 min. 

3.2. Injection of PPD without Derivatization 

Four concentrations were prepared (10 µg, 30 µg, 50 µg 
and 100 µg) of PPD and SHD, they were injected in GC- 
MS and each concentration was repeated three times, so 
the total was 18 runs. 

4. Results 

4.1. Inductively Coupled Plasma-Mass 
Spectrometry (ICP/MS) 

Table 1 showed the analysis of SHD at different concen- 
trations. At concentration 100 µg/ml, some elements were 
detected in different concentrations as Al 0.12 µg/ml, K 
1 µg/ml, Sc 0.003 µg/ml, V 0.003 µg/ml, Cr 0.023 µg/ml, 
Mn 0.006 µg/ml and Fe 0.6 µg/ml, while elements as Be, 
Na, Ca, Ti, Cu and Zr could not be detected. By increas-
ing the concentration of SHD to (3.3 mg/ml), the con- 
centration of elements increase as, Al 0.36 µg/ml, K 2.0 
µg/ml, Sc 0.04 µg/ml, V 0.005 µg/ml, Cr 0.526 µg/ml, 
Mn 0.016 µg/ml and Fe 0.8 µg/ml and some elements 
could be detected as Ca 0.36 µg/ml and Cu 0.01 µg/ml. 

In regards to SHD concentration of 10 mg/ml, new 
elements appeared as Be 2.65 µg/ml, Na 21.2 µg/ml Ti 
0.008 µg/ml and Zr 0.023 µg/ml, where other elements 
values increased, Al 1.4 µg/ml, K 6.0 µg/ml, Ca 4.9 
µg/ml, Sc 0.096 µg/ml, V 0.203 µg/ml, Cr 1.464 µg/ml, 
Mn 0.018 µg/ml and Fe 1.7 µg/ml and Cu 0.025 µg/ml. 

4.2. Qualitative and Quantitative Analysis of 
SHD by HPLC/MS 

4.2.1. Qualitative Analysis (Detection of PPD in SHD) 
The retention time for PPD in SHD was 4.57 min and it 
was the same retention time of standard PPD1, PPD2, as 
shown in Figures 1, 2, and 3. 

4.2.2. Quantitative Analysis (Detection of PPD in 
SHD) 

The concentration was calculated using the peak height: 
By the use PPD1, It was fond that, the concentration of 

PPD in SHD was 97.54%. 
 

Table 1. The elemental components of SHD at different concentrations. 

SHD 10 mg/ml SHD 3.3 mg/ml SHD 100 µg/ml Element 

2.650 0.000 0.000 Be 

21.20 0.000 0.000 Na 

1.400 0.360 0.120 Al 

6.000 2.000 1.000 K 

4.900 3.600 0.000 Ca 

0.096 0.040 0.008 Sc 

0.008 0.000 0.000 Ti 

0.203 0.005 0.003 V 

1.464 0.526 0.023 Cr 

0.018 0.016 0.006 Mn 

1.700 0.800 0.600 Fe 

0.025 0.010 0.000 Cu 

0.023 0.000 0.000 Zr 

Element Conc. With µg/l. 
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Figure 1. Ultraviolet absorption spectrum of PPD1 in methanol/borate. 
 

 

Figure 2. Ultraviolet absorption spectrum of PPD2 in methanol/borate. 
 

By the use of PPD2, it was fond that, the concentration 
of PPD in SHD was 99.9%. 

The concentration calculated using area: 

By the use of PPD1, it was fond that, the concentration of 
PPD in SHD was 99.66%, while by the use of PPD2, the 
concentration of PPD in SHD was100.03%, Table 2. 
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Figure 3. Ultraviolet absorption spectrum of SHD in methanol/borate. 
 
4.3. Qualitative and Quantitative Analysis of 

SHD by GC/MS 

4.3.1. Using Direct Injection of PPD and SHD without 
Derivatization by GC/MS  

1) Qualitative analysis 
The retention time for PPD in SHD was 5.65 min, it 

was the same retention time in standard PPD, and the 
mass spectra at 108 Mwt for PPD in SHD was the same 
as the standard PPD, as shown in Figures 4, 5. 

2) Quantitative analysis 
At concentrations of 10 µg, 30 µg, 50 µg and 100 µg, 

the concentration of PPD in SHD were 3 µg, 15.7 µg, 
17.56 µg and 31.56. 

4.3.2. Using Indirect Injection of PPD and SHD with 
Derivatization 

1) Qualitative analysis: 
 For derivatized PPD 

1H NMR (CDCl3), δ (ppm): 7.29 - 7.31 (m, 4 H; Ar-H), 
7.46 - 7.52 (m, 6 H; Ar-H), 7.90 - 7.95 (m, 4 H; Ar-H), 
8.52 (s, 2 H; HC=N). 
 For derivatized SHD 

1H NMR (CDCl3), δ (ppm): 7.29 - 7.31 (m, 4 H; Ar-H), 
7.46 - 7.52 (m, 6 H; Ar-H), 7.90 - 7.95 (m, 4 H; Ar-H), 
8.52 (s, 2 H; HC=N), as shown in Figure 6. 
 For derivatized PPD 

GC/MS (EI): 284 [M +, 100%]; 283 (40); 207 (9); 180 
(5); 77 (7) 

Table 2. The Conc. of PPD in SHD using average area. 

 Average SD Conc. of PPD in SHD %

PPD1 99.23 0.058 99.66 

PPD2 95.67 5.312 103.03 

 
 For derivatized PPD 

GC/MS (EI): 284 [M +, 100%]; 283 (40); 207 (9); 180 
(5); 77 (7). 

2) Quantitative analysis 
The concentration of PPD in SHD at concentrations 5 

mg/ml and 500 mg/ml were 0.922 mg and 417.89 mg but 
for 0.05 mg/ml there is no signal for PPD and SHD. 

5. Disscussion 

Many studies reported the occurrence of hazardous health 
effects as a result of the use of “black hair” dyes or “black 
henna” either through its cosmetic use or through occupa- 
tional exposure as in barbers. Mutagenic, carcinogenic, 
cataractogenic, hypersensitivity and hematopoietic dis- 
orders have been reported as consequences of hair dye 
use [14,15]. In the field of forensic analytical toxicology, 
the identification and quantization of chemicals are es- 
sential in deaths related to intoxication. In the present 
study, Stone hair dye was analyzed by different methods 
to identify its components and to verify the suitable me- 
thod of their determination. 

In a previous study, SHD analysis by Energy Disper- 
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Figure 4. Retention time of PPD using GC/MS. 
 
sive X-ray (E.D.X.) microanalysis revealed the following, 
Al 55.12%, Si 11.37%, S 1.47%, Fe 4.61%, Cu 16.61%, 
Zn 10.07%, Sb 0.73%, Pb 0.91%, K 0.52%, and Sc 
0.3715. By comparing the previous results with ICP-MS 
results in present study, it was noticed that Aluminum 
(1.4 µg) represented the second highest component after 
Cr (1.464 µg) in SHD, but Cr, Na, Be, Ca, Ti, V, Zr and 
Mn components were not detected in E.D.X. analysis, on 
the other hand, the following components Si, S, Zn, Sb 
and Pb not detected in ICP/MS (Table 1). This may be 
attributed to the difference in the origin of the dye or due 
to the deference in devices sensitivity. 

High performance liquid chromatography HPLC/MS 

has been adopted as a popular method for the determina- 
tion of PPD. Each PPD derivative has a characteristic 
ultraviolet absorption spectrum, and qualitative analysis 
is possible by selection of a suitable detection wave- 
length [16]. The chromatograms of PPD1, PPD2 showed 
one characteristic peak at retention time between 4.49 
min and 4.50 min, (Figures 4 and 5) where the chroma-
togram (Figure 6) showed the retention time of SHD is 
between 4.49 min and 4.50 min as the same retention time 
of standard PPD1, PPD2. This confirms that PPD is the 
main component of SHD and it could be used as an indi- 
cator of its presence in screening analysis of samples. 
The determination of PPD1, PPD2 and SHD were carried 
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Figure 5. Retention time of SHD using GC/M. 
 
out using total average area [17]. In the present results, it 
was found that 99.66% of SHD was PPD1 and 100.03% 
of it was PPD2, from previous results, the concentration 
of PPD in SHD by using the average aria of PPD1 and 
PPD2 was 99.85%, so we can say that the concentration 
of metals was 0.155%, this means that SHD mainly PPD. 
GC/MS was previously used in qualitative analysis of 
PPD [18]. By direct injecting SHD gave retention time at 

5.65, which was the same retention time of stan- dard 
PPD, this means that PPD is the mean component of 
SHD but the quantity couldn’t be determined by direct 
injection of sample (without derivatization). Certain ana- 
lyses, specifically nitrogen containing compounds (i.e., 
aliphatic primary, secondary, and tertiary amines), can be 
difficult to detect using GC because there is significant 
adsorption of the basic amines on the often acidic column 
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Figure 6. 1H NMR for derivatized SHD for derivatized PPD. 
 
as well as decomposition of the analyte [19]. Organic 
amines need to be derivatized before GC analyses [20]. 
So we modified a method (derivatization) that gives us a 
thermo stable compound, which gave us more accurate 
quantitative results. In the present experiment, a method 
for detecting PPD as one peak was modified using split- 
less mode, which gave characteristic one peak. The ana- 
lytical technique GC/MS in SIM mode, was applied to 
determine the concentration levels of PPD in hair dyes, 
this requires complete derivatization of this intermediate 
to enhance the instrumental response [21]. In analogy to 
the hair dyeing process, a complete derivatization of PPD 
could be performed by a stable imine, because the con- 
tent and composition of the coloring products should not 
affect the reaction with an aldehyde. Therefore, benzal- 
dehyde was chosen as the best reactant to prepare imine 
derivatives from PPD, and the very good stability gener- 
ally observed for aromatic imines [22], and very efficient 
protocol for the determination of PPD in commercial hair 
dyes. In the present experiment, the splitless mode was 
used for PPD as a sensitive and accurate analytical me- 
thod for the determination of PPD in commercial hair 
dyes. The results, showed good linearity for the recovery 
of PPD and high levels of sensitivity, this recommend the 
use of the proposed method for the quantification of PPD 
in all commercially available hair dyeing products. 

6. Conclusion 

ICP analysis provides an accurate method for determina- 
tion of metal components of hair dye, where HPLC 
analysis revealed that PPD is the main ingredient of SHD. 
Derivatization is necessary for accurate determination of 
PPD in hair dye by GC/MS method and this results could 

not be obtained by direct injection of dye (without deri-
vatization). 
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