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Abstract

highest level in the hair and fingernails of dental technicians.

The aim of this study was to determine selected heavy metal levels including cobalt (Co), Chromium (Cr) nickel (Ni) in scalp
hair and fingernail samples of dental technicians. The scalp hair and fingernail samples were collected from 55 dental technicians
and 25 medical technicians (control group). In the same time a questionnaire was filled by each subject of the two groups. The
concentration of heavy metals (Co, Cr and Ni) in scalp hair and fingernail were determined by spectrometry. The result showed that
the Co concentration in hair and nails of dental technicians was (0.74 pg/g, 6.5 pg/g respectively) compared with medical technicians
(0.04 pg/g, 0.03 pg/g respectively). Ni concentration in hair and nails of dental technicians was (12.00 pg/g, 17.4 pg/g respectively)
compared with medical technicians (6.3 pg/g, 6.00 ug/g respectively). Concentration of Cr in hair and nails of dental technicians was
(9.37 ug/g, 10.6 pg/g respectively) compared with medical technicians (0.0 pg/g, 10.3 pg/g respectively), Ni was found to have the
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Introduction

Dental laboratory technicians have multiple occupational
exposures, which may have adverse effects on their health. The potential
occupational risk factors include chemical, physical, psychological,
ergonomic, and other job-related factors [1,2].

The substances to which dental technicians are exposed include
heavy metals from the base metal alloys and some other materials that
are used in the fabrication of dental prosthesis [3]. Indeed, base metal
alloys have become widely used in dental practice as cast materials and
especially used for the construction of metal core in metal-ceramic
restorations and the construction of Co-Cr metal framework of
removable partial denture (RPD) (cobalt-chromium) [4-6]. In general,
these alloys consist of 35-65% cobalt (Co), 20-30% chromium (Cr),
0-30% nickel (Ni) and small amounts of molybdenum (Mo), silica,
beryllium, boron and carbon [7,8].

Nickel (Ni), chromium (Cr) and cobalt (Co) are essential elements
required for the human body in extremely low amounts; whereas at
high levels these elements may cause serious problems in the body [9].
Contact with Ni compounds can cause a variety of adverse effects on
human health, such as nickel allergy in the form of contact dermatitis,
lung fibrosis, cardiovascular and kidney diseases and cancer of the
respiratory tract [10,11]. Chromium may cause asthma, cough,
shortness of breath, and wheezing [12]. Occupational exposure to Co
is primarily via inhalation of dusts, fumes, or mists containing Co,
targeting the skin and the respiratory tract [13].

The use of scalp hair and fingernails samples in an assessment of
environmental and occupational metal exposure has received a great
deal of attention in the literature [14-19]. In the past few years human
hair and fingernails have been recognised as an invaluable tissue and
more attractive diagnostic tool in assessing heavy metals in human body
with environmental exposure [20]. Nowadays there is an increasing
interest of scalp hair and fingernails in the fields of medical, biological,
forensic, and environmental sciences [17,18,21-23], they can be easily
sampled collected, stored and prepared for analysis [24,25].

The hypothesis of the present study is that the dental laboratory
technicians are at risk of exposure to heavy metals from the alloys
that they used in the production of dental prosthesis, thus the level of

heavy metals in their body will be increased than the normal level in
the general population, their hair and figure nails are good biological
tissues to trace the level of these elements in their body. Therefore, In
this study, the levels of heavy metals namely: Co, Cr and Ni in scalp
hair and fingernails samples collected from dental technicians were
determined and compared with the other samples collected from
medical laboratory works as a control group.

Materials and Methods
Study population

This study was conducted for determination of selected heavy
metal levels in scalp hair and fingernail samples collected from dental
technicians in Jordan. The target population was dental technicians
who work in the dental laboratories in Jordan. A convenient sample
of 21 dental laboratories and 6 medical laboratories were selected from
those available in the north and middle region of Jordan.

Samples collection

A total of 80 samples of human hair and 80 samples of fingernails
were collected from 55 dental technicians who work in dental
laboratories and 25 medical laboratories technicians as a control group.
The age range for all of the subjects was 20-50 years old with a mean of
36 years. At the begging all subjects were given a form detailing the aim
of the study and all agreed to participants and signed this form.

A questionnaire was also administered in order to collect details
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concerning demographic data of the participants under this study
includes age, gender, smoking habits, type and place of occupation,
and duration of employment. The second part of the questions include
working time in hours/week with alloys contain heavy metals (Co, Cr
and Ni), laboratory type (government, private), and use of personal
protective equipment such as mask, gloves and lab-coat.

Chemical reagents

All chemicals and reagents used in analysis were analytical grade,
HNO, 65-68% (Scharlau, Scharlau Chemie S.A, Barcelona, Spain), and
H,0, 35% w/w extra pure (Scharlau, Scharlau Chemie S.A, Barcelona,
Spain). Washing reagents, diethyl ether; C,H, O (M-TEAIA, Ohio,
USA), and acetone; C,H,0 99.5%, (Panreac, Panreac Quimica S.A.U,
Barcelona, Spain).

All glassware used in this study were cleaned with soap, washed
thoroughly with tap water, rinsed with distilled water, and soaked in
10% HNO, for 24 h to remove any contamination by heavy metals;
then the glassware were washed thoroughly with deiozised water.

Preparation of scalp hair and fingernails samples

Preparation of the samples for analysis was carried out based on
standard methods that recommended by other researchers with some
modifications [26,27].

Preparation of hair samples: Hair samples were collected and
cut into very small pieces with stainless steel scissors, and soaked in a
mixture solution with a ratio of 3: 1: 20 (v/v) of diethyl ether, acetone
and deionized water for 1 h with use of ultrasonic bath, and then rinsed
thoroughly with deionized water. After that, the hair samples were
placed in glass petri-dishes, and then dried at 105°C for 24 h in an oven
(Model D4C Genlab, Widnes, England). Then the following steps were
carried out as follows: i) A weight of 1 g hair samples were placed in a
porcelain evaporating dish; ii) The hair samples were digested with a
mixture of HNO,and H,O, with a ratio of 6:2 (v/v) in a the porcelain
evaporating dish; iii) The digested samples was then heated on a hot
plate at 80°C to near dryness; iv) An aliquot 10 ml of 0.1IM HNO, was
added to each digested sample; v) The extract was filtered via Whatman
filter paper No. 42 (Springfield Mill, Maidstone, Kent, England), then
was kept in a 10 ml polyethylene flask (Arab Medical Containers,
Sahab, Amman) at 4°C until analysis.

Preparation of nail samples: The same procedure used for scalp
hair in the above mentioned section is used for nail samples. Except,
the ratio (v/v) of diethyl ether, acetone and deionized water was 3:2:5.
Also, the weight of nail samples was ranged between (0.1-0.5) g. The
same steps in scalp hair samples mentioned (i-v) in above were carried
out for nail samples, the digested ratio of HNO, and H,O, was of 3:1
(v/v).

Measurement and instrumentation

The concentrations of heavy metals (Co, Cr and Ni) were analyzed
by atomic absorption spectrophotometer (AAS). F-AAS (Shimadzu,
AA-6300, Tokyo, JAPAN) fully equipped for flame (air acetylene)
was used to determine the concentration of Ni with a detection limit
of 0.01 ppm, whereas GFA-AAS (Shimadzu, EX7, Tokyo, JAPAN)
was used for analysis of Co and Cr with a detection limit of 5 ppb.
The wavelength used for Co, Cr and Ni were 240.7, 357.9 and 282 nm,
respectively. The parameters of the mechanics used for analysis of three
metals investigated are shown in Table 1.

Calibration curves were constructed by diluting a series of standard
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Parameters Co Cr Ni
Lamp Current(mA) 20 10 12
Wave length (nm) 240.7 357.9 282
Slite —width (nm) 0.2 0.7 0.2
Background correction D, lamp D, lamp D, lamp
Sample volume (10)uL (20)uL 3ml
Detection limit 5ppb 5ppb 0.01ppm

Table 1: Measurement Conditions for GF-AAS and F-AAS used in analysis.

solutions of each element to achieve a linear dynamic range for each
under test element. The dynamic linear ranges for Co, Cr and Ni, are
ranged between (0-15) pg/L, (0-20) pg/L and (0-2) mg/L, respectively.

Validation of method

Quality control was used to validate the accuracy of the method
using different standard with known concentration of Co (100 ppb), Cr
(125 ppb) and Ni (120 ppm). The result achieved was (94.3 ppb, 121.6
ppb and 114.8 ppm for Co, Cr and Ni, respectively). Thus % accuracy
obtained was: 94.3%, 97.3% and 95.7% for Co, Cr and Ni, respectively.
This indicates that there was a good agreement between the true and
measured values for these elements.

Statistical analysis

The data obtained from analysis the hair and fingernails of the
subject investigated in this study regarding the concentration of
the heavy metals and the associated factors demographically and
environment of work were analyzed statistically by multivariable
analysis and Mann-Whitney test using statistical package for the social
sciences SPSS.

p-value of < 0.05 was considered statistically significant in the
result presented of the study.

Results

Table 2 represents the personal data of 55 dental technicians and
25 medical technicians as a control group are presented. Almost half
of participants aged between 21- 30 years. The majority of medical
technicians and 36.4% of dental technicians participated in this study
were working in governmental sector. All medical technicians and the
majority of dental technicians reported wearing lab coat and dental
technicians were less likely to use gloves.

Overall the concentration of heavy metals in hair of dental
technicians was significantly more than in the hair of medical
technicians (Figure 1) for Co, Cr and Ni (Mann-W test, p<0.001,
p<0.001, p=0.001 respectively) . In both groups Ni was the highest
values, Co was found far much less than Ni as well as than Cr in the
dental technicians while in the medical technicians no Cr at all was
detected. Analysis of multivariable (Table 3) indicated that only the
Ni concentration in the hair of dental technicians was significantly
affected by; the age of subjects, smoking of the Sheesha, place of work,
working time and use of the suction by the technicians. While the
gender, smoking habits, duration of employment (years) and the use
of mask have no significant effect on the concentration of Ni. For Co
and Cr only the Co concentration was found to be significantly affected
by the place of the work where the other variables have no significant
effect at all in the concentration of Co nor the Cr. Table 4, showed
that Ni concentration in hair of medical technicians was significantly
affected by the variables of age, gender and duration of employment.
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Dental technician Medical technician

Variable n (%) n (%) P- value
Age (years)
21-30 28 (50.9) 15 ggg; 0.809
31-50 27 (49.1) ’
Gender
Male 40 (72.7) 14 (56.0) 0.139
Female 15 (27.3) 11 (44.0)
Smoking habit
Smoker 25 (45.5) 7 (28.0) 0.140
Non smoker 30 (54.5) 18 (72.0)
Sheesha (water pipe)
Yes 11 (20.0) 2(8.0) 0.177
No 44 (80.0) 23 (92.0)
Place of work
Private 35 (63.6) 3(12.0) <0.001
Governmental 20 (36.4) 22 (88.0)
Duration of
engz'ginst(yzzi) 20 (36.4) 12 (48.0)
6-10 yeaZs 13 (23.6) 4 (16.0) 0.575
>10 years 22 (40.0) 9 (36.0)
Use of mask
Yes 26 (47.3) 1(4.0) <0.001
No 29 (52.7) 24 (96.0)
Use of gloves
Yes 16 (29.1) 20 (80.0) <0.001
No 39 (70.9) 5(20.0)
Wearing lab-coat
Yes 43 (78.2) 25 (100.0) 0.011
No 12 (21.81) 0(0.0)

(Dental technician n=55, Medical technician=25)
'n: Number of samples

Table 2: Demographic and work related characteristics of the participants.
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Figure 1: Mean concentrations of Co, Cr and Ni (ug/g) in hair of the dental
technician and medical technicians.

While the other variables have no significant effect in the Ni. Co and Cr
concentration have no significance at all in their concentrations related
to the variables of the subjects investigated.

Figure 2 show the mean concentrations of Co, Cr and Ni (ug/g)
in fingernails of the dental technician and medical technicians. The
statistical analysis by Mann-Whitney revealed that the concentrations
of both Niand Co were significantly more in nails of dental technicians
compared to their concentration in nails of the medical technicians
(p<0.001), while the concentration of Cr was not significantly difference
in fact the mean was very closed in both groups (p=0.196). Analysis
of multivariable showed no signified effects at all for the variables
investigated in the concentrations of heavy metal in the nails of dental
technicians (Table 5). For the medical technicians samples analysis
(Table 6), Co concentration was the only one that was significantly
affected by the smoking habit, while the other variables had no

significant effect in the Co, Ni and Cr concentration also were not
significantly affected by any of the variables of the subjects investigated
(p>0.05).

Correlation between the concentration of heavy metals in hair
and nails (Table 7) indicated that all the metals investigated were
significantly correlated to each other in hair as well as in fingernails. In
the other hand the correlation in the concentration of the heavy metals
in hair vs. nails was found to be significantly only for the Co (p<0.01)
but not for Cr nor for Ni (p>0.05).

Discussion

In this study, concentration of Co, Cr and Ni were investigated in
hair and fingernails of dental technicians. Dental technicians have a high

Mean concentration (S.D) (ug/g) in hair

Variable sample
Co Cr Ni
Age (years)
20-30 0.7+0.9 8.3+6.6 11.9+123
31-50 0.8+0.6 10.5+6.5 12.1+£10.8
p-value 0.752 0.279 0.016
Gender
Male 0.8+0.7 10.6 +6.8 11.5+9.6
Female 0.6+0.8 6.1+4.4 13.4+15.8
p-value 0.537 0.631 0.805
Smoking habit
Smoker 0.6 +0.5 9.9+6.5 10.5+10.0
Non smoker 0.8+0.9 8.9+6.7 13.3+12.6
p-value 0.664 0.284 0.786
Sheesha(water pipe)
Yes 0.8+0.7 11.3+8.1 145+ 13.5
No 0.7+0.8 8.9+6.1 11.4+£11.0
p-value 0.517 0.165 0.035
Place of work
Private 0.9+0.8 10.6 + 6.6 13.4+11.2
Government 04+04 72+6.1 9.6+ 11.8
p-value 0.007 0.086 0.029
Duration of employment(years)

Less than 5 years 08+1.1 8.1+£6.9 9.5+£10.5
6-10 years 0.6+0.4 9.1+58 14.8+12.8
>10 years 0.8+0.6 10.8+6.6 126+ 11.7

p-value 0.834 0.688 0.172
Working time with heavy
metal(h/w)
20-25h 0.9+0.8 11.1+£75 1121 53183'29
>25h 0.6+0.7 8.2+53 0 602 ’
p-value 0.602 0.083 .
Personal suction system
Yes 0.80+0.8 10.2+7.0 12.8 +12.9
No 0.7+0.7 84+59 11.0+9.6
p-value 0.544 0.205 0.001
Use of mask
Yes 0.8+0.8 96+74 10.5+8.9
No 0.7+0.7 9.2+58 13.4+13.4
p-value 0.823 0.989 0.106
Use of gloves
Yes 06+0.7 8.1+6.9 10.7 £13.2
No 0.8+0.8 99+6.4 125+ 10.8
p-value 0.342 0.394 0.151
Wearing lab-coat
Yes 0.8+0.9 8.9+6.9 11.8+11.5
No 0.7+0.3 11.2+4.8 127+ 11.8
p-value 0.838 0.221 0.582
Laboratory area available
<140 m? 0.8+0.8 9.8+6.7 12.3+10.7
>140 m? 0.6 +0.6 8.6 +6.3 11.5+£13.0
p-value 0.568 0.624 0.220

Table 3: The multivariable analysis of the differences in the concentration of Co, Cr
and Ni pg/g in hair among dental technicians.
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Figure 2: Mean concentrations of Co, Cr and Ni (ug/g) in fingernails of the
dental technician and medical technicians.

Mean concentration (S.D) (pg/g) in hair sample

Variable Co Cr Ni
Age (years)
20-30 0.03 £ 0.1 1.6+22
31-50 0.04 £ 0.06 *ND 10.6 +12.3
p-value 0.771 0.021
Gender
Male 0.02+0.9 1.8+28
Female 0.04 +0.06 ND 121 +12.7
p-value 0.530 0.007
Smoking habit
Smoker 0.05+0.13 14+1.2
Non smoker 0.02 +0.05 ND 8.2+11.2
p-value 0.547 0.124
Sheesha(water pipe)
Yes 0.0£0.0 59+7.1
No 0.03 £ 0.08 ND 6.3+£10.3
p-value 0.540 0.961
Place of work
Private 0.1+£0.2 8.0£129
Government 0.02 £ 0.04 ND 6.1+9.8
p-value 0.058 0.759
Duration of
eg‘s"sc’{r:gi”;(yz:g) 0.04 £ 0.1 21432
B0 e 0.03 £0.04 ND 16.6 + 18.1
210 years 0.02 +0.04 73%809
y 0.818 0.032
p-value
Use of mask
Yes 0.0+0.0 11.0+0.0
No 0.03 £ 0.08 ND 6.1+10.1
p-value 0.672 0.639
Use of gloves
Yes 0.02 £ 0.05 6.6 £ 10.2
No 0.08 £ 0.15 ND 52+9.9
p-value 0.319 0.434
Laboratory area
i‘ﬂfﬂf 0.08 +0.09 7.9£97
;140 m? 0.03 £ 0.08 ND 59+10.1
0.138 0.970
p-value

*ND: Not detected

Table 4: The multivariable analysis of the differences in the concentration of Co, Cr
and Ni pg/g in hair among medical technicians.

mean concentration of Co, Crand Ni (0.74 pg/g, 9.37 ug/g,and 12.0 ug/g
respectively) in hair samples compared with medical technicians (0.04
ug/g, 0.0 ug/g, and 6.3 pg/g respectively), the difference was significant
for the three heavy metals Co, Cr and Ni (p<0.001, p<0.001, p=0.001
respectively). The explanation of these differences is due to nature of
work and environment of laboratory; dental technicians exposed to
heavy metal through inhalation and skin absorption by production of

dental prosthesis such as crown, bridge and the metal framework of
removable partial denture, the environment of dental laboratory may
have also airborne contamination from dust and metal [3,7,8].

Concentration of Ni in hair of dental technicians was found high
than Co and Cr, this could be related to the base metal alloys that are
the most frequently used in dental laboratories in Jordan that were
found to be; Remanium CS (Ni 61%, Cr 26%, Mo 11%, Si 1.5%, Fe,
Ce, Al, Co<1%), Heranium NA (Ni 59%, Cr 24%, Mo 10%,Fe, Mn, Ta,
Si, No < 2%), Wiron 99 (Ni 65%, Cr 22.5%, Mo 10%,No 1%, Si 1%, Fe
0.5%, Ce 0.5%, C 0.02% ), CB Soft (Ni 72.8%, Cr 4.9%, Cu 12.3%, other
10%) [28,29]. Thus, it could be seen that Ni represents approximately
60% or more of the composition of these alloys, whereas, the other
elements were less than Ni content.

Mean concentration (S.D) (ug/g) in nails sample

Variable Co Cr Ni
Age (years)
20-30 6.2+6.5 19.3+14.5 10.8+7.4
31-50 6.8+75 15.5+10.8 10.4+5.6
p-value 0.176 0.954 0.805
Gender
Male 71+76 18.5+14.0 10.7 £ 6.3
Female 47+44 146+84 10.2+7.3
p-value 0.329 0.879 0.962
Smoking habit
Smoker 51+55 18.2+14.9 8.9+49
Non smoker 76+7.8 16.8 £ 10.9 11.9+7.3
p-value 0.181 0.851 0.822
Sheesha(water pipe)
Yes 10.6 +8.9 20.3+13.8 129+84
No 54+59 16.7+12.6 9.9+59
p-value 0.269 0.747 0.344
Place of work
Private 72+74 18.8+13.6 11.2+6.9
Government 52+6.0 15.0+11.2 99+58
p-value 0.263 0.354 0.382
Duration of
T_mp"’tﬁme’g(years 7.7+83 20.2 £ 13.9 122478
NP A 6.6+7.3 20.6 + 16.1 9.7+6.2
10 years 53+5.3 131479 9.6+5.3
y 0.328 0.944 0.372
p-value
Working time with heavy
metals(h/w)
20-25h 59+7.0 14.9 £9.2 105+7.3
>25h 7.1+£6.9 19.8+15.2 10.7+5.9
p-value 0.460 0.627 0.851
Personal suction system
Yes 56+6.1 15.4+8.4 11.4+6.6
No 75+£78 19.8+16.5 96+6.4
p-value 0.501 0.676 0.787
Use of mask
Yes 64+6.4 15.9+10.9 12.0+6.8
No 6.5+75 18.7+14.3 9.3+6.0
p-value 0.527 0.831 0.308
Use of gloves
Yes 54+55 15.7+13.2 11.0£7.7
No 6.9+75 181127 10.3+6.1
p-value 0.795 0.340 0.767
Wearing lab-coat
Yes 71+7.4 17.9+12.2 11.5+6.9
No 43+4.1 15.8+15.1 73+29
p-value 0.403 0.154 0.087
Laboratory area available
<140 m? 72+75 17.9+13.4 9.8+56
>140 m? 52+57 16.7+11.9 11.8+7.9
p-value 0.354 0.986 0.484

Table 5: The multivariable analysis of the differences in the concentration of Co, Cr
and Ni pg/g in fingernails among dental technicians.
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Mean concentration (S.D)(ug/g) in nails sample

Variable Co Cr Ni
Age (years)
20-30 0.06 +0.16 13.3+14.2 51+11.2
31-50 0.01 £ 0.04 76+3.9 6.9+7.2
p-value 0.239 0.176 0.647
Gender
Male 0.06 +0.15 10.2+11.5 8.6+ 11.3
Female 0.0+0.0 05+9.3 28+39
p-value 0.149 0.927 0.119
Smoking habit
Smoker 0.1+0.2 10.2+14.2 11.7£13.9
Non smoker 0.0+£0.0 10.4£9.0 3957
p-value 0.005 0.963 0.054
Sheesha(water pipe)
Yes 0.0+0.0 3.0+22 10.9+10.8
No 0.04 +0.1 10.9+£10.6 5.6+9.1
p-value 0.638 0.312 0.453
Place of work
Private 0.05 +0.08 58+27 9.7+7.1
Government 0.03+0.1 10.9+£10.9 55+94
p-value 0.300 0.558 0.304
Duration of
egzgr:giné(y::) 0.06 +0.02 13.1£142 54%19
6-10 ea?’ls 0.0+0.0 10.1+5.6 09+1.9
>10 years 0.01+0.05 6.7+27 91176
4 0.495 0.385 0.330
p-value
Use of mask
Yes 0.0+0.0 46+0.0 18.5+0.0
No 0.04+0.1 10.6 £ 10.6 55+9.0
p-value 0.745 0.584 0.172
Use of gloves
Yes 0.04+0.3 10.8+11.3 53196
No 0.03 £ 0.06 8.6+6.3 88174
p-value 0.630 0.946 0.366
laboratory area available
<140 m? 0.04 +0.08 51+3.1 49+6.2
>140 m? 0.04 £1.3 11.3+11.0 6.3+9.7
p-value 0.470 0.236 0.939

Table 6: The multivariable analysis of the differences in the concentration of Co, Cr
and Ni pg/g in fingernails among medical technician.

Human hair Fingernails
Covs. Cr 0.816" 0.315"
Co vs. Ni 0.297" 0.550"
Crvs. Ni 0.376" 0.235

**Correlation is significant at the 0.01 level (2-tailed)
*Correlation is significant at the 0.05 level (2-tailed)

Table 7: Correlation between concentrations of selected heavy metals in human
hair and fingernails.

Previous researcher have reported that the concentrations of
Cr, Co and Ni in the urine of dental technicians were significantly
elevated, confirming the occupational exposure effect to these metals,
Co concentration was higher than the level of Cr and Ni [3], the alloys
used in those laboratories that were investigated in (Ankara) were;
Wironit (Co 64%, Cr 28%, Mo 5.0%), Remanium CD (Co 65%, Cr
26%, Mo 4.5%), Remanium GM380 (Co 64.5%, Cr 29%, Mo 4.5%), and
also Formalloy C (Cr 30%, Ni 60%, Mo 5.0%), Ceraplus S (Cr 23%, Ni
62%, Mo 10%) and Remanium CS (Cr 26%, Ni 61%, Mo 11%). This
may explain why the Co level was higher than Cr and Ni, since Co
represents approximately more than 60% of the composition of three
out of the six alloys that are used in the laboratory investigated.

In this study, there is a significant association between age of
participates and Ni concentration for dental technicians and medical
technicians (p<0.016, p<0.021 respectively). It is more in the age group

31-50 years old compared with 20-30 and this related to the number of
years of exposure to the Ni during their work, this is also been shown to
the association of working time with the concentration of the Ni level
on the hair of the subjects.

The results in this study related to Ni levels in smoker (Sheesha)
compared with non smoker are in a good agreement with other
findings by Wolfsperger et al. [30], which could be related to the smoke
that is inhaled from the Sheesha.

Furthermore, the place of work had a significant association with
Coand Ni (p<0.007, p<0.029 respectively) and that is due to the absence
of a exhaust in most laboratories and ventilation system in workplaces.
Ni and Co were found in lower a concentration in governmental
laboratories than private laboratories this due to more ventilated and
more spacious space in governmental laboratories than the private
one, also vacuum was noticed to be more used in the government
laboratories than private.

For the medical technicians it was observed that gender is
significantly associated with Ni concentration (p<0.007). Ni
concentration was greater in female than those in male, possibly due to
a more frequent contact with Ni- containing item: jewellery, buttons,
accessories, certain shampoos, detergents, pigments, cosmetic etc., and
use of cooking utensils [31].

The mean concentrations for three heavy metals (Co, Cr and Ni)
found in fingernails of dental technicians was more than found in
medical technicians with a significant level of Co and Ni (p<0.001,
p<0.001 respectively). Moreover, the concentration of Ni in fingernails
was the highest mean concentration compared Co and Cr means
concentration for dental technicians. Gammelgaard and Veien [32]
indicated that the main factors that affect the Ni level in fingernails are
the duration and intensity of exposure, which in turn, depend on Ni
content in the environment and its physicochemical state. The mean
concentration of Cr in dental technicians and medical technicians were
approximately similar (10.6 pg/g, 10.3 ug/g respectively) and there was
no significant between the two groups this may due to the use of nail
varnish by female in both groups involved in this study. Since it was not
the case in the hair of medical technicians.

Although, the weight of the fingernail samples was much less
than the hair sample, it was easier and more detectable to trace the
concentration of the heavy metal investigated on the fingernail samples
than in hair samples in both groups (dental technicians and medical
technicians). Indeed, the concentration of the heavy metals of the three
element investigated were relatively higher in fingernail samples than
the hair samples. Nowak and Chmielnicka (2002) reported that metal
contents in nails is higher relative to hair for all eight metals (Pb, Cd,
Cu, Fe, Niand Cr) that they investigated however, a unified relationship
could not be established between the elemental composition of hair and
nails. The different treatment, adopted by the subjects for washing the
hair, affects the metal profile in hair as compared to nail samples. This
is because few metals can be easily washed out of hair during treatment,
which may lead to low levels of concentration in hair. Also biological
nature of the nail compared to the hair may have an influence on metal
concentration. Sukumar and Subramanian [27] reported that the
high levels of elements observed in nails due to the nail samples are
recommended as best indicator showing maximum levels because of
high bioaccumulation, and external contamination.

For medical technicians, there was a significant difference between
Co concentration in smoker and non smoker (p<0.005), our results
are in a good agreement with other findings by Gennart et al. [33]
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who reported that the mean value of individual sister chromatid
exchange (SCE) frequencies and the percentage of high-frequency cells
(HFC) were significantly higher compared to controls, and both were
statistically significantly affected by exposure status and smoking habit.
Moreover, Shirakawa and Morimoto [34] reported that the relationship
between smoking habits and hard metal exposure in the elevation of
specific immunoglobulin E (IgE) to cobalt remains unidentified.

In this study, it was found that the heavy metals (Co, Cr and Ni) are
correlated to each other in hair and fingernail samples Table 7 whereas,
there was no correlation between the concentration of Ni and Cr in
hair vs. nails, but significant correlation was found for Co as shown
in (Table 7). Other researchers reported that there was no correlation
between nails vs. hair for the levels of Ni [32], and no correlation for
other metals including Co and Cr in hair and nails samples [35].

In this study, it was clearly that there was a variation in number
of dental technicians who had high concentrations of Co, Cr and Ni
compared to the control group (medical technicians). This variation
may be due to the nature of work and laboratory environment as
mentioned previously.

A standard reference values for Co, Cr and Ni in human hair were;
Co (0.01-0.2), Cr (0.10-1.50) and Ni (<1.40) pg/g [36]. Thus, Ni was the
dominant element that affected the subjects investigated in this study in
both groups dental technicians and medical technicians (87.3% vs. 52%)
while Cr was the second having (78.2%) of the dental technicians above
the standard reference while non was found for medical technicians,
for the Co (65.5%) of the dental technicians had concentration higher
than standard compared to (4%) among the medical technicians. This
clearly demonstrates that the dental technicians are at risk to have high
concentration of heavy metals in their body that is above the standard
reference used for the hair.

Thus, the results of the study support its hypotheses, therefore,
a special caution should be taken to protect the personnel of this
profession from the toxic effect of these metals that may harm their
body. Future research may investigate any clinical signs or symptoms
that could be related to the high level of these metals and their effect in
the body of the dental technicians.

Conclusions
Based in this study the following could be concluded:

i. The level of heavy metals found in hair of dental technicians was
significantly higher than in the hair of medical technicians for under
tested elements (Co, Cr and Ni).

ii. The level of Co and Ni in fingernails was significantly higher in
dental technicians than in medical technicians, whereas the Cr level
was very similar in both groups.

=¥

iii. Overall the levels of the heavy metals in the fingernails were

relatively higher than those in hair samples.

iv. Ni was the dominant element found with the high level of
concentration compared to other element. While the Co was the
least.

v. Chromium was significantly found in fingernails of the medical
technicians but was not found at all in their hair.

vi. Heavy metal levels was found to be affected by the age of the
participants, place of work, working time, use of suction, and
smoking of sheesha.

vii.Significant correlation was found between of the three metals
investigated (Co, Cr and Ni) in hair as well as in fingernails. While
significant correlation was found between fingernails and hair only
for the Co but not for the Ni neither Cr.

viii. More that 65.5% of the dental technicians investigated had level
of heavy metals in their hair sample above the standard reference.
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