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Abstract   

This paper deals with the quantitative determination of  Pb, Zn, Cu and Fe concentrations in nails 

of male  and female of Kassala State inhabitants . The levels of  Pb, Zn, Cu and Fe in fingernails, 

assayed by X-Ray Fluorescence (XRF) spectroscopy. All the obtained  mean values  of 

concentrations of four elements shows that  Pb  were  high level in Kassala, Zn  high level in 

Hameshkoreb, Wad elhelaw and Telkok, Cu were level in Shamal eldelta ,Fe high level in 

Telkok.  
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 المستخلص

في هذه الدراسة تم جمع عينات من الأظافر من قطاع من سكان ولاية كدلا بغرض تقييم بعض العناصر متمثمة في 
و قد تهصمت الدراسة إلي أن )الرصاص،الخارصين، النحاس و الحديد( واستخدمت في الدراسة مطيافية أشعة إكس المتفمهرة 

أعمي في كل من همذكهريب،ود الحميه وتمكهك اما النحاس أعمي   Znمتهسط تركيز الرصاص أعمي في محمية مدينة كدلا،
 .تركيزاً في محمية شمال الدلتا ،الحديد أعمي تركيزاً في محمية تمكهك

 

Introduction   

Metal determination in human tissues is the 

most common application of biological 

monitoring for screening, diagnosis and 

assessment of metal exposures and their 

risks. Various biopsy-materials may be used. 

Industrialization, urbanization, mining 

operations, increased vehicular traffic and 

use of fertilizers and pesticides in agriculture 

have resulted in increased metal 

contamination in our environment. Not only 

the occupationally exposed 

workers (high-risk population group) but the 

community at large (low-risk population 

group) may suffer due to increased metal 

pollutants in the environment. 

Though certain essential trace elements are 

required in trace amounts for various 

physiological processes; but, at higher 

concentrations, these micronutrients tend to 

be toxic and derange various physiological 

processes, leading thereby to diseases. 

Therefore, it is important to determine the 
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metal concentrations in humans to monitor 

and assess their impact on human health . 

Among various biopsy materials; blood, 

hair, nail ,teeth and other body fluids may be 

used as bio indicators for this purpose. 

Unlike blood that gives transient 

concentrations, nails can provide a 

continuous record of trace element 

concentrations of the body (Wilhelm and 

Hafner 1991). They can be easily sampled 

and analyzed for accumulated toxic and 

essential metals in the tissue. Studies on 

nails as bioindicators have been reported by 

(Vance et al (1988), Hayashi et al (1993), 

Oluwole et al (1994) and Chaudhary et al 

(1995). However, studies on correlation of 

nail-metal levels with different parameters, 

as well as with various health disorders are 

scarce .As a continuation of our earlier 

studies (Mehra and Juneja 2003a,b,c, 2004), 

here we report the nail-trace metal levels 

(Pb,  Fe, Cu and Zn) in different age groups 

of subjects with varying personal habits to 

the hazards of trace metals in their 

occupational environment. For this study, 

we have used fingernails as biopsy material. 

Materials and Methods  

The Study Area: 
The state of  Kassala is located to eastern 

part of Sudan, between latitudes         

and         N, and longitudes of          

and      E, in an area          .The state 

is consisting of eleven localities', the study 

has covered the most populated localities  

which are below in  the table(1) 

 
Table (1): The study area (localities) 
NO Locality Distance from 

Kassala 

1 Kassala town ----- 

2 Refi Kassala 25 Km 

3 Refi Aroma 49 Km 

4 Refi Shamal Eldelta 70 Km 

5 Refi Wad Elhelaw 140 Km 

6 Telkok 115 Km 

7 Refi Hameshkoreb 190 Km 

Kassala town is the capital of the state it is 

located at latitude         N and longitude 

          and at distance of         from 

Khartoum. 

Eritrean hills in east and river Nile and Red 

sea states in the north and Khartoum and 

Gedaref states in the west and south. 

The Gash seasonal river which flows, 

divides the town into eastern and western 

residential areas, from June to October. The 

area has mainly two climatic seasons, rather 

prolonged and generally hot (April- 

September) with rain fall (May- September) 

and a relatively short winter generally cool 

and dry with low humidity (November-

March). 

The average temperature     
      account of population (            
account (2010). 

Aroma town is located to the north-west to 

Kassala at latitude            and longitude 

          and at distance of about      

from Kassala town, climatalogical properties 

are the same as Kassala but it varies with a 

dusty climate most of the year. The others 

localities climate like Kassala typically. 

 

Sample Collection and Measurement: 

In this paper the element minerals in the 

human hair and fingernails(350 samples) 

from inhabitants of  Kassala state eastern 

Sudan were a ssessed by performing X-Ray 

Fluorescence spectroscopy (XRF) analysis. 

A sequential X-Ray Fluorescence(XRF) 

portable spectrometer with dispersal of the 

wave lengths with a rhodium lamp(PHILIPS 

MODEL PW2400)was used program 

parameters of XRF for qualitative and 

quantitative analysis. 

Statistical analysis: 

Statistical Package for Social Science 

(SPSS),software program was used for data 

analysis. The values of metal levels in nails 

are presented as arithmetic mean in (%)with 
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standard deviation and tabulated to illustrate 

concentration profile over each group. The 

statistical significance of mean values 

between different groups . 
 

Results   

Table (2):( Mean±SD) Concentration(%)Nail: Male 

Area Pb Zn Cu Fe 

Kassala Town 0.035 ± 0.03 0.0646 ±  0.05 0.0667 ± 0.05 0.6485 ± 0.39 

Refi Kassala 0.033 ± 0.02 0.0600  ± 0.05 0.1013 ± 0.06 0.6010 ± 0.22 

Aroma 0.02 ± 0.01 0.0608 ± 0.03 0.0593 ± 0.03 0.5795 ± 0.36 

Shamal eldelta 0.01 ± 0.00 0.0667 ± 0.03 0.1283 ± 0.07 0.6160 ± 0.30 

Wad elhelaw 0.02 ±  0.01 0.0750 ± 0.05 0.0913 ±0.05 0.4010 ± 0.30 

Telkok 0.02 ± 0.01 0.0783 ± 0.06 0.0450 ± 0.03 0.7510 ± 0.51 

Hameshkoreb 0.028 ± 0.02 0.0814 ± 0.04 0.0689 ± 0.04 0.5030 ± 0.22 

Table (3):( Mean±SD) Concentration(%)Nail: Female 

Area Pb Zn Cu Fe 

Kassala Town 0.03  ± 0.02 0.1036 ± 0.13 0.1027 ± 0.06 0.5494 ± 0.31 

Refi Kassala 0.02  ± 0.01 0.0654 ± 0.05 0.0779 ± 0.05 0.4516 ± 0.23 

Aroma 0.03  ± 0.02 0.0521 ± 0.04 0.0667 ± 0.04 0.6625 ± 0.28 

Shamal eldelta 0.04  ± 0.02 0.0757 ± 0.05 0.0856 ± 0.05 0.4750 ± 0.27 

Wad elhelaw 0.02  ± 0.01 0.0375 ± 0.03 0.0717 ± 0.05 0.6040 ± 0.18 

Telkok 0.04  ± 0.02 0.0500 ± 0.02 0.0856 ± 0.04 0.4680 ± 0.27 

Hameshkoreb 0.023 ± 0.02 0.0700 ± 0.06 0.0613 ± 0.06 0.6040 ± 0.26 

Table (4):( Max&Mini) Concentration(%) Male 

Area Zn Cu Fe Pb 

 Max Mini Max Mini Max Mini Max Mini 

Kassala Town 0.17 0.02 0.18 0.02 1.73 0.08 0.11 0.01 

Refi Kassala 0.17 0.01 0.21 0.02 0.90 0.24 0.08 0.01 

Aroma 0.12 0.02 0.11 0.01 1.80 0.17 0.05 0.01 

Shamal eldelta 0.09 0.02 0.24 0.07 1.12 0.21 0.01 0.01 

Wad elhelaw 0.16 0.01 0.19 0.03 1.08 0.07 0.03 0.01 

Telkok 0.19 0.03 0.09 0.01 1.79 0.10 0.05 0.01 

Hameshkoreb 0.13 0.03 0.14 0.01 0.80 0.10 0.05 0.01 
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Table (5):( Max&Mini) Concentration(%) Female 

Area Zn Cu Fe Pb 

 Max Mini Max Mini Max Mini Max Mini 

Kassala Town 0.47 0.01 0.21 0.04 1.21 0.09 0.07 0.01 

Refi Kassala 0.15 0.01 0.15 0.01 0.93 0.09 0.05 0.01 

Aroma 0.13 0.01 0.15 0.01 1.41 0.21 0.08 0.01 

Shamal eldelta 0.16 0.02 0.18 0.02 1.01 0.21 0.06 0.01 

Wad elhelaw 0.06 0.01 0.15 0.02 0.83 0.26 0.04 0.01 

Telkok 0.08 0.02 0.14 0.02 0.91 0.21 0.06 0.02 

Hameshkoreb 0.16 0.01 0.18 0.00 1.01 0.26 0.06 0.01 

 

 

Graph (1):Mean Concentration(%) Male 
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Graph (2):Mean Concentration(%) Female 

 

Discussion   
The results of the quantitative analyses of 

fingernails for Pb,  Fe ,Cu and Zn are given 

in table( 2) for male  and table (3) for female 

and also table(4,5) were shows the max and 

mini  concentration percentage of this four 

elements according to the area , male and 

female The samples analyzed were 

categorized according to their personal  

residence. The results shows that the high 

concentration of this four elements in finger 

nail was Fe and the second were Cu and Zn 

,the last Pb .Fe high concentration in male 

than female and also Cu but Pb equals in 

both gender On the other side Zn was high 

levels in female than male. 
 

Conclusion   
Analysis of Zn, Cu, Fe, and Zn in human 

finger nails has been carried out to ascertain 

accumulation of exposure metals. The mean 

concentrations of exposure metals showed 

that all the 200 nails samples, high mean 

concentration was Fe and  the second was 

Cu and Zn  but  Pb shows minimum level in 

all samples .    

 

 

 

Acknowledgements   

I would like to thank my family both in 

kassala and abroad for their support. All the 

people who gave their time generously to 

help me gather information for this study 

and special thanks to those who opened up 

their homes and offered their generous 

hospitality . Our appreciation goes to all the 

people that volunteered their finger nails  

samples for this research work . We are also 

grateful to Centre laboratory of  Red Rock 

company for mining, Khartoum, Khafouri 

,Sudan . 

References    

A. Johansen, (2010). Environmental Health: 

Science, Policy and Social Justice 

Winter Quarter, Central Washington 

University, Ellensburg.  

 

A. Sukumar and R. Subramanian, 

(1992).“Elements in Hair and Nails of 

Residents from a Village Adjacent to 

New Delhi: Influence of Place of 

Occupation and Smoking Habits,” 

Biological Trace Element Research, 

Vol. 34, No. 1, pp. 99-105.  

 

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

Pb

Zn

Cu

Fe



 

 
 

SUST Journal of Natural and Medical Sciences (JNMS) vol. 02 (1) June 2019  
ISSN (Print): 1858-6805                                                                                                                          e-ISSN (Online): 1858-6813 

03 
 

C. Jurado, P. Kintz, M. Menendez and M. 

Repetto, (1997). “Influence of the 

Cosmetic Treatment of Hair on Drug 

Testing,” International Journal of 

Legal Medicine, 110, 3, 159-163.  

 

D. A. Bass, D. Hickok, D. Quig and K. 

Urek, (2001).“Trace Element Analysis 

in Hair: Factor Determining Accuracy, 

Precision and Reliability,” Alternative 

Medicine Review, Vol. 6, No. 5, pp. 

472-481.  
 

 

D. Pozebon, V. L. Dressler and A. J. 

Curtius, (1999). “Hair Analysis: A 

Review on the Procedures for the 

Determination of Trace Elements and 

Applications,” Química Nova, Vol. 22, 

No. 6, p. 838.  
 

“European Agency for the Evaluation of 

Medicinal Products (EMEA) (2002): 

Evaluation of Medecine for Human 

Use,” London, p. 24. 

http://ec.europa.eu/environment/waste/

studies/pdf/heavy-metals report.pdf  

 

H. I. Afridi, T. G. Kazi, M. K. Jamali, G. H. 

Kazi, M. B. Arain, N. Jalbani and G. 

Q. Shar, (2006).“Analysis of Heavy 

Metals in Scalp Hair Samples of 

Hypertensive Patients by Conventional 

and Microwave Digestion Methods,” 

Spectroscopy Letters, 39, 2, 203-214. 
 

J. E. Kaslow, (2011).“Hair Analysis: 

Cadmium Is Considered a Toxic 

Heavy Metal with No Known 

Metabolic Function in the Body,” MD, 

FACP, FACAAI Physician and Surgeon 

Board Certified Internal Medicine, 

Santa Ana, p. 16.  

 

J. Andreji, I. Stránai, P. Massányi and M. 

Valent, (2005). “Concentration of 

Selected Metals in Muscle of Various 

Fish Species,” Journal of 

Environmental Science and Health, 

Part A, 40, 4, 899-912.  
 

 

K. Bencze, (1990). “What Contribution Can 

Be Made to Biological Monitoring by 

Hair Analysis?” Fresenius’ Journal of 

Analytical Chemistry, Vol. 338, No. 1, 

pp. 58-61.  

 

K. Jauharah, W. Husin, H. Imam, I. Norddin 

and A. A. Mohd, (2011). “Heavy 

Metals in Human Hair,” International 

Journal of Physical Sciences, Vol. 6, 

No. 8, pp. 2090- 2094.  

 
 

M. Wilhem, F. K. Ohnesorge, I. Lombeck 

and D. Hafner, (1989). “Uptake of 

Aluminium, Cadmium, Copper, Lead, 

and Zinc by Human Scalp Hair and 

Elution of the Adsorbed Metals,” 

Journal of Analytical Toxicology, Vol. 

13, No. 1, pp. 17-21.  

 

M. B. Mokhtar, (2009).“Assessment Level 

of Heavy Metals in Penaeus monodon 

and Oreochromis spp in Selected 

Aqua- culture Ponds of High Densities 

Development Area,” Journal of 

Scientific Research, Vol. 30, No. 3, pp. 

348- 360.  

 

Mehra R and Juneja M (2003a) Adverse 

health effects in workers exposed to 

trace/toxic metals at workplace; Indian 

J. Biochem. Biophys. 40 131–135. 

Mehra R and Juneja M (2003b ) Occurrence 

of calcium in human hair and nails 

and some parametric influences; 

Chem. Environ. Res. 12 165–172. 

Mehra R and Juneja M(2003c)Atomic 

Absorption Spectraphotometry 

determination of Pb, Cd, Cu, Mn, Cr, 



 

 
 

SUST Journal of Natural and Medical Sciences (JNMS) vol. 02 (1) June 2019  
ISSN (Print): 1858-6805                                                                                                                          e-ISSN (Online): 1858-6813 

03 
 

Ni and Fe levels in human hair: 

Influence of age hair colour and 

smoking habit; J. Indian Chem. Soc. 

81 349–350. 

Mehra R and Juneja M (2004 )Biological 

monitoring of lead and cadmium in 

human hair and nail and their 

correlations with biopsy materials, 

age and exposure; Indian J. Biochem. 

Biophys      41 53–56. 

P. Eck and L. Wilson, (1989).Toxic Metal in 

Human Health and Disease, Institute 

of Applied Nutrition and 

Bioenergetics, Ltd., Phoenix. 

http://holisticvetpetcare.com/pdf/Heav

y Metal Poison Hair Analysis-2.pdf  

 

P. C. D. Lemos, H. M. Dung, C. Dong Vu, 

N. Thi Sy and N. M. Sinh,(2005).  

“Analysis of Angolan Human Hair 

Samples by the Ko-NAA Technique 

on the Dalat Research Reactor: The 

Study and Application on the Ko-

Standardization Method of Neutron 

Activation Analysis at Dalat Nuclear 

Reasrch Institute (NRI), Vietnam,” 

Proceedings of the 5th Asian 

Workshop on Utilization Research 

Reactors, Jakarta.  

 
 

R. S. Jung, S. R. Yang, J. K. Han, G. H. 

Kang and G. H. Lee, (2001). 

“Determination of Lead, Cadmium, 

and Chromium in Hair Optimized by 

Simplex Method Using Electrothermal 

Vaporization-Inductively Coupled 

Plasma Mass Spectrometry,” 

Analytical Sciences, Vol. 17, pp. 999-

1002.  

 

S. J. Steindel and P. J. Howanitz, 

(2001).“Uncertainty of Hair Analysis 

for Trace Metals,” Journal of the 

American Medical Association,. 285, 

1, 83-85.  

 

T. Agusa, T. Kunito, E. Nakashima, T. B. 

Minh, S. Tanabe, A. Subramanian and 

P. H. Viet, (2003).“Preliminary 

Studies on Trace Element Contamin-

ation in Dumping Sites of Municipal 

Waste in Indian and Vietnam,” 

Journal De Physique. IV, Vol. 107, 

No. 1, pp. 21-24.  

 
Wilhelm M, Hafner D, Lombeck I, Ohnesorge 

FK (1991). Monitoring of Cadmium, 

Copper, lead and Zinc status in Young 

Children using  toenails. Comparison with 

scalp hair. Sci. Total Environ. 103,p ,199 – 

207. 

 

 

        

       . 

 

 
         

 

 


