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        Background: Due to the presence of radioactive 
minerals such as monazite, the beach sand of the 
west coast of Kanyakumari exhibits high natural 
background radiation. Hair is a good indicator of      
radionuclides in the human body.  An attempt is 
taken to measure the 210Po activity in human hair 
samples and the factors affecting it. Material and 
Methods: 210Po activity was analysed in 47 individuals 
including males and females living in Kanyakumari 
district, Tamil Nadu, India. The activities were           
measured using a Nucleonix® Radiation Counting 
System (RC 605A).  Results: The activity was in the 
range of 9.89 ± 4.43 to 58.85 ± 6.27 milli Becquerel 
per gram.  210Po activity was observed in the hair 
samples when compared to the global values were 
comparatively higher. Conclusion: Hair samples        
obtained from the users of home-made and medicinal 
oil had higher concentration of 210Po compared to 
that of people using branded oils. These high values 
may be attributed to the hair oil usage and this is a 
topic of interest for future studies. Iran. J. Radiat. Res., 
2011; 9(1):  4147 
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accumulation.  
 
 
 
 
 
 
 
 
 

INTRODUCTION 
 

Human hair is a good indicator of        
radionuclides in the human body. Many         
elements present in human hair have been 
used as an index of environmental pollution 
and for studying the effect of heavy metals 
on human beings (1). Human hair has been 
recognized as one of the important monitor-
ing materials by the worldwide biological 
monitoring system (Global Environment 
Monitoring System) of the United Nations 
Environmental Programme (2, 3). Hair analy-
sis, a non-destructive monitoring tool for 
metal exposure assessment, has a long         
tradition in human toxicology (4-6).  

Hair cosmetic treatment is gaining            
momentum in the era of modernization. The 
use of coconut oil reduces hair damage          

during grooming, when it is used as a        
pre-wash conditioner (17). Frequent            
shampooing and everyday wear and tear 
also damage the hair cuticle such that the 
cuticular scales no longer tightly overlap in 
an orderly fashion (8, 9). Even though hair 
can be a good indicator of metals, cosmetic 
treatment of hair would definitely affect the 
accumulation patterns of different metals. 

Polonium-210 (210Po) is a more volatile 
radionuclide than other heavy metals in 
general and emits high-energy α-radiation, 
which is more hazardous when received         
internally (10-12).  210Po and 210Pb enter the 
human body through food and water, the 
ingestion of seafood contributing the most, 
and through the respiratory route. The        
normal inhalation pathway contributes only 
5% of this (13). Any polonium that is          
absorbed in the bloodstream is distributed 
throughout the soft tissues of the body and 
in the liver, kidney and spleen of humans.  
Blood also carries lead and polonium to 
hair, which can be used for monitoring body 
exposure to a number of short-lived 222Rn 
daughters (13-18). The burden of 210Po in a 
normal human body may differ from one 
person to another depending upon the           
lifestyle, dietary habits, origin of drinking 
water, residence (which influences radon 
exposure rate), and also smoking habits. 
The number of cigarettes smoked per day, 
the number of years a person has been 
smoking and the type of materials used for 
smoking (12). 

Kanyakumari, commonly referred to as 
the ‘Land’s End’, is located at the                 
southernmost tip of peninsular India. Rice 
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is the staple food of the population. Though 
there are some vegetarians, most people eat 
meat and fish products. Beach sand is 
mined along the coast for rare earths. Due 
to the presence of radioactive minerals such 
as monazite, the beach sand of the west 
coast of Kanyakumari exhibits high natural 
background radiation, varying from 0.5 to 
5.0 µGy h-1, the values reaching up to 50 
µGy h-1 in isolated areas, resulting in radia-
tion exposure to villagers varying from 3 to 
30 mSv per year (19).  Dose rates due to 232Th 
and 238U as high as 1451.75 nGy h-1 have 
been observed by Saroja and Roy (20).  

Assessment of human hair would reveal 
the levels to which the population gets       
exposed to the radionuclide, 210Po. Knowing 
the various factors affecting the                
accumulation of polonium in hair would also 
be of interest. Very little is known about the 
210Po level in hair samples of this area; so 
the present study was undertaken to            
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estimate its level in human hair samples 
and the underlying factors, which affect its 
accumulation. In this study, we assumed 
that hair polonium levels are affected by the 
use of hair oil, shampoo and other                 
parameters. 
 
MATERIALS AND METHODS 
 
Sampling 

Hair samples were randomly collected 
from 24 males and 23 females of different 
age groups and food habits belonging to 
Kanyakumari district (Tamil Nadu; figure 
1). Collection of hair samples was made in a 
non-intrusive way after obtaining the             
informed consent of the participants. A 
questionnaire was given to all the partici-
pants, eliciting the following information: 
sex, age, place and type of residence, food 
habits, hair cosmetic treatments and            
smoking habits.  
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Figure 1. Study area. 
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Analysis of samples 
The collected hair samples were                  

repeatedly washed with detergent solution 
(Qualigens™, Labolene®) to make them free 
from foreign matter; they were finally 
rinsed with distilled water, dried at 110°C 
for 4-5 hr and stored in polythene bags for 
further processing. Sample dissolution and 
plating of polonium were done according to 
the method adopted by Iyengar and Jia et 
al. (21, 22). 210Po activity in hair samples was 
measured using a Nucleonix® Radiation 
Counting System (RC 605A). Three repeated 
countings of the same sample were done and 
the mean was taken for calculating 210Po 
activity. Tracer experiments with 208Po 
showed a recovery of 93%. Decay and            
recovery correction were done and the           
corrected activity values were considered for 
further data analysis. The activity                 
concentration is reported on an milli           
Becquerel per gram (mBq g-1) dry weight 
basis. 

 
Statistical analysis 

Pro UCL 4.0 (23), a software package        
developed by the United States – Environ-
mental Protection Agency (US-EPA), was 
used to calculate the mean concentration of 
210Po and the 95% Upper Confidence Limit 
(UCL 95%) of the unknown population with 
bootstrap re-sampling, outliers and distribu-
tion. A normal distribution denotes that the 
samples represent the population and a        
log-normal distribution indicates that the 
distribution tends to be normal. The             
difference between the groups was analysed 
with Student’s‘t’ test. Since most of the           
underlying distributions were normal or        
log-normal, application of parametric Stu-
dent’s ‘t’ test was found to be appropriate. 
 
RESULTS AND DISCUSSION 
 
Hair polonium range 

 In the present study, the activity of 
210Po in the hair samples was found to range 
from 9.89 ± 4.43 to 58.85 ± 6.27 mBq g-1, 
with a mean value of 26.4 ± 11.92 mBq g-1  

(table 1). In the seafood-consuming             
population of Japan, the 210Po activity in 
hair samples ranged from 4.0 to 59.3 mBq g-

1, with a mean value of 18.2 ± 12.2 mBq g-1 

(1). In the control group of Pocos de Caldas, 
Brazil, the 210Po range was 2-4.58 mBq g-1 
(24) and in the control group of Santa          
Catarina, Brazil, the range was 2.3-4.9 mBq 
g-1, with a mean value of 3.8 mBq g-1 in            
human hair samples (25). In Iran, the              
average 210Po concentration was 2.3 mBq g-1 

in hair samples (26). Thus the 210Po range in 
this study is comparable to that of the hair 
samples from Japan (1) but the mean activity 
was higher in the present study (table 2). 
 
Male and Female Groups 

In the hair samples of males, the 210Po 
activity concentration ranged from 8.9 ± 
4.65 to 57.62 ± 10.9 mBq g-1, with a mean 
value of 29.34 ± 12.46 mBq g-1 and in         
females, it varied from 12.67 ± 5.75 to 38.21 
± 5.28 mBq g-1, with a mean of 21.72 ± 7.45 
mBq g-1 (table 1). In the hair samples of           
females, 210Po observed in a 22-year old from 
Kanyakumari was a statistical outlier.           
Student’s ‘t’ test in 210Po concentration be-
tween males and females showed a           
significant variation (table 2).  When the 
population sub samples were comparable 
with regard to age, living environment and 
socio-economic status, the observed             
differences of heavy metals in hair samples 
between males and females may be              
considered to be due to an actual biological 
difference between the sexes (27). In the          
present study, the mean ages of males and 
females were 28.4 and 28.3 years,              
respectively, and the difference in 210Po          
concentration between the sexes can be          
attributed to physiological differences. 
 
Fish consumers and 210Po activity 

Among fish consumers, the hair 210Po 
activity ranged from 10.25 ± 5.03 to 58.85 ± 
6.27 mBq g-1, with a mean value of 27.36 ± 
12.67 mBq g-1 (table 1) and this range is 
comparable with 210Po activity recorded in 
the fish-consuming population of Japan (1). 
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Ermolaeva-Makovskaya (28) has reported a 
high 210Po concentration of 22.2 mBq g-1 in 
the hair samples of the inhabitants of 
Petropavlovsk-Kamchatsky of USSR. They 
attributed this high value to their            
seafood-consuming habit. In this study, the 
statistical difference between the consumers 
and non-consumers could not be established, 
because of the lesser number of observations 
under the non-consumer category (table 1). 
Apart from seafood, enhanced natural radio-
activity has been recorded in terrestrial 
foodstuffs including dairy products from 
Brazil, reindeer meat from Sweden, and        
cereals, vegetables, tubers and fruits from 
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the region in India having monazite depos-
its, containing up to 30 Bq kg-1 of nuclides 
such as 228Th, 222Ra, 210Pb, and  210Po (29).  
 
Cigarette Smoking and 210Po Activity 

Among non-smokers the hair 210Po         
activity ranged from 9.59 ± 4.65 to 58.85 ± 
6.27 mBq g-1, with a mean value of 25.15 ± 
11.23 mBq g-1 and among smokers the hair 
210Po activity ranged from 23.32 ± 7.5 to 
57.36 ± 10.9 mBq g-1, with a mean value of 
37.4 ± 12.96 mBq g-1 (table 1). Due to the 
reduced sample size as far as cigarette 
smokers is concerned, Students’ ‘t’ test could 
not be done between smokers and                 

Table 1.  Summary statistics of different groups. 

Group  Range (mBq g‐1) 
Mean 

 (mBq g‐1) 
Distribution 

95% UCL 
(mBq g‐1) 

Male & female (47)**  9.89±4.65 ‐ 58.85±6.27*  26.47±11.92#  Log‐normal  29.78 
Male (24)  9.89±4.65  ‐  57.36±10.9  29.34±12.46  Normal  33.86 

Female (22)  12.67±5.75  ‐  38.21±5.28  21.72±7.45  Normal  24.46 

Fish consumers (43)  10.25±5.03  ‐  58.85±6.27  27.36±12.67  Log‐normal  30.01 

Fish non‐consumers (4)  9.89±4.65   ‐  21.75±5.35  16.77±6.4  ‐  ‐ 

Smokers (5)  23.32±7.5  ‐  57.36±10.9  37.4±12.9  ‐  ‐ 

Non‐smokers (42)  9.89±4.65   ‐  58.85±6.27  25.15±11.23  NDD##  28.13 

Concrete houses (39)  9.89±4.65  ‐  58.85±6.27  25.76±12.16  Log‐normal  29.43 

Tiled houses (6)  22.60±3.58  ‐  47.14±6.70  31.8±10.6  ‐  ‐ 

Thatched (1)  ‐  15.49±5.51  ‐  ‐ 

Asbestos (1)  ‐  32.52±5.26  ‐  ‐ 

Cement floor (29)  9.89±4.65  ‐  58.85±6.27  26±11.92  Log‐normal  30.28 

Tiled floor (11)  13.45±…  ‐  48.03±8.35  27.05±10.5  Normal  33.3 

Marble floor (6)  12.72±5.35  ‐  57.62±10.9  28.5±17  ‐  ‐ 

Mud floor (2)  15.5±5.25  ‐    32.6±5.26   24.1±12.1  ‐  ‐ 

Home‐made coconut oil(23)  12.72±5.44  ‐  48.03±8.25  26.64±8.32  Normal  29.62 

VVD brand oil (5)  9.89±4.65  ‐  25.51±7.91  16.1±5.8  ‐  ‐ 

Parachute brand oil (3)  14.88±5.51  ‐  22.62±3.58  19.7±4.24  ‐  ‐ 

Oil non‐users (2)  13.7±5.92  ‐  21.76±5.39  17.8±5.8  ‐  ‐ 

Medicinal oil (12)  10.25±5.03  ‐  47.14±6.7  28.86±14.29  Normal  36.27 

Shampoo users (35)  9.89±4.65  ‐  58.85±6.27  23.22±9.19  Log‐normal  26.3 

Shampoo non‐users(11)  19.48±5.12  ‐  57.36±10.92  33.87±12.8  Normal  40.87 

*Counting uncertainties, #Group standard deviation,**Number of samples, ##No discernable distribution. 

Table 2. Difference in-between the groups. 

Groups  P value (5% level)  Significance 

Male and female  0.01  Significant difference 

Cement and tiled flooring  0.4  No Significant difference 

Home‐made coconut oil and medicinal oil  0.3  No Significant difference 
Shampoo users and non‐users  0.01  Significant difference 
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non-smokers. It has been recorded that        
cigarette smoking may increase the            
polonium load to humans (12). In the blood 
samples of Saudi Arabian non-smokers, 
cigarette smokers and shisha smokers the 
activity concentrations of 210Po were 29 ± 13, 
41 ± 11 and 50 ± 15 mBq ml-1 respectively. 
And in the hair samples of Saudi Arabian 
non-smokers, cigarette smokers and shisha 
smokers the 210Po activities were found to be 
2.8 ± 0.4, 3.8 ± 0.4 and 4.8 ± 0.4 mBq g-1            
respectively (12). Polonium received from 
cigarette is retained in the blood and is         
expected to be reflected in the hair. It may 
be noted that the pH of the intestinal juice 
(7.7) and blood (7.4) is one of the reasons for 
the increased mobility of 210Po and its 
higher accumulation in the hair (30). 
 
Residence Types and 210Po Activity 

210Po activity in hair samples of donors 
living in concrete houses ranged from 9.59 ± 
4.65 to 58.85 ± 6.27 mBq g-1, with a mean 
value of 25.76 ± 12.16 mBq g-1 and in the 
hair samples of donors living in cement-
floored houses 210Po ranged from 9.89 ± 4.65 
to 58.85 ± 6.27 mBq g-1, with a mean value 
of 26 ± 11.92 mBq g-1 (table 1).  In the          
present study no statistical difference was 
found between the hair 210Po activities of 
persons living in different types of houses, 
which were classified based on the flooring 
(table 2). Accumulation of certain elements 
(e.g. Cr) in hair is region-specific and that of 
others (Pb, Cd and As) is similar between 
regions as reported by Kasperek et al. (31), 
who studied toxic elements in Vienna and 
Rome.  The gaseous 222Rn from the 238U          
decay series enters into homes from outdoor 
air and building materials. Two of the most 
significant routes through which 222Rn enter 
homes are soil gas coming in through              
foundations and municipal water (32). The 
210Po content in air varies between locations. 
In the United States, it was found to vary 
from 10 to 40 µBq m-3 and in Germany it 
was found to range from 12 to 80 µBq m-3, 
with a UNSCEAR reference value of 50 µBq 
m-3 (29).  

Hair Oil Usage and 210Po Activity 
Among those applying various brands of 

coconut oil to their hair, the concentration of 
210Po in hair samples of users of home-made 
oil varied between 12.72 ± 5.35 and 58.85 ± 
6.27 mBq g-1, with a mean value of 26.64 ± 
8.32 mBq g-1. In the hair samples of the          
users of the VVD brand of coconut oil, the 
210Po activity concentration varied from 9.89 
± 4.65 to 25.51 ± 7.91 mBq g-1, with a mean 
value of 16.1 ± 5.8 mBq g-1. Among those 
using the Parachute brand of coconut oil, 
the activity concentration of 210Po ranged 
from 14.88 ± 5.51 to 22.62 ± 3.58 mBq g-1, 
with a mean value of 19.7 ± 4.24 mBq g-1 
and among medicinal oil users, the activity 
concentration ranged from 10.5 ± 5.3 to 
47.14 ± 6.7 mBq g-1, with a mean value of 
28.86 ± 14.28 mBq g-1 (table 1). There was 
no significant difference in 210Po concentra-
tion in the hair samples of those using home
-made coconut oil and those using medicinal 
oil. The use of hair oil has been on the rise 
in India (33) and in certain areas hair oil           
usage is traditional. VVD and Parachute oil 
are refined oils and home-made oil and         
medicinal oil are similar except for the          
addition of an herbal extract to the latter. 
The finding of the present study is               
important because it signifies the type of oil 
which enhances polonium accumulation. 
Application of home-made oil and herbal oil 
increases 210Po accumulation than that of 
branded coconut oils. But we were not able 
to test this statistically due to the small 
sample size. 

 
Shampoo Users and 210Po Activity 

In shampoo users, the activity concen-
tration of 210Po ranged from 9.89 ± 4.65 to 
58.85 ± 6.27 mBq g-1, with a mean value of 
23.22 ± 9.19 mBq g-1 and in shampoo            
non-users, it ranged from 19.48 ± 5.12 to 
57.36 ± 10.92 mBq g-1, with a mean value of 
33.87 ± 12.8 mBq g-1. There is a significant 
difference between the shampoo user and 
non-user category, with the non-user            
exhibiting high hair polonium activity than 
the user (table 1). The possible reason for 
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this could be the cleaning action of           
shampoos which removes or prevents the 
accumulation of 210Po in hair. Alkaline 
shampoos weaken the hair by breaking the 
disulphide bond in hair keratin which may 
prevent 210Po from combining with sulphur 
bonds since polonium is chalcophilic and 
siderophilic (34). 
 
CONCLUSION 
 

Interesting observations were made as 
regards hair 210Po activity, in various             
people. All the groups were not analysed 
statistically for their differences due to less 
number of observations and we underline 
that future studies should be able to fill 
these gaps. Hair samples obtained from the 
users of home-made and medicinal oil had 
higher concentration of 210Po compared to 
that of people using branded oils. Shampoo 
very likely damages the hair cuticle so that 
polonium becomes accumulated to a lesser 
extent, which is evident by the low 210Po 
concentration in hair samples of shampoo 
users and high activity in those of shampoo 
non-users and these are topics of interest for 
future studies.  

 
ACKNOWLEGMENTS 

 
The authors wish to thank the Environ-

mental Survey Laboratory, Kudankulam 
Nuclear Power Project for their help to work 
on the 208Po tracer experiments.  
 
REFERENCES 
 
1. Yamamoto M, Yamauchi Y, Kawamura H, Komura K, 

Ueno K (1992). Measurement of 210Po and 210Pb in 
Japanese Human Hair. J Radio Anal Nucl Chem, 157: 
37-45. 

2. Berlin A, Wolff AH, Hasegawa Y (1979) The use of Bio-
logical specimens for the assessment of human expo-
sure. Proceedings of the International Workshop at 
Luxemberg, Martinus Nijhoff Publishers, London 

3. Rao NA (2005). Trace element estimation- Methods and 
Clinical context. Jhas, 4: 1-9. 

4. Bencze K (1990) What contribution can be made to 
biological monitoring by hair analysis. Fresenius J Anal 
Chem, 337: 867- 876. 

5. Frisch M and Schwartz BS (2002) The Pitfalls of hair 

analysis for toxicants in Clinical Practice: Three case 
reports. Environ Health Perspect, 110: 433- 436. 

6. Gerhardsson L, Englyst V, Lundstrom NG, Sandberg S, 
Steinvall F (1995) Lead in tissues of diseased lead 
smelter workers. J Trace Elem Med Biol, 9: 136- 143. 

7. Rele AS and Mohile RB (2003) Effect of coconut oil on 
prevention of hair damage. Part I. J  Cosmet   Sci, 
54:175. 

8. Rook A (1976). The clinical importance of weathering in 
human hair. J Dermatol, 95: 111- 112. 

9. Draelos DZ, Kenneally DC, Hodges LT, Billhimer W,         
Copas M, Margraf C (2005) A comparison of hair quality 
and cosmetic acceptance following the use of two anti 
dandruff shampoos. J Investig Dermatol Symp Proc, 10: 
201-204. 

10. Ladinskaya LA, Parfenov YD, Popov DK, Fedorova AV 
(1973) 210Pb and 210Po content in air, water, food stuffs 
and the human body. Arch Environ Health, 27: 254.  

11. Carvalho PF (1995)  210 Po and 210Pb intake by the Por-
tuguese population; dietary intake of 210Po and 210Pb. 
Health Phys, 69: 469-480. 

12. Al-Arifi MN, Al-Karty KM, Al-Suwayeh SA, Aleissa KA, 
Shabana EI, Al-Dhuwail AA, Al-Hassan MI (2006) Level 
of 210Po in blood, urine and hair of some Saudi smoker.  
J Radioanal Nucl Chem, 269: 115- 118. 

13. United Nations Scientific Committee on the Effects of 
Atomic Radiation (UNSCEAR) (2000)  Source and Ef-
fects of Ionizing Radiation. United Nations, New York. 

14. Widdowson E and Dickerson JWT (1964). In: Mineral 
metabolism an advanced Treatise (Comar CL and Bon-
ner H. eds.) Academic Press, New York. 

15. Archer VE, Black SC, Dixon WC, Saccomanno G (1969) 
USAEF Report No. CONF670521 

16. Savignac MP and Schiager KJ (1974)  Uranium miner 
bioassay systems; Lead -210 in Whiskers. Health Phys, 
26: 555-565. 

17. International Commission on Radiological Protection 
(ICRP) (1979). ICRP Publication 30. Pergamon Press, 
Oxford. 

18. Washington State Department of Health, (WSDH) 
(2008) Polonium-210. http://www.doh.wa.gov/ehp/rp/
fact sheets. 

19. Maniyan CD, Selvan E, Tripathi RM, Puranik, VD (2008) 
The radiological issues associated with the deletion of 
beach sand minerals from the list of prescribed materi-
als and its impact on the marine beach ecology. In: Miti-
gation Pollutants for Clean Environment, (Puranik VD, 
Pandian SS, Hegde AG, Pandit GG, Tripahti RM, 
Ramachandran TV, et al. eds). J Macmillan India Lim-
ited, 499- 503. 

20. Saroja RRM and Roy DV (2008) High background radia-
tion sweeping along the south west coast of Tamil 
Nadu, India. Curr Sci, 94: 1250-1251. 

21. Iyengar MAR (1983) Studies on the distribution of natu-
ral radioactivity in marine organisms. Ph.D. Thesis, Uni-
versity of Bombay, Bombay. 

22. Jia G, Belli M, Blasi M, Marchetti A, Rosamilia S, San-
sone U (2000) 210Pb and 210Po determination in environ-
mental samples. Appl Radiat Isotopes, 53:115-120. 

23. ProUCL 4.0. (2007) Statistical software. National expo-
sure research lab, EPA, Las Vegas, Nevada. 

24. Santos PL, Gouvea RC, Dutra IR (1994) Concentration 
of 210Pb and 210Po in hair and urine of workers of the 



uranium mine at Pocos de Caldas. Sci Total Environ, 
148: 61- 65. 

25. Santos PL, Gouvea RC, Dutra IR (1995) Human occupa-
tional radioactive contamination from the use of phosp-
hated fertilizers. Sci. Total Environ, 162: 19- 22. 

26. Samavat H and Seaward MRD (2004). 210Po Concentra-
tion in urine of residents in a high level background 
radiation area in Iran. Int J Low Radiat, 1: 279- 284. 

27. Wolfsperger M, Hauser G, Gobler W, Schlagenhaufen C 
(1994) Heavy metals in human hair samples from 
Austria and Italy; Influence of sex and smoking habits. 
Sci Total Environ, 156: 235-242. 

28. Ermolaeva-Makovskaya AP (1971) Radio ecological 
Research methods. Atomizdat, 182. 

29. United Nations Scientific Committee on the Effects of 
Atomic Radiation (UNSCEAR) (1993) Source and Effects 

of Ionizing Radiation. United Nations, New York. 
30. Wilson K and Walker J (2000) Practical Biochemistry - 

Principles and Techniques. Cambridge University press, 
Cambridge, 317-322.   

31. Kasperek K, Iyengar GV, Feinendegen LE, Hashish S, 
Mahfouz M (1982) Multielement analysis of finger nail, 
scalp and water samples from Egypt. Sci Total Environ, 
22:149-168.  

32. Bernhardt IV PG and Hess CT (1996) Acute exposure 
from 222Rn and aerosols in drinking water.  Environ Inr J, 
22: 753- 759. 

33. Mukherjee A (2005) The hair- raising truth about growth 
data in India. International Herald Tribune. 

34. Kabata AP and Mukherjee AB (2007) Trace Elements 
from Soil to Human. Springer- Verlag, Berlin Heidelberg. 

Iran. J. Radiat. Res., Vol. 9, No. 1, June 2011  47 

Polonium-210 activity in human hair samples  




