
J Med Biochem 2012; 31 (3) DOI: 10.2478/v10011-012-0005-2

UDK 577.1 : 61                                                                                                    ISSN 1452-8258

J Med Biochem 31: 211–216, 2012 Original paper
Originalni nau~ni rad

ASSOCIATION BETWEEN TELOMERE SHORTENING AND AGEING 
DURING OCCUPATIONAL EXPOSURE

VEZA IZME\U SKRA]ENJA TELOMERA I STARENJA 
USLED PROFESIONALNE IZLO@ENOSTI

Sima Ataollahi Eshkoor1, Fatemeh Jahanshiri2, Patimah Ismail1, 
Sabariah Abd. Rahman1, Saidi Moin1, Mohd Yusoff Adon3

1Faculty of Medicine and Health Sciences 
2Faculty of Biotechnology, University Putra Malaysia (UPM), 43400 Serdang, Selangor 

3Institute for Medical Research, Ministry of Health Malaysia, Kuala Lumpur

Address for correspondence:
Patimah Ismail
patimahismailªgmail.com
Faculty of Medicine and Health Sciences, 
43400 UMP Serdang, Selangor
Tel: +60389472314

Summary: Telomere length is considered as a biomarker of
ageing, resulting in shortening during the process. The pres-
ent investigation was an attempt to determine the relative
telomere length in mechanical workshop workers.
Telomere length shortening in cells during occupational
expo sure causes accelerated ageing. Genomic DNA was iso-
lated from buccal epithelial cells collected from 240 individ-
uals, comprising two groups of 120 exposed workers and
120 unexposed controls. Telomere length was measured
by using real time PCR. Both telomere (T) and single copy
gene (S) specific primers were used to compute the relative
T/S ratio and expressed as the relative telomere length.
Telomere length differed significantly between the workers
and controls (p<0.05). The results showed an indirect and
significant association (r=–0.356, p=0.001) between age
and telomere length in the workers. This study showed that
the difference in telomere length shortening was statistically
significant (p<0.05) between the workers and controls. It
was concluded that occupational exposure acts as a risk fac-
tor to enhance telomere length shortening and accelerate
ageing.

Keywords: telomere, 36B4 gene, ageing, occupational
exposure, buccal cells, real-time PCR

Kratak sadr`aj: Du`ina telomera smatra se biomarkerom
starenja i tokom ovog procesa rezultira skra}enjem. Ovo
istra`ivanje predstavlja poku{aj odre|ivanja relativne du`ine
telomera kod radnika u mehani~arskim radionicama. Skra -
}enje du`ine telomera u }elijama tokom profesionalne izlo -
`enosti izaziva ubrzano starenje. Genomska DNK izolovana
je iz epitelnih }elija unutra{nje strane obraza sakupljenih od
240 osoba, koji su ~inili dve grupe: 120 profesionalno izlo -
`enih radnika i 120 neizlo`enih kontrolnih subjekata. Du`ina
telomera izmerena je tehnikom PCR u realnom vremenu.
Specifi~ni prajmeri telomera (T) i gena prisutnih u jednoj
kopiji (S) upotrebljeni su za izra~unavanje relativne razmere
T/S i izra`eni kao relativna du`ina telomera. Du`ina telomera
zna~ajno se razlikovala izme|u radnika i kontrolnih subjeka-
ta (p<0,05). Rezultati su pokazali da izme|u starosti i du`ine
telomera kod radnika postoji indirektna i zna~ajna pove za -
nost (r=–0,356, p=0,001). Ova studija je pokazala da je
razlika u skra}enju du`ine telomera izme|u radnika i kontrol-
nih subjekata bila statisti~ki zna~ajna (p<0,05). Zaklju~eno
je da profesionalna izlo`enost predstavlja faktor rizika za znat-
nije skra}enje du`ine telomera i ubrzano starenje. 

Klju~ne re~i: telomera, gen 36B4, starenje, profesionalna
izlo`enost, }elije unutra{nje strane obraza, PCR u realnom
vremenu

Introduction
Ageing causes progressive reduction of tissue

function in the body that finally results in the end of
life. The diminished function can be a consequence
of lost or reduced function of the cells after mitotic
activity or failure in the replacement of decreased
functional cells with the active and replicable cells.
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Ageing is a biolo gical process that differs among peo-
ple (1). Ageing is an accumulation of mutations in the
somatic cells and results in tissue atrophy, cancers
and the reduced function of organs (2). Ageing
seems to be due to a combination of effects of both
genetic and environmental factors (3).

Telomeres are special structures at the end of
chromosomes, which help to distinguish a natural
and broken chromosome (4). Telomere is a TTAGGG
repeat complex, located at the end of a chromosome
in eukaryotic cells (5). It provides a protective mecha -
nism to preserve the chromosomal integrity in a cell
(6).

Telomeres switch between uncapped and cap -
ped states in cells (7). The end replication problems
(8, 9) and produced oxidative stress (10, 11) cause
erosion and shortening in telomeres. The telomere
length has a major role in tissue functioning and life
expectancy in organisms, and its shortening stops cell
division which results in senescence (8, 9). Telomere
dysfunction in advanced age acts as a biological bio-
marker (12).

Telomeres shorten with age in various somatic
tissues (13–17). In some cells such as fibroblasts a
telomere does not shorten (18) and long telomere
length has been reported in newborns (19), fetuses
(20), and zygotes (21). However, the individuals with
longer telomere length seem to have higher life ex pec -
tancy. Long telomere length or a slow rate of telo mere
erosion results in a longer life-span (15, 22–26). Low
rate of telomere erosion is the most important factor
causing greater longevity (15). One reason of erosion
in the telomere is environmental exposure (27). 

Hence, telomere shortening due to each cell
cycle division limits cell proliferation and the number
of cell divisions, which induces apoptosis or replica-
tive senescence (28). The acquired information could
be considered as an early warning about the potential
risk of exposure on health, when populations are
expo sed for a longer time (29). This study evalua ted
telomere shortening in the mechanical workshop
workers during occupational exposure for the first
time. It is a step to explore the possible influence of
occupational exposure and telomere shortening on
early ageing.

Materials and Methods

The approval and permission for the study were
obtained from the Ethical Committee of the Medical
and Health Sciences Faculty (Reference Number:
UPM/FPSK/PADS/T7-MJKEtikaPer/F01 (JSB-Aug
(08)05). The samples were collected from buccal
mucosa epithelial cells. The subjects comprised 120
workers who had been exposed in the car mechanical
workshops and 120 controls as the non-exposed pop -

ulation. The individuals were interviewed to deter-
mine their health status and lifestyles. The respon-
dents were asked to rinse their mouth with water
before sample collection.

The cells were collected by scraping the inner
part of both sides of the cheeks with a cytology brush.
Then, the cells were gently mixed with 0.9% sodium
chloride in a micro-centrifuge tube and brought to
the laboratory. After collecting, genomic DNA was ex -
tracted by using the QIAamp DNA blood MiniKit
(Qia gen, Courtaboeuf, France). Real-time PCR was
used to measure telomere length. Telomere length in
the in dividuals was measured in triplicate. The used
pri mers were telomere and 36B4, which were de -
scribed by Cawthon (30).

The primer sequences were: tel1, GGTTTTT -
GA GGGTGAGGGTGAGGGTGAGG-GTGAGGGT;
tel2, TCC-CGACTATCCCTATCCCTATCCCTATCCC-
TATCCCTA; 36B4u, CAGC-AAGTGGGAAGGTG-
TAATCC; and 36B4d, CCCATTCTATCA-TCAAC GGG -
TACAA. The telomere repeat copy number to single
gene copy number (T/S) ratio was determined using
the Corbett Rotor-Gene 6000 (Corbett Life Science,
Sydney, Australia) with 36 wells. For PCR reaction, a
25 mL volume of solution was prepared in PCR tubes.
In each run, both gene telomere and 36B4 were set-
tled for one sample in separate tubes. Primers were
obtained from Bioline (London, UK).

The solution for PCR reaction included 0.6 mL of
each primer (10 pm/mL), 1 mL Eva green, 1 mL DNA,
5 mL master mix Immomix (Bioline, London, UK), and
16.8 mL pure water. The reaction proceeded 1 cycle
at 94 °C for 5 min, followed by 40 cycles at 94 °C for
30s, 56 °C for 30s, and 72 °C for 50s. Melting tem-
perature was 70 °C to 95 °C. The obtained data were
interpreted throughout the data set to assess thresh-
old cycle values. The PCR products were identified by
running 1.8% to 2% agarose gel electrophoresis, and
the gel was then viewed with an AlphaImager analy-
sis system (Alpha Innotech, San Leandro, CA). The
product sizes were 76 bp for telomere and 74 bp for
36B4 (Figure 1 and 2).

In addition, for having a good view on the effi-
ciency of PCR reaction, standard curve was run based
on serial dilution of genomic DNA from 5 to 100 ng
using genomic DNA, derived from one selec ted buc-
cal cell sample (Figure 3 and 4). The data were inter-
preted to assess the threshold cycle (Ct) values. The
T/S ratio for each sample was calculated by subtract-
ing the average 36B4 Ct value from the average
telomere Ct value. One sample was used as reference
in each run in triplicate to compare the results. The
formula of 2- ΔΔ was used to calculate the T/S ratio.
For calculating, ΔCT = Ct (telomere) – Ct (36B4) for-
mula was used. For final calculation the results of
ΔCt (target) – ΔCt (reference) were used to compare
the measurements and for taking proper T/S ratio.



Statistical analysis

The normality of variables was evaluated using
the Kolmogorov-Smirnov test. The independent t-test
and ANOVA were used to compare the demographic
characteristics of the study populations. Telomere length
measurements were tested using the independent
t-test. Calculation of correlation between the variables
was done by Pearson rank test. The critical level for
rejection of the null hypothesis (two-tailed test) was a
p value of 5% (p=0.05). All analyses were performed
using the Statistical Package for the Social Sciences
(SPSS, Chicago, IL) software version 16.0.

Results

The minimum of relative telomere length in the
workers and controls was 0.00. The maximum of rel-
ative telomere length in the workers and controls was
4.00 and 53.08, respectively. Difference in the rela-
tive telomere length between the workers and con-
trols was statistically significant (p=0.001) (Table I).
Association between relative telomere length and age
was statistically significant in the individuals (r=–0.131,
p=0.043) and workers (r=–0.356, p=0.001), but
in the controls it was not significant (Table II). The
workers and controls were classified by age into
groups below 30 years and above. Difference in the
relative telomere length between the workers and
controls in the older group was not statistically signi -
ficant (p>0.05). The effect of occupational exposure
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Figure 1 Electrophoresis in samples 1–4. M represents
the 100 bp by DNA Ladder. N is negative control during
PCR reaction.

Figure 2 PCR product of 36B4 resolved in 2% agarose
gel electrophoresis in samples 1–4. M represents the 100
bp by DNA Ladder. N is negative control in PCR reaction.

Figure 3 36B4 standard curve in one buccal cell sample
in different dilutions.
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Figure 4 Telomere standard curve in one buccal cell sam-
ple in different dilutions.
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on telomere length was statistically significant in the
youn ger (p=0.004) and all individuals (p=0.001)
groups. In the workers the difference in relative telo -
mere length bet ween the older and younger groups
was statistically significant (p=0.001) (Table III).

Smoking, alcohol consumption, educational
level and ethnicity showed no statistically significant
effect on telomere length (p>0.05). Duration of
employment was divided into more or less than 5
years and showed a significant effect on telomere
length shortening (p=0.001) (Table IV).

Discussion

In this study, telomere length in the cells was
analyzed by real-time PCR to determine the occupa-
tional exposure effects. Real-time PCR is an easy and
good method to obtain reproducible results of the
telomere length. It is a type of PCR method, which
can be done with a lesser amount of DNA and com-
pleted in a short time (31). In this study, telomere
length was shortened in the workers as compared to
the controls. It indicated that the occupational expo-
sure reduced the length of the telomere in the work-
ers. This finding is probably due to the influence of
exposure on genes involved in the telomere length
maintenance (32). Correlation of age and telomere
length in our study suggested a possible influence of
the widespread environmental and occupational ha z -
ards ex posure on ageing acceleration (33–35),
through shortening the telomere length.

This study confirmed the previous investigations
in showing the correlation of telomere length and age
(31, 36, 37). Telomere length and its patterns in the
chromosomes are inherited. Ageing could be relevant
to different genes and genetic controls, which are
involved in the regulation of telomere length (31,
36–40). However, the findings of this study expressed
the possible early biological ageing in buccal cells
reflected in telomere shortening during occupational
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Table I Summary and comparison of relative telo mere
length between the workers and controls. 

Study
groups

N Max Min p Value

Workers 120 4.00 0.00 0.001a

Controls 120 53.08 0.00

a Significant at the 0.05 level using the independent t-test.

Table II Correlation between age and relative telomere
length.

Groups test r p Value

All 
individuals

Pearson –0.131 0.043

Workers –0.356 0.001

Controls –0.056 0.542

Correlation is significant at the 0.05 level (two tailed).

Table III Effect of exposure and age on relative telomere
length.

Table IV Result of relative telomere length with the socio-
demographic factors.

Groups ≥30 <30 p Value

N N

All 
individuals 65a 175a 0.001**

Workers 54c 66d 0.001**

Controls 11e 109f 0.613**

p value 0.070* 0.004*

Means with different superscripts are significant at p<0.05
using the independent t-test.

*p value is between the workers and controls in each co l -
umn.

**p value is between age groups (<30≤) in each row.

P value is significant at the significance level (p=0.05).

Group Workers Controls All subjects

N N N p

All subjects 120 120 240 0.046

Smokers 59 30 89
0.377Non- 

smokers 
61 90 151

Educated 24 105 129
0.437Non-

educated
96 15 111

Drinkers 12 3 3
0.683Non-

drinkers
108 117 117

Malay 65 78 143

Chinese 45 33 78
0.814

Indian 10 9 19

Working
time>5Y 37

0.001
Working
time<5Y 83



exposure. Still, using buccal cells as sources to mea -
sure telomere length bears some limitations. One of
the reasons is the high rate of cell division and turn -
over rate in epithelial cell tissue, which shortens the
telomeres in the cells. Other limiting factors are the
mixed sample cells, containing karyorrhectic, karyo -
lytic, pyknotic and condensed chromatin cells in the
cellular senescence. Another contributing reason is
the highly oxygenated buccal cells, which induce an
oxidative stress effect to shorten telomere length (41).

Ageing and telomere length are influenced by
genetic and socio-demographic factors. These factors
contribute to genetic damage and result in synergic or
additive effects to accelerate ageing (42, 43). In this
investigation, the results indicated that the duration
time of exposure in the workers could enhance DNA
damage (44, 45) and telomere length shortening (31).
Hence, the improvement of work behaviors could
reduce genomic damage resulting from the environ-
mental and occupational effects (46). How ever, the
interpretation is influenced by different factors, includ -

 ing ethnicity, sample size, type of used tissue, present
conditions in the laboratory and many other differ-
ences, which have been presented in the studies (31). 

It was concluded that the shortening of telomere
length contributes to ageing. This study was the first
report of the effect of occupational exposure on telo -
mere length shortening and ageing in the car mecha -
nical workshop workers. However, further telomere
studies need to be conducted intensively with more
samples in different age groups, for many years, to
derive firm conclusions.

Acknowledgment. The authors gratefully ack no wl   -
 edge the cooperation of all volunteers who participat -
ed in this study. I wish to thank Chin Lib Kent for very
helpful advice.

Conflict of interest statement

The authors stated that there are no conflicts of
interest regarding the publication of this article.

J Med Biochem 2012; 31 (3) 215

References

1. Aubert G, Lansdorp P. Telomeres and aging. Physio -
logical Reviews 2008; 88: 557–79.

2. Vijg J. Somatic mutations and aging: a re-evaluation.
Mu tation Research/Fundamental and Molecular Mecha -
 nisms of Mutagenesis 2000; 447: 117–35.

3. Wojda A, Witt M. Manifestations of aging at the cyto -
genetic level. Journal of Applied Genetics 2003; 44:
383–99.

4. Finkel T, Serrano M, Blasco MA. The common biology
of cancer and ageing. Nature 2007; 448: 767–74.

5. Wu X, Amos CI, Zhu Y, Zhao H, Grossman BH, Shay
JW, et al. Telomere Dysfunction: A Potential Cancer
Predisposition Factor. Journal of the National Cancer
Institute 2003; 95: 1211–18.

6. Shawi M, Autexier C. Telomerase, senescence and age-
ing. Mechanisms of Ageing and Development 2008;
129: 3–10.

7. Blackburn E. Telomere states and cell fates. Nature
2000; 408: 53–6.

8. Blackburn EH. Structure and function of telomeres.
Nature 1991; 350: 569–73.

9. Blasco MA. Telomere length, stem cells and aging. Nat
Chem Biol 2007; 3: 640–9.

10. Von Zglinicki T. Oxidative stress shortens telomeres.
Trends Biochem Sci 2002; 27: 339–44.

11. Richter T, Von Zglinicki T. A continuous correlation
between oxidative stress and telomere shortening in
fibroblasts. Exp Gerontol 2007; 42: 1039–42.

12. McGrath M, Wong JYY, Michaud D, Hunter DJ, De Vivo
I. Telomere Length, Cigarette Smoking, and Bladder

Cancer Risk in Men and Women. Cancer epidemiology,
biomarkers & prevention: a publication of the American
Association for Cancer Research, cosponsored by the
American Society of Preventive Oncology 2007; 16:
815–19.

13. Allsopp RC, Vaziri H, Patterson C, Goldstein S, Younglai
EV, Futcher AB, et al. Telomere length predicts replica-
tive capacity of human fibroblasts. Proceedings of the
National Academy of Sciences of the United States of
America 1992; 89: 10114–18.

14. Jennings BJ, Ozanne SE, Dorling MW, Hales CN. Early
growth determines longevity in male rats and may be
related to telomere shortening in the kidney. FEBS Lett.
1999; 448: 4–8.

15. Haussmann MF, Winkler DW, O'Reilly KM, Huntington
CE, Nisbet ICT, Vleck CM. Telomeres shorten more
slowly in long-lived birds and mammals than in short-
lived ones. Proc R Soc B 2003; 270: 1387–92.

16. Herbig U, Ferreira M, Condel L, Carey D, Sedivy JM.
Cellular senescence in aging primates. Science 2006;
311: 1257.

17. Jemielity S, Kimura M, Parker KM, Parker JD, Cao X,
Aviv A, et al. Short telomeres in short-lived males: what
are the molecular and evolutionary causes? Aging Cell
2007; 6: 225–33.

18. Kang MK, Kameta A, Baluda MA, Park NH. Telomere
shortening does not occur during postmaturational aging
in situ in normal human oral fibroblasts. Mecha nisms of
Ageing and Development 2003; 124: 873–6.

19. Okuda K, Bardeguez A, Gardner JP, Rodriguez P, Ga -
nesh V, Kimura M, et al. Telomere length in the new-
born. Pediatric Research 2002; 52: 377–81.



20. Youngren K, Jeanclos E, Aviv H, Kimura M, Stock J,
Hanna M, et al. Synchrony in telomere length of the
human fetus. Human Genetics 1998; 102: 640–3.

21. Baird D, Rowson J, Wynford-Thomas D, Kipling D.
Extensive allelic variation and ultrashort telomeres in
senescent human cells. Nature Genetics 2003; 33:
203–7.

22. Pauliny A, Wagner R, Augustin J, Szep T, Blomqvist D.
Age-independent telomere length predicts fitness in
two bird species. Mol Ecol 2006; 15: 1681–7.

23. Haussmann MF, Winkler DW, Vleck CM. Longer telo -
meres associated with higher survival in birds. Biol Lett
2005; 1: 212–14.

24. Joeng KS, Song EJ, Lee KJ, Lee J. Long lifespan in
worms with long telomeric DNA. Nature Genetics
2004; 36: 607–11.

25. Cawthon RM, Smith KR, O'Brien E, Sivatchenko A,
Kerber RA. Association between telomere length in
blood and mortality in people aged 60 years or older.
Lancet 2003; 361: 393–5.

26. Rudolph KL, Chang S, Lee HW, Blasco M, Gottlieb GJ,
Greider C, et al. Longevity, stress response, and cancer
in aging telomerase-deficient mice. Cell 1999; 96:
701–12.

27. Monaghan P, Haussmann MF. Do telomere dynamics
link lifestyle and lifespan? Trends Ecol Evol 2006; 21:
47–53.

28. Jiang WQ, Zhong ZH, Henson JD, Reddel RR. Iden ti -
fication of candidate alternative lengthening of telo -
meres genes by methionine restriction and RNA inter-
ference. Oncogene 2007; 26: 4635–47.

29. Martino-Roth MG, Viegas J, Amaral M, Oliveira L, Fer -
reira FLS, Erdtmann B. Evaluation of genotoxicity
through micronuclei test in workers of car and battery
repair garages. Genetics and Molecular Biology 2002;
25: 495–500.

30. Cawthon RM. Telomere measurement by quantitative
PCR. Nucleic Acids Research 2002; 30: e47.

31. Hewakapuge S, Van Oorschot RAH, Lewandowski P,
Baindur-Hudson S. Investigation of telomere lengths
measurement by quantitative real-time PCR to predict
age. Legal Medicine 2008; 10: 236–42.

32. Huda N, Tanaka H, Herbert BS, Reed T, Gilley D.
Shared environmental factors associated with telomere
length maintenance in elderly male twins. Aging Cell
2007; 6: 709–13.

33. Cui Q, Tang C. Effects of lead and selenium on yeast
(Saccharomyces cerevisiae) telomere. Journal of En viron -
mental Science and Health Part A 2000; 35: 1663–71.

34. Jacobus JA, Flor S, Klingelhutz AJ, Robertson LW,
Lu dewig G. 2-(4-chlorophenyl)-1,4-benzoquinone in -
cre ases the frequency of micronuclei and shortens
telomeres. Environmental Toxicology and Pharma co -
logy 2008; 25: 267–72.

35. Hoxha M, Dioni L, Bonzini M, Pesatori AC, Fustinoni S,
Cavallo D, et al. Association between leukocyte telo -
mere shortening and exposure to traffic pollution: a
cross-sectional study on traffic officers and indoor office
workers. Environmental Health Perspectives 2009; 8:
41.

36. Nordfjall K, Larefalk A, Lindgren P, Holmberg D, Roos
G. Telomere length and heredity: indications of pater-
nal inheritance. Proceedings of the National Academy
of Sciences of the United States of America 2005; 102:
16374–8.

37. Njajou OT, Cawthon RM, Damcott CM, Wu SH, Ott S,
Garant MJ, et al. Telomere length is paternally inherit-
ed and is associated with parental lifespan. Proceedings
of the National Academy of Sciences of the United
States of America 2007; 104: 12135–9.

38. Graakjaer J, Pascoe L, Der-Sarkissian H, Thomas G,
Kolvraa S, Christensen K, et al. The relative lengths of
individual telomere are defined in the zygote and strict-
ly maintained during life. Aging Cell 2004; 3: 97–102.

39. Slagboom PE, Droog S, Boomsma DI. Genetic determi-
nation of telomere size in humans: twin study of three
age groups. American Journal of Human Genetics
1994; 55: 876–82.

40. Rufer N, Brümmendorf TH, Kolvraa S, Bischoff C,
Christensen K, Wadsworth L, et al. Telomere fluores-
cence measurements in granulocytes and T lymphocyte
subsets point to a high turnover of hematopoietic stem
cells and memory T cells in early childhood. The Jour -
nal of Experimental Medicine 1999; 190: 157–68.

41. Thomas P, O’Callaghan NJ, Fenech M. Telomere length
in white blood cells, buccal cells and brain tissue and its
variation with ageing and Alzheimer’s disease. Mecha -
nisms of Ageing and Development 2008; 129:
183–90.

42. Mooney LA, Bell DA, Santella RM, Van Bennekum AM,
Ottman R, Paik M, et al. Contribution of genetic and
nutritional factors to DNA damage in heavy smokers.
Carcinogenesis 1997; 18: 503–9.

43. Norppa H. Cytogenetic biomarkers and genetic poly-
morphisms. Toxicology Letters 2004; 149: 309–34.

44. Pinto D, Ceballos JM, Garcia G, Guzman P, Del Razo
LM, Vera E, et al. Increased cytogenetic damage in
outdoor painters. Mutation Research 2000; 467:
105–11.

45. Manikantan P, Balachandar V, Sasikala K. DNA Da m -
age in Workers Occupationally Exposed to Lead, Using
Comet Assay. International Journal of Biology 2010; 2:
103–10. 

46. Ishikawa H, Yamamoto H, Tian Y, Kawano M, Yama -
uchi T, Yokoyama K. Evidence of association of the
CYP2E1 genetic polymorphism with micronuclei fre-
quency in human peripheral blood. Mutation Research
2004; 546: 45–53.

216 Ataollahi Eshkoor et al.: Telomere shortening, occupational exposure and ageing

Received: October 12, 2011 

Accepted: December 19, 2011


