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Abstract  

      Wood is among the most universe substantial resources and one of the main com-

mon kinds of occupational exposure. For this , the research goal was the  assess of the 

genotoxicity effects of wood dust exposure for some Iraqi workers employed in a 

wooden furniture factories using alkaline comet assay based on measuring the DNA 

damage that occurred in the white blood cells (WBC) , aimed to minimize the health 

risks from dangerous substances in the workplace. Fifty workers in a wooden furni-

ture factories and 50 apparently healthy control were used in this study. DNA damage 

was significantly higher in the wood's workers , than in the control subjects according 

to the comet parameters. Thus , significantly higher levels of DNA damage observed 

in wood's workers in whom either smoked ( tail length 40.15 ± 0.54; tail DNA % 

32.12 ± 0.87 and tail moment 12.90 ± 0.98) or non-smokers (tail length 36.21 ± 0.43 ; 

tail DNA % 29.56 ± 0.34 and tail moment 10.70 ± 0.10) than in smoker (tail length 

12.81 ± 0.89; tail DNA % 6.60 ± 0.06 and tail moment 0.846 ± 0.02) and non-

smokers (tail length 2.63 ± 0.33 ; tail DNA % 2.29 ± 0.07 and tail moment 0.060 ± 

0.03) of control group. Present study deduce the relationship of the exposure to wood 

dust with high level of  DNA damage. In conclusion, the results indicated that there 

was a possibility of using the changes in the level of   comet assay as 

try  for the detection of DNA damage of workers employed in a wooden furniture 

factories  . Also, the results obtaining was confirmed by usefulness of the alkaline 

comet assay as a sensitive additional marker in the regular health screening of work-

ers occupationally exposed to dangerous wooden dust  .   
    Key words: Wood Dust; Genotoxicity ;  DNA Damage ; Comet Assay . 

 
الحمض النووي منقوص الاوكسجين لبعض العمال العراقيين العاملين في مصانع تلف تقييم  

 الأثاث الخشبية
 *د.وئام أحمد العاملي

 *جامعة بغداد/ معهد الهندسة الوراثية والتقنيات الاحيائية للدراسات العليا / فرع الهندسة الوراثية       
 المستخلص

يعتبر الخشب من معظم الموارد الكبيرة و أحد الأنواع الرئيسية الشائعه للتعرض المهني المعروف. لهذا،       
ية الوراثية لنشارة الخشب على بعض العمال العراقيين العاملين كان الهدف من هذا البحث تقييم التأثيرات السم

في مصانع الأثاث الخشبي، اعتمادا على قياس تلف الحمض النووي منقوص الاوكسجين الذي يحدث في خلايا 
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( من اجل الحد من المخاطر الصحية الناجمة عن المواد الخطرة في مكان العمل. خضع WBCالدم البيضاء )
شخص اصحاء.  50ة خمسون عاملا في مصانع الأثاث الخشبي باستخدام تقنية المذنب القلوية ولهذه الدراس

كان تلف الحمض النووي منقوص الاوكسجين أعلى وبدرجه معنويه في عمال مصانع الأثاث الخشبي ، مما 
تلف الحمض كان عليه في المجموعة الضابطة وفقا لمعايير المذنب. حيث لوحظ ارتفاع معنوي في  مستويات 

، 0.54±  40.15النووي منقوص الاوكسجين لدى عمال مصانع الأثاث الخشبي المدخنين منهم )طول الذيل 
( أو غير 0.98±  12.90و لحظة الذيل  0.87±  32.12النسبه المئوية للحمض النووي في الذيل٪ 

ولحظة  0.34±  29.56٪  ، النسبه المئوية للحمض النووي في الذيل0.43±  36.21المدخنين )طول الذيل 
، النسبه المئوية للحمض 0.89±  12.81( مما كان عليه في المدخنين )طول الذيل 0.10±  10.70ذيل 

±  2.63( وغير المدخنين )طول الذيل 0.02±  0.846و لحظة الذيل  0.06±  6.60النووي في الذيل ٪ 
( من 0.03±  0.060ولحظة الذيل  0.07±  2.29، النسبه المئوية للحمض النووي في الذيل ٪ 0.33

المجموعة الضابطة. دلت ادراسة على ان هناك علاقة بين التعرض لغبار الخشب والمستوى المرتفع لتلف 
الحمض النووي. يستنتج من ذلك، ان النتائج تشير إلى أن هناك إمكانية استخدام التغييرات في مستوى مقايسة 

 لدى عمال مصانع الأثاث الخشبيالحمض النووي منقوص الاوكسجين تلفالمذنب كمتتبع بايولوجي للكشف عن 
كما اكدت النتائج على ان  فحص المذنب القلوي يعد معلم  بايولوجي حساس إضافي يستخدم في المسح    .

 الصحي المنتظم للعمال المعرضين مهنيا لخطورة مواد نشارة الخشب.
 الوراثية ، تلف الحمض النووي منقوص الاوكسجين، فحص المذنب.غبار الخشب، السمية : الكلمات المفتاحية 

Introduction 

      Some of the dusty tasks such as sawing, drilling and furniture are manually done. 

A part of the sawdust always escapes the filtration systems of the machines causing 

an exposure of the workers at the facility [25] . According to International Agency for 

Research on Cancer (IARC), the wood dust was rating as a human carcinogenic 

(group 1), for its high carcinogenic ability to induce sinonasal cancer [9 ; 10] . 

   A large and diverse number of health effects are correlated with the exposure to the 

wood dust , non-cancerous ones implicate agitation and inflammation of the respira-

tory tract which give rise to coughing, wheezing, chronic bronchitis, and asthma [11]. 

The adverse effects of microorganisms are manifested by alveolitis allergica and or-

ganic dust toxic syndrome (ODTS), also it can induce aspergillomycosis , bronchial 

asthma, rhinitis and allergic dermatitis  [23] . The irritant and allergic effects of wood 

dust have been recognised for a long time. Some of the allergic effect was caused by 

the wood dust [28 ] . Wood dust particles cause mucosal , allergic and non-allergic 

respiratory symptoms and cancer when they get deposited in nose, throat and other 

airways [3,18 and 26 ] . It has been suggested that exposed to wood dust will be asso-

ciated with genotoxicity and  related to extremely elevating risk of cancer [6,10 ,11 , 

and 22]  . Many types of cancers , such as cancer of lung , pharynx and stomach and 

adenocarcinoma of nasal cavity and  Hodgkin's disease ,  colorectal cancer has been 
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confirmed from several studies on human populations exposed to wood dust [5, 16 

and 27 ] .  

   Genetic follow-up for people exposed to carcinogens is a system of early detection 

of genetic diseases and cancer as it can focus on the risk factors at right time where 

the opportunity is still available for the implementation of control [14 ]. The comet 

assay was deemed as an appropriate for genetic biomonitoring studies and ascertain 

occupational exposure to wood dust [20  , 22 ].  

As yet, in Iraq there is finite data available on the genotoxicity of genetic alterations 

which caused  by exposure to wood dust. Subsequently , the present study's goal , 

was at the estimation of the genotoxicity relevated to wood dust exposure. As, the 

comet assay has become an substantial tool in the area of human genotoxicity bio-

monitoring studies and it was widely used in human genotoxicity monitoring in Iraq 

[2 , 4] . The single cell gel electrophoresis assay in individual cells was adapted in 

this study for detecting the level of DNA damaged in WBC of some Iraqi workers 

employed in a wooden furniture factories.  

Materials and Methods 

Subject 

    The study was conducted on 50 male who were working in different carpentry units 

in Baghdad, Iraq. They were occupationally exposed to the soft and hard wood dust , 

all the informations from the carpenters in the present study reveales that both hard 

wood and soft wood dust exposure were known to be routinely using in combinations 

through furniture industry. While , the control group included  50 apparently healthy 

men with no history of exposure to wood dust . 

   The subjects criteria were based on a questionnaire. Its included standard demo-

graphic data (age ) , medical (guaranteed that all subjects had not been taking any 

medications or vaccinations , nor  exposed to any type of radiation for one year be-

fore sample collection) , lifestyle ( each subject smoked more than five cigarettes per 

day and  each subject took five glasses or more of an alcoholic drink per day for 1 

year before sample collection , was considered as smokers and alcohol drinkers , re-

spectively) and vocational questions (working hours/day, years of exposure , precau-

tionary measures taken , etc.) . The study selected on  the subjects who had worked 

for 5 years or more in the carpentry field . The agreement of each subject was ob-

tained to undergo his blood sample for this study after informing him about the goal 

of the research. 

 Blood sampling 

     Blood samples were collected from all the exposed worker and healthy individuals 

. Sampling was carried out over a period of 5 months , the samples were coded to 

avoid the possibility of bias.  A 3 ml of venous blood was collected once from all the 

exposed and control subjects using heparinized syringes. The samples were transport-

ed  immedialtly on ice to the laboratory [12] . 

Comet assay  

      DNA damage analysis for all subject in this study (exposed and control)  was done 

using the comet assay according to  [24 ] . Comet slides were prepared in duplicate 
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per subject . Ten mictoleter of blood samples were mixed with 75 μl of 0.5% low 

melting point agarose . The mixture was cast into previously coated frosted slide with 

0.5% normal melting point agarose and allowed to gel to be soldifiy.  Then it were 

placed in cold lysis buffer (2.5 M NaCl , 10 mM Tris-base , 100 mM disodium-

EDTA, 1% Na-sarcocinat, 10% DMSO, 1% Triton X-100, pH 8) for 2 hour at 4°C 

before DNA was treated with alkaline solution (0.3 M mNaOH, 1 mM EDTA-NA2, 

pH 13.2) for 20 minutes to allow for unwinding of the DNA strands. Following , al-

kaline electrophoresis was run for 30 min at 300 mA and 24 volts , the DNA strands 

migrate toward the anode according to size. The extent of migration depends on the 

number of strand breaks in the nucleoid. The electrophoresis slides were neutralized 

by washing twice for 5 min in neutralizing buffer (0.4 M Tris, pH 7.5) and once in 

water before dehydration in 100% ethanol for 20 min, and then it dried in 50°C for 30 

min to be stored until use.  For examination , stored slides rehydrated with chilled 

water for 30 min and it  stained with 85 l Ethidium bromide for 5 min and the slides 

washed to remove the excess of stain , covered with coverslip.  The migration of 

damaged DNA was visualized under a florescence microscope at 400x magnification, 

with a 450-490 nm emission filter and 515 excitation filter . The comet parameters 

(tail length  , DNA% in  tail ,tail moment) are then evaluated by a software .  

 In this study total of 100 individual cells were screened per subject (50 cells / each 

slide). Undamaged cells resemble an intact nucleus without a tail , while damaged 

cell has the appearance of a comet , it's parameter resemble estimation the degree of 

DNA damage .  

Results and Discussion 

 It is known that sawdust to be a human carcinogen material with many health risks 

associated with exposure to them. It is a complex of physical, chemical and biological 

agents that make it difficult to detect specific allergy or irritation [23 ]. As the studies 

reporting DNA damage in carpenters are limited , in this study, the toxic effects on 

the DNA was evaluated in the carpenters who were exposed to wood dust that arise 

during the manufacture of wooden furniture . The investigation was conducted by 

implementation the comet assay. The level of DNA damage was determined as the 

percentage of cells with comets. 

 The results of comet assay of both groups were listed in table 1. Fifty exposed 

woodworkers and 50 control subjects were studied. In the present study, significant 

increase in comet parameters was observed in carpenters when compared to the con-

trols using the comet assay.The strongest association of exposure to wood dust and 

development of DNA damage is observed in those craftsmen who were exposed to 

wood dust . 

    The exposed woodworkers, smokers or did not smoke cigarettes, have significant 

effect by comet test , showed statistically (P < 0.05) increase in DNA damage when 

compared with smokers and non-smokers of the control individuals.  While, within 

the control group smokers showed significant(p<0.05) increase in comet parameters 

when compared with healthy non smokers , indicating  DNA damage in the smokers 
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individuals meeting the results of other study correlate between smoking and DNA 

damage [ 1 ]. 
 

Table 1 : Alkaline Comet Assay Parameters for Wood Workers and Control 

Subjects. 

Comet Parame-

ters 

Workers Control Subjects 

Smokers Non- Smokers Smokers Non- Smokers 

Tail length (px) 

(Mean ± SE) 

40.15 ± 0.54  

C 

36.21 ± 0.43 

C 

12.81 ± 0.89 

B 

2.63 ± 0.33 

A 

Tail DNA % 

(Mean ± SE) 

32.12 ± 0.87 

C 

29.56 ± 0.34 

C 

6.60 ± 0.06 

B 

2.29 ± 0.07 

A 

Tail moment 

(Mean ± SE) 

12.90 ± 0.98 

C 

10.70 ± 0.10 

C 

0.846 ± 0.02 

B 

0.060 ± 0.03 

A 
●Similar latter   in a column and row (for comparison between studies groups) 

mean there is no significant difference (p < 0.05), according to Duncan test. 

 

    The results of comet assay parameters revealed that there is a statistical signifi-

cant increasing damage in the DNA of the exposed workers comparing with control 

group. (P < 0.05).Thus , levels of DNA damage in smoker wood's workers ( tail 

length 40.15 ± 0.54; tail DNA % 32.12 ± 0.87 and tail moment 12.90 ± 0.98) and 

non-smokers (tail length 36.21 ± 0.43 ; tail DNA % 29.56 ± 0.34 and tail moment 

10.70 ± 0.10) was significantly higher than in control group smokers (tail length 

12.81 ± 0.89; tail DNA % 6.60 ± 0.06 and tail moment 0.846 ± 0.02) and non-

smokers (tail length 2.63 ± 0.33 ; tail DNA % 2.29 ± 0.07 and tail moment 0.060 ± 

0.03) . Analysis of the data showed that the confounding factors (wood dust expo-

sure) had a significant effect on DNA damage. Smoking did not have any significant 

effect on wood workers by comet test ,  despite smokers in exposed group showed 

higher comet parameters as seen in table 1. It is expected that the cause of this in-

crease in the level of DNA damage between the timber factory workers is the con-

stant exposure to wood dust during the furniture industry. These results showed suffi-

ciently elevation of exposure to wood dust to cause such DNA damage and also the 

sensibility of the assay used.  It appears that DNA damage was observed to be caused 

by the direct impact of toxic dust it selves. The finding of these results suggest that 

the wood workers exposed to an increase levels of genotoxicity , so they have an en-

hancement for cancer risk [13].   

Overall, wood dust is a very common occupational exposure. All tested wood species 

so far causes inflammation, but varies in their potential. The present in vitro experi-

ments suggests that wood dust possess a genotoxic potential independent of inflam-

mation [17 , 15] . Polish researchers suggested that workers who work in the factory 

of furniture had more DNA damage in lymphocytes rather than the control group[7 ]  

.The data supports an earlier study conducted by the authors which showed that there 

was DNA damage to the woodworkers is greater than controls [21] .  
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 The health troubles increased by the wood workers who don't wearing gloves or 

facemasks such as respiratory tract irritations, cough and asthma and infections of eye 

and skin . Low or lack of protective measures in terms of wood factories elucidate an 

increasing of genotoxicity in this study and illustrate an urgent need to educate work-

ers about the occupational hazards that they are exposed to it through their work and 

the importance of wearing gloves and masks .Under the hazard communication 

standard of the Occupational Safety and Health Administration (OSHA), it is re-

quired to inform employees of the hazards of all hazardous chemicals and materials 

on the work-site. By familiarity the risk of a materials under use in the factory , em-

ployees  are more  able to keep themselves from this hazard and take preventative 

proceedings needful to work safely and safeguard their health . Even though, the con-

trol on dust resulted through the operations in the these factories is not assured, such 

operations have to supply with good local exhaust ventilation to reduse the genotoxi-

city of the wood dust [8]. 

  As the important point in the role of carcinogen exposure for cancer risk is the DNA 

damage , this study suggest that comet assay is a good assessment  way for the DNA 

damage caused by occupational exposure in the wood factories as a potential health 

hazards . The debatable results of different studies which are hard to be explained be-

long to the variation in study population in the culture  , lifestyle, nutritional habit ,  

sustenance and works in different regions under different climatic situations [19]. Ex-

tra inclusive planned studies that measure and followup the genotoxicity effects in 

wood factory are necessary to back these findings. 

Conclusions 

    The deduce of this study suggest that the elevation in DNA damage appeared in the 

blood samples of  wood furniture workers was due to wood dust exposure , and the 

usefulness of  depending on the variations in the comet parameters as a marker for the 

DNA damage of workers engage in a wooden furniture factories .  

Acknowledgement 

     Thanks, appreciation and gratitude to everyone who agreed that his blood become 

the subject of this project. 

 

References 
1- Al-Faisal , A. M. ; Al-Amili ,W. A. and Mehdi ,M. S. (2015). Detection of Geno-

toxicity of Tobocco Among Cigaratte Smokers and Nargila Users . Confer-

ence Proceeding of the 2nd International Scientific Conference of Medical 

and Health Specialties;Middle Technical University;Institute of Medical 

Technology-Baghdad/Iraq :87-93 . 

2- Al-Faisal, A. , Al-Amili , W. A. and Ali ,N. A. (2014) . Genetic Alterations in Ira-

qi Leukaemia Patients as Indicator for Polluted Environment . Eng. &Tech. 

Journal, , 32 A  (13) : 3166 – 3174 . 

3- Alonso-Sardón, M. ; Chamorro, A. , Hernández-García, I. ; Iglesias-de-Sena , H.  ; 

Martín-Rodero, H. ; Herrera, C. , Marcos, M.  and Mirón-Canelo1,J. A.( 



Journal of Kerbala for Agricultural Sciences (Proceedings of the Third Scientific Conference 

of the Faculty of Veterinary Medicine / University of Kerbala on 10
th

 April 2017) 

227 
 

2015) . Association between Occupational Exposure to Wood Dust and 

Cancer: A Systematic Review and Meta-Analysis. PLoS ONE 10(7): 

e0133024. 

4- Azeez , Z. A. , Al-Salihy ,A. A. and Al-Amili , W. A (2015) . Molecular Rapid As-

say on Plant Cells : A Test for DNA Damage Caused by Pollution from Al-

Daura Thermal Power Station on citrus aurantium Plants . World Journal of 

Pharmaceutical Research , 4(12) :  1779-1790 . 

5- Bahia , S. H. A. ; Mattos, I. E. and Koifman , S. (2005) . Cancer and woodrelated 

occupational exposure in the Amazon region of Brazil. Environ. Res. ; 99 : 

132–140. 

6-  Baran , S. and Teul , I . (2007). Wood dust: an occupational hazard which in-

creases the risk of respiratory disease. J Physiol Pharmacol. ; 58 Suppl 5 (Pt 

1):43-50. 

7- Bruschweiler , E. D. ; Wild , P. ;  Huynh , C. K. ;  Savova-Bianchi , D.;   Danuser, 

B. and  Hopf , N. B. (2016) . DNA Damage among Wood Workers As-

sessed with the Comet Assay. Environ Health Insights ; 10: 105–112. 

8- Croteaua ,G.A. , Guffeyb ,S. E. , Flanagana , M. E. and  Seixas , N. S.(2002). The 

Effect of Local Exhaust Ventilation Controls on Dust Exposures During 

Concrete Cutting and Grinding Activities.  AIHA Journal;  63:458–467. 

9- d’Errico , A . ,  Pasian, S. ,  Baratti , A , Zanelli, R ,  Alfonzo, S , Gilardi , L , Be-

atrice , F , Bena, A and  Costa , G (2009 ).  A case-control study on occupa-

tional risk factors for sino-nasal cancer . Occup. Environ. Med.; 66 : 448–

455. 

10- Farahat , S. A. , Ibrahim ,Y. H. and Abdel-Latif , M. N. (2010). Genotoxicity and 

Oxidative stress due to exposure to wood dust among carpenters . Egyptian 

Journal of Occupational Medicine ; 34 (1) : 83-95. 

11- Fransman , W. , McLean D. and Douwes J. (2003). Respiratory symptoms and 

occupational exposures in New Zealand plywood mill workers. Ann. Oc-

cup. Hyg. 47: 287–295. 

12- Garaj-Vrhovac , V.  and Kopjar , N. ( 2003 ) . The alkaline Comet assay as bi-

omarker in assessment of DNA damage in medical personnel occupational-

ly exposed to ionizing radiation . Mutagenesis 18 (3 ) : 265–271 . 

13- Hancock , D. G. ;   E Langley ,M. ;   Chia ,  K.L.  ; Woodman , R. J.;    Shanahan 

, E. M. (2015) .Wood dust exposure and lung cancer risk: a meta-analysis . 

Occupational & environmental medicine ;  72 (12) : 889-897 . 

14- Kassie , F. , Parzefall , W. and Knasmuller, S. (2000) . Single cell gel electropho-

resis assay new technique for human biomonitoring studies. Mutat. Res.; 

463: 13–31. 

15- Lange , J. B. (2008).Effects of wood dust :Inflammation, Genotoxicity and Can-

cer . Ph.D. thesis . Copenhagen , Denmark . 

16- Lipkus , I. M. , Skinner, C. S. , Dement, J. , Pompeii, L. , Moser, B. , Samsa , G. 

P. and Ransohoff , D. (2005) . Increasing colorectal cancer screening 

http://www.ncbi.nlm.nih.gov/pubmed?term=Baran%20S%5BAuthor%5D&cauthor=true&cauthor_uid=18204114
http://www.ncbi.nlm.nih.gov/pubmed?term=Teul%20I%5BAuthor%5D&cauthor=true&cauthor_uid=18204114
http://www.ncbi.nlm.nih.gov/pubmed/18204114
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bruschweiler%20ED%5BAuthor%5D&cauthor=true&cauthor_uid=27398027
https://www.ncbi.nlm.nih.gov/pubmed/?term=Wild%20P%5BAuthor%5D&cauthor=true&cauthor_uid=27398027
https://www.ncbi.nlm.nih.gov/pubmed/?term=Huynh%20CK%5BAuthor%5D&cauthor=true&cauthor_uid=27398027
https://www.ncbi.nlm.nih.gov/pubmed/?term=Savova-Bianchi%20D%5BAuthor%5D&cauthor=true&cauthor_uid=27398027
https://www.ncbi.nlm.nih.gov/pubmed/?term=Danuser%20B%5BAuthor%5D&cauthor=true&cauthor_uid=27398027
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hopf%20NB%5BAuthor%5D&cauthor=true&cauthor_uid=27398027
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4927022/
http://research.ku.dk/search/?pure=en%2Fpersons%2Fjette-bornholdt-lange(163651b5-8192-4ca6-bff7-3106f61b3504).html


Journal of Kerbala for Agricultural Sciences (Proceedings of the Third Scientific Conference 

of the Faculty of Veterinary Medicine / University of Kerbala on 10
th

 April 2017) 

228 
 

among individuals in the carpentry trade: test of risk communication inter-

ventions. Prev. Med. ; 40 : 489–501. 

17- Määttä , J. ; Husgafvel-Pursiainen , K. ; Savolainen , K. and Alenius , H. (2006). 

Mechanisms of particle-induced pulmonary inflammation in a mouse mod-

el: exposure to wood dust. Toxicol Sci. ;  93(1): 96-104. 

18- Mensi ,C. ; Consonni,D. ; Sieno,C. ; De Matteis,S. ; Riboldi, L. and Bertazzi, P. 

A. (2013) . Sinonasal Cancer and Occupational Exposure in a Population-

Based Registry. International Journal of Otolaryngology  ; 2013: 1-7. 

19- Mohan , M. ; Aprajita, A.  ; Panwar , N. K. (2013). Effect of Wood Dust on Res-

piratory Health Status of Carpenters. Journal of Clinical and Diagnostic 

Research. 7(8): 1589-1591. 

20- Moller , P. (2005) . Genotoxicity of environmental agents assessed by the alka-

line comet assay. Basic Clin. Pharmacol Toxicol, 96 Suppl 1:1-42 . 

21- Møller , P. ,  Knudsen , L.E. , Loft, S.  and Wallin , H. (2000) . The Comet Assay 

as a Rapid Test in Biomonitoring Occupational Exposure to DNA-

damaging Agents and Effect of wood dust. Cancer Epidemiology, Bi-

omarkers & Prevention ; 9 : 1005–1015. 

22- Rekhadevi , P. V.  ,  Mahboob , M.  , Rahman , M. F.  and Grover , P. (2009). 

Genetic damage in wood dust-exposed workers . Mutagenesis 24 ( 1 ) : 59–

65 . 

23- Siew, S. S. ; Kauppinen , T. ; Kyyrönen, P. ; Heikkilä , P. and Eero Pukkala , E. 

(2012) . Occupational exposure to wood dust and formaldehyde and risk of 

nasal, nasopharyngeal, and lung cancer among Finnish men . Cancer 

Manag Res.; 4: 223–232. 

24- Singh, N. P. ,  McCoy, M. T. , Tice, R. R. and Schneider, E. L. (1988) . A simple 

technique for quantitation of low levels of DNA damage in individual cells. 

Exp. Cell Res.; 175 :184–191. 

25- Spee , T. , Van De Rijdt-Van Hoof , E. , Van Hoof ,W. , Noy , D. and Kromhout , 

H. (2007). Exposure to wood dust among carpenters in the construction in-

dustry in the Netherlands. The Annals of Occupational Hygiene , 51(3): 

241–248 .  

26- Tobin , E. A.  ; Ediagbonya , T. F. ; Okojie , O. H.  and Asogun , D. A. (2016) 

Occupational Exposure to Wood Dust and Respiratory Health Status of 

Sawmill Workers in South-South Nigeria. Pollution Effects & Control; 

4(1):1-6. 

27- Vallières , E. ; Pintos  , J. ;  Parent , M. and Siemiatycki , J. (2015) . Occupational 

exposure to wood dust and risk of lung cancer in two population-based 

case–control studies in Montreal, Canada. Environmental Health ; 2015, 

14:1 . 

28- Wultsch, G. ; Nersesyan , A. ; Kundi1 , M. ; Wagner, K. ; Ferk , F. ; Jakse, R. 

and Knasmueller ,S. (2015) . Impact of exposure to wood dust on genotoxi-

city and cytotoxicity in exfoliated buccal and nasal cells . Mutagenesis ; 30 

: 701–709 . 

https://www.ncbi.nlm.nih.gov/pubmed/?term=M%C3%A4%C3%A4tt%C3%A4%20J%5BAuthor%5D&cauthor=true&cauthor_uid=16740616
https://www.ncbi.nlm.nih.gov/pubmed/?term=Husgafvel-Pursiainen%20K%5BAuthor%5D&cauthor=true&cauthor_uid=16740616
https://www.ncbi.nlm.nih.gov/pubmed/?term=Savolainen%20K%5BAuthor%5D&cauthor=true&cauthor_uid=16740616
https://www.ncbi.nlm.nih.gov/pubmed/?term=Alenius%20H%5BAuthor%5D&cauthor=true&cauthor_uid=16740616
https://www.ncbi.nlm.nih.gov/pubmed/16740616
https://www.ncbi.nlm.nih.gov/pubmed/?term=Siew%20SS%5BAuthor%5D&cauthor=true&cauthor_uid=22904644
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kauppinen%20T%5BAuthor%5D&cauthor=true&cauthor_uid=22904644
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kyyr%26%23x000f6%3Bnen%20P%5BAuthor%5D&cauthor=true&cauthor_uid=22904644
https://www.ncbi.nlm.nih.gov/pubmed/?term=Heikkil%26%23x000e4%3B%20P%5BAuthor%5D&cauthor=true&cauthor_uid=22904644
https://www.ncbi.nlm.nih.gov/pubmed/?term=Pukkala%20E%5BAuthor%5D&cauthor=true&cauthor_uid=22904644
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3421471/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3421471/
http://annhyg.oxfordjournals.org/

