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Metallic  work  is  one  of the  widespread  economic  activities  in  urban  Kano.  Little  or  no  attention  is  usually
directed  at  occupational  health  risk  by  local  or state  authorities  in Kano.  The  present  work  was  aimed
at  the  evaluation  of  DNA  damage  in metal  workers  by Alkaline  Comet  Assay  in  blood  lymphocytes.  The
results  showed  that  there  was  significant  difference  statistically  between  the  level  of  DNA  damage  in
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blood  lymphocytes  of  metal  workers  and  control  group  (p < 0.05).  In addition,  the  level  of  damage  to
DNA  in  blood  of  subjects  with  long  term  exposure  and  old  age  is  of  serious  concern.  There  is  the need
to  monitor  occupational  activities  that  can  pose serious  health  risks.  The  relative  ignorance  of  the  metal
workers  about  the  health  risks  they  are exposed  to  as well  as  the  public  should  be  addressed.

©  2016  The  Author(s).  Published  by Elsevier  Ireland  Ltd.  This  is an  open  access  article  under  the  CC
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. Introduction

Adverse health effects have resulted by the release of air-
orne particles into the environment through metal works. Higher

ncidence of pneumonitis, bronchitis and metal fume fever were
eported by metal workers that were permanently exposed to high
oncentrations of metal fumes [1].

High risk of lung cancer has been associated with occupational
xposures to metal fumes. However, the causal relationship is
ffected by the lack of a clear dose–response and exposure to other
gents [2]. Effective biological survey of metal workers is impera-
ive to determine the genotoxicity and carcinogenicity of exposure.
everal studies have reported that contamination by heavy metals
ave induced chromosome/genome mutations and DNA damage
sing the comet and the cytokinesis-block micronucleus (CBMN)
ssays [3–7].

Metallic work is one of the widespread economic activities in
rban Kano. Most of the workshops are situated either in open
paces or relatively enclosed setting so as to attract more cus-
omers. As such, the fumes and the dusts are released into the

nvironment (atmosphere) while the workers are exposed directly
o most of the metal dust/fume pollutants. The metal fumes pro-
uced in the process of welding composed of at least 13 kinds

∗ Corresponding author.
E-mail addresses: asani.bio@buk.edu.ng (A. Sani), ilabdullahi2013@gmail.com

I.L. Abdullahi).

ttp://dx.doi.org/10.1016/j.toxrep.2016.10.003
214-7500/© 2016 The Author(s). Published by Elsevier Ireland Ltd. This is an open acces
c-nd/4.0/).
BY-NC-ND license  (http://creativecommons.org/licenses/by-nc-nd/4.0/).

of metals, including manganese (Mn), beryllium (Be), cadmium
(Cd), chromium (Cr) cobalt (Cu), iron (Fe), lead (Pb), mercury (Hg),
molybdenum (Mo), nickel (Ni), zinc (Zn), antimony (Sb), and vana-
dium (V) [8]. The chemicals contained in these fumes and gases
depend on several factors including; type of welding being per-
formed, material of the electrode, type of metal being welded,
presence of coatings on the metal, duration and severity of expo-
sure and ventilation [9]. In addition, the workers only wear glasses
to prevent light sparkles from having contact with their eyes and
often wore hand gloves as the only protective measure. It is very
clear that these workers are excessively and persistently exposed
to the contaminants through their skin or accumulate in crevices
of the hands and perhaps also from food and drink contamina-
tion at the work premises. The aim of the study was  to assess the
extent of DNA damage in blood lymphocytes of metal workers in
Kano metropolis through identifying the presence of DNA damage
in blood lymphocytes of the metal workers and control groups.

2. Materials and methods

2.1. Study area
The study area was Kano state which was located at the northern
part of Nigeria. Kano metropolitan encompasses eight local govern-
ments. The sampling sites where along both Jakara and Gabari road
all located at Kano Municipal.
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Table 1
Profile and health history of sampled population in Kano metropolis.

Characteristics Metal workers (n = 60) Control group (n = 20)

Age (Yrs) 32.7 ± 12.5 25.4 ± 5.40
Exposure (Yrs) 15.4 ± 11.9 0
Protective devices Sun glasses (100%) None

Table 2
Level and extent of DNA damage among various age groups of metal workers in
Kano metropolis, 2015.

Age groups(Yrs) DNA damage (abitrary units)

15–25 5.14*

26–35 5.91*

36–45 9.60*

>45 16.87*

* p ≤ 0.05 = positive correlation with age.

Table 3
Level and extent of DNA damage at various exposure rates in metal workers of Kano
metropolis, 2015.

Exposure(Yrs) DNA damage (Arbitrary units)

0–10 4.12*

11–20 7.36*

21–30 13.40*
A. Sani, I.L. Abdullahi / Toxic

.2. Experimental design

Metal workers (n = 60) were sampled through random sampling
rom two major sites within Kano metropolis: Jakara and Gabari
oads. The control group (n = 20) were selected randomly from
he population whose occupations have no relation and history of
xposure to metal fumes. However, they were exposed to traffic
ollution just like the metal workers but not to metal fumes. Con-
rol groups do not differ from metal workers in gender, age and
moking habits [10].

All subjects were informed of the objective of the study and their
onsent was obtained. Ethical clearance from ethical committee of
he state ministry of health was also obtained.

.3. Study plan

Selection of test subject, control group and relevant biographical
information.
Designing a questionnaire which provided valuable information
on age, years of exposure, health history and working conditions
of the metal workers.
Laboratory analysis which involved DNA damage detection in
blood lymphocytes by Alkaline Comet Assay and was  conducted
at Centre for Biotechnology Research and Training, Ahmadu Bello
University, Zaria.

.3.1. Questionnaire (Design and administration of structured
uestionnaire)

An interviewer questionnaire was used for general population
tudies [11]. Data on sex, age, and social habits (e.g. smoking
nd alcohol consumption) were collected. The questionnaire also
ncluded data on medical history and years of exposure, daily work-
ng hours.

.3.2. Blood samples collection
Blood samples were collected from test subjects in the morning

round 7 and 8 am.  5 mL  of blood samples were collected through
enipuncture. Samples were collected in a royal blue EDTA tube.
he collection site on the subject body was washed with soap and
ater, followed by alcohol swab. Blood was collected by venipunc-

ure using a phlebotomy needle. EDTA tube was inverted about
–10 times to prevent clotting. Each specimen tube was  attached
ith an identification label. Specimens were stored at 4 ◦C [12].

.3.3. Alkaline comet assay
Comet assay was performed, according to [13,14]. 750 �L of

hole blood was added to the same volume of freezing mixtures
10% DMSO and RPMI 1640) in a clear 2.0 mL  microcentrifuge tube
nd inverted several times to ensure complete mixing. It was then
ransferred to a ziplock pack and then placed in a −80 ◦C freezer
o be step frozen at the rate of −1 ◦C/min. 10 �L of single cells sus-
ensions were mixed with 75 �L of 0.5% (w/v) low melting point
garose at 37 ◦C and layered on 0.5% (w/v) normal agarose pre-
oated on frosted slides. The slides were covered with coverslips
nd placed at 4 ◦C for 10 min  to allow the agarose to solidify. Cov-
rslips were carefully removed and the slides were covered with a
ayer of low melting point agarose and placed at 4 ◦C for another
0 min. The slides were then placed in a freshly prepared alkaline

ysis solution (100 mM EDTA, 2.5 M NaCl, 10 mM Tris, 1% v/v Triton
-100 and 10% DMSO, pH = 10) at 4 ◦C for 1 h. After lysing, slides
ere incubated for 20 min  in a horizontal electrophoresis tank

ith alkaline electrophoresis buffer (0.3 M NaOH and 1 mM EDTA,
H 13) at 4 ◦C for DNA to unwind before electrophoresis. Sam-
les were electrophoresed for 20 min  at 300 mA,  25 V at the same
emperature. After the removal of slides from the solution, slides
>30 15.25*

* p ≤ 0.05 = positive correlation with exposure.

were then dried with filter paper and neutralize using neutraliza-
tion buffer (0.4 M HCl, pH 7.5) for 5mins 3 times. Subsequently,
cells were stained with ethidium bromide (30 �g/mL) for at least
20 min  and slides were covered with cover slips and stored in a
dark humidified chamber until analysis. All procedures were per-
formed under dimmed light to prevent additional DNA damage.
Cells were observed at a magnification of 40 × by a fluorescence
microscope with green light excitation and a 590 nm barrier fil-
ter. DNA damage was  calculated by randomly counting tailing DNA
in 50 cells/sample. Classification of comets was  five damage levels
according to Tail DNA%, including grade 0, 1, 2, 3 and 4. Grade 0 was
defined as no DNA damage and grade 4 was  the most serious DNA
damage.

2.3.4. Data analysis
Data analysis was performed using Sigma Stat 3.5 statistical

software for Windows as follows: The extent of DNA damage was
compared between metal workers and control groups using t-test.
Pearson product moment correlation analysis was carried out to
check whether there is a relationship between different variables.
Statistical significance was defined as p ≤ 0.05.

3. Results

3.1. Discussion

The respondents did not provide any precautionary measures
taken other than sun glasses as presented in Table 1. Perhaps their
understanding is that sun glasses shield the eyes from the intensity
of the light but do not serve adequate protection from fumes and
dusts of metals going into the eyes.

The extent of DNA damage at various age groups was shown in
Table 2 for the metal workers and in Table 4 for the control group.
Table 3 showed the extent of DNA damage at various exposure rates

among metal workers.

The difference in level and extent of DNA damage caused
between the metal workers and control groups was  also deter-
mined by t-test. There was a significant difference in level of DNA
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Table  4
Level and extent of DNA damage among various age groups of control group in Kano
metropolis, 2015.

Age groups (Yrs) DNA damage** (Arbitrary units)

15–25 4.58**

26–35 4.20**
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and  carcinogenicity, Mutat. Res. 533 (2003) 135–152.

[26] L.E. Knudsen, T. Boisen, J.M. Christensen, J.E. Jelnes, G.E. Jensen, J.C. Jensen, K.
Lundgren, C. Lundsteen, B. Pedersen, K. Wassermann, P. Wilhardt, C. Wulfh, U.
Zebitzu, Biomonitoring of genotoxic exposure among stainless steel welders,
Mutat. Res. 279 (1992) 129–143.
36–45 5.00**

** p > 0.05 = no correlation with age.

amage between test subjects and control groups (p < 0.05). The
nduction of DNA damage might be as a result of exposure to metal
umes which consist of several heavy metals. The metal workers
ere likely exposed to higher levels of traffic air pollution than the

ontrol subjects, so the Comet effects reported here could at least
artly be attributable to traffic exposure in addition to metal fumes
15]. Aluminium and zinc might produce DNA strand breaks via the
xidative stress induced by metal-fume fever [16,17].

The fumes from industrial stainless steel welding processes also
ncreased chromosomal aberrations in 11 welders [18]. As part of

 large study on tannery workers, [19] reported that five welders
ad a higher frequency of DNA-protein crosslinks than the con-
rol group. However, probably due to the small number of welders
nvolved in this study, the authors reported no increase in the fre-
uency of micronuclei for these individuals. In contrast, [4] showed
hat 102 welders had an increased frequency of micronuclei in
pithelial buccal cells. Furthermore, elevated levels of DNA dam-
ge were reported in nucleated peripheral cells using the Comet
ssay.

Oxidized forms of chromium and nickel, which also are present
n welding fumes, are genotoxic [20,21]. Other metals that may
e present in welding fumes, and that could induce DNA damage,

nclude lead [22], manganese [23], cadmium [24] and cobalt [25].
Pearson product moment correlation was performed to deter-

ine significant relationship between variables.
However, There was a relationship between age and DNA

amages (p < 0.05) as shown in Table 2. Similarly, there was a rela-
ionship between years of exposure and DNA damage (p < 0.05) as
hown in Table 3. [3,4] reported that DNA damage was higher in
ubjects with longer duration of exposure (P < 0.05). A related study
y [26] on genotoxic exposure among welders in Copenhagen found
hat chromosomal aberrations and sister chromatid exchanges had
ncreased significantly with age. A recent study confirmed the effect
f exposure to welding fumes on micronucleus frequency, although
he target cells in this study were binucleated lymphocytes [6].

.2. Conclusion

Based on the findings of the study, it was concluded that metal
orkers of urban Kano have some level of DNA damage. The

ge and years of exposure of the metal workers had affected the
xtent of the damage. Metal works as currently practiced in urban
ano should be closely monitored by relevant environmental pro-

ection agencies such as National Environmental Standards and
egulations Enforcement Agency (NESREA), Federal Environmen-
al Protection Agency (FEPA) and Ministry of Environment etc.
urther studies are required on genotoxicity of metals from a
ider sampled population to generate the necessary data for better
nderstanding of this phenomenon.
eferences

[1] S.J. Sferlazza, W.S. Beckett, The respiratory health of welders, Am.  Rev. Respir.
Dis. 143 (1991) 1134–1148.
 Reports 3 (2016) 804–806

[2] J.J. Moulin, A meta-analysis of epidemiologic studies of lung cancer in
welders, Scand. J. Work Environ. Health 23 (1997) 104–113.

[3] K. Danadevi, R. Rozati, B.S. Banu, P.H. Rao, P. Grover, DNA damage in workers
exposed to lead using comet assay, Toxicology 187 (2003) 183–193.

[4] K. Danadevi, R. Rozati, B.S. Banu, P. Grover, Genotoxic evaluation of welders
occupationally exposed to chromium and nickel using the comet and
micronucleus assays, Mutagenesis 19 (2004) 35–41.

[5] M.  Goulart, M.C. Batoreu, A.S. Rodrigues, A. Laires, J. Rueff, Lipoperoxydation
products and thiol antioxidants in chromium exposed workers, Mutagenesis
20 (2005) 311–315.

[6] R. Mateuca, P.V. Aka, M. De Boeck, R. Hauspie, M.  Kirsch-Volders, D.  Lison,
Influence of hOGG1 XRCC1 and XRCC3 genotypes on biomarkers of
genotoxicity in workers exposed to cobalt or hard metal dusts, Toxicol. Lett.
156  (2005) 277–288.

[7] J. Palus, K. Rydzynski, E. Dziubaltowska, K. Wyszynska, A.T. Natarajan, R.
Nilsson, Genotoxic effects of occupational exposure to lead and cadmium,
Mutat. Res. 540 (2003) 19–28.

[8] OSHA, Welding fumes (Total particulate) [Web page on the internet], in:
Chemical Sampling Information, 1995 (cited 2009 June 24). Available from:
http://www.oshaslc.gov/dts/chemicalsampling/data/cv276100.html.

[9] ELCOSH, Electronic library of construction occupational safety and health), in:
Hazard Alert: Welding Fumes and Gases (Web Page on the Internet), 2009
(cited 2009 June 24). Available from: http://www.cdc.gov/niosh/elcosh/docs/
d0100/d000026/d000026.html.

10] C. Botta, G. Iarmarcovai, F. Chaspoul, I. Sari-Minodier, J. Pompili, T. Orsière, J.L.
Bergé-Lefranc, A. Botta, P. Gallice, M.  De Méo, Assessment of occupational
exposure to welding fumes by inductively coupled plasma-Mass spectroscopy
and by the alkaline comet assay, Environ. Mol. Mutagen. 47 (2006) 284–295.

11] E. Tielemans, D. Heederik, A. Burdorf, R. Vermeulen, H. Veulemans, H.
Kromhout, Assessment of occupational exposures in a general population:
comparison of different methods, Occup. Environ. Med. 56 (1999) 145–151.

12] Associated Regional and University Pathologists Laboratories, Trace Elements
Specimen Collection Guide, Associated Regional and University Pathologists
Laboratories, 2011, December 2011.

13] N.P. Singh, M.T. McCoy, R.R. Tice, E.L. Schneider, A simple technique for
quantitation of low levels of DNA damage in individual cells, Ex. Cell Res. 175
(1988) 184–191.

14] M.  De Meo, M.  Laget, M. Castegnaro, G. Dumenil, Genotoxic activity of
potassium permanganate in acidic solutions, Mutat. Res. 260 (1991) 295–306.

15] M.  Ma,  S. Li, H. Jin, Y. Zhang, J. Xu, D. Chen, C. Kuimin, Z. Yuan, C. Xiao,
Characteristics and oxidative stress on rats and traffic policemen of ambient
fine particulate matter from Shenyang, Sci. Total Environ. 526 (2015)
110–115.

16] J.M. Antonini, A.B. Lewis, J.R. Roberts, D.A. Whaley, Pulmonary effects of
welding fumes: review of worker and experimental animal studies, Am.  J. Ind.
Med. 43 (2003) 350–360.

17] A. Banasik, A. Lankoff, A. Piskulak, K. Adamowska, H. Lisowska, A. Wojcik,
Aluminium-induced micronuclei and apoptosis in human peripheral-blood
lymphocytes treated during different phases of the cell cycle, Environ.
Toxicol. 20 (2005) 402–406.

18] L. Borska, Z. Fiala, J. Smejkalova, J. Tejral, Health risk of occupational exposure
in welding processes. I. Genotoxic risk, Acta Medica (Hradec Karlove) 46
(2003) 25–29.

19] M.G. Medeiros, A.S. Rodrigues, M.C. Batoreı́u, A. Laires, J. Rueff, A. Zhitkovich,
Elevated levels of DNA-protein cross-links and micronuclei in peripheral
lymphocytes of tannery workers exposed to trivalent chromium, Mutagenesis
18  (2003) 19–24.

20] K.S. Kasprzak, F.W. Sunderman, K. Salnikow, Nickel carcinogenesis, Mutat.
Res. 533 (2003) 67–97.

21] T.J. O’Brien, S. Ceryak, S.R. Patierno, Complexities of chromium
carcinogenesis: role of cellular response, repair and recovery mechanisms,
Mutat. Res. 533 (2003) 3–36.

22] E.K. Silbergeld, Facilitative mechanisms of lead as a carcinogen, Mutat. Res.
533  (2003) 121–133.

23] G.B. Gerber, A. Leonard, P. Hantson, Carcinogenicity, mutagenicity and
teratogenicity of manganese compounds, Crit. Rev. Oncol. Hematol. 42 (2002)
25–34.

24] M.  Waisberg, P. Joseph, B. Hale, D. Beyersmann, Molecular and cellular
mechanisms of cadmium carcinogenesis, Toxicology 192 (2003) 95–117.

25] M.  De Boeck, M.  Kirsch-Volders, D. Lison, Cobalt and antimony: genotoxicity

http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0005
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0005
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0005
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0005
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0005
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0005
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0005
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0005
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0005
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0005
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0005
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0005
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0005
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0005
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0005
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0005
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0005
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0005
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0010
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0010
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0010
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0010
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0010
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0010
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0010
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0010
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0010
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0010
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0010
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0010
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0010
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0010
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0010
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0010
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0010
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0010
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0010
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0010
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0010
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0010
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0015
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0015
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0015
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0015
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0015
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0015
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0015
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0015
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0015
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0015
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0015
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0015
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0015
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0015
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0015
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0015
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0015
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0015
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0015
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0015
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0015
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0015
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0015
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0015
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0015
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0015
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0020
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0020
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0020
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0020
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0020
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0020
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0020
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0020
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0020
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0020
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0020
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0020
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0020
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0020
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0020
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0020
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0020
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0020
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0020
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0020
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0020
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0020
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0020
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0020
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0020
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0020
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0020
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0020
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0020
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0020
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0025
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0025
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0025
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0025
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0025
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0025
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0025
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0025
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0025
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0025
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0025
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0025
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0025
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0025
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0025
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0025
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0025
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0025
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0025
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0025
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0025
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0025
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0025
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0025
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0025
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0030
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0030
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0030
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0030
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0030
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0030
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0030
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0030
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0030
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0030
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0030
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0030
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0030
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0030
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0030
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0030
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0030
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0030
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0030
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0030
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0030
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0030
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0030
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0030
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0030
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0030
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0030
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0030
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0030
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0030
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0030
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0030
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0030
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0030
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0030
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0030
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0030
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0030
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0030
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0030
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0035
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0035
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0035
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0035
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0035
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0035
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0035
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0035
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0035
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0035
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0035
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0035
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0035
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0035
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0035
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0035
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0035
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0035
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0035
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0035
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0035
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0035
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0035
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0035
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0035
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0035
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0035
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0035
http://www.oshaslc.gov/dts/chemicalsampling/data/cv276100.html
http://www.oshaslc.gov/dts/chemicalsampling/data/cv276100.html
http://www.oshaslc.gov/dts/chemicalsampling/data/cv276100.html
http://www.oshaslc.gov/dts/chemicalsampling/data/cv276100.html
http://www.oshaslc.gov/dts/chemicalsampling/data/cv276100.html
http://www.oshaslc.gov/dts/chemicalsampling/data/cv276100.html
http://www.oshaslc.gov/dts/chemicalsampling/data/cv276100.html
http://www.oshaslc.gov/dts/chemicalsampling/data/cv276100.html
http://www.oshaslc.gov/dts/chemicalsampling/data/cv276100.html
http://www.cdc.gov/niosh/elcosh/docs/d0100/d000026/d000026.html
http://www.cdc.gov/niosh/elcosh/docs/d0100/d000026/d000026.html
http://www.cdc.gov/niosh/elcosh/docs/d0100/d000026/d000026.html
http://www.cdc.gov/niosh/elcosh/docs/d0100/d000026/d000026.html
http://www.cdc.gov/niosh/elcosh/docs/d0100/d000026/d000026.html
http://www.cdc.gov/niosh/elcosh/docs/d0100/d000026/d000026.html
http://www.cdc.gov/niosh/elcosh/docs/d0100/d000026/d000026.html
http://www.cdc.gov/niosh/elcosh/docs/d0100/d000026/d000026.html
http://www.cdc.gov/niosh/elcosh/docs/d0100/d000026/d000026.html
http://www.cdc.gov/niosh/elcosh/docs/d0100/d000026/d000026.html
http://www.cdc.gov/niosh/elcosh/docs/d0100/d000026/d000026.html
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0050
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0050
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0050
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0050
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0050
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0050
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0050
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0050
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0050
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0050
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0050
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0050
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0050
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0050
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0050
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0050
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0050
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0050
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0050
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0050
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0050
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0050
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0050
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0050
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0050
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0050
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0050
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0050
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0050
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0050
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0050
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0050
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0050
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0050
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0050
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0050
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0050
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0050
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0050
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0050
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0050
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0050
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0050
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0050
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0050
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0050
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0050
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0055
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0055
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0055
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0055
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0055
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0055
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0055
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0055
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0055
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0055
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0055
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0055
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0055
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0055
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0055
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0055
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0055
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0055
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0055
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0055
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0055
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0055
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0055
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0055
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0055
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0055
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0055
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0055
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0055
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0055
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0055
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0055
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0060
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0060
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0060
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0060
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0060
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0060
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0060
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0060
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0060
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0060
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0060
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0060
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0060
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0060
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0060
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0060
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0060
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0060
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0060
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0060
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0065
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0065
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0065
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0065
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0065
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0065
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0065
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0065
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0065
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0065
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0065
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0065
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0065
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0065
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0065
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0065
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0065
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0065
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0065
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0065
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0065
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0065
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0065
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0065
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0065
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0065
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0065
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0065
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0065
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0065
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0070
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0070
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0070
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0070
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0070
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0070
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0070
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0070
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0070
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0070
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0070
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0070
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0070
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0070
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0070
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0070
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0070
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0070
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0070
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0070
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0070
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0070
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0070
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0070
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0075
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0075
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0075
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0075
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0075
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0075
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0075
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0075
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0075
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0075
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0075
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0075
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0075
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0075
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0075
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0075
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0075
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0075
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0075
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0075
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0075
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0075
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0075
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0075
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0075
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0075
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0075
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0075
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0075
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0075
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0075
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0075
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0075
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0075
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0075
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0075
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0075
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0075
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0075
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0075
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0075
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0075
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0080
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0080
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0080
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0080
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0080
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0080
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0080
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0080
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0080
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0080
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0080
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0080
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0080
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0080
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0080
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0080
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0080
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0080
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0080
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0080
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0080
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0080
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0080
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0080
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0080
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0080
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0080
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0080
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0080
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0085
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0085
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0085
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0085
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0085
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0085
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0085
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0085
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0085
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0085
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0085
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0085
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0085
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0085
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0085
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0085
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0085
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0085
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0085
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0085
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0085
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0085
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0085
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0085
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0085
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0085
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0085
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0085
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0085
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0085
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0085
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0085
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0085
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0085
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0085
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0090
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0090
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0090
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0090
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0090
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0090
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0090
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0090
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0090
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0090
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0090
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0090
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0090
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0090
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0090
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0090
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0090
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0090
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0090
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0090
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0090
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0090
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0090
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0090
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0090
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0090
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0090
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0090
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0095
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0095
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0095
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0095
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0095
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0095
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0095
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0095
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0095
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0095
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0095
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0095
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0095
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0095
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0095
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0095
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0095
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0095
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0095
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0095
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0095
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0095
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0095
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0095
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0095
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0095
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0095
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0095
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0095
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0095
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0095
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0095
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0095
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0095
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0095
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0095
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0095
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0100
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0100
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0100
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0100
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0100
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0100
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0100
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0100
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0100
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0100
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0100
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0100
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0100
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0100
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0100
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0105
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0105
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0105
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0105
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0105
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0105
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0105
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0105
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0105
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0105
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0105
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0105
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0105
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0105
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0105
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0105
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0105
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0105
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0105
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0105
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0105
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0105
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0105
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0105
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0105
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0110
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0110
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0110
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0110
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0110
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0110
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0110
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0110
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0110
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0110
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0110
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0110
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0110
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0110
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0110
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0110
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0115
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0115
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0115
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0115
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0115
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0115
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0115
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0115
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0115
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0115
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0115
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0115
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0115
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0115
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0115
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0115
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0115
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0115
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0115
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0115
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0115
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0115
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0120
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0120
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0120
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0120
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0120
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0120
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0120
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0120
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0120
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0120
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0120
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0120
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0120
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0120
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0120
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0120
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0120
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0120
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0120
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0120
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0120
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0125
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0125
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0125
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0125
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0125
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0125
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0125
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0125
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0125
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0125
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0125
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0125
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0125
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0125
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0125
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0125
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0125
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0125
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0125
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0125
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0130
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0130
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0130
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0130
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0130
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0130
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0130
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0130
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0130
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0130
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0130
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0130
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0130
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0130
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0130
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0130
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0130
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0130
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0130
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0130
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0130
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0130
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0130
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0130
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0130
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0130
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0130
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0130
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0130
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0130
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0130
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0130
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0130
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0130
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0130
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0130
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0130
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0130
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0130
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0130
http://refhub.elsevier.com/S2214-7500(16)30079-8/sbref0130

	A Bio-assessment of DNA damage by Alkaline Comet Assay in metal workers of Kano metropolis, Nigeria
	1 Introduction
	2 Materials and methods
	2.1 Study area
	2.2 Experimental design
	2.3 Study plan
	2.3.1 Questionnaire (Design and administration of structured questionnaire)
	2.3.2 Blood samples collection
	2.3.3 Alkaline comet assay
	2.3.4 Data analysis


	3 Results
	3.1 Discussion
	3.2 Conclusion

	References


