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ABSTRACT 
 

Background: Exposure to wood dust remains a pervasive occupational hazard with significant 
health implications 
Aim: This study aims to investigate the impact of occupational exposure to wood dust on the zinc 
and testosterone levels of carpenters and to explore its potential implications for their fertility. 
Materials and Methods: This cross sectional study employed simple random sampling to recruit 
forty carpenters and forty administrative staff after obtaining informed consent. The ethics 
committee of the University of Nigeria Teaching Hospital approved of the study. Serum zinc was 
analyzed with atomic absorption spectroscopy while testosterone was analyzed with the 
Fluorescence Immunchromatogarphy. Graph pad prism version 7 was used to analyze the data 
obtained from the study and a p value of 0.05 was used to ascertain statistical significance. 
Results: The mean zinc level of the test group (48.80 ± 0.83) µg/dl is statistically significantly lower 
than the reference group (52.40 ± 0.79) µg/dl, (p=0.003). The mean serum testosterone level of the 
test group (4.11± 0.10) ng/ml is statistically significantly lower than the reference group (4.51 ± 
0.11) ng/ml, (p=0.010). 
Conclusion: These findings may suggest that occupational exposure to wood dust could potentially 
influence the serum levels of Zinc and testosterone levels. 
 

 

Keywords: Occupational exposure; carpenters; zinc; testosterone; fertility. 
 

1. INTRODUCTION 
 

Exposure to wood dust remains a pervasive 
occupational hazard with significant health 
implications. The International Agency for 
Research on Cancer (IARC) has classified wood 
dust as a Group 1 carcinogen, signifying its 
definitive carcinogenic nature in humans 
(Obianyido et al. 2023). Studies have shown a 
correlation between wood dust exposure and an 
elevated risk of nasopharyngeal, paranasal 
sinus, and nasal cancers (Obianyido 2024). 
Carpenters are at high risk of exposure to wood 
dust, a fine particulate matter produced during 
woodworking activities such as sanding, drilling, 
and cutting. The generation of substantial 
amounts of wood dust poses a significant health 
concern for carpenters due to consistent 
exposure (Obianyido 2024). In developing 
countries, the preservation of wood often 
involves the use of insecticides from the 
organophosphate class, such as                     
Dichlorovinyl dimethyl phosphate, as well as 
chemicals from the organophosphorus class, 
including pentachlorophenol (2,3,4,5,6-
pentachlorophenol), and pyrethroids such as 
tetramethrin and cypermethrin (Vani et al. 2022).  
The preservatives mentioned contain heavy 
metals, extensively studied and identified as 
endocrine disruptors (Chakraborty 2021). 
Moreover, they can induce oxidative stress by 
generating reactive oxygen species (Fu et al. 
2020). Heavy metals induce oxidative stress and 
disrupt the metabolism of essential trace 
elements in the body, leading to their depletion 

and unavailability (Mehri et al. 2020).  Zinc, a 
crucial micronutrient, is involved in a wide range 
of physiological processes such as immune 
modulation, enzymatic catalysis, DNA replication, 
and the regulation of oxidative stress (Patil et al. 
2023). In addition, Zinc plays a critical role in 
modulating androgen synthesis, particularly 
testosterone, which is essential for male 
reproductive processes. Zinc deficiency has 
been associated with disruptions in androgen 
production, leading to alterations in sperm 
parameters that contribute to male infertility 
(Marín et al. 2024).  Male factor infertility refers to 
the inability of a male to achieve conception in a 
fertile female. In human reproduction, it is 
responsible for 40% to 50% of infertility and 
affects approximately 7% of all men (Anyanwu et 
al. 2024).  
 
In Africa, infertility is a significant issue due to the 
negative social implications, including isolation, 
disinheritance, stigma, and in some cases, 
divorce. Historically, infertility problems were 
primarily associated with women. Challenging 
this notion is crucial as it perpetuates traditional 
socio-cultural beliefs placing blame on women for 
infertility, disregarding the fact that men also 
require reproductive health care (Anyanwu et al. 
2023). In Nigeria, male factor infertility accounts 
for approximately 40-50% of infertility cases 
(Anyiom et al. 2024).  
 
There are extensive studies on infertility in Africa 
and Nigeria (Akang et al. 2023, Anyiom et al, 
2024), however, there is a lack of evidence-
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based data on the role of occupational exposure 
as a risk factor for male factor infertility. This 
study aims to investigate the impact of 
occupational exposure to wood dust on the zinc 
and testosterone levels of carpenters                    
and to explore its potential implications for their 
fertility. 
 

2. MATERIALS AND METHODS 
 
2.1 Study Area 
 
The study employed a cross-sectional survey 
design to evaluate the Zinc and testosterone 
levels of carpenters occupationally exposed to 
wood dust in the Enugu metropolis, Southeast 
Nigeria. The study was conducted                     
between February and June 2024.  Enugu                         
metropolis, located in Southeast Nigeria, has 
residents employed in numerous fields,            
including government, commerce, the arts, and 
agriculture. 

 
2.2 Study Population 
 
The study selected carpenters and non-
carpenters residing and working within the Enugu 
metropolis, who met the inclusion criteria. The 
most commonly utilized types of wood by 
carpenters include beechwood (Gmelina 
arborea), African mahogany (Khaya ivorensis), 
cotton tree (Ceibapetra), and Achi (Brachystegia 
eurycoma). 

 
2.3 Inclusion Criteria 
 
The study selected adults over 18 years old who 
have been working full-time as carpenters and 
have been exposed to wood dust for at least two 
years. 
 

2.4 Exclusion Criteria 
 

Participants who screened positive for Hepatitis 
A, B, C, or HIV or reported smoking cigarettes or 
using smokeless tobacco were not eligible               
for inclusion in the study. Additionally,                 
individuals with a history of hypertension, liver                       
disease, diabetes, heart disease, or other 
systemic conditions were also excluded from the 
study. 
  

2.5 Sample Size Determination  
 

The sample size was determined using the 
formula of (Naing et al. 2022), the prevalence of 
infertility in Nigeria was 5.0% (Esan et al. 2022). 

Sample size n= A2 B (1-B)  
                                C2  

 

Statistics for the level of 95% confidence interval 
(1.96)  
 

B= % prevalence of infertility in southeast 
Nigeria.  
C= Preferred precision; in this case, 0.05  
 
Sample size, n= 3.842x 0.05x 0.95 / 0.0025 
= 72  
 

An extra 10% was added 
 

A simple random sampling technique was used 
to recruit eighty males (forty carpenters and           
forty office workers) who met the inclusion 
criteria. 
 

2.6 Questionnaire Administration 
 
After obtaining informed consent, a pre-tested, 
semi-structured questionnaire was used to 
collect the subject's demographic, medical, and 
social history. 

 
2.7 Blood Sample Collection 
 
The skin at the anterior elbow was thoroughly 
cleaned with methylated spirit. Five milliliters of 
venous blood were drawn and collected in a plain 
bottle. The samples were then centrifuged at 
1500 revolutions per minute (rpm) for 10 minutes 
in the laboratory. The resulting clear serum was 
transferred to a vial and stored in a freezer at -
20°C until analysis. All samples were analyzed 
seven days after collection. 
 

2.8 Specimen Analysis 
 
Determination of zinc and testosterone in 
subjects’ blood samples. 
 
Atomic absorption spectroscopy was used to 
determine the levels of zinc in the blood samples 
of the study participants using the Atomic 
Absorption Spectroscopy Model AA-7000 
(Shimadzu, Japan). The blood samples were 
prepared by conventional wet acid digestion to 
extract zinc before the actual analysis, as 
described by Iyengar (Iyengar et al. 1998). The 
wavelength of zinc used for the analysis was 
213.9 nm.  
 
In addition, the Fine Care FIA meter, a point-of-
care equipment that utilizes the principle of                 
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Fluorescence immunochromatography was used 
for the laboratory analysis of serum testosterone. 
 

2.8.1 Data analysis 
 

The statistical analysis software, Graph Pad 
Prism version 7 (Graph Pad Software Inc., USA), 
was used to analyze the data from this study. 
Univariate variables were expressed as 
frequency (percentage) and mean ± standard 
deviation. A chi-square test was used to compare 
the differences in socio-demographic 
characteristics of the participants. The student's 
t-test was conducted to compare bivariate 
variables such as the serum zinc and 
testosterone levels of the study participants. 
Pearson correlation was used to assess 
relationships between the measured parameters; 
(years of wood dust exposure versus the serum 
zinc and testosterone levels respectively). A p-
value of <0.05 was used to determine statistical 
significance.  
 

3. RESULTS  
 

Table 1, the anthropometric and 
sociodemographic parameters of the study 
participants show that the participants were all 
males (100%) and were age-matched. The 
reference group was more educated (10% 
completed tertiary education) than the test group 

(04% completed tertiary education). The majority 
of the study participants were single at the time 
of the study.  
 

Table 2, presents the serum zinc and 
testosterone levels of the study participants. The 
mean zinc level of the test group (48.80 ± 0.83) 
µg/dl is statistically significantly lower than the 
reference group (52.40 ± 0.79) µg/dl, (p=0.003). 
The mean serum testosterone level of the test 
group (4.11± 0.10) ng/ml is statistically 
significantly lower than the reference group (4.51 
± 0.11) ng/ml, (p=0.010). 
 

The Fig. 1 presents the correlation between the 
carpenter’s serum level of testosterone (ng/ml) 
and Zinc (µg/dl). A statistically non-significant 
positive correlation was observed (r=0.348, 
p=0.059) 
 

The Fig. 2 presents the correlation between 
carpenter’s years of wood dust exposure and the 
serum level of Zinc (µg/dl). A statistically 
significant negative correlation was observed (r= 
-0.395, p=0.031). 
 

The Fig. 3 presents the correlation between the 
carpenters’ years of wood dust exposure and the 
serum level of testosterone (ng/ml). A statistically 
significant negative correlation was observed (r= 
-0.380, p=0.038). 

 

Table 1. The sociodemographic parameters of the study participants 
 

Parameters Test N (%) Reference N (%) p-value 

Sex   >0.05 

Male 40(100) 40(100)  

Age (years)   >0.05 

<20 10(25) 10(25)  

21-30 10(25) 10(25)  

31-40 10(25) 10(25)  

>40 10(25) 10(25)  

Educational Status   <0.001* 

Completed Primary school 15(37.5) 00  

Completed Secondary School 21(52.5) 30 (75.0)  

Completed Tertiary School 04(10.0) 10 (25.0)  

Marital Status   0.196 

Single 19 (47.5) 25 (62.5)  

Married 17(42.5) 13 (32.5)  

Separated 01(2.5) 02 (05)  

Divorced 03(7.5) 00   
 

Table 2. The serum zinc and testosterone levels of the study participants 
 

Parameters  Test Mean±SD Reference Mean±SD P-value  

Zinc ( µg/dl) 48.80 ± 0.83       52.40 ± 0.79    0.003* 
Testosterone ( ng/ ml) 4.11 ± 0.10 4.51 ± 0.11   0.010* 
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Fig. 1. The figure presents the correlation between the carpenters’ serum level of testosterone 
(ng/dl) and Zinc (µg/dl). A statistically non-significant positive correlation was observed 

(r=0.348, p=0.059) 

 

 

Fig. 2. The figure presents the correlation between carpenters’ years of wood dust exposure 
and the serum level of Zinc (µg/dl). A statistically significant negative correlation was observed 

(r= -0.395, p=0.031) 
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Fig. 3. The figure presents the correlation between the carpenters’ years of wood dust 
exposure and the serum testosterone level (ng/ml). A statistically significant negative 

correlation was observed (r= -0.380, p=0.038) 
 

4. DISCUSSION  
 

Zinc plays a crucial role in the male reproductive 
system, particularly in gonadal development, 
spermatogenesis, motility, and hormone 
synthesis. Its significance in these processes 
cannot be overstated (Te et al. 2023).                            
This study represents the first exploration in 
South-East Nigeria of the effects of occupational 
wood dust exposure on zinc and testosterone 
levels in carpenters in the Enugu metropolis. It 
also sheds light on the occupational risk factors 
associated with male fertility.  
 

The study showed a statistically significant 
reduction in serum zinc levels among carpenters 
compared to the reference group. Zinc, an 
essential trace element, possesses antioxidant 
properties that aid in shielding cells from 
oxidative stress by stabilizing membranes and 
decreasing reactive oxygen species (Wróblewski 
et al. 2024, Gaspari et al. 2021, Gaspari et al. 
2022, Ismanto et al. 2022, Cannarella et al. 
2023).  It is well documented that wood dust 
contains heavy metals, which can lead to the 
accumulation of reactive oxygen species and 
oxidative stress (Obianyido et al. 2023, Nwajei et 
al. 2007, Ibama et al. 2018). Carpenters, 
occupationally exposed to heavy metals may 
experience a reduction in the levels of this 
important antioxidant as their bodies strive to 
counteract the impact of oxidative stress.   

Furthermore, Zinc is a crucial dietary mineral that 
must be obtained from food sources, as the body 
cannot produce it (Duan et al. 2023). Our 
research has identified suboptimal dietary habits 
among carpenters, who often subsist on meager 
incomes due to their artisanal work.  Our results 
did not align with those of Kalio and Umar in 
2018, potentially due to discrepancies in the 
study location (Kalio 2018). The primary dietary 
source of zinc is seafood, and considering that 
their study was conducted in the riverine area of 
Nigeria, where the seafood is readily accessible 
and affordable, this could have contributed to the 
disparity in findings. 

 
We observed a statistically significant decrease 
in serum testosterone levels in carpenters 
compared to the reference group.  To the best of 
our knowledge, this is the first study to 
investigate the serum levels of testosterone in 
carpenters. Carpenters commonly come into 
contact with pesticides, known to be endocrine-
disrupting chemicals (Ghosh et al. 2022, Samad 
et al. 2021, Samad et al. 2022), which may 
adversely affect serum testosterone levels.  Figà‐
Talamanca 2011 and Zeng et al. (2022) reported 
a decrease in testosterone levels among 
individuals exposed to pesticides, corroborating 
our findings (Figà‐Talamanca et al. 2001, Zeng 
et al. 2022). Carpenters are particularly at risk 
due to exposure to pesticides used in wood 
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preservation, often applied without proper 
personal protective equipment.  
 
Furthermore, a deficiency in zinc hampers the 
function of the angiotensin-converting enzyme 
(ACE), leading to decreased testosterone levels, 
reduced sperm quality, and an increased 
incidence of male infertility (Xiao et al. 2022). We 
correlated the serum zinc levels of carpenters 
with their serum testosterone levels and 
observed a positive correlation. This observation 
is in agreement with that of Figà‐Talamanca et 
al. 2001. In our observations, we found a non-
statistically significant negative correlation 
between serum zinc levels of the carpenters and 
their number of years of wood dust exposure. In 
addition, a negative non-statistically                 
significant negative correlation was also 
observed between the serum testosterone levels 
of the carpenters and their years of wood dust 
exposure.  
  

5. CONCLUSION 
 
These findings may suggest that occupational 
exposure to wood dust could potentially influence 
the serum levels of Zinc and testosterone levels. 
It's important to note that this study was 
conducted with a small sample size, and further 
research with a larger sample size is necessary 
to validate these findings.  It is recommended 
that carpenters use personal protective 
equipment, undergo regular health checks, and 
consume antioxidant-rich foods to mitigate these 
effects. 
 

DISCLAIMER (ARTIFICIAL INTELLIGENCE) 
 
Author(s) hereby declare that NO generative AI 
technologies such as Large Language Models 
(ChatGPT, COPILOT, etc.) and text-to-image 
generators have been used during the writing or 
editing of this manuscript. 
 

CONSENT  
 

As per international standards or university 
standards, patient(s) written consent has been 
collected and preserved by the author(s). 
 

ETHICAL APPROVAL 
 

The study (NHREC/05/01/2008B-FWA00002458-
1RB00002323) conducted at the University of 
Nigeria Teaching Hospital in Enugu was 
reviewed and approved by the Ethical 
Committee. All procedures followed the 

guidelines outlined in the 1964 Declaration of 
Helsinki, and strict measures were taken to 
protect the privacy of the participants. 
 

COMPETING INTERESTS 
 
Authors have declared that no competing 
interests exist. 
 

REFERENCES 
 
Akang, E. N., Opuwari, C. S., Enyioma-Alozie, 

S., Moungala, L. W., Amatu, T. E., Wada, 
I., Ogbeche, R. O., Ajayi, O. O., 
Aderonmu, M. M., Shote, O. B., & Akinola, 
L. A. (2023). Male infertility in Nigeria and 
South Africa: A ten-year observational 
study. 

Anyanwu, M., Touray, A., Kujabi, T., Suwareh, 
K., Sumbunu, A., Drammeh, R., & 
Nwanganga, I. (2024). Male factor infertility 
and implication of fertility treatment in low 
resource settings. Global Reproductive 
Health, 9(3), e0088. 

Anyiom, O. P., Ugbaka, A. C., Afamuefuna, N. 
W., Kanu, U. V., Basiru, I., & Efeosa, I. P. 
(2024). Assessment of some medical 
conditions responsible for male infertility 
and treatment offered in general hospital, 
Calabar, Nigeria. World Journal of Biology 
Pharmacy and Health Sciences, 19(2), 
197-202. 

Cannarella, R., Gül, M., Rambhatla, A., & 
Agarwal, A. (2023). Temporal decline of 
sperm concentration: Role of endocrine 
disruptors. Endocrine, 79(1), 1-6. 

Chakraborty, S. B. (2021). Non-essential heavy 
metals as endocrine disruptors: Evaluating 
impact on reproduction in teleosts. In 
Proceedings of the Zoological Society (pp. 
417-431). New Delhi: Springer India. 

Duan, M., Li, T., Liu, B., Yin, S., Zang, J., Lv, C., 
& Zhang, T. (2023). Zinc nutrition and 
dietary zinc supplements. Critical Reviews 
in Food Science and Nutrition, 63(9), 1277-
1292. 

Esan, D. T., Nnamani, K. Q., Ogunkorode, A., 
Muhammad, F., Oluwagbemi, O. O., & 
Ramos, C. G. (2022). Infertility affects the 
quality of life of Southwestern Nigerian 
women and their partners. International 
Journal of Africa Nursing Sciences, 17, 
100506. 

Figà‐Talamanca, I., Traina, M. E., & Urbani, E. 
(2001). Occupational exposures to metals, 
solvents and pesticides: Recent evidence 
on male reproductive effects and biological 



 
 
 
 

Obianyido et al.; Asian J. Biochem. Gen. Mol. Biol., vol. 16, no. 11, pp. 1-9, 2024; Article no.AJBGMB.123907 
 
 

 
8 
 

markers. Occupational Medicine, 51(3), 
174-188. 

Fu, Z., & Xi, S. (2020). The effects of heavy 
metals on human metabolism. Toxicology 
Mechanisms and Methods, 30(3), 167-176. 

Gaspari, L., Tessier, B., Paris, F., Bergougnoux, 
A., Hamamah, S., Sultan, C., & Kalfa, N. 
(2021). Endocrine-disrupting chemicals 
and disorders of penile development in 
humans. Sexual Development, 15(1-3), 
213-228. 

Ghosh, A., Tripathy, A., & Ghosh, D. (2022). 
Impact of endocrine disrupting chemicals 
(EDCs) on reproductive health of human. 
In Proceedings of the Zoological Society 
(pp. 16-30). New Delhi: Springer India. 

Ibama, O., Brown, H., & Briggs, O. N. (2018). 
Kidney function in carpenters exposed to 
wood dust. European Journal of 
Pharmaceutical and Medical Research, 
5(8), 197-199. 

Ismanto, A., Hadibarata, T., Kristanti, R. A., 
Maslukah, L., Safinatunnajah, N., & 
Kusumastuti, W. (2022). Endocrine 
disrupting chemicals (EDCs) in 
environmental matrices: Occurrence, fate, 
health impact, physio-chemical and 
bioremediation technology. Environmental 
Pollution, 302, 119061. 

Iyengar, G., Venkatesh, K. S., & Subramanian, J. 
R. W. W. (1998). Element Biological. (1st 
ed., pp. 175–239). New York: CRC Press. 

Kalio, I. S., & Umor, V. (2018). Trace element 
levels in carpenters exposed to sawdust in 
Port Harcourt Metropolis, Rivers State, 
Nigeria. The Pharmaceutical and Chemical 
Journal, 5(3), 50-54. 

Marín de Jesús, S., Vigueras-Villaseñor, R. M., 
Cortés-Barberena, E., Hernández-
Rodriguez, J., Montes, S., Arrieta-Cruz, I., 
& Arteaga-Silva, M. (2024). Zinc and its 
impact on the function of the testicle and 
epididymis. International Journal of 
Molecular Sciences, 25(16), 8991. 

Mehri, A. (2020). Trace elements in human 
nutrition (II)–an update. International 
Journal of Preventive Medicine, 11(1), 2. 

Naing, L., Nordin, R. B., Abdul Rahman, H., & 
Naing, Y. T. (2022). Sample size 
calculation for prevalence studies using 
Scalex and ScalaR calculators. BMC 
Medical Research Methodology, 22(1), 
209. https://doi.org/10.1186/s12874-022-
01694-7 

Nwajei, G. E., & Iwegbue, C. M. (2007). Trace 
elements in sawdust particles in the vicinity 
of sawmill in Sapele, Nigeria. Pakistan 

Journal of Biological Sciences, 10(23), 
4311-4314. 

Obianyido, O. E., Obianyido, H. O., & Okwuosa, 
C. N. (2023). Assessment of the liver 
biochemical status of carpenters 
occupationally exposed to wood dust in 
Enugu metropolis South-East Nigeria. Bio-
Research, 21(3), 2177-2186. 

Obianyido, O. E., Obianyido, H. O., Okwuosa, C. 
N., & Nnakenyi, D. I. (2024).                      
Evaluating the renal status of wood sawmill 
workers exposed to wood dust: A cross-
sectional study. Tropical Journal of  
Natural Product Research, 8(3), 6663-
6668. 

Patil, R., Sontakke, T., Biradar, A., & Nalage, D. 
(2023). Zinc: An essential trace element for 
human health and beyond. Food Health, 
5(3), 13. 

 Pisoschi, A. M., Iordache, F., Stanca, L., Gajaila, 
I., Ghimpeteanu, O. M., Geicu, O. I., 
Bilteanu, L., & Serban, A. I. (2022). 
Antioxidant, anti-inflammatory, and 
immunomodulatory roles of nonvitamin 
antioxidants in anti-SARS-CoV-2 therapy. 
Journal of Medicinal Chemistry, 65(19), 
12562-12593. 

Samad, N., Sodunke, T. E., Abubakar, A. R., 
Jahan, I., Sharma, P., Islam, S., Dutta, S., 
& Haque, M. (2021). The implications of 
zinc therapy in combating the COVID-19 
global pandemic. Journal of Inflammation 
Research, 14, 527-550. 

Te, L., Liu, J., Ma, J., & Wang, S. (2023). 
Correlation between serum zinc and 
testosterone: A systematic review. Journal 
of Trace Elements in Medicine and 
Biology, 76, 127124. 

Vani, C. N., Prajwal, S., Sundararaj, R., & 
Dhamodaran, T. K. (2022). Chemical 
preservatives in wood protection. In 
Science of wood degradation and its 
protection (1st ed., pp. 175-587). 
Singapore: Springer Singapore. 

Wróblewski, M., Wróblewska, W., & Sobiesiak, 
M. (2024). The role of selected elements in 
oxidative stress protection: Key to healthy 
fertility and reproduction. International 
Journal of Molecular Sciences, 25(17), 
9409. 

Xiao, L., Yang, C., Gu, W., Liu, R., & Chen, D. 
(2022). Associations between serum 
copper, zinc, selenium level and sex 
hormones among 6–19 years old children 
and adolescents in NHANES 2013–              
2016. Frontiers in Endocrinology, 13, 
924338. 



 
 
 
 

Obianyido et al.; Asian J. Biochem. Gen. Mol. Biol., vol. 16, no. 11, pp. 1-9, 2024; Article no.AJBGMB.123907 
 
 

 
9 
 

Zeng, J. Y., Miao, Y., Liu, C., Deng, Y. L., Chen, 
P. P., Zhang, M., & Zeng, Q. (2022). 
Serum multiple organochlorine pesticides 

in relation to testosterone concentrations 
among Chinese men from an infertility 
clinic. Chemosphere, 299, 134469. 

  
Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual 
author(s) and contributor(s) and not of the publisher and/or the editor(s). This publisher and/or the editor(s) disclaim responsibility for 
any injury to people or property resulting from any ideas, methods, instructions or products referred to in the content. 

_________________________________________________________________________________ 
© Copyright (2024): Author(s). The licensee is the journal publisher. This is an Open Access article distributed under the terms 
of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, 
distribution, and reproduction in any medium, provided the original work is properly cited. 
 
 

 
 

Peer-review history: 
The peer review history for this paper can be accessed here: 

https://www.sdiarticle5.com/review-history/123907  

https://www.sdiarticle5.com/review-history/123907

