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ABSTRACT

Occupational noise exposure is a significant issue in the mining industry, especially
for operators of heavy machinery and it can result with serious health risks, including
Noise-Induced Hearing Loss This case study analyzes the noise levels in cabins of two
prevalent mining machines—bulldozer and loader, in aim to assess potential threats
to operator health and to guide measures for enhancing workplace safety. Noise
characteristics, such as peak sound pressure level, equivalent continuous sound level,
and maximum sound level with fast weighting, were recorded during a single work
shift. Descriptive statistics reviled non-normal data distribution, so the Mann-Whitney
U test was applied. The results indicated statistically significant differences in all
noise parameters between the two machineries (p < 0.01), with loader demonstrating
elevated continuous noise levels and bulldozer exhibiting increased variability. The
research underscores the necessity for specific noise reduction measures, particularly
in loader cabins, to adhere to ISO 9612:2025 and 1S0/11201:2010 standards and
safeguard operator health. This study contributes valuable insights for occupational
health assessments and serves as a foundation for future research. Subsequent
research ought to build upon these findings by incorporating diverse machinery kinds
and varying operating situations in order to to mitigate noise-related health risks in
the mining sector.

Keywords: Mann-Whitney U test, Noise exposure, Mining machinery, Occupational health,
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INTRODUCTION

Due to the high injury rates, the mining sector is regarded as one with the most
hazardous workplaces despite still being one of the most important suppliers
of raw materials for global industry (Bugaric et al., 2024; Chebotarev et al.,
2024; Milosevi¢ et al., 2025). The companies in the mining sector face
the challenge of implementing occupational health and safety policies in a
way that not only promotes worker safety, health, and general welfare, but
also to boost productivity, improve the quality of goods and services, and
ultimately improve the standard of living for both individuals and society
as a whole (Milosevic et al., 2025). It is clear from recent publications (An
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et al., 2023; Bugaric et al., 2024; Chebotarev et al., 2024; Milosevi¢ et al.,
2025; Brkic et al., 2024; Brkic et al., 2024; Zhironkin and Ezdina, 2023;
Zhou, 2024), that the mining industry faces many difficulties, problems, and
issues that require immediate attention in order to undergo a green, digital
and sustainable transition. Cabins of mining machinery also are still not
ergonomically suitable for their users (Brkic et al., 2024). One of the most
frequent concerns at work is exposure to hazardous noise (Feder et al., 2017).

Noise-induced hearing loss (NIHL), a major occupational condition
globally, frequently occurs to mining workers being exposed to noise levels
over permissible limits (Parra-Cortés et al., 2025; Themann and Masterson,
2019). Noise exposure at work is a serious health issue with economic
repercussions (Pretzsch et al., 2021; Themann and Masterson, 2019).
Hearing signals other than speech at work, like alarms and equipment sounds,
can be also disrupted by noise exposure and/or hearing loss (Themann and
Masterson, 2019). Both noise exposure and hearing loss have been linked to
a higher incidence of occupational injuries, possibly as a result of challenges
detecting and localizing signals at work (Themann and Masterson, 2019).
High noise levels can cause workers to perform worse when multitasking
or working on complicated tasks (Themann and Masterson, 2019). Noise is
often combined with a number of other physical, chemical, biological, and
psychological agents, which then is linked with even worse health outcomes
(Golmohammadi and Darvishi, 2019).

In order to assess potential risks to operator health and improve
occupational safety and health, this case study included a comparison of
the noise levels in the cabins of two different mining machines: loader and
bulldozer. This is because occupational noise exposure is a complex and
preventable issue in the mining sector, especially for operators of heavy
machinery, such as loaders and bulldozers. Peak Sound Pressure Level
(LCpk), Equivalent Continuous Sound Level (LAeq), and Maximum Sound
Level with Fast Weighting (LAFp) were the three main acoustic characteristics
that were examined in this study.

Accordingly, after introduction, the previous research in the field is shown.
The next section contains state-of-art literature review, methodology and
results and results discussion with conclusion.

PREVIOUS RESEARCH

The level of mining mechanization and automation has grown recently, but
even as production efficiency has increased, the noise danger issue is getting
worse (Wang et al., 2023). The main strategy for shielding employees from
high noise exposure risks is to control noise exposure.

Occupational noise exposure causes between 7 and 21% of the hearing
loss among workers (Lie et al., 2016). Frequent exposure to noise levels of
85 dBA or above can result in tinnitus, permanent hearing loss, and trouble
recognizing speech over background noise, but also depression, balance
issues, and cardiovascular disease are linked to it (Themann and Masterson,
2019). Additionally, there is strong evidence of a dose-response relationship
between noise exposure and the risk of hypertension, as well as a link between
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occupational noise exposure > 80 dB(A) and hypertension (Pretzsch et al.,
2021). A significant problem is characterizing extremely fluctuating noise
exposures over a long period of time (Neitzel et al., 2009).

According to research on occupational noise exposure in developing
countries, occupational noise-induced hearing loss is still very common, and
there is proof that the mining sector is aware of the problem (Moroe et al.,
2018). Nevertheless, there is currently no success in reducing occupational
noise-induced hearing loss (Moroe et al., 2018). Authors Moroe et al.,
(2018) in their systematic review that covered period from 1994 to 2016
have found only 9 studies in the targeted field and noticed relatively small
sample numbers, reducing the likelihood that the results could be generalized.
Study Chadambuka et al., (2013) in Zimbabwe surveyed underground
mining machinery and evidenced noise of 102 dB(A). Consequently, given
the evidence that suggests occupational noise-induced hearing loss is still
increasing, additional research is required to address this condition in the
African mining industry.

A total of 31.9% of the individual noise levels (LEX, 8h) surpassed 85
dB(A), according to the study done in China (Wang et al., 2023); the median
dosages of non-coal miners with high noise exposure were 89.1 dB(A) for
excavation workers, 88.7 dB(A) for mill operators, and 87.0 dB(A) for
crusher operators. Systematic review study done in China (Zhou et al., 2020)
evidenced the wide distribution of noise in different industries as well as
high-level and long-term noise exposure, while study (Liu and Zhou, 2024)
demonstrated on a sample of 211 employees in coal mines that the average
8-hour equivalent sound was 91.2 dB(A), with 56.4% of the LEX exceeding
85 dB(A) in total.

The effectiveness of proposed dust and noise protection measures
regarding three bulldozers, one grader, two shovels, one loader, 20 dump
trucks at the Veliki Krivelj and Cerovo open pits of the Bor copper mine
in Serbia is analyzed in a case study (Liu and Zhou, 2024) that addresses
dust and noise control. According to Liu and Zhou (2024) there shouldn’t
be any adverse noise effects at the closest residential objects, without noise
measurements in vehicles’ cabin.

Evidently, research in the field is scarce although the consequences are
serious. Even after adjusting for education and other sociodemographic
characteristics, the authors of (Themann and Masterson, 2019) examine the
economic implications and find that hearing-impaired people had 1.5 times
the likelihood of having low income (less than $20,000 annually) compared
to people with normal hearing. Garcia et al. (2018) calculated that preventing
one instance of hearing loss would cost $10,567 after evaluating the cost-
effectiveness of a single program. The costs of workers’ compensation are
additionally borne by employers. There are many direct and indirect costs
to society. These include expenses related to health care, special education
and vocational rehabilitation programs, welfare payments, absenteeism,
decreased earnings, and lost tax revenues (Neitzel et al., 2009).



Comparative Assessment of Noise Exposure in Loaders” and Bulldozers’ Cabin 1785

It is clear that the high prevalence of hearing loss among workers exposed
to noise is likely caused by a number of factors, including a lack of emphasis
on noise control, an excessive reliance on hearing protection, an inability to
recognize early signs of hearing damage, a failure to recognize the impact of
hearing loss on quality of life, and a cultural acceptance of loud noise. Further
research is therefore required.

METHODOLOGY AND RESEARCH

Research was conducted on the noise level inside the cabins of certain mining
machines, namely bulldozer (B) and loader (L). Peak Sound Pressure Level
(LCpk), Equivalent Continuous Sound Level (LAeq), and Maximum Sound
Level with Fast Weighting (LAFp) were measured. In all cases, the null
hypothesis of equal distributions between groups was rejected, confirming
that there is a statistically significant difference in noise levels between
different machine types i.e., the loader produces much more noise compared
to the bulldozer. Data were collected from a large dataset during one working
shift at mining site. Firstly, descriptive statistics were performed and include
the number of samples (N). mean value (Mean), median (Med), minimum
(Min) and, maximum (Max) values, range (R), standard deviation (SD),
coefficient of variation (CV), Kolmogorov statistics (d), and p-level, and it
is given in Table 1.

Table 1. Descriptive statistics.

Variable N Mean Med Min Max R SD CV d P

LCpkL 14578 96.758 97.60 8520 136.40 51.20 5.36 5.53 0.0504 <0.01
LAeqL 14578 81.383 81.80 67.00 83.40 16.40 1.83 2.24 0.21686 <0.01
LAFpL 14578 77.076 78.90 60.70 100.60 39.90 8.69 11.28 0.0808 <0.01
LCpkB 9992 104.13 107.40 71.90 136.00 64.10 12.17 11.68 0.16302 <0.01
LaeqB 9992 7487 77.70 51.80 78.40 26.60 5.82 7.77 0.30815 <0.01
LAFpB 9992 7533 79.10 39.80 98.80 59.00 9.64 12.82 0.022372 <0.01

Given that the Kolmogorov test showed that the data do not follow a
normal distribution (p<0.01), the Mann-Whitney U-test was performed. The
test results are given in Table 2 and on Figures 1, 2 and 3.

Table 2: Mann-Whitney U test.

Bulldozer Loader N U Statistics p-Value Significance
LCpkB vs. LCpkL 24570 33699217.00 0.00 <0.01
LaeqB VS. LaeqL 24570 138104856.50 0.00 <0.01

LAFpB vs. LAFpL 24570 80473519.00 0.009241 <0.01
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Figure 1: Mann-Whitney U test for LCpk.
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Figure 2: Mann-Whitney U test for LAeg.
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Figure 3: Mann-Whitney U test for LAFp.

DISCUSSION AND CONCLUSION

Descriptive statistics revealed notably higher noise levels in loaders.
Bulldozers have significantly higher mean peak sound levels at 104.13
dB, while loaders mean value is 96.76 dB, with a higher median as well.
Bulldozers show a wider range, 64.1 dB in relation to loaders with a range
of 51.2 dB, and much higher variability with a SD of 12.17, while the SD
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of loaders is 5.36. CV is more than twice as high for bulldozers (11.68%)
compared to loaders (5.53%), indicating that LCpk values in bulldozers vary
more in relative terms. Secondly, analysis of LAeq has shown that loaders
have higher mean continuous noise levels (81.38 dB) than bulldozers (74.87
dB), with a narrower spread around the mean. Bulldozers show higher range
and SD, indicating more fluctuating noise levels. Again, bulldozers have a
higher CV, suggesting more inconsistency in continuous sound exposure.
Finally, the descriptive statistics of LAFp indicate that loaders have a slightly
higher average LAFp (77.08 dB) compared to bulldozers (75.33 dB), although
bulldozers exhibit slightly higher maximum and minimum ranges. Bulldozers
again display more variability and a larger spread, despite the mean being
lower, and they also show higher CV, confirming more variation in fast-
weighted sound peaks. Also, according to the ISO 9612:2025 Acoustics
— Determination of occupational noise exposure — Methodology and ISO
11201:2010 - Acoustics — Noise emitted by machinery and equipment —
Determination of emission sound pressure levels at a work station and at
other specified positions in an essentially free field over a reflecting plane with
negligible environmental corrections, the loader fails to satisfy the standard
guidelines, whereas the bulldozer does.

The independent-samples Mann-Whitney U test was used to see if the
noise levels from the two machines were significantly different because the
data do not follow a normal distribution. The null hypothesis of equal
distribution was rejected in all three tests (p < 0.01), indicating statistically
significant differences. Loaders demonstrated elevated average levels of LAeq
and LAFp, signifying a noisier operational context. This case study confirmed
that the level of the noise depends on the type of mining machinery that is
observed. The limitation of this study is the comparison of only two mining
machines’ types, so further research should be focused on expanding the
sample, including comparisons with other types of mining machinery.
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