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Preface

This PhD is a journey that started in the early years of my profession as an audiologist.
In 2002, as a locum audiologist, | conducted audiometry screening to monitor hearing
for workers in the construction industry. It was the implementation of the hearing
conservation programme (HCP) that drew my attention. In 2010, | was reintroduced to
HCPs, where | reviewed the audiologist’s role in the implementation of HCPs across
various occupational settings in South Africa, on behalf of the South African
Association of Audiologists (SAAA). At the Sefako Makhatho Health Sciences
University (formerly known as MEDUNSA), | was a clinical tutor in occupational
audiology. This ignited my passion and desire to develop myself in this niche. In 2014
| completed a Masters’ degree in audiology at the University of the Witwatersrand. The
title for my dissertation was “The use of hearing protection devices in hearing
conservation programmes: knowledge, attitudes and views of the South African mine
workers regarding noise induced hearing loss and the use of hearing protection
devices in the gold and non-ferrous mining subsections”. In 2014, | started teaching a
short course in audiometry for Occupational Health Nurses (Diploma in Occupational
Health Nursing, University of the Witwatersrand), and | continue to facilitate this
course. The combined knowledge from my MA in Audiology and lessons from the
audiometry short course have allowed me to identify gaps in the South African HCPs
and possible reasons why occupational noise induced hearing loss (ONIHL) may be

difficult to prevent, despite it being a preventable occupational disease.

| have realised that HCPs risk assessment records kept by various industries were key
to unravelling the epidemiology of ONIHL. The South African mining industry has
implemented HCPs for years and has submitted annual reports on occupational noise
exposure levels, measures employed to reduce noise levels, and ONIHL cases to the
Department of Mineral Resources and Energy. | have used this information to
investigate the mining industry’s risk assessment methods used for the prevention of
ONIHL. This thesis aimed to explore risk assessment practices for ONIHL at a large-
scale platinum mine in Limpopo province, South Africa, so to propose an early

identification predictive model for ONIHL.
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Abstract

Background: Occupational noise-induced hearing loss (ONIHL) is one of the most
common occupational health diseases affecting miners in South Africa. There are
challenges around the high prevalence of ONIHL in South African miners that have
been linked with excessive noise exposure levels, and ineffective HCPs, with poor
guality records that impede accurate monitoring of miners at risk of developing ONIHL.
The main aim of this study is to explore risk assessment practices for ONIHL at a
large-scale platinum mine in Limpopo province, South Africa, so to propose an early

identification predictive model for ONIHL.

Objectives: The objectives of this research were:

1. To describe the audiometry surveillance system (including record keeping) in a
large South African mine over a five-year period (2014-2018)

2. To identify factors that impede the early identification of ONIHL, from mine
records captured within an information management system, from 2014-2018

3. To determine if the mine used a proactive data management system (PDMS) to

identify miners at risk of ONIHL

4. To establish how the mine manages miners presenting with risk factors
associated with ONIHL, within the HCP

5. To propose an early identification predictive model for ONIHL in the mining

industry

Methods: This was a respective cohort study. Data were accessed from one platinum
mine in Limpopo province, South Africa. The individual miners’ audiometry medical
surveillance (health and safety) and occupational hygiene records (N=305) for the
period 2014 to 2018 were analysed. Thereafter, the mine’'s two datasets, which
contained miners’ diagnostic audiometry records (N = 1 938) and a subset of records

of miners diagnosed with ONIHL (n = 73) were analysed.

STATA was used for data analysis, but the data were analysed differently for each
study objective. For objectives 1 and 2, data were analysed using descriptive

statistics. For objective 3, miners’ risk factors associated with ONIHL were identified
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and described using the functional risk management structure, thereafter, a logistic
regression model was used with the baseline percentage loss of hearing (PLH)
margins of 0% - 40% (in 5% increments) to estimate the adjusted predictions for
miners at risk of developing ONIHL, and the contribution of noise exposure as a risk
for ONIHL was estimated using a two-way sample proportion test. For objective 4,
ethical principles prescribed by the Health Professions Council of South Africa, the
Protection of Personal Information Act, and the National Health Act (Act No.61 of
2003), that guide data access for medical research were applied to the mine’s
audiometry medical surveillance data to identify ethical challenges related to data
access. For objective 5, miners’ demographic and occupational exposures (noise and
platinum mine dust) were analysed to examine their association to standard threshold
shift (STS) and miners’ age, sex, PLH, and dust and noise data were used to predict

STS, using a linear mixed effects regression model.

Results: The results are detailed in the papers published and submitted for
publications. The abstract provides a summary of findings drawn from the papers.

In paper 1, most of the miners were male (89.6%), and more than 50% were younger
than 41 years. There was inaccurate and insufficient recording of risk factors for
hearing loss in the medical surveillance records. Some miners were exposed to
dangerously high noise levels (as high as 104 dBA). Miners as young as 21 years of

age were diagnosed with ONIHL.

In Paper 2, we identified and described risk factors associated with ONIHL and
calculated risks for ONIHL. A linear regression model estimated miners’ risks of ONIHL
at baseline. Miners with a 0% baseline PLH had a 20% predicted risk of ONIHL; and
a 45% predicted risk if they had a 40% baseline PLH. Seventy-three miners had a
confirmed diagnosis of ONIHL.

Paper 3 showed changes in the miners’ standard threshold shift (STS) ranging from
8.3 dBHL at baseline (2014/2015) to 10 dBHL in 2016, with no changes thereafter.
Less than 10% of the miners were at risk of ONIHL (>26 dBHL; STS). A linear mixed
effects regression model estimated that male miners’ STS were more associated with

ONIHL than their female counterparts. When combined, age, PLH, noise exposure



and years of exposure were associated with STS at < 10%. There was no statistically

significant association between PMD and STS in hearing.

In the fourth paper, a lack of clearly defined medical ethics policies around data access
for research, and Protection of Personal Information Act (POPIA) regulations and their
application on miners’ audiometry, occupational hygiene, and medical data restricted
data access for the latter. In this paper, different data access practices for different
datasets, with stricter restrictions, were applied to miners’ medical surveillance records

(medical conditions and treatments).

Conclusion: Systems need to be set in place to ensure integrated accessing,
analysing, and reporting miner-specific demographic, medical, occupational, and non-
occupational exposure information. Annual surveillance records should be complete,
accurate and should include any ear-related conditions, such as impacted wax and
middle ear infections. The machine learning systems (MLSs) used for HCP risk
assessment are partially effective in reducing risk and preventing ONIHL. To improve
efficiency, all risk factors associated with ONIHL should be included in the mine’s
electronic data recording system. The use of percentage loss of hearing (PLH) to track
miners’ hearing may be sufficient for ONIHL compensation, but it is not adequate for
identifying early signs of any type of occupational hearing loss, including ONIHL. Thus,
the use of STS will ensure tracking of miners’ hearing and the identification of early
signs of occupational hearing loss. Age, sex, years of exposure to noise, and noise
exposure levels combined effects and strength of association can be used to predict
STS for this group of miners. Our findings may be used to measure the efficiency of

the mine’s HCP, and its efforts in preventing ONIHL among miners.

Keywords: platinum miners, risk assessment, risk factors, occupational exposures,
electronic data, hearing conservation programmes, occupational noise induced
hearing loss, noise, dust, percentage loss of hearing, standard threshold shifts,

medical ethics, health care providers, machine learning systems
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Definitions of terms

Audiologist: Graduate in audiology registered with the relevant national body (Health

Professions Council of South Africa).

Audiometrist: A person qualified in audiometric techniques from an institution
registered with the relevant national authority or any of its structures in terms of the
relevant national legislation and registered with the relevant national body (South

African Nursing Council or the Health Professions Council of South Africa).

Audiometric data base analysis (ADBA): A method that allows for miners’
audiometry data analysis from baseline to exit to judge the effectiveness of a hearing

conservation program (HCP).

Disabling hearing loss: Refers to hearing loss greater than 40 decibels (dB) in the
better hearing ear in adults and a hearing loss greater than 30 dB in the better hearing
ear in children. The majority of people with disabling hearing loss live in low- and

middle-income countries.?

Hearing conservation programme (HCP): A programme designed to prevent

hearing loss in the workplace.

Leqg8hr: An Equivalent Continuous Sound Pressure Level (Leq), at 3 dBA exchange
rate, and is a measurement parameter designed to represent a varying sound source

over a given time (eight hours) as a single number.3

National mining regulatory body: Department of Mineral Resources and Energy.

NIHL milestone regulation (2016): The regulation stating that no employee’s STS
should exceed 10 dBHL from the baseline when averaged at 2000, 3000 and 4000 Hz

in one or both ears. !

Noise-induced hearing loss (NIHL): Permanent hearing loss caused by exposure

to loud sounds; characterised by a high frequency hearing loss and tinnitus.
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Percentage loss of hearing (PLH): determined by audiometric testing, using hearing
levels (HL) at the frequencies of 500 Hz, 1 kHz, 2 kHz, 3 kHz and 4 kHz to calculate
hearing disability.

Permanent threshold shift (PTS): A permanent shift in the auditory threshold is a

permanent hearing loss caused by prolonged exposure to excessive noise (=85 dBA).

Risk based medical examination (RBME): A medical examination conducted at
regular time intervals (bi-monthly, tri-monthly, annually) to monitor workers to identify

health risk factors.

Sensory neural hearing loss (SNHL): Permanent hearing loss caused by damage

to the inner ear or the auditory nerve that sends signal from the ear to the brain.

Standard threshold shift (STS): A change in hearing threshold, relative to the
baseline audiogram for that employee, of an average of 10 decibels (dB) or more at
2000, 3000, and 4000 hertz (Hz) in one or both ears.

Temporary threshold shift (TTS): A temporary shift in the auditory threshold that
can occur suddenly after exposure to excessive noise, causing temporary hearing loss

that lasts for 16-48 hours after cessation of the noise.

4 KHz notch: hearing threshold of 4 kHz at least 10 dB greater than that at 2 and 8
kHz; regarded as the signature notch in audiograms of NIHL (Wilson, 2011). This is a
characteristic notching of the audiogram referred to as a "noise notch" which is greater
at 4 kHz than at the adjacent frequencies (usually 3 kHz and 6 kHz). It is commonly
seen in individuals with noise induced hearing loss, the presence of the notch, in and

of itself is not diagnostic.
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CHAPTER 1: INTRODUCTION

This chapter provides the background to, and contextualises, this PhD thesis.
Occupational noise induced hearing loss (ONIHL) in South Africa which affects the
South African mining industry, the individual miner, the mines themselves, and the
Government, is discussed. Risk assessment practices used by South African mining
companies for prevention of ONIHL are described. The problem statement and the
rationale for this study are presented, followed by the presentation of the aim and
objectives.

1.1 Background

Hearing loss is a loss of hearing sensitivity which may be as a result of outer and/or
middle ear pathology, including impacted wax, ear infections, congenital ear
malformations, or cochlear pathology, such as systemic conditions (e.g. related to age
or degeneration and neurological), inner ear infections, trauma due to excessive noise
exposure, and ototoxicity.! According the World Health Organization (WHQO), more
than 30 million people worldwide are exposed to excessive noise levels in the
workplace.? For example, manufacturing, farming, construction, transportation, music
and mining workplaces have been reported to use equipment which emits excessive
occupational noise levels associated with hearing loss across the globe.2 Occupational
noise is considered the main risk factor for occupational noise induced hearing loss
(ONIHL).

Occupational induced hearing loss is hearing loss caused by over exposure to noise
in the workplace. According to the South African Noise Induced Hearing Loss (NIHL)
Regulation, excessive occupational noise is known as eight-hour time-weighted
average noise intensity level of 2 85 dBA* and causes a sensorineural type of hearing
loss that occurs gradually over time due to high intensities and/or high frequencies of
noise. Excessive noise exposure causes permanent damage to the organ of Corti,
affecting both ears.! The initial damage to the organ of Corti’s outer hair cells is
identified by high frequency sensorineural hearing loss identified on an audiogram, in
the region of 3000 - 6000 Hz.! Characteristically, ONIHL on the audiogram shows as



a distinct ‘noise notch’ (a dip of the air and bone-conduction) at 4000 Hz, which is not

pathological.®

Hazardous noise exposure affects the hearing system in various ways, such as a
temporary hearing loss, which may affect one or both ears. This is referred to as a
temporary threshold shift (TTS), which lasts for 16 to 48 hours after the cessation of a
loud sound. However, continuous, and prolonged exposure to excessive noise (=85
dBA) results in a permanent threshold shift (PTS). This PTS is irreversible and is
known as ONIHL.%6

Occupational noise induced hearing loss has a negative impact on the affected
individual’'s communication ability in his/her daily social interactions with family, friends
and co-workers.? Hearing health concerns related to social factors include reduced
communication skills. For example, difficulty hearing high frequency sounds and
understanding speech; difficulty hearing warning signals; and limited participation in
other social activities, leading to psychological and social isolation.? Additionally, there
are socio-economic drivers of hearing loss such as unemployment, limited access to
high quality health care, and poor sanitation and housing.1° Thus, the burden of ONIHL
negatively affects workers’ quality of life and socio-economic well-being long after

employment has seized.

The WHO classifies noise induced hearing loss (NIHL) caused by occupational noise
exposure as a disabling global burden’ and a significant public health problem that is
endemic in many occupational settings.”® Occupational noise induced hearing loss is
estimated to be the most prevalent disabling condition in workers, affecting an
estimated 18% of the adult population in various occupations, and more workers in
low-and-middle income countries (LMICs) than in the global north.> A study conducted
by Nelson et al.? in the early 2000s showed that the global burden of ONIHL ranged
from 7% to 21%.3 A Centres for Disease Control and Prevention (CDC) study, using
data from the National Institute for Occupational Safety and Health (NIOSH) from 2003
to 2012, reported that 2.53 disability-adjusted life in years (DALYSs) per 1000 workers
in the USA were due to noise exposure.®



Occupational noise induced hearing loss is also highly ranked among common
occupational medical conditions in Africa.l%!! Accurate occupational noise exposure
data from countries in Africa should be used to calculate accurate and up-to-date
prevalence rates of ONIHL in the region.

Prevalence of occupational noise induced hearing loss in sub-Saharan Africa

The reported high prevalence rates (23% - 47%) of ONIHL in sub-Saharan Africa!?13
highlight the need for prevention of this condition, in preference to early identification
of cases. Studies in the sub-Saharan region, in industries where noise is a problem,
have reported higher excessive noise exposure levels (>100 dBA). These levels are
higher than the regulated noise exposure level of 85 dBA (equivalent continuous
sound pressure level (Leq8hr),® as per South African regulations.* Some studies have
reported high prevalence rates (> 20%) of ONIHL in the agriculture and mining
industries, but there is a paucity of evidence for ONIHL prevalence in the construction
industry in this region.® 7 However, reported prevalence rates of ONIHL in some
industries and countries in the sub-Saharan region should be interpreted with caution

as some are based on hearing screening results.1315

Prevalence of ONIHL in the mining industry in South Africa

In South Africa, ONIHL is the third most commonly reported occupational health
disease after tuberculosis and silicosis, with a prevalence rate of higher than 30%.16
Mine workers in all commodities are affected.® Occupational noise induced hearing
loss is a burden for the individual miner, the employer (i.e. the mine), and the

Government.

Even though there are reports of excessive noise levels in the South African mining
industry, in 2006, Begley criticised the mining industry for its inaccurate
recording/reporting of noise measurements.!’ Recording and reporting of noise
measurements are critical to identify risks for ONIHL and have been used to calculate
accurate prevalence rates for ONIHL. Although this can be, and is, done through

research, it is essential that access to data does not compromise confidentiality.



The burden of ONIHL in South African miners has been estimated from the number of
cases reported annually by the mines to the (now) Department of Minerals and Energy
(DMRE)'%, ONIHL compensation claims reported by the Rand Mutual Assurance
(RMA) company, and a study on prevalence rates in one gold mine (Strauss, 2012).%8
The DMRE reported a fluctuation in the number of NIHL cases from 2016 to 2018 in
its annual reports.'® There are more cases of ONIHL reported in the gold and platinum
mines than in other mines (there are more miners employed by these two mining
sectors).1®?1 More specifically, an increase in the number of ONIHL cases was
reported in the platinum mines, from 347 (N = 966) in 2016 to 535 (N =1 141) in 2017.

In 2018, the number of cases reported increased to 886.16:22

Reports compiled by the individual mines tell a different story from that of the DMRE
reports, i.e. that there was a decline in the number of ONIHL cases from 2014 to 2018.
For example, the AngloGold Ashanti mine reported a decrease from 35 to 30%°, and
Anglo-American plc, from 90 to 30.2! Unfortunately, there was no statistical
significance on the cases reported as the annual reports did not provide information
about the number of miners employed and, therefore, the rates of ONIHL cannot be
determined from these reports. The RMA Company reported an ONIHL compensation
claims rate of 7.05% in 2008, and 90% in 2019, for the mining industry.?? This increase
might have been due to the mines’ increased capacities and/or abilities to assess and
diagnose miners with ONIHL over the 11-year period. Future research should further

investigate the associations thereof.

1.2 Occupational noise induced hearing loss in South Africa

1.2.1 Risk factors for ONIHL

Occupational noise induced hearing loss is exacerbated by various risks factors, such
as individual susceptibility, occupational exposures, certain medical conditions, and
the treatments thereof. Increasing age, being male and black?42%, occupational
exposure to noise with poor use of hearing protection devices (HPDs)?>2%, exposure
to chemicals?’, treatments for tuberculosis (TB), human immunodeficiency virus
(HIV)?8, and vibration?® are risk factors associated with ONIHL in South African miners.

There is limited research on the associated risk of cancer treatments, exposure to



chemical agents (e.g. carbon monoxide, solvents and heavy metals), and exposure to

recreational noise in South African miners with ONIHL.

The management of risk factors for ONIHL is possible with efficient risk-based
surveillance programmes, which include reduced noise exposure, audiometry
monitoring of workers at risk of developing ONIHL, and accurate recording and
reporting of data.?>3° Unfortunately, all risk factors might not be recorded in the mines’
medical surveillance reports.”:3! In some instances, records about medical conditions
and treatments thereof are maintained in databases that are separate from those
containing the occupational exposure and hearing conservation programmes (HCPSs)
data.®? Information about the burden and impact of risk factors associated with ONIHL
is largely available from international studies. There is minimal evidence from LMICs,

such as South Africa, thus, ONIHL pathogenesis requires further research.

1.2.2 Hearing conservation programmes

The high burden of ONIHL in the South African mining industry has been attributed to
ineffective and costly HCPs employed for the past 20 years.33 The seven pillars of an
HCP include measuring noise levels; use of engineering and administrative controls
to reduce excessive noise exposure levels; training and education; the use of HPDs;
medical surveillance; and audiometry testing.* The commonly reported reason for the
failure of HCPs in the South African mines, as cited in the literature by Strauss et al.
(2014)>* and Grobler et al. (2020)?%°, is continual exposure to excessive noise
levels.?#2> Focus is on occupational noise exposure as the main hazard for
ONIHL?42534: the high cost of engineering controls to reduce noise emitted by
equipment'®; poor compliance with regard to the use of HPDs by miners?®; miners’
limited understanding of education and training content and modes of training, which
were reported to restrict efficiency of HCPs 2635, and a lack of integrated audiometry
medical surveillance data.'”*? However, there is also a lack of HCPs that adopt
complex interventions as an approach for the prevention of ONIHL, and exclusion of

audiologists, in the implementation of HCPs.36:37



1.2.3 Regulations for the prevention of ONIHL

Reduction of noise at source, noise measurements, routine audiometry, and the use
of HPDs have been highlighted as key indicators of ONIHL prevention.'* However,
until 2014, South African legislation focused on compensation for ONIHL rather than
prevention. Circular Instruction 171 of the Compensation for Occupational Injuries and
Diseases Act No. 130 of 19934, which addresses the burden of ONIHL in miners,
favours compensation of miners diagnosed with ONIHL above prevention of hearing
loss. Instruction 171 states that occupational noise exposure = 85 dBA, measured over
an eight-hour working shift (8-hour TWA), leads to compensable ONIHL.® There is a
need for routine audiometry to be better utilised by mining companies to expedite
prevention measures for ONIHL.

The South African Bureau of Standards’ South African National Standard (SANS)
10083:2013 refers directly to HCP guidelines for all industries where noise is a
problem.'* The Mine Health and Safety Act (Act No. 29 of 1996) (MHSA) provides for
the enforcement of health and safety measures, and has been instrumental in guiding
the mining industry towards ONIHL prevention through the implementation of the
ONIHL regulations.® %8 In 2014, Regulation 839 was introduced into the MHSA to
promote the use of the standard threshold shift (STS) for tracking miners’ hearing
deterioration — a step towards addressing prevention of ONIHL. This is based on an
International Organization for Standardization (ISO) standard (1S01999:2013), which
states that a decline of 8 dB in the STS indicates early onset of ONIHL.

1.2.4 Milestones for noise exposure reduction and ONIHL prevention

The HCP and prevention of ONIHL milestones (measurable steps) were developed to
reduce the burden of ONIHL.38 In 2004, the Mine Health and Safety Council (MHSC)
set milestones for the mining industry, stating that, after December 2008, the mines,
through their HCPs, should ensure that there was no deterioration in hearing greater
than 10% amongst occupationally exposed miners; and that, by December 2013, total
noise emitted by all equipment used should not exceed 110 dBA.3%4° To address the
2008 milestone for noise reduction, the mines implemented the purchase and
maintenance of quiet mining equipment to show their initiatives for prevention of

ONIHL. However, the 2008 milestones were not achieved #° and were therefore



revised in 2014 by the MHSC.38 The revised milestones stated that, by December
2016, no employee’s STS should exceed 10 dBHL from baseline in one or both ears.*?
Nevertheless, even with these milestones in place, the burden of ONIHL on South
African miners continues. The failure to meet the milestones might be due to inefficient
risk assessment methods and procedures in the mines.®® Thus, proactive data
reporting systems, inclusive of all risks associated with ONIHL, should be further
investigated to ensure that HCPs are effective, and that the ONIHL milestones set by

the South African mining industry are met.

1.3 Risk assessment practices followed by the South African

mines for prevention of ONIHL
Risk assessment practices can only be efficient if data are recorded accurately.?®
Currently, there is no standardised format for recording data in the mining industry,
which would allow for accurate assessment of the effectiveness of mines’ HCPs.17:2°
Auditing of HCPs by the DMRE may be accomplished with the use of the mines’ risk
assessment electronic repositories, where individual mines’ internal risk assessments

require accurate reporting of occupational activities associated with health risks.?°

One of the most commonly used risk assessment tools in HCPs is the audiometry
database analysis method (ADBA), recommended by Franz and Phillips in the late
1980s.2° It is used by most large-scale mines to identify miners’ occupations,
workplaces, and activities where there are many employees with hearing loss. The
ADBA method was initially intended to show that audiometry databases can be used
to measure mines’ HCP effectiveness. However, it was found to be ineffective in

tracking all hearing health conditions.*?

Record keeping practices, electronic systems, and end-users’ skills in data recording
play critical roles in predicting ONIHL and the success of an HCP. Accurate HCP data
analysis requires complete and valid data, including relevant risk factors, so that the
mines can predict and prevent ONIHL.1":25> Data must also be consistently recorded
for each miner.** However, the mines’ HCP risk assessment practices and procedures
are not optimal for the recording, reporting and access of data to ensure accurate
prediction of ONIHL.0:.7



1.3.1 Challenges related to the South African mines’ hearing
conservation programme data

Accurate HCP records, used to track hearing and predict early onset of hearing
deterioration, are essential for the prevention of ONIHL. Miners’ HCP records, which
include exposure to occupational hazards (including noise and chemicals) and
monitoring of miners at risk for related health effects, which are kept by the mines’
hearing conservation practitioners, have been labelled by some researchers as
flawed!’, lacking rigor and not preventing ONIHL.3® In addition, the mines’
implementations of the HCP pillars for the reduction of occupational noise levels, lack
of data on the use of HPDs by miners, and incomplete audiometry records are

challenges which hinder the South African mines’ HCPs efficiency.14.2538

1.3.2 Challenges related to data access in South African mines

There are challenges for researchers in accessing miners’ medical surveillance data
required for research on the prevention of ONIHL. The mines collect copious amounts
of data but do not necessarily have the resources to analyse the data beyond their
administrative requirements. In addition, the use of heterogeneous electronic health
systems by the mining companies, and a lack of standardised formats to record
medical data, also restrict access to data. More sophisticated statistical analysis
requires skills and expertise of occupational health researchers. One solution is for
skilled occupational health researchers, who are trained in data analysis, to do this.
The regulations applied by the mines to protect miners’ personal information and
ensure confidentiality of medical records include the Protection of Personal
Information (PoPI) Act of 20134°, National Health Act (Act No.61 of 2003)#¢ and Ethical
Rules of the HPCSA.#’ However, confidentiality policies and legislation, and the
misinterpretations thereof, can present obstacles to data access and thus prevent the

publication of important findings from the analysis of the data.

1.3.3 Information related to risk factors for occupational noise induced
hearing loss

Hearing conservation programme data should be recorded, accessed, and analysed

appropriately to ensure accurate estimates of risks for ONIHL. Estimating a miner’s

risk for ONIHL is restricted by a lack of ‘non-occupational’ information, such as



exposure to loud music, use (or non-use) of HPDs and pre- or co-existing chronic
medical conditions and treatments that affect the auditory and balance systems. These
data are not recorded in the miners’ HCP records.?>2722 Some studies have reported
a lack of integrated HCP data as a hindrance to accurate estimation of ONIHL for the

South African miners.2>48

1.4 Study rationale

Worldwide, ONIHL is a public health problem caused by exposure to excessive noise
in the workplace. South Africa is no exception, especially with regard to the mining
industry.'120 There is paucity of both epidemiological studies on ONIHL and accurately
recorded HCP data to measure the burden of disease of ONIHL in the South African

mining industry.

In South Africa, NIHL regulations, HCP guidelines, and DMRE milestones guide the
mines with regard to recording hearing health and audiometry data and monitoring
progress of the prevention of ONIHL in the mining industry. Nevertheless, there is still
a high burden of ONIHL in the mining industry, which warrants further investigation.
Accurate estimates of the incidence and prevalence rates of ONIHL are also lacking.
Prevention of ONIHL is important to reduce the burden of disease and to improve
miners’ quality of life.?%53 High quality HCP data will allow accurate risk assessment

and management of miners at risk of developing ONIHL.

The research described in this thesis was conceptualised with the hope that the
findings would illustrate the importance of accurate record keeping for tracking miners’

audiometry medical surveillance data for the prediction and prevention of ONIHL.

1.5 Study aim and objectives
The aim of this research was to explore risk assessment practices, which incorporate
data management, at a large-scale platinum mine in Limpopo province, South Africa,

with the intention of proposing a predictive model for the early identification of ONIHL.



Objectives

1.

To describe the audiometry surveillance system (including record keeping) in a

large South African mine over a five-year period (2014-2018).

. To identify factors that impede the early identification of ONIHL, from mine

records captured within an information management system, from 2014-2018.

To determine if the mine used a proactive data management system (PDMS) to
identify miners at risk of ONIHL.

To establish how the mine manages miners presenting with risk factors

associated with ONIHL, within the HCP.

To propose an early identification predictive model for ONIHL in the mining

industry.
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CHAPTER 2: LITERATURE REVIEW

2.1 Introduction

In this chapter, | describe and discuss findings from international and local studies and
highlight the knowledge gaps under the topics covered in my research, namely, the
prevalence of occupational noise induced hearing loss (ONIHL) in the mining industry,
risk assessment approaches used for early identification of risks associated with
ONIHL, and the prediction and prevention of ONIHL. The conclusion highlights gaps
in the literature that restrict the prevention of occupational hearing loss in the mining

industry.

2.2 Burden of occupational noise induced hearing loss

The World Health Organization (WHO) identifies NIHL as one of the most common
and costly disabling occupation-related impairments, with a global estimated annual
cost of 750 billion US dollars.'! There is thus an urgent need for hearing health care

and hearing conservation programmes (HCPSs) to be implemented to prevent ONIHL.

2.2.1 Global prevalence of occupational noise induced hearing loss

The prevalence of ONIHL is high (7% to 21%), worldwide.® However, there are
differences in the prevalence rates of ONIHL between high income countries (HICs)
and low-and-middle income (LAMICs) countries.® The highest prevalence rates (>
30%) of ONIHL are reported by LAMICs, mainly in the mining industry.'*18 The high
prevalence rates reported by previous studies, as described by Nelson et al. (2005)3,
highlight the global burden of ONIHL in different countries and occupational settings.
However, there are no recent estimates of the global prevalence rate of ONIHL.

Worldwide, 16% of the disabling hearing impairment in adults is due to exposure to
occupational noise, which currently affects about four million workers.? The
occupations most affected by ONIHL are those related to mining, construction and
manufacturing workplaces.® 50 In the USA, the prevalence rate of ONIHL in the mining
industry, from 2006 to 2010, was estimated to be 24%.5! In Australia, a prevalence
rate of ONIHL of 7% was reported for the 2008/9 period.>? Both the USA and Australia
are HICs but their ONIHL prevalence rates differ, with the USA reporting a higher
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prevalence rate than Australia. The USA ONIHL prevalence figures are calculated
from occupational noise level data from the United States and the National Institute
for Occupational Safety and Health (NIOSH) and National Occupational Health Survey
of Mining data which was collected historically from three different sources in the early
2000s.3 The global prevalence of ONIHL may be difficult to estimate due to the use of
different data sources from various countries and workplaces. Consequently, there is

a dearth of recent ONIHL prevalence.?>3

Analyses of compensation claims for ONIHL have been used to highlight the financial
burden on different countries. In the United States, ONIHL compensation costs,
amounting to 1.2 billion US dollars, was paid out, mainly to military veterans, from
1979 to 2014.>* In Australia, the mining industry reported that 19% of their
compensation claims were paid out to workers diagnosed with ONIHL during the

2008/9 period.>? ONHIL compensation costs were based on historical data.

2.2.2 Prevalence of occupational noise induced hearing loss in Africa
The prevalence rates of ONIHL in the mining industry in Africa are available
historically, from 2004 up until 2015.350 In 2005, the estimated prevalence of ONIHL
in African countries was reportedly higher than 21%.3 For example, Amedofu reported
a prevalence rate of 23% among gold miners in Ghana in 2002, and Masaka
reported that the prevalence rate of ONIHL in nickel miners in Zimbabwe in 2009 was
27.4%.*> Following a study on Tanzanian open-pit and under-ground miners,
conducted in 2015, Musiba reported that the prevalence rate of ONIHL was 47%, and
that miners as young as 20 years were affected.*® However, not enough studies have
reported year-on-year prevalence rates of ONIHL to allow for comparisons of trends
of the disease. Thus, there is a need for regular and frequent analysis of up-to-date
audiometry data for accurate and current estimates of prevalence rates of ONIHL in
the mining industry in Africa.

There may be a financial burden on some African countries that have reported ONIHL
prevalence rates. These African countries are defined as low and middle-income
countries (LMICs) based on their gross domestic product (GDP) to which mining

contributes significantly.?® However, there is paucity of information about the burden
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of ONIHL on African countries’ GDPs.® This can be rectified, to some extent, by

reporting on compensation payouts for ONIHL to miners in sub-Saharan Africa.

2.2.3 Prevalence of occupational noise induced hearing loss in South
African mines

Occupational noise induced hearing loss is common in South African mines across

different commodities, but there are very few studies on prevalence rates. In only one

large study was gold miners’ data analysed (Strauss et al., 2012), resulting in an

estimated prevalence of ONIHL of 17%.18

Some South African mines favour using the number of cases to demonstrate the
burden of ONIHL and as a measure of their prevention efforts for ONIHL, rather than
reporting prevalence rates. In the Department of Mineral Resources and Energy’s
(DMRE) 2016/2017 annual report, the numbers of ONIHL cases were highest for the
platinum (N=535) and gold (N=390) mines, respectively.1® Individual mines reported a
decrease in their ONIHL cases from 2016 to 2017.292! For example, AngloGold
Ashanti reported a decrease in cases from 35 to 30%°, and Anglo-American plc, from
90 to 30.?! Despite these reductions in numbers, it is evident that the mines are
struggling to prevent ONIHL.3?

The Rand Mutual Assurance company (RMA) administers claims for occupational
injuries and some occupational diseases (including ONIHL) for the South African
mining industry, in terms of the Compensation for Occupational Injuries and Diseases
(COID) Act.?® For the period 2016/2017, 90% of the claims processed by RMA were
for ONIHL.?® The compensation claims rate reported by the RMA is based on the
number of successful ONIHL claims, viz. 1 226 in 2016, 1 462 in 2017, and 1 165 in
2018. In 2019, the RMA reported 433 successful ONIHL-related claims, which
indicated a decrease in successful claims from 2016 to 2019.22 The decrease in the
number of successful ONIHL compensation claims may be due to various factors,
such as the possibility of fewer ONIHL claims submitted to the RMA by individual
mines (i.e. the under reporting of ONIHL cases); and the rate at which claims were

processed per annum. These factors need to be investigated.
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2.3 Risk assessment of occupational noise induced hearing loss
The implementation of HCPs as risk assessment tools for prevention of ONIHL should
incorporate individual miners’ medical surveillance history from baseline (initial entry)
and during employment history. Specific to hearing health care, miners’ audiometry
medical surveillance data should be able to identify risk factors associated with ONIHL.
Previous studies have highlighted the importance of risk characterisation and
management (assessment and intervention strategies) of risks associated with
ONIHL.

2.3.1 Risk factors associated with occupational noise induced hearing
loss

Worldwide, ONIHL is associated with multiple risk factors, such as personal factors
(e.g. genetic factors, age, gender, race/ethnicity, smoking, medications, contextual
diseases, etc.)?*252850.55-58 = nphysijcal factors (e.g. lighting, vibration, heat, cold),
chemical agents (e.g. carbon monoxide, solvents, heavy metals)?’>°, and
occupational factors (e.g. excessive noise exposure, non-use of HPDs, workload,
shift).%2580 Previous studies in the USA reported that male adults have a long history
of working in industries where noise is a problem, thus males were more affected than
their female counterparts.3° More cases of ONIHL in male workers were attributed to
differences in anatomical and physiological structures between males and females.%%
55 Although most of the previous studies have only identified risk factors associated
with ONIHL, Golmohammadi and Darvishi (2019)8%, in their systematic review on the
combined effects of occupational exposure to noise and other risk factors associated
with ONIHL provided a risk ranking of stronger risk factors for ONIHL.! In addition,
previous studies have reported on the health effect (ONIHL) of occupational exposure
to noise and other risk factors, but have not shown a model outcome on the

interactions between multiple risk factors, and impact thereof, specifically for ONIHL.

Despite the multiple risk factors associated with ONIHL being reported, the focus, in
various occupational industries, globally, has been on excessive noise exposure levels
(= 85 dBA; Leqg8hr) and monitoring the hearing of workers exposed to occupational
noise. These two factors are used as measures of the effectiveness of a company’s

hearing conservation programme (HCP).16.1829 Consequently, there seems to be a
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limited understanding and quantification of risk factors associated with ONIHL, which

hinders the effectiveness of HCPs.

2.3.2 Management of risk factors associated with occupational noise
induced hearing loss

Risk management strategies (assessment and intervention) are designed to identity
workers at risk for occupational exposures, to prevent the associated occupational
health effects.?® In HCPs, hearing conservation practitioners also use risk assessment
methods and interventions, inclusive of the HCPs pillars of noise measurements,
employing engineering and administrative controls to reduce excessive noise
exposure levels, training and education, the use of HPDs, medical surveillance, and
audiometry testing'#%2 for the prevention of ONIHL. Nevertheless, there is limited
research on the specific risk assessment methods used by hearing conservation
practitioners, globally, as well as in the South African mines. Some researchers,
however, have provided recommendations for risk assessment methods to prevent
ONIHL.#883 |In a study conducted by Moroe et al. (2020), the authors implemented a
feedback-based noise management matrix using data from a South African platinum
mine to show efficient monitoring and management of HCPs and measures for
predicting ONIHL. “8 While their findings provided the basis for predicting ONIHL, there
was no specific dose assessment data used.*® Thus, there is paucity of
epidemiological and risk characterisation studies which provide estimation of the

incidence and severity of ONIHL on miners.

2.4 Hearing conservation programmes

Hearing conservation programmes have been identified as solutions to the high
burden of ONIHL in industries where workers are exposed to excessive noise,®* since
1983 when the hearing protection, audiometric testing, and training were introduced.®
Although the HCP pillars are similar globally, there is no standard for their
implementation due to differences in industries and countries’ HCP guidelines.3%°
Hearing conservation programmes are used to mitigate the impact of occupational
noise and have been able to reduce the prevalence of ONIHL, but there is room for

improvement (in identifying, assessing and controlling threats) to eventually prevent
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ONIHL globally.? The implementation of inclusive HCP methods guides HCP policy

reviews, improves effectiveness of HCP, and prevents ONIHL.48

Some studies in South Africa have supported the utilisation of mine-specific HCPs and
risk assessment methods to prevent ONIHL because of the different commodities that
are mined and the related differences in activities and exposures.®”:®¢ Franz and
Phillips (2001)3* proposed a functional risk management system, which shows
interactions between the HCP elements and the flow process, to ensure control of
excessive noise exposure and prevention of ONIHL.?° Moroe and Khoza-Shangase
(2020) proposed that, due to the complexity of HCPs, risk assessment should be
based on a realist approach.%® Moroe et al. (2020), also used a feedback noise
measurement matrix in their study, which highlighted the importance of accurate
measurement of noise exposure levels and the roles played by occupational medical
practitioners (OMPs) and miners in ensuring the success of HCPs in South African
mines.*® Individual mines should thus approach ONIHL risk assessment differently,
methodically, guided by mine-specific occupational exposures and miner-specific risk

factors.

Begley (2006)!7 suggested that tracking of miners’ hearing and early identification of
risk for ONIHL, within HCPs, could guide effective implementation of administrative
controls and potentially prevent ONIHL. However, this was not achieved, as some
miners’ audiometry records were incomplete.'” More recently, Grobler et al. (2020)
published the findings of a study in which they used the averaged high frequencies (2,
3, and 4 KHz) as a method to predict hearing deterioration rates for gold miners
exposed to noise, over a period of four years.?® They predicted hearing deterioration
rates of 3.5 dB and 2.9 dB, respectively, for the two groups. However, they did not
comment on the quality of the miners’ hearing thresholds used to predict miners’
hearing deterioration rate.?> Previous studies showed that tracking of miners’ hearing
has the potential to show early onset of hearing loss, and may therefore be an efficient
measure taken to mitigate ONIHL.82566 Thus, there is a need to standardise tracking
of miners’ hearing, to record miners’ hearing deterioration over a period of time, and

to ensure that miners’ hearing thresholds used are of good quality.’
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To improve the quality of miners hearing thresholds, which may be used to predict
ONIHL and to fill in the gaps of some of the hearing thresholds, machine learning
analysis, as suggested by Aliabadi et al. in 2015 and by Pitathawatchai et al. in
2021,57¢8 may be considered by researchers in the South African mining industry. In
addition, audiometry tests such as the distortion-product otoacoustic emissions
(DPOAE) test - one of the recent advances in audiometry in the South African mining
industry - has been reported to be sensitive for the early identification of ONIHL.®®
There are various methods used to track South African miners’ hearing deterioration,
which need to be synthesised, but require empirical evidence to show early

identification and accurate prediction of ONIHL.

In South Africa, mines have recorded STSs annually to show hearing threshold
changes, and the consequent hearing deterioration as a function of various risk factors
associated with ONIHL, including occupational, non-occupational and medical, but no
results have been published.*? The 2014 NIHL Milestones mandated by the DMRE?,
from December 2014 to December 2016, hopes to improve the mines’ HCP efficiency
and tracking of miners hearing.#? The hearing thresholds tracking method used by the
South African mines, as recommended by the current NIHL Milestones, is in line with
the hearing loss classification recommended by the WHO as stated in their 2021 World
Hearing Day report.? The estimated effect of the combined risk factors (noise,
chemicals, recreational noise, age, sex, race, and ototoxic medications) on the
auditory system may be significant, but this is unknown, as some studies have only
reported on one (noise)®® or two (noise and age?>?%; noise and elevated blood
pressure®®; noise and ototoxic medication®?) factors associated with ONIHL. Thus, to
estimate the combined effect of risk factors on miners’ hearing and risks for ONIHL,
more studies need to be conducted by the South African mines. There is a need for
the mines to publish miners’ STSs results to show the mines’ journeys towards ONIHL

prevention.
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2.4.1 Record keeping in prevention of occupational noise induced
hearing loss

The rationale for accurate maintenance of workers’ HCP databases is informed by the
need for early identification of workers at risk of developing ONIHL, identification of
risk factors associated with ONIHL, efficient audiometry surveillance, which is critical
for medical decisions, and intervention strategies to reduce the burden of, and/or
prevent, ONIHL.1#422 |n a study conducted in the United States, noise exposure
associated with ONIHL was found to be the most frequent self-reported complaint by
workers.®* Thus, there was a focus on noise exposure as the main hazard to be
monitored and recorded in HCPs.54 In the United States, some studies on HCPs and
ONIHL have recommended that data on noise exposure levels and chemical agents,
such as carbon monoxide, toluene, trichloroethylene, trichlorophenol, xylene, and
formaldehyde should be detailed in the workers’ HCP records.>%%° In addition, Tikka
et al. (2020) conducted a systematic review of interventions to prevent ONIHL, and
recommended that noise exposure levels, duration of noise exposure (hours/shift),
and years of exposure (> 10years), should be included in the workers’ HCP records.>?
In this way, comprehensive data on occupational exposures, noise and chemicals can

inform hearing conservation efforts.

Globally, individual workers’ personal characteristics, such as age, sex, cigarette
smoking, use of ototoxic medication, and type 2 diabetes and hypertension, increase
the risk of ONIHL, and should be included in the workers’ HCP records.”® " In addition,
the Occupational Safety and Health Act (Act 29 of 1996) mandates that “prior to
receiving audiometric testing, personnel covered by PER 04-00-003 will complete an
audiometric history form in order to document pertinent medical history, noise
exposure, and use of hearing protection” to ensure accurate records for the prevention
of ONIHL.5%%2 Yet, HCP records have been inconsistently maintained, reducing

opportunities to use comprehensive records, specifically to prevent ONIHL.

To ensure the maintenance of accurate HCP records, the South African mines follow
the regulations and guidelines mandated by the MHSC and the DMRE’?, medical
ethics regulations”, and the POPI Act of 2013.#2 The mines submit annual HCP

reports to the DMRE, which cover information such as noise exposure levels,
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engineering controls (e.g. buying ‘quiet’ equipment), the use of HPDs, and the number
of miners diagnosed with ONIHL.%® Other risk factors, such as the miners’ previous
diagnosis of other types of hearing loss, medical conditions, the use of ototoxic
medication, and exposure to occupational chemicals, are recorded separately from
the HCP records submitted to the DMRE, which hinders accurate record keeping of
HCP data for the prevention of ONIHL.1"22

So far, the risk assessment methods used by South African mines have not provided
accurate information for appropriate mitigation strategies that may successfully
prevent ONIHL. The audiometry database analysis (ADBA) technique recommended
by Franz and Phillips in the late 1980s2°, which uses miners’ audiometry surveillance
data to monitor miners’ hearing, was found to be inefficient in the early tracking and
identification of miners at risk of developing ONIHL.17242555 The use of this technique
showed that, although the mines kept HCP data that allowed for the prediction and
prevention of ONIHL,%4 the data were inconsistent, rendering their HCPs inefficient
and thwarting their efforts to prevent ONIHL. Nevertheless, previous authors reported
only on selective data relevant for their studies and not comprehensive HCP data kept

by the mines and the risk assessment method used to prevent ONIHL.

2.5 Summary of the literature reviewed

From the literature reviewed, it is evident that the South African mines’ HCPs need to
include mine-specific activities and recording of occupational exposures that might
increase miners’ risks of ONIHL.'634 Some researchers have suggested that the
mines’ HCPs should be re-evaluated, and have proposed that other implementation
approaches, such as realist and feedback-based noise monitoring models3¢63, be
considered to improve individual mines’ HCP outcomes, and in the prevention of
ONIHL.5475

Machine learning systems used by the mines for HCP risk assessment are used to
monitor miners and predict risk for ONIHL. Machine learning is a data analysis method
that automates data and uses computer systems with artificial intelligence (Al)
functionalities, for example, Excel Spreadsheets, to predict outcomes.*+6875 However,

some research findings on ONIHL cases are cause for concern with regard to the
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interactions between multiple risk factors associated with ONIHL, which are not
completely recorded. For example, information about ototoxic medications for
tuberculosis and HIV, occupational chemical exposures, and exposure to recreational
noise are not included in HCP records.182527.2856 Thys, there is a need for the mines’
machine learning systems (MLSs) to comprehensively include accurate HCP data in

order to track miners’ hearing function and prevent ONIHL.

There are difficulties in measuring the effectiveness of HCPs due to regulations and
guidelines mandated by the Mine Health and Safety Council and the DMRE’?, medical
ethics regulations’3, and the POPI Act.*?> The merging of HCP data sources (or lack
thereof)’4, and the MLSs employed by the mines’ lack of comprehensive HCP data,

appear to have benefits and limitations that need to be further explored.36:3

Table 2.1 summarises gaps in the literature on the mines’ HCPs, and prediction and

prevention of ONIHL.
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Table 2.1. Summary of literature reviewed

Topic

What is known

Knowledge gaps

Prevalence of
ONIHL

Worldwide, estimated prevalence of ONIHL due to noise
exposure ranges from 7% to 21%.

African countries have higher prevalence rates (>20%) of
ONIHL.

Prevalence rates of ONIHL are based on data collected more than
15 years ago. Updated estimates of prevalence rates are not
available in the literature.

The prevalence rate of ONIHL in African countries is based on fewer
than 10 studies.

Risk factors
associated with
ONIHL

Noise exposure is considered the main risk factor for
ONIHL.

Age and sex, and exposure to recreational noise and
chemicals, ototoxic treatment for TB and HIV are
associated with ONIHL.

More studies are needed:

e To assess the effects of all the associated risk factors on the
miners’ hearing function and auditory system, including
synergistic effects.

e To predict risk for ONIHL and develop predictive models for
ONIHL.

e To estimate the incidence of ONIHL.

HCP record
keeping

Globally, HCPs are implemented to prevent ONIHL.

There are South African regulations and guidelines for the
reporting of miners exposed to excessive noise levels,
and cases of ONIHL.

There is a need for epidemiological studies on the prediction and
prevention of ONIHL in the South African mines.

Prediction of
ONIHL

Miners’ hearing deterioration can be assessed by tracking
changes in high frequency thresholds over time.

Cases of conductive hearing loss (CHL) have been
reported in some miners.

Prediction of hearing loss is based on exposure to
excessive occupational noise.

There is a need to explore audiological monitoring of miners who are
on treatment for TB, HIV, and cancer, to track their hearing
deterioration.

There is a need to assess the association of other occupational
exposures, such as dust and chemicals with CHL and occupational
hearing loss.
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2.6 Conceptual framework of the research

In conducting this research, a systems thinking approach was applied when reviewing
the mine’s audiometry and occupational hygiene data to assess the HCP risk
assessment practices. In the conceptual framework illustrated in Figure 2.1, the mine’s
HCP risk assessment practices are grouped as follows: processes; the actors (e.g.
mine managers, occupational medical officers, and occupational hygienist, referred to
as hearing conservation practitioners) and activities employed by the hearing
conservation practitioners in the risk assessment for, and prevention of, ONIHL.”
According to the WHO, systems thinking is an approach applied to strengthen health
systems.” As shown in Figure 2.1, three major processes illustrate the conceptual
framework used in this PhD, viz. health system building blocks, MLSs and HCP
outcome measures. Each comprises a number of activities. Within the health system
building blocks process, the following activities were adopted from the WHO health
system strengthening conceptual framework, viz. leadership and governance; finance;
service delivery; health workforce; information system and medical technologies.”
The MLSs process included the MLSs used by the mine to record and analyse
personal and medical records for all the miners (e.g. MS Excel, African Management
System (AMS), QMed). Finally, the HCP outcome measures include activities for
individual hearing conservation practitioners and data recorded for each individual
miner. The arrow at the bottom of the conceptual framework used in this study and
adopted from the WHO’s health systems strengthening framework, shows an
integrated HCP and reporting of miners’ audiometry medical records for the prevention
of ONIHL and occupational hearing loss. In addition, in Figure 2.1, a systems thinking
approach is used to describe the risk assessment practices applied by the mine’s

hearing conservation practitioners to assess the risk of, and prevent, ONIHL.

In describing the risk assessment practices used by the mine’s hearing conservation
practitioners, the health system strengthening conceptual framework used in the PhD
outlines the health system building blocks for decision-makers, thereby highlighting
activities within the mine’s HCP. To ensure an efficient HCP, key performance
indicators (KPIs) for decision-makers should be aligned with activities outlined within
the health system building blocks process, as well as the mine’s HCP outcomes. The

decision-makers’ (mine managers and occupational medical officers) described
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activities and KPIs may include competencies in ensuring that relevant policies around
electronic health systems (EHSs) are accessible, purchasing of comprehensive mine-
specific EHSs is done, ensuring rigorous privacy controls protecting EHSs, employing
gualified professionals to implement successful surveillance programmes, and
ensuring the financial viability of such programmes.”®’” Therefore, the conceptual
framework shows synergies between the process and activities, as well as limitations

which impede HCP outcomes.18:19.75

In Figure 2.1, the use of MLSs is one of the three main processes in the study’s
conceptual framework. The ability of the hearing conservation practitioners to use
MLSs, and to record and maintain accurate HCP data is key to the success of an
effective HCP. The clarification of the role of each hearing conservation practitioner,
and the description of the MLS used by individual hearing conservation practitioner in
the health systems strengthening framework is crucial. Thus, KPIs should be designed
and aligned with skills such as accurate data recording and reporting of occupational
exposures and the associated health effects. Competency in using MLSs purchased
by the mine could be based on the accuracy of records kept by each individual hearing
conservation practitioner. Machine learning systems’ end-users’ (hearing conservation
practitioners) abilities to record occupational exposures, their hazardous effects, and
hearing health risks aid in strengthening a health system toward ONIHL prevention,
and may be reported as HCP outcomes for the hearing conservation practitioners.
Miners’ consent to participate in HCPs, and their understanding of their hearing health,
indicate that they are empowered to maintain hearing health care which may be an
essential measure of a successful HCP pillar of education and training. """

In Figure 2.1, the last core process in conceptual framework is the HCP outcome
measures. The HCP outcome measures are aligned with decision-makers’
competencies, drawn from the health system building blocks and the hearing
conservation practitioners’ competencies, measured from the quality of records in the
mine’s MLSs. To ensure efficient audiometry medical surveillance, each individual
miner’'s records should consistently include information stated in Figure 2.1 for each
miner. The mine’s integrated electronic health system (QMed) should ensure
integrated recording, analyses and reporting of each miner’s health and safety data as

illustrated by the arrow at the bottom of the conceptual framework.
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Therefore, the health systems strengthening conceptual framework employed in this
PhD study, adopted from the WHO'’s health systems strengthening framework’’,
explores risk assessment practices, which incorporate the three processes (health
system building blocks, MLSs, and HCP outcome measures), thereby highlighting the
benefits of an integrated data management for the mine’s audiometry medical
surveillance records. In 2001, Franz and Phillips?® recommended the integration of
basic KPIs in mines’ HCP review summaries. The health systems strengthening
conceptual framework moves beyond the recommendations made by Franz and

Phillips,?® and indicates the specific KPIs in the mine’s HCP review summary.
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Figure 2.1. Cohceptual framework adopted from the World Health Organization’s health systems strengthening
framework for an integrated HCP and prevention of occupational hearing loss (WHO, 2009)77
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CHAPTER 3: METHODOLOGY

3.1 Introduction

This chapter provides a layout of the methodology for this PhD. Audiometry medical
surveillance electronic records accessed from the mine’s MLSs (MS Excel spreadsheets)
were analysed to explore their role in risk assessment practices, and prevention of
ONIHL. The secondary data review processes are described in this chapter to provide a
detailed application of the risk assessment steps implemented and the HCP outcomes
obtained for prediction and prevention of ONIHL. Audiometry screening and occupational
hygiene records were analysed to examine hearing deterioration using miners’ STS, and
the associated exposure to noise and PMD, for miners employed at one of South Africa’s
largest platinum mines over a period of five years. This chapter concludes with the ethical

considerations of the study.

3.2 Study design

This was primarily a retrospective cohort study. Miners’ hearing deterioration was
tracked longitudinally over five years and risk factors associated with ONIHL were
identified. However, to address specific objectives of the study, other study designs
were used, for example, a cross-sectional design was used for objective 1; secondary
data analysis was used for objectives 2, 3 and 5 to describe ONIHL risks from the
miners’ records and estimated STS deterioration from 2014 to 2018; and a case study
design was used to address objective 4. Secondary data from a large platinum mine
were analysed to meet the objectives listed in section 1.5. The mine’s audiometry
medical surveillance records were accessed from the machine MLSs to describe risks
for ONIHL, and risk assessment practices used for the prediction and prevention of
ONIHL. Furthermore, the seven pillars of HCPs were identified from the data analysed
to describe risk assessment practices used to monitor miners’ hearing deterioration,

and predict risk of, and prevent, ONIHL.
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A quantitative approach was used in this study as the HCP electronic records were
accessed from the mine’s MLSs. Secondary data were accessed from the mine’s MLSs

and analysed to address the objectives of the research.

3.3 Study site
The data were accessed from one of the Anglo-American platinum mines in Limpopo
province, South Africa. The region in which the mine is situated (Figure 3.1), produces

more than 75% of the world’s platinum and the mine is one of the largest in the region.®

The choice of the mine was based on the large number of employees at risk of developing
ONIHL from exposure to excessive noise levels, the readily available miners’ audiometry
medical surveillance records, and the support offered by the mine’s hearing conservation
practitioners. The mine kept their data in MLSs so to identify risk factors associated with
ONIHL, and to track miners’ hearing over a period of time. This allowed easy access to

data for analysis.
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3.4 Study population

The study population included all miners whose data were captured in the mine’s HCPs
electronic databases (Excel spreadsheets) from 2014 to 2018. A miner was defined as
any employee whose records were captured in the mine’s MLSs, who worked
underground and/or on surface, was exposed to noise suspected to be above the
occupational exposure level (OEL) of 85 dBA*'4, and whose hearing was monitored by
the hearing conservation practitioners. The study period was from 2014 to 2018. The

population comprised +15 000 individual miners’ records captured in the mine’s MLSs.

3.5 Data sources

All data were accessed from the mine’s hearing conservation practitioners’ MS Excel

spreadsheets. The three data sources were:

Hearing screening dataset (dataset 1): Hearing screening is conducted annually on
each individual miner, by a qualified audiometrist who was also an occupational health
nurse (OHN), to assess risk for hearing loss. Data from the screening examinations were
stored as MS Excel spreadsheets in a hearing screening dataset. At the time of the study,
this dataset contained the bilateral audiogram records of 24 321 individual miners,
including the results of tested frequencies of 0.5, 1, 2, 3, 4, 6 and 8 kHz, which were used

to calculate PLH scores and bilateral standard threshold shift (STS).

Audiometry medical surveillance dataset (dataset 2): Data from the hearing screening
audiograms of miners considered to be at risk for ONIHL, with a percentage loss of
hearing (PLH) > 2.5% from baseline, and some miners who presented with ear-related
conditions (considered to indicate risk for ONIHL) were stored in this database. The
dataset comprised records from 1 938 miners who were referred by the audiometrist to
the OMP, of which 470 were referred by the OMP to the audiologist for diagnostic
audiology examinations. The dataset included 76 records of miners who had been
compensated for ONIHL.
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Figures 3.2 A and B show the outside and inside of the booths used by audiometrists to

conduct automated hearing screening for miners.

& L
BOOTH

Figure 3.2 A. The outside of an audiometry hearing screening booths

(Photo credit: Liepollo Ntlhakana)

- |

Figure 3.2 B. Inside an audiometry hearing screening booth
(Photo credit: Liepollo Ntlhakana)
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Occupational hygiene dataset (dataset 3): Occupational hygienists record exposure
data for occupational hazards that are known to cause illness or have adverse health
effects (including noise).?® These data are stored in a separate occupational hygiene
database. This database contained records of 15 769 individual miners and included
data on occupations (job titles), noise exposure levels (dBA), and platinum mine dust
(PMD) exposure levels (mg/m3). The occupational hygienist recorded occupational

exposures and risk-rankings in Figure 3.3 in the MS Excel spreadsheets.

Figure 3.3. Risk-rankings for occupational exposures
(Photo credit: Liepollo Ntlhakana)
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3.6 Data Collection

Data used for the study was already collected by the mine’s hearing conservation
practitioners (as described in section 3.5) and stored in electronic records in the mine’s
MLSs. The data were further organised, using the self-developed data collection sheet
(Appendix 8) as the inclusion criteria for the miners’ records included in the PhD study.
These were organised into MS Excel spreadsheets, and then imported into STATA
version 15.1. All data included the employee number, age and sex of each miner. These
three variables were used to merge the datasets, using STATA version 15.1. Table 3.1
illustrates the datasets accessed and managed during data collection process for the

study.

Table 3.1. Summary of data accessed from 2014 - 2018

Inclusion criteri Longitudinal secondary data analysis

Dataset 2 Merged datasets 1 & 3
Datasets
Data sources Audiometry Referred for Annual hearing screening (OHN)
(OMP) diagnostic and occupational hygiene records

audiometry (OMP) (Occupational Hygienist)
Accessed

Percentage loss 2 10% 2 2.5% <50%
of hearing (PLH)

Sample size (N) 470 1938 12 629
Sub-set Sub-set (n=73)
(n=76)
Variables Age; sex; occupation; noise exposure level; baseline, periodic and diagnostic

PLH; STS; ear-related conditions; ONIHL diagnosis
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3.7 Data analysis

Electronic secondary data were analysed using STATA version 15.1. The three
datasets accessed from the mine’s MLSs were merged, using the individual mine’
worker’'s number, date of birth and sex. Data were analysed differently for each study
objective. For objectives 1 and 2, data were analysed using descriptive statistics. For
objective 3 (to determine if the mine used a PDMS to identify miners at risk of ONIHL),
risk factors associated with ONIHL were identified using the functional risk management
structure. Thereafter, a logistic regression model was used for the baseline PLH
margins of 0% - 40% (in 5% increments) to estimate the adjusted predictions for miners
at risk of developing ONIHL. The contribution of noise exposure as a risk for ONIHL was
estimated using a two-way sample proportion test. For objective 4, ethical principles
prescribed by the Health Professions Council of South Africa, the POPI Act* and the
National Health Act’? that guide data access for medical research were applied to the
mine’s audiometry medical surveillance data to identify ethical challenges related to
data access. For objective 5, miners’ demographic and occupational exposures (noise
and platinum mine dust) were analysed to examine their association with STS. Age,
sex, PLH, and dust and noise data were used to predict STS, using a linear mixed

effects regression model.

Table 3.2 provides an overview of the objectives, data analysis, and the research

outcomes (study results) which are further summarised in Chapter 4.
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Table 3.2. Overview of objectives, analyses, and PhD outcomes

Objective

Data analysis

PhD outcome

To describe the audiometry surveillance
system (including record keeping) in a
large South African mine over a five-
year period (2014-2018)

To identify factors that impede the early
identification of ONIHL from mine
records captured within an information
management system from 2014-2018

Descriptive statistical analysis — frequency tables, bar graphs
to analyse miners’ audiometry medical surveillance records.

Paper 1: Occupational noise-induced
hearing loss in platinum miners: what do
the data tell us?

To determine if the mine used a proactive
data management system (PDMS) to
identify miners at risk of ONIHL

Descriptive statistical analysis — frequency tables and the
functional risk management framework were used to identity
risk factors associated with ONIHL.

A logistic regression model was used for the baseline PLH
margins of 0% — 40% (in 5% increments) to estimate the
adjusted predictions for miners at risk of developing ONIHL.

Two-way sample proportions test (z-test) was used to
estimate the contribution of noise exposure as a risk factor
for ONIHL.

Paper 2: Estimating miners at risk for
occupational noise-induced hearing loss:
A review of data from a South African
platinum mine

To establish how the mine manages
miners presenting with risk factors
associated with ONIHL within the HCP

Case study. Self-developed checklists used to review the
mine’s electronic audiometry medical and occupational
hygiene records. Document analysis was used to describe
data access practices for ONIHL prediction and prevention.

Paper 4: Using machine learning
systems to predict occupational hearing
loss for platinum miners in South Africa: A
case study of ethical challenges to
research in the mining industry

To propose an early identification
predictive tool for ONIHL

Mixed effects linear regression model.

Paper 3: Predicting standard threshold
shifts for occupational hearing loss
among miners at a large-scale platinum
mine in South Africa
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3.8 Ethical considerations

The study adhered to ethical considerations. Permission to use the miners’ electronic

data was granted by the participating mine. Ethics clearance was obtained from the

University of the Witwatersrand’s Human Research Ethics Committee (Medical);

Clearance certificate no. M180273 (Appendix 1).

e Confidentiality: Data accessed from the participating mine’s MLSs was stored
securely; access to the data was restricted to the researcher and supervisors. All
identifiable participants’ personal information was excluded from the datasets
provided by the mine. Strict confidentiality was adhered to when analysing and/or
handling data.

e Anonymity: data were coded and encrypted to ensure confidentiality and secure the
records.

e Data preservation strategy and standards: Data collected from the participating
mines were stored securely for the duration of the study as prescribed by the
university research guidelines and the mines’ guidelines, according to the POPIA,
2013.
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CHAPTER 4: RESULTS

4.1 Introduction
This chapter provides an overview of the results of the research. Four scientific papers
were drafted and submitted in fulfilment of the PhD study. The published and submitted

papers can be found in appendices 2 to 5.

4.2 Summary of papers

4.2.1 Paper 1: Record keeping in a hearing conservation programme of
a South African platinum mine: what are we missing? (Appendix 2)

This paper addresses the first two objectives of the PhD, viz. to describe the electronic

records of a South African platinum mine’s audiometry medical surveillance system,

and to identify risks that impede early identification of ONIHL.

All miners were male; their mean age was 47.7 + 8.5 years (range 21 - 63 years) and

their mean years of experience was 10 * 8 years (range 1 - 18 years).

The ear-related conditions of the miners examined by the OMP, the occupations and
related noise levels, and the characteristics of miners with and without ONIHL, were
described. Of the 305 individual miners’ records reviewed from 2014 to 2017, 76
miners were diagnosed with ONIHL. Some of the miners were diagnosed with other
ear-related conditions (n=29), and 94.8% were exposed to excessive noise levels at
work. Some miners’ audiometry medical surveillance records were incomplete, i.e.
missing information on hearing thresholds (23.6%). The conclusion was that
incomplete and insufficient audiometry medical surveillance data restrict the mine’s
efficient implementation of hearing conservation programme (HCP) elements aimed
at mitigating ONIHL.
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4.2.2 Paper 2: Estimating miners at risk for occupational noise-induced
hearing loss: A review of data from a South African platinum mine
(Appendix 3)

Paper 2 addresses the second objective of the PhD, viz. to determine if the mine used

a PDMS to identify miners at risk of ONIHL. This paper was based on secondary data

analyses to assess factors that hearing conservation practitioners deemed useful for

identifying ‘at risk’ miners; and to establish factors that would pave the way for the
integration of the 2014 HCP milestones into the mine’s current proactive data
management system (PDMS). In this paper, two datasets were reviewed: one of
diagnostic audiometry records (N = 1938), and a second of miners diagnosed with
ONIHL (n = 73) from 2014 to 2018.

The findings revealed that only 34% (n = 669) of the miners had valid baseline
audiometry records. Miners with a 0% baseline PLH had a 20% predicted risk of
ONIHL, and a 45% predicted risk if they had a 40% baseline PLH; 80% (n = 59) of the
miners diagnosed with ONIHL were exposed to noise levels ranging between 85 dBA
to 104 dBA. It was concluded that there were gaps in the mine’s PDMS - indicating
that the mitigation of risks for ONIHL requires further attention, and that the quality of
the mine’s audiometry medical surveillance records should be improved to ensure that
the HCP is effective.

4.2.3 Paper 3: Predicting standard threshold shifts for occupational
hearing loss among miners at a large-scale platinum mine in South
Africa (Appendix 4)

This paper addresses objective 5 of the PhD, viz. to propose an early identification

predictive tool for ONIHL. The association of STS with exposure to noise and platinum

mine dust (PMD) were examined, and a mixed effects linear regression model was
used to estimate the association of STS with occupational hearing loss among miners
at the platinum mine, using demographic data and five years of audiometry, noise, and
dust data. The dataset used for the analysis contained 17 304 individual miners’
records, of which total of 4 675 were excluded for various reasons (duplication,

missing variables, etc.). Thus, there were 12 692 miners’ records analysed for the
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period 2014 to 2018, to predict miners’ STS, using age, sex, noise and PMD levels,
and percentage loss of hearing (PLH) variables. Miners were categorised by sex, age,
noise exposure levels, PMD levels, PLH and STS scores as illustrated in Table 1 in
the paper submitted.

There were more male miners (89.6%) than females (10.4%) and more than 50% of
the miners were younger than 41 years. The findings from the linear mixed effects
model estimated exposure associated with sex (being male) at 27% and 21% for the
left and right ear, respectively. The estimated effect of age, PLH, noise exposure and
years of exposure was < 10% for each variable. There was no statistically significant
association between PMD and STS in hearing. The conclusion was that the combined
effects of age, sex, years of exposure to noise, and noise exposure levels, and their

strengths of associations, may be used to predict STS for this group of miners.

4.2.4 Paper 4: Using big data to predict occupational hearing loss for
platinum miners in South Africa: A case study of data sharing
practices and ethical challenges in the mining industry (Appendix
5)

Paper 4 addresses objective 4 of the PhD, viz. to establish how the mine manages

miners presenting with risk factors associated with ONIHL from the mines’ HCP

records captured in MLSs. Therefore, paper 4 describes audiometry medical
surveillance data and ethical challenges in accessing data from MLSs used for the
prediction and prevention of occupational hearing loss in miners at a South African
platinum mine. The findings from this paper showed that some audiometry screening
and occupational exposure records were incomplete and/or inaccurately captured;
access to miners’ medical conditions and treatment records was denied; and ethical
challenges found were around a lack of clarity regarding permission rights for
researchers and a lack of standardised recording of audiometry surveillance data.

Furthermore, there was no criteria governing divulgence of miners’ confidential

personal and medical records for research. In conclusion, efficient MLSs, and the

application of medical ethics for the prediction and prevention of occupational hearing
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loss, depend on accurate and consistent HCP data input and clear company

regulations related to data access for medical research.

4.3 Conclusion

The mine’s risk assessment practices partially enable audiometry medical surveillance
to identify risks associated with, and miners at risk of, developing ONIHL. However,
factors such as poor quality of audiometry medical surveillance records, siloed
reporting of occupational exposures and health risks, specifically associated with
ONIHL, and the use of different data sources by hearing conservation practitioners
affect the mine’s MLSs efficiency to monitor miners at risk for ONIHL. Furthermore,
the mine’s company policies and regulations around data handling and access for
medical research should be clarified in order to encourage collaborations with
research institutions, allow for independent objective review of data, and allow for
objective contextually relevant evidence-based practice.
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CHAPTER 5: DISCUSSION

5.1 Introduction

Occupational noise induced hearing loss is an avoidable disease that requires
adequate preventive measures to be implemented by the mines. Yet, according to the
WHO"® and the South African MHSC*®, ONIHL prevalence rates provide evidence to
the contrary. Evidently, HCPs, introduced specifically by the South African mines in
1988, their mitigating strategies have not been successful at preventing ONIHL in

miners, possibly due to the heavily industrialised nature of South Africa mines.?®

The design of HCPs constitutes seven pillars, viz. noise measurements, engineering
controls, administrative controls, education and training, HPDs, medical surveillance
and audiometry.'4?° Five of the seven pillars (noise measurements, engineering
controls, medical surveillance and audiometry, HPDs and risk-based medical
surveillance) were investigated by occupational health researchers. Although research
has focused on noise measurements, audiometry measures and the use HPDs, these
controls have not successfully mitigated risk for ONIHL.1%2224253L35 Thijs s
exacerbated by the way in which the mines record data — as reported by Begley in
2006.17 Begley reported that the South African mines’ inability to collect data uniformly
and systematically negatively impact miners’ HCP electronic records,!” which may
have resulted in challenges such as poor quality data. This, in turn, impeded data
analysis'’ and restricted data access for research purposes.®3 These challenges
impede the prediction and delay efforts towards the prevention of occupational hearing
loss. Although Begley’s report is more than 15 years old, and mines have begun to
invest in improved data management systems, there is no recent research that

interrogates the mines’ audiometry medical surveillance records.

The aim of this PhD research was to explore risk assessment practices, which
incorporate data management, at a large-scale platinum mine in Limpopo province,
South Africa, with the aim of proposing a predictive tool for the early identification of
ONIHL. The specific objectives were accomplished by analysing the miners’ electronic
audiometry medical surveillance data. The research findings facilitated the

understanding of the miners’ hearing function; risk factors associated with ONIHL,;
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implementation of the mine’s audiometry medical surveillance programmes; hearing
monitoring procedures and interventions for miners diagnosed with ONIHL; and data
management within the integrated HCP health system that is used to predict and
prevent ONIHL. The findings highlight the importance of maintaining good quality
records that can be analysed to predict miners’ hearing deterioration, and to facilitate
the early identification of risk factors for occupational hearing loss, with the intention

of preventing deterioration in hearing function.

In this chapter, | discuss the key findings from the research as presented according to
the listed objectives, which are mirrored in the papers presented in Chapter 4
(published, or submitted for publication), as illustrated in Table 3.2. In addition, |
propose recommendations for the systematic and integrated management and
prevention of ONIHL for the study mine, which could be applied to other mines. |
conclude the chapter by highlighting the scholarly contribution and policy impacts of

the research that | conducted.

5.2 Key Findings

The research findings are grouped and discussed in accordance with the main
processes of the health system strengthening conceptual framework (Figure 2.1). The
three main processes are health system building blocks, MLSs, and HCP outcome
measures. Figure 5.1 is used to illustrate the mine’s integrated HCP outcomes
grouped into the prevalence of ONIHL in miners, risk factors associated with ONIHL
and the MLSs used to record miners’ audiometry medical surveillance records and

predict early signs of ONIHL.
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Figure 5.1. A summary of the mine’s integrated HCP outcomes for ONIHL

prevention

5.2.1 Prevalence of occupational noise induced hearing loss

Trends in the prevalence of ONIHL in the miners were calculated from 2014 to 2018.
The objectives of the study included estimating the prevalence of ONIHL at the mine.
In analysing the mine’s audiometry medical surveillance records, and identifying
factors that impede early identification of ONIHL from the mine’s records, miners’
hearing function was described, and risk factors associated with ONIHL were identified
to show impeding factors which negatively impact the early identification of ONIHL.
The mining company used the number of miners diagnosed with ONIHL to calculate
and report the prevalence of ONIHL, as well as to show progress made by the mining
company to reduce the prevalence of ONIHL. Analysis of the audiometry hearing
screening data showed that 10% (n=1 274) of the miners had a PLH > 5% and STS =
26 dBHL, and that 76 were diagnosed with ONIHL from 2014 to 2018. Although the
PLH and STS scores defined 10% of the miners to be at risk of ONIHL, fewer than
10% had a confirmed diagnosis of ONIHL.
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In the 2016/2017 DMRE annual report, the platinum mining industry reported 47%
(535 platinum miners out of a total of 1 141 ONIHL cases reported in 2017) cases of
ONIHL. There was a 10% increase in cases of platinum miners diagnosed with ONIHL
in 2017, with 537 reported cases (out of a total of 1 141), compared to the 347 cases
out of a total of 966 in 2016.16 There are discrepancies between ONIHL cases reported
by the DMRE and individual mines. Nevertheless, it is evident that the mines are
struggling to prevent ONIHL.*® Of concern is that, even though there has been a
decrease in the number of cases of ONIHL reported by individual mines, there is still
a lack of understanding about, and recording of, the risk factors associated with
ONIHL, as well as the actual prevalence rates of ONIHL on individual miners in South
African mines.848% Thus, the mining industry requires prevalence studies to account

for the disabling hearing loss in the workplace.

5.2.2 Risk factors associated with occupational noise induced hearing

loss
Recording audiometry, medical and occupational hygiene surveillance data in multiple
databases can result in ineffective HCP interventions. The miners’ records in the
research study were kept in three different databases by the OHN, OMP and
occupational hygienist. There was an additional database that contained information
about a number of risk factors associated with ONIHL, such as ear-related conditions
(impacted wax, ear infections, ear surgeries), TB and HIV treatments, types of HPDs
provided to miners, and occupational exposures such as noise and chemicals.
However, this database was not made available during the research study, which
hindered accurate estimation of the associated risks of ONIHL on individual miners.
The consequences of excluding data, in this case study included lack of proper
surveillance and an inability to institute early preventive interventions. There is a need
for integration of miners’ electronic records to ensure accurate and valid identification

of miners at risk for ONIHL.86

Risk factors associated with ONIHL include modifiable and non-modifiable factors.
Modifiable risk factors include exposures (to occupational noise, recreational noise,
dust, and chemicals); and lifestyle factors (smoking, and other behaviours that are

associated with hypertension). Modifiable risk factors are preventable.8” However,
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non-modifiable risk factors cannot be changed. These include age, genetic
susceptibility, race and sex. Inclusive HCPs should consider both modifiable and non-

modifiable risk factors when addressing the prevention of ONIHL.

Occupational noise exposure is the main modifiable risk factor associated with ONIHL,
and has a direct impact on miners’ quality of life. Miners exposed to excessive
occupational noise have reported difficulty in hearing, which can affect their ability to
communicate with peers and family, and prevent them from hearing warning signals
at work.?® Miners in our study were exposed to noise levels as high as 104 dBA, in
addition to platinum mine dust (PMD), silica dust, carbon monoxide, and nitrogen
sulphide, which were reported to be below detectable levels.8-%0 Although, these other
occupational exposures have been reported to have limited health risks, there are
some reports about associated allergic reactions associated with occupational hearing

loss.88-90

The main concern is the effect of excessive noise levels on ONIHL, which has been
reported in previous studies. Interventions to reduce noise exposure include the use
of HPDs and the purchase of quieter equipment to reduce noise emission. However,
intervention efforts have not had a significant effect on reducing the prevalence of
ONIHL.248 While noise exposure is addressed in mine hearing loss interventions,
(more recently, through the purchase of quieter equipment)*®, there is limited literature
from the South African mines. Other modifiable risk factors such as the use of HPDs?5,
and exposure to PMD, silica dust, carbon monoxide, and nitrogen sulphide are not
considered in HCPs intervention strategies.

Younger male miners were at risk for ONIHL within the first 10 years of working in the
mines. This might be associated with non-modifiable risk factors such as genetic
factors and sex; and modifiable risk factors, such as history impacted wax in the ear,
otitis media, exposure to recreational noise and other factors.?6.97.190 Therefore, to
allow for early intervention and prevention of ONIHL, the hearing function of younger
miners who have been identified with non-modifiable risk factors should be
comprehensively and regularly monitored from the time that they enter the mining
industry.8081,101
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5.2.3 Machine learning systems used for risk assessment of miners with
occupational noise induced hearing loss

Machine learning systems used in HCPs by the South African mines record and

analyse miners’ audiometry medical surveillance records and provide a basis for the

prediction of ONIHL. Therefore, MLSs used by the mines should improve HCP risk

assessment; and data accessed in the MLSs should be of good quality and be easily

accessible for research purposes, in order to identify early signs of ONIHL.

Risk assessment methods for miners with occupational noise induced hearing
loss

The risk assessment practices used by the mine’s hearing conservation practitioners
indicated a skewed audiometry surveillance of (and analysis of) risk factors associated
with ONIHL. On exploration of the mine’s PDMS used to manage miners at risk of
ONIHL, it became evident that the mine’s hearing conservation practitioners used
different databases, which were activity specific. For example, the occupational
hygienist’s database contained only occupational exposures and exposure level data.
The ADBA technique that was used by the mine lacked complete audiometry records.
For example, some miners’ audiometry screening records were incomplete; and for
some miners diagnosed with conductive hearing loss there were no follow-up
audiometry records. Furthermore, data regarding diagnosis and treatment for those
with diabetes and hypertension and those on TB and HIV treatments, was missing
from the records, rendering them incomplete. This made the records, effectively
incomplete. Consequently, risk management methods did not effectively identify
miners at risk of developing ONIHL. Therefore, it is recommended that non-modifiable
risk factors for ONIHL be included in audiometric monitoring as a prevention strategy
for ONIHL.%3

Record keeping and methods to prevent occupational noise induced hearing
loss

Accurately and confidentially kept audiometry medical surveillance records of
individual miners is key to ensuring consistent tracking of miners’ hearing and to
measure the efficiency of the mine’s HCP in preventing ONIHL, as well as ensures

protection of those records.!’ In tracking miners’ hearing, the mining company used
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STS = 26 dBHL to classify a miner as being at risk of having ONIHL.%® This ‘risk
definition’ is mandated by the MHSC (Regulation 839) for South African mines. It is
more sensitive than the 35 dBHL hearing loss classification, which is recommended
by the WHO? to be used for early identification of ONIHL. The South African mines
additionally use the PLH scores to track miners’ hearing function, and the PLH scores

(Instruction 171) are used for ONIHL compensation.38:46

Although both PLH and STS are used to track miners’ hearing, they are calculated
using different methods and, consequently, their HCP outcomes differ. Findings in this
thesis showed an average 1.7 dBHL STS and a minimal PLH shift (1.2%) for the
miners, from 2014 to 2016. The PLH scores provided information about the miners’
low frequency hearing, which is important for speech and communication abilities.?
The STS provides important information about hearing in the high frequency zones,
which indicates early onset of ONIHL. Occupational noise-induced hearing loss initially
affects the high frequencies, which is why the use of STS is recommended by the
DMRE (Regulation 839) as being essential for ONIHL prevention.®® However, the STS
used by the South African mining industry is limited to the 2, 3, and 4 kHz high
frequencies and is not the extended to the high frequency range of 3, 4, and 6 kHz.
These additional frequencies are used by the National Institute of Occupational Health
and Safety (NIOSH) to identify hearing loss prevention. Due to excessive noise
exposure levels emitted by some mining equipment, the industry should consider
including the extended high frequencies in audiometry surveillance. There is also a
need for the South African mines to define their HCP outcomes, as set out for PLH

and STS, in tracking miners’ hearing function.

Data access for prediction and prevention of occupational noise induced
hearing loss

Gaining access to miners’ audiometry and occupational hygiene records is more
complicated than gaining access to the medical records. During data collection, it
became evident that the mine’s hearing conservation practitioners used different data
access practices for medical surveillance data and HCP data. Miners’ medical
conditions (HIV and TB) and treatments thereof were not available for review. The
hearing conservation practitioners cited medical ethics and POPIA restrictions as
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reasons for denying access to the records. Treatments for TB and HIV are associated
with NIHL, but lack of access to these data case impedes our understanding of ototoxic
monitoring practices used to predict early signs of, and prevent ONIHL.?® The
additional consequence of data restrictions to miners’ medical conditions and
treatments is that it hinders research efforts to assess HCP outcomes for ONIHL and
will negatively affect decision-making processes regarding the implementation of
effective and more productive noise exposure intervention strategies for the prevention
of ONIHL.83

The research described in this thesis was one of the first attempts to review the HCP
electronic records to explore the mine’s systematic approach to risk assessment.
Concurrently, the issues of medical ethics and protection of personal information for
the management of miners at risk for ONIHL was explored. More studies related to
medical ethics are necessary, incorporating the review of the mines’ HCP electronic
records, to comprehensively understand the surveillance programmes implemented
by the mines, the types of records used to monitor miners’ hearing and prevent ONIHL,

and related ethical practices.

Prediction of occupational noise induced hearing loss

Accurate prediction of ONIHL requires complete and valid audiometry data to
systematically track miners’ hearing during their employment. This study was one of
the first to use miners’ audiometry records to examine the association of STS with
occupational hearing loss, and estimate the risk of ONIHL among miners. The
combined effects of age, sex, years of exposure to noise, and noise exposure levels
can be used to predict STS for the group of miners in our study. In addition, changes
were observed in the miners’ hearing levels, ranging from 8.3 at baseline (2014/2015)

to 10 dBHL in 2016, showing a 1.7 dBHL average hearing deterioration over two years.

The noise exposure records for miners showed a maximum level of 105 dBA. More
than 70% of the miners in the cohort were exposed to > 85 dBA over the five-year
period. Grobler et al. (2020), used the averaged high frequencies (2,3,4 kHz) and
predicted hearing deterioration rates of 3.5 dB and 2.9 dB for gold miners exposed to

noise and those not exposed to noise, respectively, over a period of four years.?®
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Findings from this research highlight the need for the South African mines to further

investigate their noise reduction strategies.

The combined estimated effect and the risk-ranking of risk factors, such as
recreational noise exposure; previous occupational noise exposure; history of
conductive hearing loss; and the use of ototoxic medication for TB and HIV, on the
miners’ auditory system is known.25285781 |n a systematic review, Golmohammadi and
Darvishi (2019)%2 combined the effects of occupational exposure to noise and other
risk factors associated with ONIHL, and provided a risk ranking of factors (personal
factors, occupational factors, physical agents, and chemical agents) associated with
ONIHL, from the highest risk category (personal factors) to the lowest risk category
(occupational factors).®? High noise exposure levels, which continue to be reported by
the South African mining industry; increase the miners’ risks of ONIHL and should be
monitored in conjunction with non-modifiable risk factors to ensure accurate prediction

and early signs of ONIHL.2>34

5.3 Integrated research findings

To reduce the burden of ONIHL, which affects most South African miners, a complex
interplay of intrinsic and extrinsic factors related to the individual miner, the employer,
hearing conservation practitioners, and policymakers, influence the implementation of
a successful and efficient HCP. Occupational hearing loss may be avoidable for
miners should noise controls (engineering administrative and use of HPDs) be
adequately implemented by the mines’ hearing conservation practitioners. The use of
a health systems strengthening conceptual framework, and a systems thinking
approach, to explore the mine’s HCP and ONIHL in this study, allowed for an

integrated view of the mine’s HCP.

Consequently, a standardised format for recording audiometry medical surveillance
data to allow for accurate assessment of the effectiveness of mines’ HCPs was
proposed. This promotes best practice principles.8® The emerging areas of interest,
drawn from the health systems strengthening framework, were guided by the WHO
health system?®, and provided an integration of the research objectives. These

included medical surveillance service delivery processes, management of miners at
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risk for ONIHL, maintenance of medical surveillance records, data access
technologies and challenges, hearing health policies, and human resource issues.

Table 5.1 summarises the emerging areas of interest drawn from the findings.

49



Table 5.1. Summary of the emerging areas of interest

Emerging areas of interest

Summarised findings

Audiometry medical surveillance service delivery

processes

All miners are mandated to attend annual audiometry medical surveillance.
Audiometry medical surveillance records contain PLH and STS scores to track miners’

hearing.

The main risk factor that triggers audiometry

medical surveillance

Driven by noise exposure levels.
Other modifiable and non-modifiable risk factors associated with ONIHL were under-

reported.

Management of miners at risk for ONIHL

The mine’s MLSs did not comprehensively integrate risk factors associated with ONIHL,
lacked advance data analysis for prediction of ONIHL, HCP outcomes could not be

measured due to incomplete audiometry medical surveillance records for individual miners.

MLS technologies and data access challenges:
POPI Act vs Ethical Codes of best practice

Restricted to MS Excel which hinders the application of advanced data analysis required to
develop predictive models.

Marked by inconsistencies in the miners’ records.

POPI Act and Ethical codes’ contradictions and restrictions regarding sharing of miners’

medical information.

Discrepancies between regulations and practice:

hearing health policy

A bottom-up approach from individual miners to hearing conservation practitioners to the
mine managers, requires role clarification aligned with the mine’s HCP outcomes, to

ensure an efficient HCP.
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5.4 Strengths and limitations

The research had both strengths and limitations, many of which were related to the
analysis of (secondary) administrative data. While the data were relatively easy to
access, there were restrictions based on confidentiality. Access to secondary data
saved resources (time and money), and the datasets contained most of the required
variables. Statistical methods used to analyse the data varied, and were a strength of
the study. The research was strongly supported by the hearing conservation
practitioners who were instrumental in collecting the data. However, yet not
unexpectedly, some of the records were incomplete, and some of the data were of
poor quality. This is not uncommon when data are collected for non-research
purposes, as data collection is often less rigorous where there are fewer validity

checks.102

The restriction of access to the miners’ medical surveillance records — which included
chronic medical conditions and treatment — was a limitation that affected the ability to
develop a comprehensive predictive model. Thus, not all risk factors associated with
hearing loss were included in the model. All limitations were communicated to the
mine’s hearing conservation team and occupational health and safety managers at a

series of meetings held at the mine.

The different data sources and different capturing formats used by the mine’s hearing
conservation practitioners presented difficulties. To address these problems, rigorous
data cleaning was conducted prior to analysis: the first in MS Excel, and second in

STATA version 15.1. In STATA, simple and complex data analysis were performed.

The study relied on the available secondary data, which was accessed from 2014 to
2018, and the data used contained once-off measurements of the exposures and
hearing health effects. Thus, the analysis and findings could not be used to derive

causal relationships between exposures and the outcome.

The mixed effects linear regression model used in the study was not tested to develop
the predictive model which may be important to highlight future hearing deterioration

for this group of miners. However, findings of the linear regression model highlighted
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the strength in association for the risk factors. In addition, the data used in the mixed

effects linear regression model, and the results obtained from the model, may be used

to propose the predictive model for early identification of ONIHL.

5.5

Recommendations

The recommendations are based on the global summary of findings of this PhD

research and may be used by the mine to improve their HCP effectiveness and prevent
ONIHL.

The specific recommendations to be considered by the mine are as follows:

Using combined medical surveillance records will allow the mine’s hearing
conservation practitioners to holistically address each individual miner’s
hearing health risks and apply individualised interventions, as well as to engage
in nuanced discussions regarding the miners’ ear and hearing health and their
services thereof.

A clearly outlined risk assessment criteria for medical surveillance and
monitoring of miners at risk of occupational hearing loss should be mine-and-
miner-specific in order prevent any type of hearing loss, thereby incorporating
occupational exposures and hearing health risks. The criteria for risk
assessment should also be expanded into the audiometry short course
curriculum, so to improve audiometry skills for OHNs, OMPs and audiologists.
There were specific challenges that were outlined in paper 3 regarding using
secondary electronic records (for example, some miners’ employee numbers
were missing; incomplete dates of birth were recorded; there were duplicate
records; PLH scores were >50%; and access to medical condition records were
restricted). These points may be used to guide future research during data
management to improve the quality of HCP records.

Streamline of technologies used by the mines for data recording and reporting
HCP to the mines’ cloud system would improve the quality of records kept, and

surveillance outcomes set out by the mine would prevent ONIHL.
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The POPI Act and Medical Ethics Codes should be reviewed and integrated
into the mines’ MLSs to support the end-users, secure miners’ records, to
ensure easy access during reporting, for medical research purposes, as well as
to influence health policy.

Allow for a bottom-up approach for HCP risk assessment and management
(hearing conservation practitioners) to drive medical surveillance service
delivery processes to strengthen the mines’ hearing health systems.

Human resource support, such as regular reviews by mine managers of
monitoring of the ratio of hearing conservation practitioners to miners, so to
reduce staff burnout effects, which, in-turn affect HCP data quality.
Interdisciplinary collaborations amongst hearing conservation practitioners
should be encouraged to reduce the burden of ONIHL on miners, such as the
introduction of education and training to improve miners’ understanding of
hearing health care, the importance of an understanding of integrated

audiometry medical surveillance on their hearing health.

5.5.1 Recommendations for future research

This study was a review and an analysis of the mine’s secondary audiometry,

medical and occupational hygiene data, which was used to explore the risk

assessment for ONIHL, with the hope of proposing a predictive model for early

identification of ONIHL. Numerous possibilities for future research are listed as

follows:

This study used siloed audiometry medical surveillance which created a
skewed analysis of the mine’s HCP. This, in turn, provided incomplete HCP
outcomes. A follow-up study may consider including datasets previously
excluded from this study — such as medical conditions and treatments — so to
provide a holistic view of the mine’s HCP and replicate similar analysis in order
to generalize findings for the South African mining industry;

ADBA data analysis and risk characterization used in this study may be further
explored. Additionally, classifications of workers into HEGs may be considered
by other industries where noise is a problem, in order to determine ONIHL

trends in those groups;
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In order to predict ONIHL, research that explores data analysis, and which
integrates managing secondary data with missing hearing thresholds for the
miners, may be conducted;

e While this research explored and identified inefficiencies in the mine’s HCP
linked to human resource capabilities, future research may explore capacity
strengthening for hearing conservation practitioners;

e Future research should explore the additional effects of reverberation and direct
noise exposure, combined with the use of HPDs, and other administrative and
engineering noise control measures, along with education, training, as enforced
by safety rules and policies;

e Comparisons of data accessed from MS Excel, and data stored in the cloud for
consistencies in reporting occupational exposures and health risks, may be
conducted by researchers in order to continuously improve research for HCP
in the South African mines;

e The inclusion of the miners’ records of those diagnosed with TB and HIV may
be incorporated in the statistical model used in this research study in order to
enhance prediction of ONIHL for miners;

e An exploration of the quality of life for miners diagnosed with TB, HIV and
occupational hearing loss; and

e The impact of education and training on the mine’s data management system,

in order to improve the mine’s data quality for medical research.

5.6 Scholarly contribution of the PhD study

Summary of literature reviewed on the mines’ HCPs, and the scholarly contribution

of the PhD study explored towards the prediction and prevention of ONIHL.

Table 5.2 summarizes gaps in the literature, and the contribution of the PhD in

addressing some of these gaps.
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Table 5.2. Summary of literature review

Study objective

What is known

Knowledge gaps

PhD scholarly contribution

Prevalence of
ONIHL

Worldwide estimated prevalence of ONIHL
due to noise exposure ranges from 7% to
21%.

African countries have higher prevalence
rates (>20%) of ONIHL.

There is a dearth of recent studies on
prevalence rates of ONIHL.

Used recent miners’ records to show
risk assessment practices used to
identify cases of miners diagnosed with
ONIHL, and those compensated for
ONIHL.

The study established a baseline for a
cohort study.

Risk factors
associated with
ONIHL

Noise exposure is considered the main risk
factor for ONIHL.

Age and sex, exposure to recreational
noise and chemicals, and ototoxic
treatment for TB and HIV are associated
with ONIHL.

More studies are needed to investigate
the combined effect of all the associated
risk factors on the miners’ hearing
function and auditory system.

Provided a description of the miners’
risk assessment approach, risk factors
specific to the mine and efficiency of the
mine’s audiometry surveillance.

15t study to estimate miners’ risk for
ONIHL using baseline PLH scores.

HCP record
keeping

Globally, HCPs are implemented to
prevent ONIHL.

Regulations and guidelines exist in South
Africa for the reporting of the number of
miners exposed to excessive noise levels
and cases of ONIHL.

Dearth of studies on the following HCP
pillars: risk-based medical surveillance
and administrative controls used by the
South African mine.

There is a need to explore
epidemiological studies for the
prevention of ONIHL in the South African
mines.

Measured the efficiency of the mine’s
HCP towards ONIHL prevention.

Highlighted the importance of
combining audiometry and medical
surveillance as tools for audiological
monitoring.

Prediction of
ONIHL

Tracking of miners’ hearing thresholds
using high frequency thresholds for all
miners to show a deterioration over time.

Cases of conductive hearing loss (CHL)
reported with some of the miners.

Prediction of hearing loss was based on
exposure to excessive occupational noise.

Literature gaps on:

Audiological monitoring of miners on
treatment for TB, HIV and cancer;

Other occupational exposures such as
dust and chemicals associated with CHL;
Studies that show a combined effect of
risk factors on the miners’ auditory
systems and hearing functions.

This is the first study to:

Use miners’ STS to examine the
association of occupational hearing loss
with exposure to noise and platinum
mine dust;

Included platinum mine dust (PMD) as
an additional occupational exposure, to
predict hearing deterioration.
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5.6.1 New knowledge
New knowledge has been drawn from the key findings and has been organised in
accordance with the study objectives and papers published and submitted.

To describe the audiometry surveillance system (including record keeping) and
to identify factors that impede the early identification of ONIHL from the mine’s
records over a five-year period (2014-2018). Paper 1. Occupational noise

induced hearing loss in platinum miners. What do the data tell us?

In paper 1, this research study provides risk assessment and management criteria
used by hearing conservation practitioners to identify miners at risk of developing
ONIHL. This paper further highlighted factors that impede prevention of ONIHL. The
findings indicate that other occupational exposures associated with ONIHL, such as
PMD, silica dust, carbon-monoxide, nitrogen sulphide, medical conditions and
treatments thereof were excluded from the mine’s HCP. Thus, the mine’s risk
assessment for ONIHL provided a limited view of the miners’ occupational exposures
associated with the ONIHL risk, hence an inability to institute early intervention that is

preventive, rather than compensatory, in nature.

The findings indicated that the prevalence of ONIHL, based on the number of ONIHL

confirmed cases, was less than 10%.

To determine if the mine used a proactive data management system (PDMS) to
identify miners at risk of ONIHL. Paper 2: Estimating miners at risk for
occupational noise-induced hearing loss: A review of data from a South African

platinum mine.

This study is one of the first to explore the ADBA method using miners’ audiometry

medical records in order to determine whether the mine used a PDMS. The ADBA

method was recommended by Franz and Phillips in the early 2000s, specifically for

the South African mining industry to monitor miners at risk of developing ONIHL. In

addition, the ADBA method was used to determine the relevance and accuracy of the

records in predicting early signs of ONIHL. The data collection and analysis method
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used in this study may be explored by other mining commodities to determine

generalisability of our results.

In this paper, records for miners diagnosed with ONIHL were analysed, in order to
predict risk for ONIHL at baseline. The logistic regression results indicated that miners
with a 0% baseline PLH had a 20% predicted risk of ONIHL. It is concerning that only
34% of the 1 938 records of miners referred to the audiologist for diagnostic

audiometry had valid baseline PLH scores.

To propose an early identification predictive tool for ONIHL. Paper 3:
Predicting standard threshold shifts for occupational hearing loss among

miners at a large-scale platinum mine in South Africa.

Paper 3 showed that PLH and STS (new milestone) scores (calculated from the
miners’ pure tone air conduction thresholds) were from similar high frequencies
(234kHz) and were used concurrently. However, PLH scores are heavily weighted on
the low frequencies. This study was one of the first to use miners’ audiometry records
to predict STS and explore risks for ONIHL. The findings show that the combined
effects of age, sex, years of exposure to noise, and noise exposure levels can be used
to predict STS for the group of miners in this study. The STS calculated from 2014 to
December 2016 (1.7 dBHL from baseline) may be used by the mine show their
outcome for the Regulation 839 (NIHL Milestone).

In paper 3, the data analysis method used was a linear mixed effects model. This
method aims to estimate the associated effects of various exposure factors on the
bilateral STS, and to examine miners’ hearing deterioration using STS, when the
miners’ age and sex were controlled. Goodness of fit validated the final mixed effects
linear regression model using likelihood ratio test. This is one of the first studies to

complete this type of modelling for a platinum mine in South Africa.
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To establish how the mine manages miners presenting with risk factors
associated with ONIHL within the HCP. Paper 4: Using big data to predict
occupational hearing loss for platinum miners in South Africa: A case study of
data sharing practices and ethical challenges in the mining industry.

Paper 4 highlights data access restrictions brought by medical ethics and the POPI
Act, which hinders research for the prediction and prevention of ONIHL. This study is
one of the first to review the mine’s HCP electronic records (so to explore the mine’s
systematic approach to risk assessment), and of the first to explore medical ethics and

protection of personal information for the management of miners at risk for ONIHL.

Additionally, the current climate of instability in the mining industry was also
considered as a possible challenge in terms of data access for hearing conservation

practitioners (for example, the miners’ medical records).

5.7 The policy impact of the PhD study

A series of studies drawn from this research contributed to the ongoing debates
around the burden of ONIHL on individual miners and the mines, and the measures
required to prevent the persistence of ONIHL in South African miners. In order to
improve the effectiveness of the mines’ HCP surveillance system, data should be
managed in MLSs, which allow for decentralisation of the mines’ records. This has the
potential to strengthen the mine’s hearing health systems and service delivery, and
therefore prevent ONIHL. While reinforcing previous studies’ reports on the risk factors
associated with ONIHL in South African miners, and the fact that reduced noise
exposure levels will reduce the burden and the number of cases of ONIHL, this PhD
highlights the negative impact of PMD exposure (a possible risk factor for ONIHL) and
supports its inclusion as an occupational exposure in the HCP pillars.

In order to address the needs of the end-users (hearing conservation practitioners and
miners), to improve efficiency in reporting, as well as to allow for easy uptake of tools
used to improve efficiency of the mine’s HCP, a bottom-up approach for risk
assessment and management should be encouraged (as opposed to the current
approach).
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This research has contributed to new knowledge for the implementation of Regulation
839 (NIHL Milestone). The evidence-based findings from this study support the ONIHL
preventive nature of Regulation 839, provided that the mines accurately and
consistently record good quality HCP data for individual miners. The methods used in
this PhD to predict miners’ STS over time show evidence-based practices for pure-
tone audiometry and medical surveillance, and recommend a framework to guide the
mines’ accurate recording and reporting of HCP data for prediction and prevention of
ONIHL.

While effective HCPs have not been reported due to challenges such as excessive
noise exposure levels, reports on the lack of compliance regarding the use of hearing
protection devices by the miners, and the siloed implementation of HCP. The mine’s
HCP records provide evidence that the risk assessment and management of ONIHL
may be achieved if accurate and valid miners’ records are kept by the mines, and that
regular policy reviews that guide the HCP implementation are conducted. The
application of the POPI Act with regard to the mine’s MLSs and their integration into
the NIHL regulations and HCP guidelines, should be reviewed by the South African

mining industry.
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CHAPTER 6: CONCLUSION

This chapter presents the overview of the research, a summary of the methodology, a

summary of findings, and the conclusion.

6.1 Overview of the study

The burden of ONIHL in the South African mining industry has a negative impact on
individual miners, the mines, and the Government, despite the implementation of
HPCs, which are intended to prevent ONIHL. The South African mining industry has
been criticised for implementing ineffective HCPs, which are pro-compensatory, rather
than preventive of ONIHL. Thus, the aim of this study was to explore risk assessment
practices, which incorporate data management, at a large-scale mine in South Africa,
with a view of proposing a predictive model for the early identification of ONIHL. The
findings from the research addressed gaps in the mine’s HCP risk assessment
practices and have been discussed in chapter 4 in the papers published in, and

submitted to, peer-reviewed journals.

6.2 Summary of the methodology

This was a retrospective analysis of secondary data, using a quantitative approach.
Data collected from 2014 to 2018, and kept in MLSs (MS Excel spreadsheets) by the
mine’s hearing conservation practitioners, were analysed. Secondary audiometry
medical records and occupational hygiene records were collected from the mine’s
three data sources, viz. a hearing screening dataset (N = 24 321), an audiometry
medical surveillance dataset (N = 1 938), and an occupational hygiene dataset (N =
15 679). Thereafter, the hearing screening and occupational hygiene datasets were
merged, and duplicate records were removed to ensure longitudinal tracking and
analysis of individual records (N = 12 629) from 2014 to 2018. The quantitative data
were analysed using descriptive statistics and logistic regression analysis. The
participating mine granted permission for the research study, and ethics approval to
conduct the study was obtained from the University of the Witwatersrand’s Human
Research Ethics Committee (Medical) (Appendix 1).
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6.3 Summary of results

This is the first study to analyse individual miners’ records that included audiometry
medical surveillance and occupational exposures, to explore the mine’s risk
assessment practices and records kept for the prevention of ONIHL. The mine’s risk
assessment methods partially identified miners at risk of ONIHL and risk factors for
ONIHL which were identified may be used to predict miners’ STS over a period of time.
The summarised results are drawn from the key findings, viz. the prevalence of
ONIHL, risk assessment practices used for the prevention of ONIHL, and prediction of
ONIHL.

Prevalence of ONIHL

The mine’s MLSs used to record audiometry medical surveillance data for the miners
showed a reduction in the number of ONIHL cases from 2014 to 2018. These records
were therefore partially effective in identifying miners already diagnosed with ONIHL.
However, the multiple risk factors associated with ONIHL were not comprehensively
managed to prevent ONIHL in the miners; hence the persistent prevalence of ONIHL

reported by the mine.

Risk assessment and prevention of ONIHL

In 2006, Begley criticised the mining industry for its inaccurate recording/reporting of
noise measurements and audiometry screening thresholds.?! In this study, it was
demonstrated that the use of efficient MLSs as HCP risk assessment tools can ensure
the consistent collection of good quality data. The data collection sheet used in this
study can be used as a template to design the HCP repositories (mines and national)
and may guide medical decisions and service delivery towards the prevention of
ONIHL. In addition, user-friendly MLSs with clearly outlined specific HCP outcomes
and measurable outcomes for each hearing conservation practitioner and individual

miners, may improve the mine’s HCP efficiency and prevent ONIHL.
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Prediction of ONIHL

This study, conducted at a South African mine, provides new knowledge on the use of
miners’ audiometry and occupational exposure data to predict changes in hearing
function over a period of time, and to propose a prediction model for the early

identification of ONIHL in miners.

The use of the systems thinking as a health systems’ strengthening framework is
proposed for a comprehensive risk assessment, to reduce the burden of ONIHL on
the individual miners, the mines, and the national mining industry. The comprehensive
risk assessment technique and MLSs used for recording and reporting occupational
hazards and health risks are likely to guide inter-professional collaborations between
hearing conservation practitioners, decision-makers, and research institutions. In
addition, incomplete hearing thresholds obtained from the audiometry medical
surveillance data may be predicted. However, the quality of the data recorded should

be improved to ensure accurate prediction and prevention of ONIHL.

6.4 Conclusion

In conclusion, electronic audiometry medical surveillance records should be of good
quality, be consistently kept, be able to identify occupational and person-specific risks
and associated health risks, show specific HCP KPIs and the improved performance
thereof, and guide hearing health care services intended for the prevention of ONIHL.
Findings and conclusions from this study may add to knowledge on HCPs and ONIHL
prevention, and may be investigated further by other mining commodities and other
industries where noise is a problem, to assist the country, as a whole, to work towards
prevention of ONIHL in South Africa. However, the findings may not be generalised to
other mines because the study only used one mine’s electronic audiometry medical

and occupational hygiene data.
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Appendix 2: Record keeping in a hearing conservation programme
of a South African platinum mine: what are we missing?
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INTRODUCTION

IMoise-induced hearing loes (MIHL) is defined 25 a sensorineural type
af hearing loes that oonurs gradually ower time due to oversspasure to
noise that causes permanent damage to the ongan of Cort, affecting
both sars” A persan with NIHL will have an sudicgram that indicates
sensorinewral hearing loss in the high frequency region of 3 000 to
6 000 Hz Moise sources that cause accupational NIHL [ONIHL) are
contiruous or intermittent. Exposed mdividuals expenence & rapid
increase in hearing loss during the first 1010 15 years of exposune, 2nd
a gradually progressive hearing boss thereafter ! Contiruous, sxoessive
noise expasure is defined 25 a noise level 2 B5 dB{A), averaged over an
B-hour period.” This causes an initial temparary threshold shift (TTS)
that lasts for 1648 houwrs, and is a risk factor for s permarent threshald
shift (FTE). The relationship betwesn TTS and PT5 is dependent on the
extent of damage to the outer hair cells [DHCs)L This damage & imevers-
b= but preventable.'

In South Africa, employees in the mining and construction
industries are expesed to very high noise levelks” Ccrupational NIHL
JOMIHLY is highly prevalent amaong South African maners™ but can
be preventsd if adequate noise-control measures are practised.”

Oooupaticnal Healith Sowthemn Afric www.occhealth.coza

Background: pation

The Compensation for Oocupational Injuries and Diseases Act, 1993
(Act Mo 130 of 1993) [COIDA) gazetted Ciroular Instruction 171,% stipu-
lates that an employes exposed to conupational noise at or above the
BS dB(A) nome mting limit (B-hours) time weighted average (TWA),
ard who has been disgriosed with ONIHL, should be compensated
However, the South African Natioral Standard (SANS 100833013}
rather promotes the prevention of ONIHL, and stipulate that preven-
tion mexsures must be nstiuted by companies for bearing consenar
tion purposes " Diseases in the mining industry, including pulmonany
tuberculosis and human immunodeficency virus (HIV], have been well
dooumented 387 However, there is BEtle information avaibble on the
symemgistic effects of thess diseases, and their treatments with noise
expasure, on the auditory system, or their potential 5 deteminanis
fior OMIHL risk=. Such evidence is important 2s it can 2ssist in develop-
ing dissxse controd policies for the mines and health service planning

High prevalerce rabes of ONIHL have been reported, & 2017 report
by the inow) Department of Minesal Resources and Energy showed
an ircrease from 966 in 2016-to 1 141 cases in 2007 for their member
mines." Although these increases were in bath the gold and plati
riumn seckors, thers was a S49% increase in the numbser of ONIHL cases

Wil 3 o 1 lanusryPebomry 303
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reported by the platinum mines, from 2016 1o 2017, A total of 2 107
cases of ONIHL was reported by all mines that submitied audi reports
in 20067201 7.1 However, more recent reparts by the individual mines
reflact a different picture, Le. that there is 2 dedine in ONIHL cases
reported from 2014 to 2018, For these years, AngloGold Ashans mine
reported adecresse in ONIHL cses from 3510 30,"" and Anglo American
plc. from 90 1o 30,7 It has been suggested that, in general, reported
rates of ONIHL are neither reliable mor valid due to partial reporting
wiithin the mine's hearing conservation programme [HCPY, inaccurate
or inadequate reconding of noise levels, and inefficient caphuring of
audiametric data 47

In the study reported in this paper, we explored the use of an elec-
tronic information management system used by the mine o eport
on the miners” audicmetry reconds, incuding noise exposune levels,
the: us= of hearing probection devices HPDs), medical suneillanos,
and audiometric test results ™" The mire uses Micosoft Excel o
recond data for mirers at risk of developing OMIHL, those who am
diagnossd with ONIHL, and the processing of OMIHL compensation
chims."® Ain sttempt by Begley to create an sudicmetry datsbase for
the: South African mining industry was trialled inm&“hpmlr:
vazy for a rational audiometry repository and to track OMIHL daimre
Urffortunately, shiswas ursuocessful. ™ Reasons forfilure inchuded that
basefine sudiometry data were duplicated, noise exposune levels were
nat provided by the mines, and screening audiometry dats prosided
hjﬂ:niﬂmcm“

The= zirn of the studywas to descrbe e slectronic reconds of s South
African platirum mine’s-sudiometry medical surveillance system, and its
rode in the early diagnasis of ONIHL In addition, ear-related conditions
oif the: miners mamiresd by the oorupational medical practifioner {OMPY,
and the cocoupations and related noise levels, were imestigated, and
thee characterstics of mireers with and without ONIHL vwers described,

Limpopa provinoe, South Africa, from 2014 to 201 7. Acoording o the
SANS 100832013, medical surwsilanos reconds for employess at risk
of developing OMIHL must be reviewed by the OMP for hearing loxs
presention and reporting of OMIHL compensation clsms. Thensfore,
ini oo o desoribe the: mine’s medical surveillanee electronic reosnd-
keeping, and its mle in the early diagnosk of ORIHL, we chiained the
OMF electronic reconds from the mine. The OMP recorded miners’
audiometry examination data in three different datasets (Figure 1L
The first comprised data from soesning audiometry emminations
conducted by the cooupational health nurss OHN (N = 480). The
serond dataset comprised disgniostic audiometry dats for those
wha were refemed by the OHN to the OMP because their pesoent-
age loss of hearing (PLH) scores wene > 2.595; the OMP examination
included ear-related conditicns. All miners with ear conditions andior
FLH > 2.5% were then referred to the audiclogist for dizgnostic audicl-
ogy examinations (N = 470, The thind datasst contained both soreening
and diagrastic audiometry data for only those miners whio had besn
comperssted for ONIHL (N = F&)

Varnables induded in the analyss were age att examination, ooou-
pation, duration of employment [calculated from year of firt medicl
examination date to 2017, r=ason for referral to the OME, date of OMP
refierral to the sudicleqgist, baseline PLH soore, noise expasure levels
(area noise msasurements in sound pressure inodBAJLA=g,Bh], and age
at ONIHL diagnose.

Thee thiree datzcets that were provided by the mine in Microsoft Excel
formiat were menged, and thenimported into and aradysed using Stta
15.1. Continuous data were presented as means ard standand deviations
and categonical data wene desribed as frsquencies and perrentages.

Ethical clearance was obtained from the University of the
Witwrbersrand s Human Ressasch Ethics Commities dlearance certifi-
e no. M180273).

METHODS RESULTS

This cross-sectional study was an analysis of s=condary data comtin- Demographic characteristics

img the: mirers' medical surveillance and sudicmetny records N = 305} The 4ED audiometry records reviewed contained data

acceszed from the OWPs" slscironic reocnds from a platirum mire in for 205 male underground miners {some miners had
Audicmetry reoonds

'

Ctaset 1: OHN screening audiomestry (PLH = 2.5%) N = 480

'

OMP reviewed N = 480

t

Datas=t I dignostic audiometry M= 470

!

'

ONIML diagrosis (PLH = 108} N= B0

Mo OMIHL dizgnisis K =190

!

Dataset 3: ONIHL compensation N = 76

Fgure 1. Audiometry datasets reviewed
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duplicate audicmetry records). The mzan 2ge of the miners was 47.7
+ B5 years jmnge 21 to 63 years), and the mean years of work experd-
ence was 10+ B pears {range one to 18 years) Eighty miners. weme
dizgreased with OMIHL, of whom 76 were compersated (Figuree T

HBectronlc records of the mine's medical survelllance
[programime
All miners had undergore annual screening examinaticns by the OHN,
ared mirers at risk for OMIHL wers refered to the OMP The mirers’
annual bearing scresning results wens not consistently and regularky
recoaded, year-on-year, from 2014 to 200 ¥, Of the: 76 mirers diagnosed
with ORIHL, micest B998.8%) had ondy ore annual scresning audiometry
recoard for the pericd 2074 to 2007 (Table 11

The PLH soores recorded inthe soeening 2nd diagnosticasdiomestry
datasets {datasets 1 and 2, respectively) wens inconsistent (Figure 2} For
example, in 2016, 114.0f 170 miners (67.1%}in the soreening audialogy
datasetwere recorded as having a PLH of = 10%, but 146 of 163 of these
miners (BRU63) had PLH socores of < 10% recorded on the diagnostic
audiometry dataset In 2017, 72 miners were reconded as having 2 PLH 2
109 i thee screening audiometny dataset, bt onby 17 of the T2 {23.60)
had a PLH of = 10% reconded in the dognostic audiometry dataset.

Although mimers wens referred to the OMP for examination, reoonds
inthe diagnaostic sudiclogy dataset did not include ary ear-refated con-
diticans or details regarding comman ear-related signs and sympioms
such as tinmitue, wvertiqo, otalgia and impacted cenumen. Ear-related
corditions were recorded i the OMP medical sunseillance notes, but
only for the 76 miners whio were compensated for ONIHL, although no
rformaton was recorded for 2014 (Table 2). InaddiSon, dhronic mesdi-
ail conditicns, such as tubenculosis (TE] and HIY, nd their respectie:
lioess, weere: niot recorded| in amy of the datacets.

Table 1. Number of miners’ screening awdlometry

Other infomation that was recorded only for the mirers who
received compensation for ONIHL (M= 76} was the baseline PLH scon=.

Mine workers’ oacupations and nolse exposure levels
Ancording to the medical surveillance data (notes made by the OMP
im the diagnostic audiometry dataset], all miners wenrs provaded with
HIPO=. Eighty of the 305 (Figure 2) mirers were diagniosed with ONIHL
bry the audiologist {PLH = 10 in the dizgnostic sudiometry databace)
ared 76 (26.2%) wen: compensabed.

Moise exposure levels [Table 3) were recosded as 3-hour time-
weighted average (TWA) (LAzg BH) ar=a niise measurements. Sody-
firve of the 76 compensated miners (B5.5%) worked in occupations
that excesded the legiskied (= BS dBA) noise exposure. For these 65
miners, the reconded noise exposure levels in the work areas rangsd
fircem &7 to 103 dB{AL Theonly cooupations for which noise levels wee
below BS dEA were winch transport operator ascistant and supenvisor,
underground fitter, undergrourd mine overseer, shaft bell cperator,
pump team supervisor, and shaft timber worier.

Characteristics of miners with and withouwt ONIHL

Thez bexeelfine PLH scores, age 2t ONIHL diagrasis, duration of emplay-
ment andnoise exposure levels wens reviewed for all miners, e bath
thase whio were dagnossd with ONIHL in = 75, and those whio were
riok (ri = 23590 Ondy the mirers with OMIHL had baselire PLH sooees
ared age at OMIHL diagrasis recorded (Table 4).

Eighteen [23.3%) of the miners diagnosed with ONIHL were
younger than 41 years. Among thoss with OMIHL, similsr propaor-
tiores of miners had worked for 0-5 and §-10 years. More than balf of
the miners disgnaossd with ONIHL had basslne PLH soores of 0 ba 5
(i =43; 56.6%). Mary miners who had worked for mone than 10 years
(n=108; 47 5% did not have OMIHL In both groups, most of the mirers.
(amund 959} had high recorded noise exposure levels |2 BS dBAL

records (N = 78 DISCUSSION
Screaning audiomsetry recmds (n) Miirears Annual hearing screening examinations
n % We resiewsd miners' slectronic reoond s to desoribe the: platinum mine’s.
&0 QOE hiearing conservation programme, and its role in =2y disgnosis of
& 15 ONIHL All miners had undergone anmual soreening examinations
bry the OHN andor the 0MP. Hovwever, aninual hearing soreening, by
1 13 the DHN, was not conducted systematically " Individual miners
1
100 g5 OB
i
i iz
: i 1
5
. >
&
a0 a5 1 3B
- 18 = 1/
] : L15
irg, v E 1 i"l‘!l“a
ol _HEN :
LrE&U Bk 0510 = b0 ®1-ib i5-19 = W
FUH Soom ) )
Soraning in MY cataent THigrostic: doid wlloogy datasat
AN EGiNE =ANE =g

Rgure 2. PLH scores In the soreening and diagnostic audiometry datasats, 2004 to 20017
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audiometry scesning recoeds wers not asailsble for every year of
the study period, which p il oo it tracking of the miners'
hearing fundction. Incomplets indviduall screening audiometry data
could prevent early dentification of hearing boss, which = important
for heanng oons=ration punpoess.

Referral of miners for audiometry

Miners with recorded PLHs 2 2.5% were refemred to the OMP for
managemert and to the audiologist for ONIHL dognoses, as an eardy
intervention for the prevention and dingnosis of bearing loss. Hovesver,
reasors related to hearng loss and follow-up interventions were nok
included in the miners”electronic audi y reconds. s

thiz information is provided in wiitien rscords but was mot available
in the electronic files provided, Although referring miners witha 1.5%
PLH o the OMP i& the correct procedure to follow, 77 exduding faciors
such as medical conditions and cooupational exposures associabed
vaith hearing loss in the =1z screenireg audicmetry records for any
reason, may contevenes the Compensation for Oocupational Injuries
and Diseases Act (Act Ma. 130 of 1563} {C0IDAY ganetied Cincular
Irstruction 171, Secticn™® and delay the diagnosis of hearing loss.

Missing Information

Although bassline PLH srore=s can be used to predict a maner’s
pre-existing risk for beanng loss not related to cooupational noise
exposure, onby miners vith ONIHL had baseline PLH dats recorded
in the audicmetry databaze The procedure is a requirement for
ONIHL compenisation (Instruction 1 T11.5 and alzo allowes For trascking
of @ miner's bearing function. Howeves, exdusion of basefine PLH
scores for ather mirers not disgnaosed with ORIHL frosms thie audiom-
eiry records prevents the caloulation of the miner’s PLH shaft from
baselire and the tracking of the mirer’s hearing function. Therefone,
all miners, regardiess of whether or not they have been diagrosed
waitth OMIHL, should hawve their basefine PLH noted in all electronic
audicmestry records.

Ear-refated conditions and interventions

Some of the 76 maners with compensatesd ONIHL presented with
auditory pathologies that wene dentified during hearing soreening,
ard subssquently disgriosed by the OMP Although all miners with
ear-related corditions identified during hearing screening were, in
theony, referred to the OMP and the audiclogist for further inberven-
tion and diagnaostic audiometry, respectively, the data regarding
ear-related conditicns were only recorded in the dataset of the
& mire s who were compensated for ONIHL They were ot necormded
for thoszs miners who had not been disgnosed foompsnsated for

OMIHL Inadesquaie recarding of sar-relsted oon ditions prevents earky
identification of hearing loss nitiatives, which are recommerded
by Franz and Phillips (200113 Therefore, all mar-relted conditions
identified during hearing soeening and related imterven tions showld
be noted inthe individual maners” audsomestry soreering records, as
evidenoes for fsk-besed mediml sureeillance implementation.

Kigns and symptoms associated with hearing foss

such as tinnitus, vertigo, oalgia and impacted cenumen ™ were not
recondedin the elecironic dagrostic sudiomestry database bythe mire's
OM P Thiss irmists efforts to prevent other types of hearing boss [other than
OMHLYL =g conductie heanmg loss In addition, there was no informa-
tion in the miners audiometny reconds about chronic conditions that are
known to adversely affect hearing funiction, induding TB and HIW, and
treatment for these diseases. Symeergies betwesn these diseases and
hearing loss, 25 well 25 b far the di and hear-
ing loss, hawe been ohserved in clinical s==ttings, and some reseanchers
havwe repaorted hearing preservation as a benefit demved from heanng
moniitorng programmes for miners on TE and HY treatment ™

Use of hearing protection devices

Thee e of bearing protection desioes (HPDs) is mmportant bt s a bt
mhmlDHHLﬂnwm:rﬂmm
b juce persoral have failesd *7 % Although the mine
reportedly prowided aIHI.‘mt:wihl-FDﬁ.rluuriiﬂjhath
was 100% compliance of HPD use Several shudies have shown thak
miners prefer tonot use HPDs for vanous reasons, eg. dscomfort,
about the use of HPD's was recorded in the databeses. fthis informa-
tion is nat in the miners’ audiometry records, it is difficult o design
indivadualised interventiore, such as awarerness training, HPD fit, et ™®

Poor record-keeping

Chites media and dull fympanic membrane, and hearing boss ok
azcribed to OMIHL, were reported as ear-related conditions in the
group of 76 compensated mirers. Previous studies? have reported
similar findings in goid and platiram miners inSowuth Affica. There wee
fewer sar-related conditions recorded for the & mirers with ONIHL
than expected. Previous studies hawe oited poor record-keeping weith
regard to sar-related conditions n the mines” medical survedlanos
recornds 23 one of the reasons for not being able to review car-related
conditions andlor intereentions. " This poor record-k=eping with
regand to the miners’ ear-related conditions ard imtervention strate-
gies inhibits efforts to dagnoss hearing boss sardy, and to prevent it

Table 2. Number of miners and types of ear-related conditions recorded by the OMP

Condition M4 s 06 7 Total
n n n ™ H
Rapid detenoration of hearing® o 1 1 2
Dull tympaniic membrane ard possible otitis media Ho | 1 2 3 [
Hesaring bass not ascribed bo ORIHL 2 1 4 7
History of surgery: middle ear surgery recarded 2 a o 2
Pseudohypascissis** 13 3 3 12
Total a mn T m 9
= irexpis e sudder hearng koo

==& conclifon in which hearng low s echibied in the sbsenos of sy crganic diseess, saally duos o maelngering

vl 7 Mo 1 Serssarp TFeboseny SO0

77

‘ocupational Haalth Southoern Africa weers.o-cchealithoora



CHIGIMAL RESEARCH

PEER FEVIEWED:

Misdiagnosis, using audiometry protocel

The diagnosis of preudohypanusis [malngering] in some of
the miners, also reported by De Koker in Sowth African godd
miners in 2004,"7 maght be due to the potential for financial
compensation for OMIHL. """ De Koker recommended the
nclusion of auditory steady-state response (ASSRE) n the
diagnastic audiometry protoco], while the Health and Safety
Executive [I-ISEE“ has recommended distortson-production
oto-acoustic emissions [DPOAE] as a s=nsitive test for the
early detection of cuter hair cell damage. ™

Inaccurate and misleading nolse exposure data
Excessive amrea noise exposure kevels have been identified as
the leading cause of OMIHL in the mines? It was therefore
not surprising that most miners diagnosed with ONIHL had
recorded noise measurements = 85 dBE{AL Howewer, noise
measurements in the mines are recorded as B-hour time-
weiq brbed aversge [TWA}{LA=q.8h) area noise measurements.
This is misleading as high noizs levels are effectiveby hidden .’
Althouwgh the highest recorded nioise level inthe database of
the 76 platinum miners with OMIHL was 103 dB{A), this might
obscure [average out) excessively high exposures. The GRIHL
rizk iz increased for miners exposed to excessive noise kevels,
burt thes rizk might not be accurately identified f only average
noise measurements are recorded.? In adidition, Edwards et
al (101 1) recomme=nded using a dossmeter for mone acowate
noise measurements in order to indude measures of nodse
for all work-relagted activities in a Full work shife, doser to
the miner’s zar {personal measurements rather than area
ITI!'I'.II.IEH'EH“II‘.“

Mo data about exposure to non-occupational notse are
recorded in the database

While studies have reported that cider age (presbyousis) is associated
weith OMIHL in the mining industry' > miners 25 young as 71 yean
were diagnosed with ONIHL and accord ingly com pensated., Strauss =t
al (2014} abeo reported that gold miners yoursger than 31 years wers at
riskaf MIHL ™ This might be explaired by a pre-existing hearing loss due
o expoesune o non-oooupational noise, such e koud mesac Inashcdyon
the use of permonal lEtening devices (PLDN by young adults (14-31 y=ars
old}, it was conduded thad heamng boss veas a result of exposure to koud
m“mud.ﬂm!rmmﬁhhwmﬁ
ML in South African gobd miresrs was related to the miner’s age® Our
findings and thase of Strauss et al. (207 4) suggest that young mines
related hearing loss. Thersfore, imvestigations amo the mires’ hobbies
el il B o are}, and duration thereof, moy ascist resesrchers
in understanding the =arly orset of OMNIHL in younger mirers.

Limitations

Theese: findirgs may nat be genenlisable to the HOPs of all the Soush
African mines. The slectronic records that wers reviewed wers fromone
platinumimine inLimpopo provirce. The sizes of the two groups {those
writh ONIHL and withowt ONIHL) were relatively small The fact that the:
miners’ medical survellance audiomestry records wens reoorded) indif
fierent databases made it difficult to analyse the dat as some reconds
wene duphoated and some had missing data, whach effeciieely reduced
the sample size. Mot all the mirers had basefire reoords that oould be
used az walid ref r pecrTh; 5 had PLH scores higherthan
1073 (incicatireg pre-existing hearing loss) with o previous evidence of
a hearing loss disgnoss:.

Table 3. Ocoupations and nolse exposure levels for mine workers diagnosed with ONIHL (N = 76)

Occupation -'ﬂ"::"-' n %

Soraper winch opemtor liek:s 4 53
Pipes, tracks ard wentilation (PTW) worker G5.6 3 19
Deweloping machine cperator S48 7 a3
Lightweight machine opemtor 845 i -]
Cheesa™ 52.4 1a 132
Iiining team supervisor 913 L] T8
Shift supervisor mining o3 3 19
Stope timber miner ES.5 & 78
Processor BTG 1 13
Haulage construction aid o] 2 25
Haulage construction supssnisor ET.D 1 13
‘Winch transport opemtor assistant B4.5 2 16
Winch transport opsmtor supenyisor B4.5 1 12
Urderground fster B42 2 26
Urderground mine owerseer B4 1 13
Incline shaift bell operator EX D 3 19
Pump team sup=riscr E2.9 1 13
Shaft Gmber worker B39 1 13
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Misdiagnosis, using audlometry protocol

The diagniosis of psewd ohypacusis (malngering) in some of
the miners, also reported by De Koker in South African gold
miners in 2004,'" maght be due to the potential for financial
compensation for OMIHL """ De Koker recommended the
mnclusion of auditory steady-state response (AS5E) in the
diagnostic audiometry protocol, while the Health and Safety
Executive [HSE!l“ha: recomimended distortior-production
afo-scowstic emissions [DPOAE] as a s=nsitive test for the
eady detection of cuter hair cell damage. ™

Inacourate and misleading nolse exposure data
Excessive area noise exposure kevels have been identified as
the leading cause of OMIHL in the mines? It was therefore
not sunprising that most miners diagnosed with ONIHL had
mecorded noase messurements = 85 dBjA)L However, noase
measurements in the mines are recorded as B-hour time-
weighted aversge [TWA) {LA=q.8h) area noise measuremesnis
This is miskeading as high naize levels are effectively hidden
Although the highest recorded nioise level in the databas= of
the 76 platinum miners with ONIHL was 103 dB{Aj), this might
abscwre [average out) excessively high exposures. The CRIHL
rizk iz increased for miners exposed to excessive noise lkevels,
bt the risk might not be accurately identified if only average
noise measuements are recorded.? In addition, Edwards et
al (2011} recommended using a dosimeter for more acowate
noise Measurements in order to indude measures of noise
for all wark-related activities in 2 Full work shift, doser to
the miner's «ar {personal measurements rather than area
IMHLIEI'I'IEI'HSLH

Mo data about exposure to non-ocupational nokse are
recorded inthe database

While studies have reported that oider age (prestyousis] is assodated
weith OMIHL in the mining industn'*** miners 25 young as 21 yeans
were diagnosed with ONIHL and accordingly compersated, Strauss =t
al (201 4} abeo reported that gold miners younger than 21 years werne at
risk of MIHL ™ This might be explained by a pre-existing hearing loss due
b exposure io ron-oooupatonal noise, sudh 2 boud musse Ina shady on
the use of personal lstening d evioes (PLDS by young adults (14-31 ye=ars
old}, it was conduded thak beamng loss was a result of expoasure to lowd
music Strauss et al (2012} demonstrated that the high prevalence of
ML in South African gold mirers was relabed o the miner’s age ™ Our
findings and thase of Strauss et al. (201 4) suggest that young mirers
related hearing loss. Thersfore, investigations imto the: mires’ hobbies
irel i b0 et are], and duration thereof, mary assict resesrchers
in understanding the carly oreet of ONIHL in younger mirers.

Limitations

These findings may not be generalisable to the HOPs of all the South
African mines. The slectronic records that wers reviewsd wers from ane
plagtinum mine in Limnpopo provirce: The sizes of the fwo groups fthose:
writh ONIHL and withouwt ONIHL) were relatively small The fact that the:
miners’ medical survellance audiometry records were recorded i di
ferent databases made it difficult to analyse the data as some reconds
were duphoted and some had missing diata, wiich effeciively reduced
the sample size. Mot all the mirers had baselire recondis that could be:
used as walid refk o et had PLH scores higher than
10%: (indicating pre-exisSing hearing loss) with ro previous evidenos of
a heanrg loss disgnoss.

Table 3. Dcoupations and noise exposure levels for mine workers diagnosed with ONIHL (N = 76)

Decupation -_ﬂ":':""" n %

Scraper winch operator liek:} 4 53
Pipes, trackes amd ventilation (PTV) worker 05.6 3 39
Developing machine operator S48 T a3
Lightweight machine operator 845 2 ]
Cheesa™ 52.4 1a 13z
Mining team supervisor 913 L] 78
Shift supervisor mining o1 3 3 ET-]
Stope timber miner ES.S [ 7a8
Processor BTG 1 13
Haulage consbruction aid ET.O 2 25
Haulage construction supsnisor ET.0 1 13
‘Winch transport opemtor assistant B4.5 2 26
Winch transport opemtor supervisor B4.5 1 12
Undergraund Feter B42 2 26
Urderground mine owerseer B4 1 12
Incline shaft bell operator EX G 3 L)
Pump team supervisor E29 1 1z
Shaft Gmber worker B39 1 13
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Recommendations.

Sufficient and acourate miners’ audicmetry reoords showld be: reooeded
armually and kept in a single database. The mine can snhancs or
adopt several strategies to improwe electronic recording of miners'
audiclogy data at the mine, which would as=cist in monsoring and
preventing OMIHL. Every miner should be scresned arnually, and
checks should b= put in place to ersure that the findings are capbured
ard accurately recordied incthe electronic dstabase I ary miner has
a PLH of 2.5 or mowe, the OMP should investigate reasons for this, in
addition to expasure to high noise levels, and recoed relevant notes
in the maner’s sudiometry record.

Baseline PLH scores should be indusded inthie electronic audiom-
etry recowds fior all the: mire=rs so that FLH shifts can be identified and
acted wpson, using approprate interventiorns. All ear-relbted condi-
tiors and 2y other relesant medical information, such as TB and HIV
trestment and co-exposures that are associsted with hearing loss
(=g chemicals and dust], should ako be induded in the electronic
database.

Detailed information abowt the provision ard wsage of HPDs
ared ary other interventions to prevent hearing loss should akso be
recarded in crder to implement miner-specific HFD interventions
Audiologists should routinety use DPOAE ard ASSRin diagrastic awdi-
ometry in ceder to rule cut pseudohypacusis. it is imperathes that the
mines rethiank thsir policiesq uid elires for reporting noise levels which
ar= anmently reported as avernged measunrements. Last, information
about ron-oooupational exposure to noise should be oollected and
recooded foreveny miner. Complete, acouste and integrated reoceding
of the: miners’ audiometry records will prowide a holistic view of the
miners’ hearing function, which & critical for the mines"HCPs.

Table 4. Characteristics of miners with and without ONIHL

CONCLUSION

Thie findings from our study indicate the need for a single, com-
prehensive slectronic audiometry database for the mines. The
databases should include all relevant medical and cocupational
and non-oocupational exposure information. The data shouwld be
captured regularty and checked to snsure that annual records are
available for all miners. In addition to elimanating excessive noise
exposure bevels, early dizgnosic and pressntion of associxted risks,
much as sar-related conditions, could potentislly improve the
mine’s medical surveidllance and audiometry, and reduce hearing
loss. Heaning conservation practitioners should continue to focus
on early detection in arder to prevent hearing loss, in addition to
prevention of exposure.

LESSONS LEARNED

= Recording the miners” avdiometry and medical surveillance data
in multiple databases can resullt in inconsistencies and hamper
HOP efforts to dizgnose hearing loss earky.

= The monitoring of PLH shifts should b= used for earky diagnosis
and prevention of hearing loss

= Accurate and comprehensive electronic recording of audiometry

infarmation will ble efficient luation of HCPs.
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Appendix 3: Estimating miners at risk for occupational noise-
induced hearing loss: a review of data from a South African
platinum mine
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a South African platinum mine

@ o b

Backgrodnd: Oocupaticnal nodse-tnduced hearing loss (OMNIHL) ds & complex, bt preventable,
health problem for South African miners, Meticulously collected data should be made use of
0 desdpn tnterventions to address this health issue.

Objectves: Asingle mine’s electronic datawere reviewed ina secondary data ewview to determine,
from the reconds, factons that hearing corservation practitioners deemed usehil for identifping “at
sk’ miners and to establish factors that would pave the way for the integration of the 2014
hearing corservaton progamme (HCF) milestones into the mine's curfent proactve data
management system (POMS) The objectives of this article were to establish how miners with
published risk factors associated with OMIHL were maraged by the mine ‘s hearing conservation
practitioners as part of the HCF; to determine if the mine’s hearing conservation practitoners
oould estimate miners” sk of OMNIH L using baseline percentage lossofhearing (FLH) as ahearing,
conservation messure; and o estmate the contribution of noise exposure to CTHLrisk.

Melethod: In a secondary data review design, records in a platinum mine's two electrondc data
sets weme reviewsd: the Arst contained diagnoste awdiometry secords (N = 1938) and the
saoond comprised a subset of miners diagnosed with CNIHL (# = F3). Data were available for
the pericd 20142017 and included demographde, cocupational, sudicmetry and OMIHL
diagnosis data, Miners' risk factors asscoiated with OMNIHL were identified using #he functicnal
risk maniagermert structiine . A logistic mepressdon model was dsed for the baseline FLH margins
of 0% — 40% (in 5% increments) to estimate the adjusted for miners at sk of
developing OMIHL. The contribution of noise exposure o a sk for OMIHL was estimated
using a two-way sample proportion test.

Results: The mean age of the miners (all male candidates) was 47 + 8.5 years; more than 800
had worked for longer than 10 years. Valid baseline audiometry records were available for
only 34% {1 = 669) of the miners. Miners with a 0%: baseline FLH had a 20%% risk of
OMNIHL, and a 45% predicted risk if they had a 40%: baseline FLH - these employees weme
referred. The nodse exposume risk rankings revealed that 64.9% (n = 1260) of the miners weme
exposed to 91 dBA — 105 dBA nodse exposure kevels and that 59 (80.8%) diagnosed with OMNIHL
were exposed o noise levels of up to 104 dBA.

Conclusion: These Andings indicate significant gaps in the mine's FOMS, requiring attention.
Mionetheless, the mine's curent data be used to identify miners at dsk of
developing OMNIHL. The FLH referral cut-off point (=2.5%) used by the mine’s hearing
corEervation practtioners, when used in conjunction with baseline PFLH shifes, was the mmsajor
factor in eardy identification of OMIHL in miners exposed to 285 dBA noise. An inclusive
integrative data management programme that includes the medical surveillance data setof the
miners’ noise exposure levels, oocupations, ages and medical treatments for tuberculosis and
hiaman mams is recommended, as these are important risk indicators
For developdng OMNIHL, partcidlady within the Sodith African contest

Keywords: Occupational exposures; Risk factors; Electronic data; Hearing conservation

Introduction

The World Health Organd zaticn (WHO) reported a 167 prevalence of oocupaticnal noise-induicsd
hearing loss (OMNIHL) in 2000 (WHO, 2010). In South Africa, OMNIHL s the third most commonly
mepored cocupational disease affecting miners (Balfour-Kaipa, 2014). Individuals with OMNIHL
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are susceptble to sleep disturbances, psychological stress
associated with the frustration of losing hearing funcion,
fadgue and cardiovascular problems (Malagi & Stewart,
23} Workers" susceptbility to ONIHL s exacerbated by
apeing, sex (Khoza-Shangase, 201%; Swauss, Swanepoel,
Backer, Eloff, & Hall, 2012}, a history of otalgla and middle
ear infections (Edwards, 2008}, previous diagnosls of sensory
neural hearing loss, cigarette smoking, hypertension and
type 2 diabetes (Hong, Lee, Park, & Kim, 2014). The rsk of
developing ONIHL #s increased for workers currently on
treatment for tuberculosis (TB), human immunodeficlency
syndrome (HIV) and/ or cancer (Khoza-Shangasa, 2001%). The
increased risk of ONIHL is because of the synergistic effect of
high noise levels and the other ototowc factors mentoned
above (Campo, Morata, & Hong, 2013; Hong et al, 2014;
Khoza-Shangase, 201%). The symptoms of ONIHL include a
sense of Fullness in both ears, dnnitus, balance problems,
difficulty following conversations amd hearing warning
signals, and progressive hearing koes in one or both ears
(Feuerstein & Chasin, 2009).

In the diagnosis and management of OMNITHL, it & importang
o indude tracking and montoring all the aforementoned
risk factors to ensure efficlent implementation of any hearing
conservadon programme (HCF). Occupational diseases in
the mining industry, including pulmonary tubesculosts and
sllicosds, for example, have been well documented
{(Hermanus, 2007 WHO, 2010); however, Hitde evidence
exists on how these diseases are teated within HCPs,
although synergistic effects of these diseases and their
reatments with nodse exposure on the auditory system have
been ratsed (Ehoza-Shangase, 2019). The authors of this
article concur with Hermanus (2007) in arguing that such
evidence is important, as it can assist in developing disease
conérol policies for the mines and health service planning,

including HCFP planning, implementation and mondtoring.

The aforementioned comorbéd health condidons have not
been oonsidered in HCPs (Melson, Melson, Condha-
Barrientos, & Fingerhut, 2005). In countries like South Africa,
where the prevalence of OMIHL is high, it can be argued that
the faflure o mest ONIHL elimination targets is influsnced
by the lack of contextual responsiveness to the burden of
disease. Consequently, HCFs have been deemed ineffective
in preventng ONIHLin South Africa (Edwards & Knitringer,
HM2; Morne et al, 2018; Nilhakana, Kanji, & Khora-Shangasa,
25}, in =pite of being introdwced in South African large-
scale mines as early as 1988 (Franz & Phillips, 2001).

A number of studies on HCPs in South African ménes have
reporied factors associaed with the failuwre of HCPs to prevent
ONIHL. These include excessive noise levels emitted

equipment (hipher than the legislated lewel of 85 dBA),
unsatisfactory uptake on the use of hearing protection devices
(HFLE} by miners (Hansta & Dickinson, 2010; Ndhakana et al.,
H15) and evidence of high prevalence rates of ONIHL because
of a combination of corupational and non-occupatonal Fackors
feg age race and sex) (Strauss, Swanepoel, Becker, Eloff, &
Hall, 214). Weaknesses in HCPs, including poor risk
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management techndques and fawed auwdiometric database
analysis (ADBA) (Franz & Fhillips, 2001}, have been proposad
as some of the priorties requinng atenton by the mining
authorities and the audiclogy community in South Africa
(Moroe & Khoza-Shangase, J018).

The ADBA procedures were developed by the American
MNattonal Standards Insttute Workeng Group (ANSI 512/

WGS512) (ANSI, 1991), with the goal of assessing the
effectivensss of HCPs. The ADBA procedures can be utilisad
to ensure the success of HCPs by identifying potential
probdem areas and challenges in the HCF prior to employees
developing significant hearing loss (Adera, Gullickson,
Helfer, Wang, & Gardner, 1955}, hence highlighting the nead
for careful longitudinal tracking and monikoring of
employees” heanng functon in relaton w0 thelr nodse
expoeure levels and other key risk factors. Such methods
require comprehensive and consistent data collection o
allow for an accurate and systematic assessment of the
effectivensss of HCPs, which is a complex challenge with any
well-meaning, data-reliant system. The fact
that there Is more than one ADBA method that can be usad
introduces another challenge when it comes to comparative
analysis of Andings within and between organisations. The
usa of the ADBA for evaluabng the effectvensss of HCPs, for
example, was found lacking in Adera et al.’s (1995) paper,
where ratngs of HCPs were found o be inconsistent from
vear to year, and from procedure o procedure uwsed. Use of
such a procedure therefore s bound to present signdficant
challenges, If all important and often contextually relevant
Fartors | the burden of disease specific to the region)
do mot form part of the data capturing and analysés processes.
As llustrated in Figure 1, the techndque inchides recording
the miners’ audiometry data from baseline to exit.

This techndque requires the use of a data management system

to ‘identify oocupations, workplaces and activities where
hearing loss is progressing most, pardoulady in the case of a
large workforce......." (Franz & Phillips, 2001, p. 209). Within
the South African context, evidence suggests that although
the ADBA is used, its efectveness is questonabls (Baglay,
H0g), possibly because of the factors listed above Begley
(200&) described how South Afrcan large-scale mines
designed various versions of the ADBA, and how this
inhibéted the successful tracking of mdners” audiological
statiss and the mondtoring of those diagnosaed with ONIHL.
An HCF has seven pillars that include nolse control
engineering, nolse measurement, administrabdve nodse
control - measures, educaton—training-motivation, HPTY
usage, risk-based medical survelllance and audiomeatry. The
technique described by Franz and Phillips focusses on three
pillars, namely: (1) noise control engineerng, (2}
administrative nodse control measures and {3) use of personal
protection, as a proactive rsk management tool for eady
identificaton and preventon of OMIHL; the said technique
was reportedly adopted by the mine where the currens
study s data were located . This technique is rather outdated,
and there are more recent and more comprehensive HCP
structures that cover all pillars of HCPs, such as complex
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interventions (Moroa, 2018} nonetheless, this was tha
technique that was followed for the secondary data analysed
in the current study. This method reportedly allowed the
mine o send ONIHL cases o their insurance comparny
according o Instructon 171,

We analysed data from the mine's medical surveillance and
asdiometry records to describe the mine’s ONIHL prevention
effonts (Figure 1).

A proactve data management system (FDMS), as a single
point of comtact for organisations, has been used for many
vears to understand complex orgamdsational trends. The
FDMS follows bast practice principles, allows for efficient
momdtoring of key factors identfied by the company and

Intervention measures whene required (Jantd &
Cater-Steel, 2017). In South Africa, large-scale mines have
attempted to use the ADEA techndque that draws data from
the mine's medical survelllance and audiometry records, as
a PDMS for the management of miners exposed o
hazardous nodse emitted by their equipment, to build the
miners” audiometry databasa and to prevent ONIHL.
Howewver, the ADEA’s fallure is demonstrated by high notse
levels and the continued of miners with ONIHL
(Balfour-Kaipa, 2014; Chamber of Mines, 2016). Thus, South
African mines have not been successful ak designing FDMSs
1o prevent ONIHL.

Previously reported high incidences of OMNIHL in the South
African mindng industry indicate the miners” hearing loss asa
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function of percentage loss of hearing (FLH) at 10% or greater
since 2001 when the Compensation for Ocoupational Infuries and

Dhseases Act, 1393 {Act No. 130 of 1993) (COIDA) gazetted
Circular Instructon 171 was institubed (Department of
Labowr, 201} Howewver, the fact that FLH calculadons
included cnly 500 herz (Hz), 1000 Hz, 2000 Hz, 3000 Hz and
4000 Hz maant that higher frequencies known b0 be affectad
early by excessive noise exposure (2= in ONIHL) wers
excudad. Henoe, studies that on miners’
function associated with ONIHL included low amd high
frequencies (500 Hz — B0 Hz) (Khoza-Shangase, 20M9;
Moepeng, Soer, & Vinck, 2017; Serauss et al., 2012} in order to
provide the miners a broader hearing funcHon spectrum.
However, for ONIHL compensadon claim processing. widch
is still practsed by the Compensaton Commissioner, the
miners’ audiometry records had to reflact the PLH soope,
indicating the miners” hearing loss in spite of the noted
weaknessas of using such scores.

This led to the review of HCF milestones by the Minerals

Coundl South Africa, focussing on the mining equipment
noise emissions and the tracking of the miners’ heaning

thresholds (high-frequency standard thresholds) {Inspectorate,
H7). The new milestones set out in 2014 by the mining
industry stakeholders stated that no individual miner’s
standard hearing threshold shift (STS) should exceed 35 dB
from basaling, in both ears, and that the total operational or
process noise emitted by any equipment must not excesd 107
dBA, by the year 224 (Mine Health and Safety Councll —
MHSC, 2015). The use of the 5TS as a sensitive measure for
early detection of hearing loss was deemed a proactive
practoe of managing miners at risk for ONIHL. This intHative
prompeed the mines to integrate the miners” newly recorded
standard thresholds and threshold shifis (2014-2016) into
thalr current reporting systems in onder to lmprowe thedc
efficlency in identifying miners “at risk” of developing ONIHL
and b be in line with WHO targets for ONTHL (WHO, 2000).
We meviewed the data recorded by the mine in order to
determine, from the records, factors that hearing conservabon
practitioners deemed useful for idendfying ‘at risk” miners
and to establish factors that would pave the way for the
integration of the A4 HCFP milestones into the cument FDMS
of the mina.

The objectives of this article wene o establish how miners
with published rick factors assoclated with ONIHL wers
managed by the méne’s hearing conservadon pracidoners as
part of the HCP; to determine if the mine’s hearing
conservadon pracidoners could esHmate miners’ risk of
OMNIHL uwsing basaline FLH as a hearing conservation
measure; and to esdmata the contributon of nolse exposwre
o ONIHL risk.

Methods
Research design

This was a secondary data review of mdners’ electnondc
records from a platinum mine in Limpopo  provinoe,
South Africa. Secondary data are called as such for various




reasons, including the fact that the data were obtained by
somebody elsa; the data had already undergone one layer of
analysis prior to the secondary analysis; and that the data
were collected for a focus or objective different to the one
these are currenty used bor (Sorensen, Sabeoe, & Olsen,
1995). This is an identified hmitation of the current design;
however, the lmitaton was in itself a key aspect of the

study’s objective of assessing how the mine utilises its data
management sysbem as it is for s HCE.

Study population

We reviewed all miners” electronic medical survedllance and
audiometry records at the research sie. This comprised
records including miners” age, sex, years of experience,
oocupations, nodse exposure levels, medical survedllance and
audiometric test resulis

Data collection and data management

The records reviewed in this secondary data review werne
stored in bwo databases, and comprisad data from 2014 w0
2M7. The main database contained 1963 medical surveillance
and diagnostic audlometry records of miners, all of which
had a baseline PLH shift of =2.5% (value set by the mine to
refer miners for diagnosdc audiometry), and had been
referred 0 an occupatdonal medical practitioner for further
intervention, and to an awdiologst for diagnostic audiometry.
The second data set was a subset of records of 73 miners who
had calculated FLH shifes of =107 from baseline. Following
the diagnostc audiometry assessment, a diagnosis of OMNIHL
was confirmed by the audiclogist, and some miners had been
presentad o the Rand Muotual Assurance ocompany for
ONIHL compensation. These two sets of data were handled

separately.

All data underwent data cleandng processes that included
the removal of duplicate records {n = 25), after which 1933
unique records remained in the main database. The
audiometric records contained demographic, oocupational
and audiometry data (screenéng and diagnostch, and ONIHL
diapniosis infemation. Careful scrutny and recording of the
process followed for miners in both data sets in relation o
risk factors was performed for analysis.

It should be noted that because this is a secondary data
review, FLH values were what was recorded and therefore
reviewed, but it is acknowledped that the Sowth African
mines had started moving towands the new HCF milestones
(2014) of using 5T5.

Data analysis

Extracted data were captured into Microsoft Excel, afeer
which they were imported inko and analysed using Seata
{version 15.1). The wariables, such as age, baseline FLH,
diagnostic andiometry PLH, years of noise exposure, noiss
exposure levels and recorded risk factors, were analysed
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using descriptive statistcal amalysis, logistic megression
analysis, and a two-way sample proportions best (Z-test).

Toestablish how the mine’s heaning conservaton practilonsers
managed miners presentng with risk factors assoctated with
ONIHL, risk factors stated in the functional risk management
structure (Figure 1) (Frane & Philips, 2001} wese usad.

To determine if the mina’s hoaring conservation praciboners
could estimate miners” risk of ONIHL at baseline, FLH
margins from 0% o 40% (5% increments) were wsad o
estmate and interpret adjusted predictions, using logisHo
regression analysis. Finally, the contribution of nolse exposwere
to the sk for ONIHL was estmated using a two-way sample
proportion test (z-test), with the signdficance level set at 95%.

Ethical considerations

Ethical clearance to conduct the study was obtadned from the
Undversity of the Witwatersrand's Human Ethécs Commitiee
(A180273) on 11 April 2008, and permission b0 access
the records was obtained from the management team of
the mining company. The study adhered o the Declaration
of Halsinki 1975, as revised im 208, as far as ethical
consideratons were concermed .

Results

To establish how miners with risk factors
associated with occupational noise-induced
hearing loss were managed within a hearing
Cconservation programime

The workforce comprised only male mine workers. Tables 1
and Z {llustrate the miners” ages and years of working in the
mine, with a mean age of 47 (+ E.5) years (44-55 years) and a
working experience of W (+ 35) years (B-13 years). Mo
records of all risk factors, pardcularly medical condibdons
important for hearing monitoring such as TE and HIV
(ototoedcity), were recorded dn the audiclopy recoeds.
Audiology data captured in the mine’'s ADBA system only
included paere-tone audiometry.

The data seem to indicate that hearing conservation factors
incduded in the mine’s FDMS to manage noése exposure and
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miniers at risk for ONIHL were PLH scofes for screendng, and
diapnostc audiometry, with cateporised redorral poings for
the miners, as =2.5%, 5%, Tre and =10%%, o mondtor thoss
muniers ak sk for ONIHL and for compensation purposes.

Risk rankings for nolse exposura levels were not avallable,
from lowest to highest (1-4), For all the miners. Furthermore,
only 24% of the miners (7 = £69) had baseline audiometry
records; periodic awdiometry records were available
for review but there were no monbtoring audiometry
records; and the diagnostic audiometry records included
only pure-tone alr-conducton results with no speech
audiometry data.

To determine if the mine’s hearing conservation
practitioners could estimate miners’ risk of
cccupational noise-induced hearing loss at
baseline

The miners” estimated risk for ONIHL was based on the
baseline PLH shift of 2.5% used by the mine. Basaline PLH is
core to iracking miner’s hearing deterioradon and is required
for the calculadon of the FLH shift for compensation; to
determine a PLH shift of =10%. Figure 2 illustratas baseline
FLH margins that were generated through logistcs
regression, from 076 b0 40%, used w0 disdngudsh (bn increments
of 52:) between miners at high and low risk of OMNIHL At s
PLH at baselina, the risk of OMNIHL was predicted bo ba 202G,
A Ha PLH at baseline commesponded to a risk level for
OMIHL of about 20%; and a risk of ONTHL was predicted o
be around 45% when a miner had a baseline FLH of 40%. The
baseline PLH shifi of 2.5% used by the mine's hearing
conservaton pracHtioners is a proactive measure used for the
miners’ hearing preservation. Baseline PLH scores and PLH
scores at ONIHL diagnosis included in the model for the
second data subsst (N = 73) were used to estimate the
predicted risk for ONIHL.

To estimate the contribution of noise exposure
to occupational noise-induced hearing loss risk
as a proactive measure

The miners” noise exposure levels were recorded as
continuous data and were aligned with their occupations.
Tabde 3 shows the mine’s nodse exposure risk raing categories
that we formulated to dassify miners at risk of ONIHL.
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Mlore than 80% of the miners (r = 1578) were exposed b0 nodse
exposure levels that were higher than the legislated
oocupatonal exposure Hmde (0EL) of 85 dBA, with 64%: of the

miners falling into the two highest risk rating categories.

Fifty-nine (80.8%) of the 73 miners with OMNIHL
were exposed to noise bevels of B5 dBA — 104 dBA; 14 (1923%)
were exposed 0 nodse levels of <85 dBA. Althouph both
groups (those exposed to <85 dBA and those exposed to =85
dBA) were exposed to high nolse levels, the resules indicatad
that the risk for ONIHL increased with the noise exposure
category. The z-tast showed a mean difference of 6276 in nodse
exposure levels (p = 0.001) between miners exposed o =85
dBA and those exposed o <65 dBA.

Discussion

Cur study was guided by Franz and Phillips" (2001} risk
management tool which was introduced in the early
2000s. Analysis of the miners” records revealad that the ming
was using a siloed approach for rsk assessment of nodse
hazards and tdentification of miners at risk of ONIHL. The
miners” basaline PLH scores could esHmate miners” risk for
OMIHL, although the 2.5% PLH used by the mine’s hearing
conservadon practdoners o refer minerss for further
interventdon delayed the process of i miness ak
rizk of ONIH and that the OFEL for noise, of =85 dBA, 15 not

low enowgh to prevent OMTHL.

With regard to establishing how the mine’s hearing
conservadon practHdonerss proactively managed miners
presenting with risk factors assoclated with ONTHL findings




showed that miners older than 4 years and those who had
wiorked in mining for longer than & years were at higher risk
of developing ONMIHL. The fact that they were referred for
diagnostic awdiometry with a screening audicmetry PLH
soore of 2 5% meant they wene suspected of being ak risk of
developing ONIHL. In other studies, conducted in South
African mines (Khoza-Shangase, 2019; Strauss et al., 2017),
apge was identified as a risk factor for ONIHL, and our
findings support this. Miners” increasing age is almeady
considered by the mines” hearing conservation pracitoners
as a risk factor For ONIHL; increasing work duratbon oold
be similarly considered as a risk factor.

The ADEA technique used by the mines requires more
sensidve measunes b sdentfy miners at oisk of ONIHL. The
South African mines consider anmual and diagnostc
atdiometry procedures as sensibve maasweres for idendficatdon
of hearing loss; hence, both auwdiometry procedures were
conducted on miners working in areas identified a= high nsk
for ONTHL. Although Franz and Phdllips {2001} recommended
the use of the ADBA . basad on the Bndings from
Royster and Royster's (1986) study, the large-scale mines
designed mine-specific ADBA technéiques, puided by the
MNptse Imduced Loss Regulation 171 (2001) and the
SANS 10083: 2013, According to both the regulation and SANS
100832013, two dagnostic audiogram results should be used
0 confirm the OMNIHL . Ower review of the mina’s
electrondc records revealed that mone of the miners had two
diagnostic records, deeming these resulis
incomplete and incondusive for the diagnosis of OMNIHL
(Franz & FPhillips, 2001} Although duplicate diagnostic

records were not in the mine’s reviewed reconds,
they could have been available and kept with other miners’
records. This undermined the ADBA effort g0 provide a full
picture of the mdners” OMNITHL diagnostic resules.

In a review of gold miners” hearing results, ressarchers
arpuead for the importance of adding an objective

ool - the distortion-product otoacousHc emissions (DPOAES)
ool — for early detection of ONIHL (Mospeng et al., 2007). In
addition, evidence from reseanch on DPOAES has provided
insight inko other casses that lead &0 oocupatdonal hearing
kes, such as age, ototomic drags, chemical exposure,
tubarculosts and HIV (Campo et al., 20013; Khoza-Shangasa,
2MN9; Strauss et al., 2014). However, at the dme of data
collecton for owr study, the miners” diagnoetc audiometry
data did notindude information about TE and HIV treatment,
as well as types of chemicals io which the miners weme
exposed at work. The 2014 HCFP milestones recommended
inclusion of the 5TS as a measure of the miners” hearing
funcHon, with the atm of improving hearing loss identification
for thesa populadons, for which the mdndng industry needs w0
be commended.

The contextual implicatbons for TB and HIV as contrbutory
factors wowands miners” hearing loss cannot be ignored. Cur
review of the records showed that these data weme not
included in the miners" hearing conservation data, in spite of
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several stwdies in the South Afmican mindng industry
indicating that TE and HIV are assoclated with hearing loss
(Hermamas, 2007; Khora-Shangase, 2019). Previows research
has argued for the inclusion of these conditions in the medical
survedllance records of miners (Frane & Phillips, 2000; Khoza-
Shangase, 2019; MHSC, 2015), as well as the audiometry
records, for audiclogical mondtoring. This should be
performed as a proactive way of managing all risks assoclated
with hearing loss.

In a recent record review of hearing function among gold
miners, Khoza-Shangase (2019 found that miners with a
history of TB treatment presenibad with worse high-frequency
hearing loss than those without a history of TB treatment.
The study also highlighted confounding factors that affect
the auditory system in this population, namely, the use
of ototoxic medications, age and noise exposure. Khoza-
Shangase (2019 rmaised the importance of audiclogical
mordioring for these miners to be integrated into the mines”
TB and HIV medical surveillance programmes in order bo
morndior hearing loss holistically. This recommendation was
also made by Franz and Phillips (2001).

Crur Andings indicated that baseline audicmetry referral
soores used by the mines” heanng conservation pracHioners
delay the early identification process and interventon of
miners at risk of OMNIHL. Even at % baseline PLH, the miners
wese at a 2% nsk of developing ONIHL. In addidon, the
FLH scores provide low-frequency thresholds at basaline for
the miners. The 2.5% PLH referral used by the mdne was soefn
as proactive when compared to the legislated referral of 3.2%
(SAMS, 2013), and the method alsoprovides hearing threshold
informatdon that could be used in congunctson with the STS to
identify miners’ risk of developing ONIHL at baseline.

There is a dearth of Heerature on the wuse of baseline FLH as
part of HCPs in South Afcican industries where noise is a
problem. The only other study that reviewed basaline FLH
soores was conducted by Bronkorst and Schutte (2013) whao
reviewed auwdiometry records of workers in varous
oorupational setdngs in the Western Cape provinoe o
highlicht the importance of using the employess’ mone
sensitive basaline (B-baseling) audicmetry results for hearing
conservadon purposes. The method mecommended by
Bronkorst and Schutte (2013) showed the value of baseline
FLH amnd the potendal use thereof without the nead to
recreate new baselines for the South Afnican miners.

The miners who were exposad b0 excessive noise kevels (Z85
dBA) had a greater chance of being with OMNIHL.
¥ the 73 miners diagnosed with ONIHL, 14 {19.1%) were
exposad o nose levels <85 dBA. This implies that the OEL of
=85 dBA wsed by the mines did not protect miners from
developing ONIHL, or that there could be other risk factors
that led to the miners’ ONIHL diagnosts. Cur fndings and
those of Edwards et al. (2011) are in agreement as far as nodse
exposure levels in South African mines are concerned.
However, we questioned the assoclation of other risk factors
with ONIHL, specific to miners exposed o <B5 dBA nodse




levels. Thus, a recommendation is made for the hearing
conservaton practtionsss in the mining industry to review
the legislated OEL (=E5 dBA), and to consider comorbid
factors associated with occupational hearing loss, in order o
prevent ONIHL.

The fact that the partcipating mine did not record nodse

exposure nsk rankings i problematic, and it limiss efforts for
the preventon of ONIHL. It s important for the mines o
provide accurate noise exposure rankings in the miners’
audiometry records, specific o tasks and cocupations, in order
o cormectly idendfy miners at fsk of ONIHL. In addition, the
noi=e measurement technologles and recording techniques
used by the mines” oocupational health practitioners should be
effeciive torwards the prevendon of OMNIHL. Although the
duraton of exposure was not recorded in the current study, wa
acknowledge the importance of this aspect in ONIHL, over
and albove other personal factors such as genetic predisposition.

AMhough significant, the Hndings should be ingerpreted
carefully, taking cognisance of methodological Hmitations.
The data that we reviewsd were exclusivaly drawn from one
larga-scale mine, from the miners’ diagnostic audiometry
records, and revealed three cridcal limdtadons. Firstly, the
shortcoming associated with the use of secondary data & that
some  interpretatons of our fndings are based on
assumptions. Secondly, the ooccupational hygilendst’s data
were not included in the records that we reviewed; thus,
additional exposures and duration thereof were not included
in the data that we reviewed. Our resulis therefore reflect
only a narrow view of the diagnostc avdiometry data set.
Thirdly, the miners’ medical surveillance records reganding
TB and HIV status could not be accessed. This compromised
our review, as we oould not comment on the broader
spectrum of the hearing health risks assocated with the
miners’ OMNIHL. This exchusion of data from the medscal
survedllance database indicates that the mine did not
necassanly view TE, HIV and their medicatons as risk factors
for heaning loss and therefore did not consider them in their
HCF strasegies. Finally, the non-classification of noise
exposure levels according to risk rankings (Franz & Phillips,
201} implies that the mine may be applying a blanket
intervention for miness exposad (o nogse levels of =85 dBA.

Conclusion

COner findings, gudded by the ADBA technique, which was
recommendad by Franz and Phillips in 2000, indicatad dha

the mine was using an adaptation of a technique that was
recommended more than 15 years ago. This resulted in the
mine’s hearing conservation practitoners constédering noése
exposure as the sole occupadonal hazard for OMNIHL. Other
oocupational exposures  assoclated with ONIHL  were
excluded. Monetheless, the effort towards keeping records
for the minersatrisk of developing ONIHL was commendable.

A lower baseline referral FLH score should be used o
tdentify miners at risk of ONIHL early, also allowing for
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early interventon to be insHiuted. The mining company s
encouraged to add the miner’s data on burden of diseases
such as TE and HIV as part of the miners” sudiometry
mondioring  programmes. This would facilitate proactive
management of miners at risk of developing any type of
hearing loss, including ONIHL. The corrent data
management system used by the mine has the potental bo
be integrated into, and wsed together with, the new 2014
HCP milestones, to monitor the miners’ hearing funchon
across all frequencles. It s probable that the mines ane not
achieving the desired cutcomes of tracking miners” hearing
loss accurately, because thay are using the FLH levals i
report miners at risk for ONIHL, rather than STS. We
recommiend that the mines implement the new milastones
{use of 5TS) across all stages of HCF reporting, to enswne
that all new baselines are based on 5TS levels. This will
ensure early identification of ONIHL instead of Focussing
on PLH, which is concerned with compensation after a
dizability has oocurred.
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Appendix 4: Predicting standard threshold shifts for occupational
hearing loss among miners at a large-scale platinum mine in South
Africa (in press)

Predicting standard threshold shifts
for occupational hearing loss among
miners at a large-scale platinum mine

- -
in South Africa
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Mhl,;ﬂ_.lx_l:‘:d' In 2005, the most recent year for which data is awailable 16% of global disabling hearing impairment,
T which affects about four million adults, was due to occupational noise; with the burden ranging From

Frediching standard treshold 7% to 21% in different subregions. (Nelson ef af., 2005) The estimated prevalence in African countries
=hifiz for comupaional hearing was 18% (12-23%).{Nelson f al., 2005) In the USA, the estimated prevalence of cocupational noise-

== among miners of & laege-
scale plafinem mine in South
Africs.

induced hearing loss (ONIHL) in the mining industry for the period 2006-2010 was repornted to be
24% (Masterson of al., 2015). For South African mines during the same period a prevalence of 307%
was reporied (Mine Health and Safety Inspectorate, 2017). ONIHL is common in South Africa acoss

"ﬁiﬁ:l‘:ﬂﬂﬂm. all mining commoditics. The prevalence in the gold mining sector was cstimated to be 17% in 2012

wol 121, no. 8, pe. (Stranss ef al., 2012).

—— An improved understanding of risk factors for miners’ hearing deterioration, in addition to

i o orgf 10, TT 1302411 those already established and considered in hearing conservation programmes (HCPs), is essential.

STITHE RS Hmﬁmhmﬂuamdm—dmngap}m&cms[ag:,smamd race}, genetic predisposition,

pr— recreational nofse exposure, and oocupational exposures (; [Iannnmnnrl:d.nst.zmldh:m]s:l

— (Fillay, 2020, Scpadi, Chadyiwa, and Nkosi, mmmmomm}m extensively conducted, globally

hiip=:llorcid.orgf 777 ({Khoza-Shangase, 2019; Campo, Morat, and Hong, 2013; 2019, Strauss of ., 2012; Brits o o, 20125
Grobler ef af., 20207, Rﬁm&lumaﬁnummhasﬂmﬂmm sex (Strauss of al., 2014),
ototoogic drugs wsed For treatment of pulmenary tuberculosis (FTB) and human immuncdeficiency vires
(HIV} (Khoza-Shamgace, 2019; Brits & af, 2012), and noise exposure levels = 85 dBA are associated
with ONIHL (Edwards e af., 2015; Strauss ef af., 2012; Balfour-Kaipa, 2014).

Although exposure to platinnm mine dust (PMIY), which contains below detectable levels of
aystalline slica (Nelson and Murray, 2013; Bifi and Belle, 2003), is not directly associated with any
occupational discases, platinom miners exposed to PMD expericnoe symptoms such as bocked nose,
scratchy throat, fichy cars and cyes {Levene and Calnan, 1971; Fickl, 2007). All of these are allergic

T foeermacal of the Southerm Afican mstitte of Sining avd Metaibngy VOLLME 121 ALGUST 051 1.
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Predicting standard threshold shifts for occupational hearing loss among miners

(Signiz, 2018), which ooours when there is an obstruction of
sound wawes from the outer ear {pinna to tympanic membrane)
to the middle ear; alse due to a build-up of ear wax or Buid (Katz
et al., 2004 . This gype of hearing loss is treatable but canses
tumctmdlﬁl:lltymﬂuglmuﬁtqmmuﬂdﬂ.

The prevalence of PTB in the South African mining industry
is high { Mine Health and Safety Inspectorate, 2017), and has
been associated with ONIHL in gold miners (Khoza-Shangase,
2019). FTB is also associated with exposure to slica dust in the
gold mines (Nelson, 2013; Sepadi, Chadyiwa, and Nkosi, 2020).
HIV is a also a risk Factor for PTB (Ebonyi ef of, 2016), and
treatments for both FTB and HIV are ototoxic [Ehoza-Shangmse,
3019). Certain cancers are also treated with ototoxic drags,

g cisplatin, which contains platinum =alts {Lenntech, 20200,
Although some research has been conducied on the association
between NIHL and PTB in the South African mining induostry
(Khioza-Shangase, 2019), no investigation has examined the
association of NIHL with exposure to PMD or ototoxic TB, HIV,
and cancer treatments (Lenntech, 2020; Phanguphangu and
Ramma, 2018). There is a dearth of knowledge among mine
medical practitioners on the multifactorial effects of certain
discases and medical conditions, and their treatments, on the
anditory system (Edwards, van Coller, and Badenhorst, 2000},
The South African HCP guideline states that programmes to
prevent ONHL should include seven pillars: noise measurcment,
dievices, risk-based medicals, medical surveillance, and
andiometry (SANS, 2013). However, andiometry data and
reports on miners' hearing conditions in the South African
mines surveilllance programmes are not integrated (Nilhakana,
Ehora-Shangase, and Nelson, 2020). Data regarding risk
fartors associated with miners' hearing loss, health data,
and oocupational hygiene data (including neise exposure
measurcments) is recorded in different data-sets (under the
anspices of HCPs). Data on diseases such as cancer, TB, and HIV
is recorded scparately from andiometry data, and records anc
niot linked for hearing conservation reporting (Khoza-Shangase,
Moroe, and Edwards, 2020},
The identification of risk Factors assodated with hearing
‘lnm nun.p‘h:dmﬂipue-marddwtm-pmdm:tm
cmissions (DPOAEs) andiometric tests, can assist in the carly
{hagunmnlﬂﬂ]-ll’.. {l.hepl:ug_Sou’ and Vinck, 201 7). These
two tests measure thresholds across low (250 Hz) mid
{1000 Hz), and high (2-8 kHz) frequencies (Feuerstein and
Chasin, 2009). While both the IPOAE and pure tonc tosts arc
used in HCPs (Edwards, van Coller, and Badenhorst, 2010), it
has been reported that DPOAE is more sensitive, feasible, and
helpful for the carly identibmation of ONIHL than pure-tone
andiometry (Edwards and Eritzinger, 2012; Edwards, van Coller,
and Badenhorst, 2010). Results from the two tests are recorded
separately in the miners' sudiometry records, and DPOAE results
arc mot always available.
Hbrhls:xpusnihmghumaclcwklustﬂtabﬂnym
hiear high- spunds frst (Edwards, van Coller, and
Badenharst, 2010; Grobler ef ai’, 2020). Hearing loss, as a
decline in hearing thresholds, is measured by percentage loss
of hearing (PLH) (Department of Labour, 3001 and standard
threshold shifis (STS) (Department of Mineral Resources, 201 6).
The PLH is calculated from mecasured hearing thresholds (0.5, 1,
2, 3, and 4 kHz), and a baseline audiogram is recorded based on

= 2 AL ST 2021 WOLLISE 1:21
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this value.(Department of Labour, 2001) This is the method that
was nsed by South African hearing conservation practitioners
to define hearing loss for compensation purposes from 2001 o
2016 (Department of Labour, 2001).

The 5TS method is based on an International Organization for
Standardization (I50) standard (1501999:2013) which specifics
that a decline of & dB in the STS indicates carly ONHL. The
STS method has been used by South African mines since 2016
to benchmark miners” hearing and to track 5TS deterioration
as a function of hearing loss (Strauss of @, 2012; Grobler o
al., 2020%. In 2008, the Depantment of Mineral Resources and
Eh:rg:r{DH.ltEjsﬁH]Pﬂ.mﬂm:sfcrdmmmngmmy
stating that, after December 2008, the HCP implemented by the
industry ‘must ensure that there is no deterioration in hearing
greater tham ten peor cont amongst eocupationally exposed
individuals' (Msiza, 2014; Depariment of Mineral Resources and
Energy, 2008). However, hearing loss prevention efforts were not
successful (Edwards and Kritzinger, 2012) and the DMREE revissd
the milestones im 2014 (Chamber of Mimes, 201 &), stating that,
by December 2016 no employee’s STS will exceed 10 dBHL from
the baseline when averaged ar 2000, 3000, and 4000 Hz in one
or both ears (MHSC, 2015).

Thus, 5TS was prioritized in the measurement of hearing loss
for miners. Normal hearing is recorded as 0 dBHL {Chamber of
Mines, 2016). A 5TS is dehned as an average shifft in bearing
threshiold of 10 dBHL. Although there is no hearing loss at this
stage, amy =hift = 10 dBHL should be reported, and warrants:
investigation and intervention of Mines, 206). A
shiﬁmth:hmgﬂicdﬁﬂuf:lEdBHLlﬂrun:mhﬂthm
arder to confirm hearing loss (Department of Mineral Resources
and Encrgy, 2016). Worldwide, STS has been used to describe
the hearing function of workers exposed to cxoessive noise
levels sinoe the early 2000s (Masterson f of., 2016; Heyer &
al., 2011). The South African mining industry’s hearing loss
prevention efforts, as per the NIHL 2016 milestones, are now
aligned with first world countrics such as the USA. However,
the sucoess of these interventions will onfy be asseseed in 2024
[MHSC, 2015).

The purpose of our analysis was to examine the association
of 5T5 with exposure to noise and PMD, and to develop
prediction moded for STS for miners employed at one of South
Africa's large platioum mines, using demographic data and fve
wvears of audiometry, noise, and dust data
Mathods

The results of individwal miners’ hearing screening tests and
occupational hygiene data from 2014 to 2018 were analysed.
Data on diseases was not available. We accessed 24 321 hearing
screening records and 15 769 oompational hygiene records
[neoise exposure levels) from the mine’s two available d.an—arm.
The hearing screening data-set contained audiometry scroening

records from cxaminations conduced by a qualibed andiometrist
(oocupational health norse) according to the South African
Mational Standard (SANS) 10083:2013. (SANS, 2015), bilateral
andiometry results at frequencies of 0.5, 1, 2, 3, 4, 6, and 8 kHz,
calculated PLH, and averaged bilateral 5TS. The occupational
hygiene data-set contzined information about cocupation (job
title), noise exposure levels (dBAY, and total PMD exposure
measurements (mg'm?) for cach miner, collected by a qualified
oocupational hygienist. Both data-sets induded the miner's
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Predicting standard threshold shifts for occupational hearing loss among miners

to combine the data-sets using STATA {version 15.1). The data
was further categorized using the mine's risk rankings as follows:
PLH as low (0-2%), moderate {2.1-5%) and high {>5%); noise
cxposure levels as 0-31.99 dBA, 32-84 00 dBA, B5-104.99 dBA,,
and 105160 dBA; dust exposure levels as 0-0.299 mg/m?,
0.3-1.400 mg/m?, 1.5-2.00 mg/m?, and 3—100mg/m®, as well as
the standard hearing loss dassifications of mild (2645 dBHL]},
moderate (46-55 dBHL), moderately-severs [56-70 dBHL),
severe (71-90 dBHL), and profound [»00 dBHL) (Katz & ai_,
m:IM'mmm' ion to use the miners” data was granted by the

mine manzagement, and ethical dearance was obtained from

the University of the Witwatersrand's Human Research Ethics
Committer (dearance centificate no. M180273).

The combined data-set contained 17 304 cledronic records
(Figure 1). A total of 4 675 duplicate records, records with no
employes numbers, records with no initial dates of employment,
records with more than two bascline PHL values, and records
with > 50% PLH (invalid caloulations) were excluded. The
number of records induded in the analysis differed from year o
wear — 12 605 for 2014, 12 602 for 2015, 12 520 for 2016, 12
501 for 2017, and 12 502 for 2015

Data analysis
Frequencies and peroentages were nsed to describe miners” sex,
agr group, noisc cxposure and FMD levels, and FLH and 5TS
tegorics. Medians and ranges were used to describe continuous
PLH and 5TS scores. Differences in male and female miners' STS
were graphically depicted by age group and PLH icgorny.

A lincar mixed effects model was used to estimate the
effects of different exposure factors on the bilateral STS, using
continnous data from all the variables with the excepiion of sex.
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Distributions of selected variables, including bilateral 5TS, were
asscesed o ascertain skewness before Biting the model. The
bilateral STS (lefi and right) data were skewed and were therefore
moddl, when hiting the bilateral STS levels to predictor variables,
a random intercept was assumed. The estimates are reported with
95% conhdence intervals, Significance for two-sided tests was
set at P < 0U05. Goodness of bt of the Bnal prediction mode] was
tested using the Bkelihood ratio test.

Resulta

The characteristics of the miners in the 2018 cohort are shown in
Tabie 1. There were more males (m =11 233; §3.6%) than females
(=1 309; 10.4%); most (53.4%) were younger than 41 years,
most {76.4%) had low PLH; 72.4% were exposed to noise levels
of 85 dBA or higher; and 57.9% were exposed to 1.5-2.90 mg/
m® PMD. Approximately 10% of the miners had high FLH (= 5%)
and STS = 26 dBHL.

Tabis f

Minara" axposure, and hearing function
charmacheristica [N = 12 53892%)

Vanabbs ] -5
Sax

Farain 1308 104
Polan 11 283 BEUS
Agn (e

w4l 5243 B34
$1=55 3768 B4
= 58 BID &3
MOk SpeEaTn ieend [AEA S

08156 LF] e
B2-B495 1813 184
B5-104 58 BHS T24
PRAD g il g

0-0.299 3004 2E4
03-1.80 1454 138
152 5118 579
PLH (%)™

Loww {02 GE1E TEA
Mcoerate |2.1-5) 1708 135
High [=5) L 1a
STE [dBHL]"™™

=025 11 287 BRUS
2685 1028 B2
45-55. ] 1.4
55T 3 o7
=00 = oz
£ 2 nm

* Basnd on 20118 data; ™ riskmanking soales usad by he partic pabng mina
"range of hearing funclion [Katr of o, 2008

Table 1l shows the medians and range used to desoribe the
miners’ hearing fonction measurements (PLH and STS). The
meedian PLH did not change thronghout the study period {1.2%):
some miners had a masdmum PLH range of up to 50%. The
median 5TS was §.3-10 dBHL, with a hearing deterioration (STS)
of 1.7 dBHL from bascline to 2016 in the left car, and to 2017 in
the right car. Some miners had a maximum STS ange of up o 99
dBHL at baseline, which increased to 95 ABHL by 2018,

Figure 2 shows STS for the left car for male and female
miners of different age groups and PLH categorics across the five

WOLLMME 121 BLCEUET S0 5



Predicting standard threshold shifts for occupational hearing loss among miners

wears of follow-up. There was a small increase in mean STS over
Tadkes the fve ywears in the high PLH category for males > 41 years.
Madian values for hearing funclion measurements Male miners in most FLH categories had higher mean ST5 levels
[N = 12 5924 than female miners in all years of exposure, across different
agr categorics. The differences in mean STS between males
PLH Py BT el g IRHL) | ST vighot o (BHLY and females were greatest in the high PLH and > 41 years age
Year | Medan | Ramge | Medan | Ramge | Medan | FRange categories.
204 12 11459 B3 10-56.0 83 | 10.0-380 Figure 3 shows STS for the right car for male and female
S 12 14457 g3 |-83@m0| B3 |-85as . ) N
s 12 11499 | 100 [-woess| es | -azea mﬁﬁﬁﬂcﬂaﬂcgﬂmmmm.mm
T 1z e s | -assse | oo | -assas frwe years of follow-up. There was a small increase in mean 5TS
ME 12 11463 100 | =900-850| 900 | =100-543 over the fve years in the high FLH category for males = 41 years.
Male miners in most PLH categories had higher mean STS kevels
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age categories. The differences in mean STS between males

and females were greatest in the high PLH and » 41 years age
categories.

Predicting standand threzhold shifls for occupational
hearing loss

The wear 2014 was set as the baseline year; 2015, 2016, 2017,
and 2018 represented cumulative years of noise and dust
cxposure. The log-transformed STS data was used in the mixed
effects Enear regression model as the outcome variable; the
predictor variables were sex, age, PLH, noise exposure level, dust
exposure level, and years of exposure (as described in Table [0).
The model showed that the estimated effoct on 5TS for males was
27% and 21% higher than for females, for the l=ft and right ear,
respectively. The estimated effects on STS of a unit increase in
PLH, age, duration of exposure, and noise cxposure level were
all = 10%, but nevertheless statistically significant. The effect
ﬂldnatﬂpnmlcmsrs-wmmlmhmm
likelibood ratio test showed that the predictive model was a good
fit (p < 0.001).

Figure 4 shows an increasing effect of years of exposure
on predicted TS for both male and female miners, controlling
far age, PLH, and noise and dust levels. There was a steady
increase in the predicted STS (and, therefore, a gradual hearing
deterioration) for both the keft and the right ears over time. Males
start with a higher baseline STS and maintain higher STS levels
across all years of exposure, compared to females.

Figure & shows the effect of increasing age on the predicted
5TS for males and females, when years of exposure, PLH, and
mhcanddumhﬂamc:mircﬂnﬂlu.ﬁ;mak—s_lh:pudtmd
5TS increased steadily, and was higher than that for females
far both the left and right cars. Again, males start with a higher
basdine 5TS than females, which is consistent amoss all ages.
Di .

Although the STS milestone (Regulation £39) was introduced
by the DMRE and due to be updated in 2024 {by December
2016, no employes's STS will excoed 10 B from the bascline
when averaged at 3000, 3000 and 4000 Hz in one or both ears’)
{Chamber of Mines, 2016}, our study is the first to evaluate the
progress made by this platinom mine. By analysing the mine's
data we were able to benchmark miners' hearing, track STS
deterioration, and identify miners at risk of developing hearing
loss.

In this group of miners, both age and scx were associated
with deterioration in hearing, measured by increases in STS in
the high frequencics. This supports the Andings of Grobler & af.

(20207 that male gold miners older than 40 years and exposed
to excessive oooupational noise had hearing deterioration in the
high frequencies. Bilaterad loss of hearing, measured by STS
(HFA234) was generally worse in male than female miners. This
may be due to differences in genetic susceptibility (Sliwinska-
Kowalska and Pawelcryk, 2013}, reoreational noise exposure
(Gates et @, 2000}, previous cccupational noise exposure
(Grobler of af., 2020), diagnosis of conductive hearing loss
(Ntlhakana, Khora-Shangase, and Melson, 20200, or medical
conditions such as TB and HIV, and treatments thereof (Khoza-
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Shangase, 2019). Recently, coronavirus (COVID-19), assodated
with otitis media (Fidan, 2020) and otitis media, have born
included among the risk factors that affect South African miners
(Midhakana, Khoza-Shangase, and Nelson, 2020). Exclusion of
this data from the andiometry records may kead to an under-
estimation of the miners’ hearing deterioration.

Hearing threshold changes and hearing deterioration that is
due to a combination of various factors, incduding oconpational
nioise cxposure, are gradual and incremental. This has been
reported previously in South African gold mines {Strauss of af.,
2014; Grobler ef ., 2020). Some miners had presented with
hearing loss in 201 &, ranging from 26 dBHL to 90 dBHL, which
may prevent the mine from achicving the NIHL milestone target
for 2024. Furthermore, some miners” pure-tone air conducion
data was not available for every vear, so the mine did not
consistently Follow andiometry reguirements for individual
miners who were at risk of developing ONIHL. Standard
bz used together, rom baseline, to measure miners” hearing
deterioration and for early identification of at-risk miners. Our
Endings may be used by the participating mine to achieve the
targets for the KIHL milestone for 2024,

Although the participating mine’s noise cxposure records
showed a maximum noise exposure level (105 dBA) that was
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below the DMRE s targeted level of 107 dBA for 2024 (Chamber
of Mines, 2016), more than 70% of the miners in the cohort were
exposed to > 85 dBA over the ve-year period. This is a concern
@ acoustic pressure at > 85 dBA damages the anditory system
(Rodrigne, 2020 Grobler o &f., 2030}, Comulative exposure

to high moise levels had a negative impact on miners” aoditory
systems, as some of the miners in our study presented with STS
that ranged between 26 dBHL and »30 dBHL (Nthakana, Khoza-
Shangase, and Melson, 2020). High noise exposure levels will
continue to increase the miners’ risks of ORIHL.

There are no studies on the effects of dust exposure on
hearing loss, which may be due to the fact that dust exposure
levels in the South African platinum mines are lower than the
regulated oocupational exposure level (OEL) of 3 mg/m® (Belle
and Stanton, 2007). Although more than half of the miners
in the database were exposed o 1.5-2.90 mg/m® PMD, which
is classificd as ‘significant” acoording to the mine's PMD risk
ranking scale, we found mo effect of PMD on hearing function.
the throat, nose, ears, and eyes (Levene and Calnan, 1971),
which are allergic reactions to PMD that are assodiated with
condudtive hearing loss (Levene and Calman, 1971). Therefore,
other types of hearing loss such as conductive hearing loss
should be considered to avoid an over-estimation of ONIHL as
well as to account for different types of hearing loss that affect
miners (Sebothoma, 2020). The findings of this analysis also
have implications for preventive audiclogy in the form of early
ientification of hearing impainment in miners, and interventions
to both reduce the risk of progressive hearing loss in those
aiready affected and prevent hearing loss in miners who are not

Diespite the fact that some studics have reported effecs of
PFTB and HIV treatmeent on miners” bearing fonction (Khoza-
Shangase, 2019), and that ceriain treatments for these discases
and cancer are ototoxic (Khoza-Shangase, 201%; Lenntech, 20204
Phanguphangu and Ramma, 2018}, we were not able to access
mincrs' medical reconds on PTB, HIV, and cancer treatment, as
these records were in a database that was separate from the
andiometry data. A lack of integration of the miners' FTE, HIV,
mtdmmdﬂawﬂhandmmﬂ:ydﬂalnmlamﬂumm,gﬂdt
miners' hearing function and deterioration.

I-[:anng:ha.ngts{lmtnmmtu:unl:mludnmﬂ:ﬂl

oocur gradually over time and reflect the mine's
HCF efficiency. Owur findings were similar to those of Strauss &
al. (2014) and Grobler ¢ al. (2020) in that hearing thresholds
of males were more adversely affocted than those of females.
We predicted that the estimated effect on STS associated with
b:mgmd:amm:lhanthﬂu‘?lﬂag:,yﬂacfm
amnd noise exposure, although all were statistically =i
Chur model showed that age had a small effect on STS compared
&t sex, which was surprising because studics on South African
gold miners have reported age to be associated with OMNIHL
(Strauss o al., 2014; Grobler e af., 2020). There was also
evidence that males started with higher STS than females, when
wears of exposure and age were controdled for, and thus were
more susceptible to hearing loss from baseline than females.
Furthermore, our modd predicted a gradual 5TS deterioration
over 10 years which, without intervention, will continue.
Although we nsed fve years [2014-2018) of data in our
amalysis, the mean duration of empleyment and noise exposure
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Khoza-Shangase, and Nelson, 20207, The model showed that
STS over a period of time. This presents an opportunity for
Ih:mhﬂmlmmwmtﬁﬂumﬂﬁdandhimﬂndrmhﬂn'
exposure variables (age, sex, noise, dust exposure levels, and
duration of exposure) to predict hearing deterioration, with the
hope of identifying miners at risk of corupational bearing loss.
Most investigations of the prevalence of ONIHL among
miners have nsed cross-sectional study desipns (Khoza-
Shangase, 201%; Mocpeng, Soer, and Vinck, 2017; Stauss & af.,
2012, 2014; Brits et af., 2012; Campo, Morata, and Hong, 2013;
Masterson e @, 201 6; Heyer ef @l 2011). These have provided
Emited evidenoe for synergistic risk factors in cocupational
hearing loss, and no time-spedfic information assodated
with the onset and development of ONIHL. We conduced a
refrospective cohort analysis that used the miners” longindinal
data to understand risk factors associated with hearing function.
However, prospoctive cohwort i studies would improve
our understand of the development of ONIHL and its associated
risk factors over time (Seixas & af’, 201 2; Worku and Ohaja,
3004).

Sirength and imitations
amrmhnfmmﬂywﬂtmufhyda:-malhﬂ
hmidﬂmndl&mnamﬂmdm
and andiomeiry data to determine trends in the miners' hearing
function.

The main limitation was the unavaiability of the miners’
medical surveillance records linked to the data-sets used in the
study. We could therefore not include medical conditions that
cause conductive hearing boss (eg. allergies, COVID-19), chronic
medical conditions such as FTB and HIV, and medications nsed
to treat PTB and HIV, in the analysis and in the predictive model.
This mine cited the POF] and Medical Ethics Adts as stumbling
blocks to providing the miners” medical records, which are
dassificd &= conhdential with limited rights of socess, Thus,
effects due to ototoxicity were not factorsd into our analysis.

In addition, there was no information about other factors
associated with NIHL, such as rocreational noise exposure and
previous oocupational noise exposure. It is therefore possible
that we overestimated the prevalenoe of ONIHL. This mines
HCP data was not integrated, and some miners” records omitted
demographic and audicmetry data, henoe 2014 was used as
the baseline year, which was not necessarily a true baseline for
miners in this study.

Conclusion

This is the hrst study conducted at a South African mine that
indudes miners’ andiometry and ocoapational exposure data
predict hearing changes over a period of time. We showed that
demographic characteristics (age and sex) and occupational
exposures (noisc) can be wsed to predict ocoupational hearing
deterioration and calonlated the contribution of each variable
over a period of time. We showed that miners” STS changes are
gradual over time and are due to a combination of risk Bctors,
niot only noise exposure. These Andings may be used to cvaluate
HCF efficacy at this and other mines.

The miners” demographic data and risk ranking categories for
cocupational and andicmetry data may be uscful for development
of the HCF data repository for this and other South African
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mincs. We have highlighted gaps in the iterature on the potential
association of exposure to PMD and conductive hearing loss in
the South African platinum mines. Jur resalts reinforce the need
to shift the foons from ONIHL prevention only towards HCPs that
will address different types of hearing loss.
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Appendix 5: Using big data to predict occupational hearing loss for
platinum miners in South Africa: A case study of data sharing
practices and ethical challenges in the mining industry (invited
manuscript — under review)

Ntlhakana L, Nelson G, Khoza-Shangase K, Dorkin E

Abstract

Background: Big data requires machine learning systems (MLSs) to automatically classify
and predict outcomes, and to ensure protection of personal information. Relevant legislation
have paved the way for data handling and sharing. However, ambiguous big data handling
and sharing practices hinder healthcare delivery and medical research.

Objectives: We reviewed personal health data in hearing conservation programs to
investigate personal data protection processes used by a South African platinum mine, and to
describe the use of big data in a MLS, which may lead to ethical pitfalls.

Methods: This was a semi-qualitative cross-sectional study design, which entailed analysing
miners’ records from 2014 to 2018. Data were accessed from the audiometry medical
surveillance database (n = 480), the hearing screening database (n = 24 321), and the
occupational hygiene database (n = 15 769). Ethical principles related to big data protection
and sharing were explored.

Results: Some audiometry screening and occupational hygiene records were incomplete
and/or inaccurate (N=4 675). The database containing medical disease and treatment records
could not be accessed. Ethical challenges included lack of clarity regarding permission rights
when sharing big data, and no policy governing divulgence of miners’ personal and medical
records for research.

Conclusion: This case study illustrates how research can be effectively, although not
maliciously, obstructed by the over-zealous protection of employee medical data. Efficient
MLSs require good quality big data underpinned by medical ethics. Clearly communicated
company policies should be developed for sharing of miners’ records in the mining industry,

to improve HCPs.

Keywords: electronic data, occupational exposures, personal data, audiometry, healthcare

providers, machine learning systems, ethical principles
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INTRODUCTION

Hearing conservation programs (HCPs) are an occupational noise induced hearing loss
(ONIHL) prevention measure. A company’s HCPs contains workers’ personal information,
and audiometry medical surveillance and occupational noise exposure records to monitor
risks for ONIHL, the number of workers diagnosed with ONIHL, and the effectiveness of
surveillance programs. [1] Globally, HCP data accessed from various occupational settings
have been used to highlight the high prevalence of ONIHL as a result of exposure to high
noise levels. [2] In a systematic review, Chen et al. (2020) [3] concluded that HCPs records
show complex interactions of risks for ONIHL. Nevertheless, prevention measures
implemented by various industries have reduced ONIHL morbidity but have not prevented
ONIHL. [4]

Occupational noise induced hearing loss is a widely researched public health problem.
[2] In 2005, the global prevalence of hearing loss due to exposure to noise in the workplace
was estimated to range from 7% in high income countries to 21% in low and middle income
countries (LMICs). [5] In LMICs, mining, agriculture and construction industries have been
reported to produce the most excessive noise exposure levels and to present with the highest
prevalence rates of ONIHL. [3,5,6] In South Africa - a LMIC - the mining industry reported a
higher prevalence rate of ONIHL than this (30%) in 2016/2017. [7] Despite noise reduction
and other measures (for example, noise surveillance and audiometry medical surveillance)
implemented in South African mines over the last 12 years, the industry continues to struggle
to prevent ONIHL. [8]

Mines” HCPs, designed to prevent ONIHL, constitute big data, which focus on noise
exposure measurements, as well as noise monitoring and reduction strategies. Hearing
conservation programs also incorporate the premise that noise exposure for any worker
should not exceed 85 decibels (dB) averaged over an eight-hour working period (8-hour time-
weighted average (TWA)). [9] However, for a HCP to be efficient and effective, other HCP
pillars, in addition to noise reduction, must be adhered to. [10] These include administrative
controls, HCP training and education, use of hearing protection devices (HPDs), risk-based
medical examinations, and audiometry and medical surveillance. [10] Big data comprise
massive volumes of highly diverse information, which includes personal information, and
occupational and medical history of individuals and large cohorts. [11] Thus, South African

mines’ HCPs datasets constitute copious amounts of miners’ electronic records collected for
99



risk assessment related to occupational exposures, and prevention of associated medical
conditions. Opportunities for medical research, using machine learning systems (MLSs) and
algorithms to predict health risks, may seem limitless for the mining industry, but such
opportunities have not been extensively explored. [12,13]

Electronic data recording uses MLSs with artificial intelligence (Al) capabilities,
which automatically classify and predict outcomes by applying various algorithms to
datasets. [14] Since the South African mines use electronic data to monitor occupational
exposures and diseases, as well as to support medical decisions, it is imperative that
occupational health and safety (OHS) practitioners understand MLSs and the relevant
algorithms used for data collection, access and analysis, to compile OHS compliance reports.

[3]

The lack of familiarity by end-users of MLSs impacts negatively on the quality of
data. The fact that end-users cannot measure outcomes based on the collected data hinders
hearing healthcare delivery, medical decision-making, and HCP planning. [3] Good quality
audiometry data and audiometrists who are skilled in interpreting automated audiometry test
results are essential, however, the quality of both has been questioned by some researchers in
South Africa. [16,17] The quality of audiometry records is a critical indicator of the
effectiveness of an HCP, thus it is imperative that audiometrists record data meticulously in
order to enable accurate analysis for the reporting of valid results to inform medical decisions
and to improve hearing healthcare delivery. Thus, consistent and accurate audiometry
medical surveillance may not exist in some instances, which negatively affects the quality of
HCP data as well as hinders accurate prediction and prevention of ONIHL. No studies in
South Africa have assessed audiometrists’ MLSs skills, or standards of data recording, which

are essential for programs aimed at predicting and preventing ONIHL.

High quality data are also essential for robust scientific research regarding HCPs and
ONIHL prevention. However, there is no clarity on practices or policies, in by the mining
industry for seamless and transparent data sharing with embedded ethical principles of
confidentiality and beneficence. The implementation of the PoP1 Act of 2013, enacted in
2020 [15], has paved the way for companies in South Africa to maintain the integrity and
confidentiality of workers’ records and has set the stage for national debate on the use of big

data protection and sharing for healthcare and research.
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Silo reporting of occupational exposure risks and health risks

Silo reporting (referred to reluctance to share information with other from different divisions)
[18] of risks associated with ONIHL may impede efforts directed towards the prediction and
prevention of ONIHL. There are factors, other than noise, that are associated with hearing
loss [8,19], such as ageing, being male and black, genetic predisposition, exposure to
recreational noise [19], and treatments for tuberculosis and HIV. [19,20,21,22,23] Exposure
to chemicals (nitrogen sulphide and carbon monoxide) emitted during some mining processes
have also been reported to increase the risk of hearing loss, but research on this is limited in
the South African mining industry. [24] Studies using miners’ HCP records have shown that
data on common medical conditions (tuberculosis, cancer and HIV) and treatments thereof
[22], as well as data on occupational exposures (dust and chemicals) that are associated with
ONIHL, are often kept separately from HCP data. [17,19]

Using MLSs to capture and analyse data, and report health risks

Data recording and data sharing practices by the mines’ healthcare practitioners are governed
by the HPCSA'’s ethical principles for good practice [25,26] (specifically, confidentiality and
beneficence), and the OHS Act (Act No.85 of 1993) [27], respectively. The South African
mines, in their annual occupational diseases’ reports submitted to the Department of Mineral
Resources and Energy (DMRE) [8], showed a decrease in the number of ONIHL cases from
2015/16. In the same report [8], the South African mines showed a lack of integrated
reporting of all occupational exposures (e.g. dust, nitrogen, carbon-monoxide) that are
associated with hearing health risks, and interventions to mitigate these risks. The decrease of
ONIHL cases in 2015/16 may have been due to reasons other than improvements in HCPs
(e.g. practitioners’ lack of training in and understanding of MLSs which in turn may lead to
incomplete HCP records, and/or inconsistencies in HCP data capturing). [16,17] A lack of
integrated reporting of HCP findings inhibits the practical implementation of the HPCSA
guidelines which guide recording of patient data (Booklet 9). [25] There are no evidence-
based studies on interactions between ethical rules that govern miners’ health record keeping

and reporting of occupational diseases.
Electronic occupational health records governance

Legally, access to workers’ medical records, e.g. medical conditions and treatments, and

personal information, is restricted to medical practitioners employed by the company. [26]
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Legislation and rules that govern the reporting of, and access to, workers’ data include the
PoPI1 Act of 2013 [15], the National Health Act (Act No.61 of 2003) [28], and Booklet 5 of
the HPCSA (Confidentiality: Protecting and Providing Information). [26] In addition,
according to the Health Professions Act, 1974 (Act No. 56 of 1974) [29], healthcare
practitioners hold rights and privileges with regard to patients’ personal and medical
information. Although individual companies may design specific data access and protection
guidelines suitable for their needs and their multidisciplinary context, there may be
governance challenges around privacy, transparency, security, and quality assurance of the

big data collected by the mines, which should be investigated.

Table 1 summarises the basic ethical principles that guide data sharing for healthcare

practitioners, as applied to mine employees’ data.

Table 1. Summary of ethical principles

Ethical principle | Definition Explanation
Confidentiality Personal information will be held in Miners’ personal and medical information
confidence. must be confidential and sharing of the

medical information may be at the
Guidelines in Booklet 5 of the HPCSA discretion of the medical practitioner.
state that a practitioner may divulge
patient information under certain
confidential conditions.

Beneficence Duty to do more good than harm Research using miners’ audiometry data
must be shared confidentially and miners’
identity must be protected to address
scientific questions.

Adapted from Flite and Harman (2013) [30]

While protection of miners’ data is ensured by these Acts and rules [15,24,26,28], the mining
companies impose additional restrictions to data access for external medical practitioners and

researchers, citing protection of miners’ medical information as the reason for doing so.

In this case study, we reviewed the personal health data (exposure and audiometry
data) in an HCP, to investigate the personal data protection processes followed by a South
African platinum mine, and to describe the use of big data in a MLS, which may lead to

ethical pitfalls.
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METHODS

This was a case study of a large platinum mine in South Africa. We reviewed individual
miners’ personal and exposure data from electronic audiometry medical surveillance, hearing
screening and occupational hygiene records (stored in three datasets) from 2014 to 2018. A

semi-qualitative cross-sectional study design was used. [31]

The data collection process comprised two phases. First, data were extracted from the
three Microsoft Excel databases, which were designed by the mine’s hearing conservation
practitioners. Second, the ethical principles applied by the company, with regard to data

sharing, were explored.

Hearing screening (dataset 1, N = 24 321): Hearing screening, to assess risk for hearing
loss, is conducted annually on each individual miner, by a qualified audiometrist. [8] The
dataset comprised the bilateral audiogram records of 24 321 miners, and included the results
of testing at frequencies of 0.5, 1, 2, 3, 4, 6 and 8 kHz that were used to calculate percentage
loss of hearing (PLH) scores and bilateral standard threshold shifts (STSs). Six data points

per audiogram (three frequencies per ear) were used to estimate risk for hearing loss (STS).

Audiometry medical surveillance (dataset 2, N = 480): This data set, accessed from the
occupational medical practitioner (OMP), contained results from screening audiograms of
miners with a PLH > 2.5% from baseline and those of some miners who presented with ear-
related conditions (indicating risk for ONIHL). [8] The dataset comprised 480 miners who
were referred to the OMP by the audiometrist, but 10 audiometry medical surveillance
records were missing from the OMP’s dataset. Seventy-Six miners in the dataset were

compensated for ONIHL.

Occupational hygiene (dataset 3, N = 15 769): Occupational hygienists collect data on
exposures (including noise) that are associated with adverse health effects. [32] These data
were stored in a separate database, which included data on occupations (job titles), noise
exposure levels (dBA), and platinum mine dust (PMD) exposure levels (mg/m3).
Approximately 96 data points were used to measure noise exposure for individual miners,

based on a noise reading every five minutes for an 8-hour shift.

Figure 1 illustrates the three datasets used in the study, all of which included the

miners’ employee number, age and sex. These three variables were used to merge the three
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datasets, using STATA (version 15.1). The numbers in Figure 1 refer to data collected in
2014.

Dataset 1: Hearing Dataset 2: Audio Dataset 3:
screening (both ears) medical surv. Occupational hygiene
24321 480 15 679

J l

Combined dataset

17 304

(Individual miners’ records)

4 622 records excluded:
Missing employee number
Missing date of birth
Missing initial date of employment
Duplicate records

>50 baseline PLH scores

|

53 records excluded

> 50% PLH shift

1

4 675 total excluded records

12 605 (2014) total records for baseline year

Figure 1. Data management process followed showing individual miners’ records

included and those excluded from merged dataset font is different
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The second phase of data collection comprised completing a checklist, as shown in
Table 2, to record information about the ethical principles that were applied to miners’ data
reporting and access, guided by Booklet 9 of the HPCSA [25], the National Health Act [28]
and the PoPI Act. [15] Information was collected during discussions with the mine’s three
hearing conservation practitioners, viz. the OMP, the audiometrist and the occupational

hygienist.

Table 2. Checklist of ethical considerations used from data accessed

Dataset to which ethical

considerations applied
Ethical consideration Guiding 1 2 3

document

Confidentiality *+1 N N N
Anonymity * N N N
Protection of personal information T N N N
Complete and consistent records it N N N
Standardized electronic records T N N N
Computer stored records *+1 N N N
Data access for research (external users) | *+1 N N N

*HPCSA:; fNational Health Act; *PoPI Act;

A fourth set of data (dataset 4), which was stored in a QMed format, could not be
accessed. QMed is the mine’s integrated big data health management system, which allows
for complex machine learning analysis. It is used by the hearing conservation practitioners
and had stricter data access restrictions than those that applied to the three MS Excel datasets.
The database comprised a comprehensive record of each miner, which medical practitioners
could access, and included key items such as scheduling for medical examinations, medical
surveillance, primary healthcare, anti-retroviral treatment (ART), and disease management
data. The QMed system was developed in line with best-practice guidelines with the intention
of providing an integrated healthcare management solution. [33] QMed enables 1) the
efficient medical care of miners, 2) medico-legal compliance, and 3) healthcare compliance
needs of the mine, in line with the Mines Health and Safety Act. [34]

Figure 2 illustrates the ethical considerations followed in the data collection process to show

rigor during data collection.
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Permission to conduct study granted by the mining
company: type of data agreed on

.

Ethical clearance to conduct study granted by the Human \/
Research Ethics Committee (HREC - Medical) University of
the Witwatersrand

Permission granted to access electronic HCP records from
the mine

Meetings held at the mine to discuss data access process \/
and permission from mine's MLSs

3 datasets accessed from MS Excel: OMP; audiometrist \/
and occupational hygiene.

QMed data access denied

Figure 2. Ethical considerations in the data collection process

Ethical clearance was obtained from the University of the Witwatersrand’s Human

Research Ethics Committee (clearance certificate no. M180273).
RESULTS

The mine’s hearing conservation practitioners used a two-step process of HCP record
keeping. Step1 involved daily recording of miners’ complete HCP data in MS Excel
spreadsheets. In step 2, some of the miners’ records were transferred to the QMed system.

The hearing conservation practitioners maintained both the MS Excel and QMed datasets.
Access to audiometry medical and occupational hygiene surveillance data

Many of the audiometry medical and occupational hygiene surveillance records accessed
from MS Excel were incomplete and/or inconsistent. A total of n=4 675 individual miners’
records were excluded from the analysis due to employee numbers which were missing or

incomplete; the initial date of employment was missing for some; there were several
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employees for whom more than one baseline PLH score was recorded without explanation;
and some had a PLH shift score of > 50% with no specified follow-up by the OMP (n=53).

Although permission to use the QMed dataset was initially granted by the mine,
access to the data was later denied, based on conditions of confidentiality as stated in the
PoPI Act. [15] Information about some of the miners’ ear-related conditions and treatments
which would have been accessed from QMed were excluded from the analysis. Miners’
records stored in the QMed system (all miners), which included data on medical conditions
such as tuberculosis, HIV, diabetes, cancer and treatments thereof, could not be accessed due

to restrictions applied to external users for research purposes.
Accessing miners’ audiometry medical surveillance records — ethical challenges

The application of the ethical principles of justice, beneficence and confidentiality ensures
protection of miners’ personal and medical information. However, this resulted in challenges

with regard to accessing data from the MS Excel and QMed databases.
Justice

Fair equitable treatment for all (miners) was ensured. All workers who were exposed to
occupational noise and were at risk of developing ONIHL accessed hearing health services
from audiometry medical surveillance designed to prevent ONIHL.

Beneficence

The use of MLSs ensured that miners’ audiometry surveillance records could be accessed,
and complied with the HPCSA guidelines in Booklet 5, Section 9.1.1.1. [26] The MLSs were
used as registries to monitor hearing and ear-related medical conditions and treatments

thereof.
Confidentiality

The confidentiality rule is central to trust between practitioners and patients. [25,30]
Confidentiality of miners’ audiometry medical records was ensured by hearing conservation
practitioners by, for example, password encryption, and all data were anonymised before we

received them for analysing.
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DISCUSSION

In this case study, we reviewed the use of personal health data (exposure and audiometry) in
an HCP to establish risk assessment practices, and explored the application of personal data
protection processes used by a South African platinum mine. Our intent was to start a debate

on the use of big data in MLSs and data sharing, which may lead to ethical challenges.

Worldwide, occupational hearing health research is impeded by data access
restrictions — due to both legislation and guidelines that are designed to ensure privacy and
confidentiality of workers’ information, and/or company-specific information. This case
study illustrates how research can be effectively, although not maliciously, obstructed due to
over-zealous protection of employee medical data by a company. Specifically, access to (and
therefore analysis of) the data of several thousand miners for research aimed at predicting
occupational hearing loss was hindered by tensions between the application of ethical
principles that govern workers’ medical data, such as ethical guidelines for good practice,
confidentiality and protection of personal information, and access to data for research

purposes.

The use of machine learning systems to improve data quality and protection has been
legislated in South Africa [15, 24] but automation still comes with challenges. The
participating mine used MS Excel and QMed to record miners’ data. According to Luy [35],
MS Excel is inappropriate for the processing and analysis of large datasets as it lacks
programming functions and falls short of the requirements for machine learning. On the other
hand, the QMed system allows for big data risk assessment analysis and medical research.
[36] Thus, using different MLSs, with different capabilities impeded data access and
restricted hearing health research. While this was a case study of a single large mine in South
Africa, the findings are likely to apply to other mines and, perhaps, industries in this and

other countries.
Justice

All miners undergo medical surveillance as a mandatory procedure to identify early signs of
occupational diseases. The mines follow risk management protocols that are designed to
efficiently monitor all miners and prevent occupational diseases. [7,37] Indeed, the mine in
this case study conducted annual audiometry surveillance to identify miners at risk of
developing ONIHL, and therefore to prevent ONIHL.
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The South African mines are guided by Acts (Mine Health and Safety Act No. 29 of
1996; PoPI Act of 2013) to ensure the aspect of justice, where miners have frequent and
regular annual medical examinations to reduce occupationally-related health risks and, in
turn, benefit from best practice medical surveillance. [34] However, the use of different
MLSs (rather than a single MLS), viz. Excel and QMed, in this case study, to capture annual
audiometry medical surveillance records may hinder accurate tracking of the miners’ hearing
function, subsequent medical decisions, and research efforts related to hearing loss

prevention.

Ethical challenge: big data regarding hearing health medical conditions and treatment for
tuberculosis and HIV from the QMed system could not be accessed, which prevented
comprehensive data analysis for this case study and possibly restricted the mine’s

implementation of actions for early prediction and prevention of occupational hearing loss.

We recommend that this, and other mines store data in a single database, using one health

management system to track the health of individual miners.
Beneficence

The mine HCP reports refer to audiometry surveillance big data records. The HCP reporting
is based on occupational noise exposure levels, and hearing deterioration is calculated using a
PLH score. [38] Other risk factors, such as tuberculosis and HIV treatments, and ear diseases
such as otitis media, otitis externa, and impacted cerumen, were included in the QMed dataset
(to which access was refused), but not in the records that were accessed for this study.
Miners’ PLH scores can be influenced by these ear- and hearing-related risk factors
(tuberculosis, HIV, otitis media, otitis externa, impacted cerumen, and their treatments)
[22,23], which may not have been taken into consideration when assessing hearing
deterioration and planning ONIHL prevention strategies. While the exclusion of miners’
medical information from the audiometry surveillance records may be based on maintaining
confidentiality of medical records and adhering to the mine’s privacy policies, it hinders

efforts to prevent ONIHL. [17,19,23]

The Mine Health and Safety Act (MHSA) has legislated the reporting of HCP data to
the DMRE to ensure accurate tracking of miners at risk of ONIHL, and the reporting of cases
of ONIHL. [34] However, evidence-based research has shown that the South African mines

use different HCP databases, which presents challenges such as missing records, and
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inconsistent recording of noise measurements and PLH scores. [16,17] The individual mines
and the government departments that publish the annual occupational and medical reports

should undertake quality assurance of the HCP reports submitted to the DMRE.

Ethical challenges: Incomplete records and inaccurately entered records lead to poor quality
surveillance data, which in this case may lead to inequitable hearing healthcare for individual
miners. This also has the potential to negatively affect the accurate prediction and prevention

of occupational hearing loss.

It is recommended that companies develop and communicate transparent policies regarding
big data access and sharing processes with all hearing conservation practitioners, and miners ,
to empower miners to take ownership of their hearing health and to ensure equitable hearing

health care and accurate monitoring of hearing health trends.
Confidentiality

The mine adhered to the rules that govern patient confidentially and protection of personal
information with regard to occupational medical record keeping. [24] The National Health
Act [26], Booklet 5 of the HPCSA [24], the MHSA [34], and the POPI Act [15] clearly state
that healthcare professionals are mandated to record health data for all users (patients and/or
employees), and to design electronic information systems to ensure security of health records.

By using MLSs for big data storage, the mine complied with these requirements.

The OMP is responsible for ensuring that the mine’s medical surveillance programs
and MLSs are designed to monitor miners’ occupational hazards associated with health
conditions, to evaluate intervention strategies used to mitigate risk, and to prevent
occupational diseases. [26] Furthermore, the MHSA [34], the PoPI Act and HPCSA [26] all
require the application of privacy control measures for the protection of workers’ health
records. For example, the mines are mandated to report occupational hazards and medical
conditions affecting miners to the DMRE’s medical inspectors, and to ensure that miners’
identifiable information is anonymised. [34] In our assessment of the mine’s HCP records,
there was a lack of clarity (in the mines’ annual health and safety reports) about which
database(s) was used to report audiometry medical surveillance results to the DMRE,
although confidentiality and protection of miners’ records were maintained. [16,17] The PoPI

Act had not been effected when our study was conducted, but the mine’s medical officers
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applied the PoPI Act restrictions when denying our request to access the miners’ medical

records for research purposes.

Ethical challenge: Criteria used in the decision to share miners’ confidential personal and
medical records for medical research are provided in Booklet 5 of the HPCSA. [26] The
application of the confidentiality rule is at the discretion of the mine’s medical officer
(Section 3.2), but this was not clear to the OMP in this case study. Restricted access to
records for miners’ medical conditions and treatments thereof may have been due to a

misinterpretation /misunderstanding of Section 3.2 of Booklet 5. [26]

We recommend a transparent application of the privacy and confidentiality rules to all
hearing conservation practitioners and employees who handle miners’ data, to encourage big
data sharing. Also, that health care practitioners are knowledgeable about the legislation

pertaining to confidentiality and their understanding thereof.
General observations

There are multiple ethical principles (Figure 3) for the protection of personal and medical
information used by the mine’s hearing conservation practitioners for record keeping,
reporting of ONIHL cases, and accessing data for research regarding ONIHL prediction and
prevention. The PoPI Act [15] ‘carries more weight’ than the National Health Act and the
HPCSA ethical guidelines. [25,26,29] Thus, the application of these ethical principles and
data protection regulations shows respect for individual worker’s rights with regard to the
protection of their medical information, which was ensured by the healthcare professionals
(OMP and audiologist).

Miners’ audiometry hearing results are reported in such a way that they are easy to
understand. For example, results are relayed as ‘pass’ (hearing within normal limits) or
‘refer’ (hearing problem, which may require further intervention, e.g. refer to OMP or refer
for a repeat hearing screening). However, research has indicated that miners have limited
understanding and knowledge regarding their hearing function. [39] Thus, although the
hearing screening results may be easily understood by the miners, the use of four separate
datasets by hearing conservation practitioners may hinder the understanding of the negative
effects of other diseases and ear-related conditions (and their treatments) on hearing function
— by both the miners and the health practitioners. Miners should be encouraged to understand

their hearing health status from the audiometry medical surveillance programs. To facilitate
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this, audiometry results should be integrated with medical records and presented to miners in

an easy-to-understand manner.

Medical ethics rules:

National Health Act

and Booklet 5 of the
HPCSA

PoPI Act of 2013

(Over-riding
legislation)

Protection of personal

Permission to use the miners’ Information

data granted;

Compliance with medical ethijcs Co
o mpany POP|
compliance measure:

collect, use, store, delete

dentiality ensyreq

Rule 9: Guidelines for patient
records - sectjons 10, 11 ang
13

Data contro| and access
for analysis purposes

Figure 3. lllustration of medical ethics and personal protection regulations for access to

personal data in MLSs
LIMITATIONS

This case study was based on findings from one large-scale mine in South Africa, and the
challenges experienced might not apply when conducting research at other mines, large or
small. However, it is likely that other mines have the same or similar approaches to data

sharing for research purposes.
RECOMMENDATIONS

Mining company employees’ should be well-informed about, and comprehensively
understand, the legislation, rules, guidelines and policies that govern sharing of employee

data for research (and other) purposes. While data sharing should be guided by ethical rules
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and company policies, the implementation of these rules and policies should ensure efficient

surveillance programs and encourage medical research.

All databases that contain miners’ health and safety records should be complete, accurate,
comprehensive and integrated to ensure efficient risk management frameworks for
occupational hazards, which will benefit all miners. The mines should consider implementing

quality checks to ensure high quality data.

Mining companies should review their policies about data sharing for research purposes and
communicate those policies clearly to employees. Such policies, stipulating access rights for
researchers outside of the company, will encourage scientific research.

CONCLUSION

Efficient MLSs that are used to store and manage HCP big data depend on good quality data,
accurate and consistent data input, clear checklists for all ethical principles, and
comprehensive company regulations related to the recording of, and access to, data for

medical research.

In this case study of one mine, there were discrepancies in the implementation of HCP
checklists used for record keeping, which rendered big data inefficient for the prediction and
prevention of ONIHL. In addition, there were ethical challenges that arose due to unclear data
sharing practices, which, in turn, potentially hindered medical decisions regarding ONIHL
prevention. There is a need for all the ethical principles to be integrated in the recording and
sharing of big data, together with HCP checklists, in order to assist in the prediction and
prevention of occupational hearing loss. This case study illustrates how research can be
effectively, although not maliciously, obstructed due to over-zealous protection of employee
medical data by a company. The findings may apply to other mines and industries in South
Africa and other countries. Debates around the mines’ HCP’s big data should incorporate
privacy and confidentiality, as well as the right to data access and sharing in order to improve
medical research, which is aimed at preventive healthcare.
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Appendix 6: Permission Letter
Mine: Date:

Dear Sir/Madam
Re: Permission to carry out a research study with mine workers employed by the mine.

I am a PhD candidate in the School of Public Health at the University of the Witwatersrand. A
requirement for the completion of the degree is to conduct a research study. The title for my
study is: Exploring the incidence and health patterns of Noise Induced Hearing Loss: risk

assessment of miners in South Africa.

The purpose of the study is to explore the incidence and health patterns of NIHL at one large-
scale mine in South Africa. The study will enable me to determine whether the mine’s hearing
conservation programs are geared for the 2024 milestones of curbing: employee’s standard
threshold shift at 25dB bilaterally from baseline and reducing noise levels emitted by
equipment used in the mines to 107dB and below.

The researcher will review past cohort employee records from 2014-2018. The following data
will be collected: biographical data; medical conditions; ototoxic medications, noise dose,
occupation type, use of hearing protection devices (HPDs), audiometry data and successful
NIHL claims, in order to address the outlined objectives. Details of the study are contained in
the attached proposal.

Upon completion of the study, the research report will also be made available to the mine.
Information obtained from the mine will be treated with strict confidentiality. The participants’
anonymity from the records reviewed will be guaranteed throughout the process of research

process and beyond.

Your assistance will be greatly appreciated. We (myself and my supervisors) will be happy to
answer any questions you have about this study. The University of the Witwatersrand
Research Ethics Committee will approve this research study upon receipt your letter granting
permission for the researcher to review miners’ records. If you have questions about the

research, you may also contact the principal investigator: Liepollo Ntlhakana on 060 426 1711.
Yours Sincerely,

Liepollo Ntlhakana
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Appendix 7: Data collection sheet - Individual miner record review

form
Personal details

1. Participant number

2. Date of birth DDMMYY

3. Study site
0 Amandelbult [1]
] Union [2]

Work History

4. Date of first employment DDMMYY

5. Current job title

] Loco/Winch driver [1]

1 Rock driller [2]

[] Pump attendant [3]

] Generalist [4]

1 Boiler maker [5]

(1 Supervisors (6]

[l Pump attendant (7]

(I 01 Y=Y O

6. Mining work history Date started  Number of months/years

] Loco/winch driver

] Rock driller

] Pump attendant

[ Generalist

[ Boiler maker

(1 Supervisor

] Pump attendant

[ Other

7. Record all noise measurements and dates of measurement
<80 dB(A) [1]
80-85 dB(A) [2]

85+ dB(A) [3]

Medical History

1. Diagnosedmedicalconditionsanddatediagnosed:DDMMYY‘ ‘ ‘ ‘ ‘ ‘ ‘
[] Diabetes [1]
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] High blood pressure  [2]

L1 HIv/AIDS (3]
(1 T8 (4]
] cancer [5]
2. Medication name date prescribed
1 Antibiotics (...cin) [1]
1 Anti-cancer drugs [2]
] Diuretics [3]
L1 Aspirin (4]
L1 Other.eceeieeeeecne (5]

Hearing history

3. Date of audiometric baseline: DDMMYY

4, Name of mine where baseline was conducted:

5. Occupation at the time of baseline

] Loco/Winch driver [1]

] Rock driller [2]

[l Pump attendant [3]

] Generalist (4]

1 Boiler maker [5]

(1 Supervisor (6]

[] Pump attendant (7]

I 0 1= OO [8]
6. PLH % at baseline

L 5% [1]

O 75% [2]

O 10% [3]

O +10% [4]
7. Medical conditions related to hearing loss mentioned at baseline
Tinnitus [1]
Otitis externa  [2]
Otitis media [3]
TM perforation [4]
Aural fullness [5]
Headaches [6]
Other..... [7]
8. Frequency of audiograms Dates
[] Audiogram 1
1 Audiogram 2
] Audiogram 3

Ooooooo

9. Exit audiograms Dates
10. Reason for exit
] Retirement [1]
[ Retrenchment [2]
] Medical boarding [3]
1 Resign (4]
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1 Other [5]
11. Exit PLH %

O 5% [1]
O 75% [2]
O 10% [3]
O +10% [4]
12. Exit PLH % shift
L] 5% [1]
O 7.5% [2]
O 10%  [3]
O +10% [4]
13. Provision of HPDs
] Custom-made earplugs [1]
[] Disposable foam earplugs (yellow/orange) [2]
] Earmuffs (3]

Adapted from: State of Arizona Risk Management Loss Prevention, Hearing Conservation Checklist
(March 26, 2003) and Rand Mutual Assurance (RMA) RMDI-Disease-claim-form

Checklist Site Evaluation: Hearing Conservation Program Pillars

Pillar Items / Areas YES 1 NO 2 N/A

Noise measurement Have all work areas been
evaluated to determine actual
noise levels daily?

Have all work areas been
evaluated to determine if noise
monitoring is warranted?

Have sound level
measurements been taken in
areas suspected of having
noise levels that exceed
85dBA?

Has a noise monitoring
program been developed and
implemented?

Engineering controls Is noise monitoring reported
when there is a change in
equipment or controls?

Are employees notified of the
new changes and results of the
noise monitoring?

Is there evidence of regular
maintenance and upgrade of
equipment used by the
employees?
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Administrative
controls

Has 8-hour noise monitoring
been done of employees
performing jobs in noisy areas
or working  with loud
equipment to identify which
employees to include in a HCP?

Does the mine have measures
in place to temporarily remove
employees working in noisy
areas or working with loud
equipment in order to
conserve their hearing?

Personal protection

Has proper hearing protection
been identified and provided at
no cost to the employees?

Does the supervisor ensure
that proper hearing protectors
are worn by the affected
employees?

Is a variety of hearing
protectors provided for the
employees to choose from?

Have the employees been
trained in the proper use and
care of the HPDs?

Education, motivation

and training

Has a training program been
instituted for all employees in
the HCP?

Is the training done annually?

Does the training include
information on?

The effects of noise on
hearing?

The purpose, advantages and
disadvantages of HPDs usage?

Introduction on  selection,
fitting and care of HPDs?

The various types of HPDs
offered by the mine operator?

The mine operator’s and
miner’s respective tasks in
controlling the miner’s
exposure to noise?

The purpose of audiometric
testing and explanation of test
procedures?

Risk-based
examination

medical

Are audiometric test records
retained for the duration of the
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affected employee’s
employment plus thirty years?

Do employees go through
annual medical assessments?

Are the medical conditions and
medications prescribing for as
ear infections; head and neck
surgeries; high-blood pressure;
TB and HIV/AIDS recorded in
the employee’s medical files
for further monitoring and
evaluation?

Are there records of
employee’s  previous and
current chemicals exposure in
the employment file?

Medical surveillance
and audiometry

Is audiometric testing
conducted, at no cost, to all
employees whose exposure is
equal to or exceeds an 8-hour
TWA of 85dBA?

Are baseline audiograms given
within 30 days of an
employee’s first exposure to
noise levels equal or exceeding
the 85dBA?

Are annual audiograms
provided to employees in the
HCPs?

Are audiograms (screening and

diagnostic) administered,
reviewed and evaluated by
competently trained
professionals?

Are annual audiograms

compared to the baseline to
determine if a standard
threshold shift (+10%) has
occurred in an employee’s
hearing?

Are  problem  audiograms
reviewed by an audiologist,
otolaryngologist or
occupational medical
practitioner (OMP) to
determine if further action is
necessary?

Are all records relating to an
employee’s noise exposure
provided to that employee or
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employee representative upon
request?
Adapted from: State of Arizona Risk Management Loss Prevention, Hearing Conservation Checklist
(March 26, 2003) and Rand Mutual Assurance (RMA) RMDI-Disease-claim-form

Additional Comments:
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