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Abstract

Research shows that more than 5.5 million people die prematurely every year due to household and outdoor air pollution plac-
ing it as the fourth highest-ranking risk factor for mortality globally. In South Africa, air pollution is a key concern in urban areas
with high population density, but also in rurl areas where electricity is not the main source of energy. Approximately 10% of to-
tal mortalities in 2015 were attributed to respiratory diseases. With this, pollution policy intervention, both national and interna-
tional, has become not only a necessary but a vital tool for the protection of air quality. The National Ambient Air Quality Stan-
dards and Minimum Emission Standards were introduced in 2009 and 2012, respectively. To ascertain the effectiveness of these
interventions, this study used the case of Richards Bay, a highly industrialised town, to determine changes in health risk associat-
ed with air quality pollution exposure. Twenty years’ data of air pollution-related mortality causes between 1997 and 2016 were
analysed to determine the changes in trends, ranking and the Years of Life Lost as a result of pollution exposure. Results indicate a
slight improvement in air quality and related health benefits. There was a 24% decrease in the Years of Life Lost due to air quality-
related diseases post 2009. Cases of cerebrovascular diseases, which is the main cause of pollution-related mortality, remains an
issue that requires continuous attention. The study concludes that air quality policy and its implementation is working to a reason-
able extent. However, the increase in mortality due to certain disease cases such as bronchus and lung cancer could signify that the
pollution control efforts need to continue and be enhanced. The increase in acute lower respiratory infections, which adversely
affects children, is also of concern.
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Introduction

Lung and bronchus cancer, asthma, acute lower respiratory
infections (ALRI), ischemic heart diseases (IHD), cerebrovascular
diseases (CEV) and chronic obstructive pulmonary disease
(COPD) are disorders that have been widely associated with air
pollution and mortalities as a result (Ghanbari Ghozikali et al.,
2016; Lelieveldwt al., 2015; WHO, 2016). Research shows that
more than 5.5 million people die prematurely every year due to
household and outdoor air pollution, placing air pollution as the
fourth highest-ranking risk factor for death globally (Brauer et al.,
2015; Forouzanfar et al., 2015). It is estimated that approximately
85% of the world’s population lives in areas where the World
Health Organization (WHO) air quality guidelines are exceeded
(Brauer et al., 2015).

In South Africa, where approximately 10% of total mortalities
in 2015 is attributed to respiratory diseases (Stats SA, 2016), air
pollution is a key concern. This is intensified in urban areas with
high population density, extensive industrial set up and traffic;
but also, in rural areas where electricity is not the main source of
energy (Bradshaw et al., 2003; Langerman et al., 2018; Norman
et al,, 2007). High ambient sulphur dioxide (SO,), nitrogen
dioxide (NO,) and fine particulate matter (PM, ) concentrations
are common in many areas, primarily due to fossil fuel burning
(Scorgie, 2012).

The Richards Bay area, which is the focus of this study, is faced
with similar air quality pollution challenges (Okello et al., 2018).
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Study aim

The study aimed to determine if air pollution policy interventions
have been effective in reducing air pollution levels and thereby
improving health. This was achieved by analysing changes in
health risk (mortalities) associated with air quality pollution
exposure in Richards Bay for twenty years between 1997 and
2016. The study analysed significance in trends of mortalities,
Years of Life Lost (YLL) and changes in the ranking of mortality
causes before and after the introduction of National Ambient
Air Quality Standard (NAAQS) and Minimum Emission Standards
(MES) for industrial facilities. NAAQS and MES were introduced in
2009 and 2012 respectively. Also analysed were the perceptions
and number of air quality-related complaints recorded through
the Richards Bay Clean Air Association (RBCAA) complaints
handling mechanism.

This study supports South Africa’s desire for development that
protects public health through health-based air quality standards
as envisioned in Chapter 2, Section 24 of The Constitution of the
RSA of 1996 which states that:

“Everyone has the right— (a) to an environment that is not harmful
to their health or well-being; and (b) to have the environment
protected, for the benefit of present and future generations...”
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Study area and air quality concerns

Richards Bay, a growing metropolitan, has severalindustries close
to residential areas (Okello & Allan, 2015). The town, located in
the local uMhlathuze Municipality, which is part of the wider King
Cetshwayo District Municipality (KCDM), is a major industrial hub
of the KwaZulu-Natal (KZN) Province of South Africa. It is one of
the country’s strategic economic zones designated as an ‘Area of
National Economic Significance’ (uMhlathuze Municipality, 2018).
It hosts the largest coal export terminal in the world and the
second-largest port in South Africa. Additionally, there are several
commercial, light and heavy industrial activities such as paper,
fertilizer, sugar production and heavy mineral mines. Sugarcane
and forestry burning, pesticide usage and dust associated
with agricultural processes is common, especially during
harvesting time (Jaggernath, 2013). These can be considered
to jointly contribute to air quality concerns in the Municipality
and surrounding areas (Jaggernath, 2013; Okello et al., 2018).
The surrounding urban areas include the town of Empangeni,
Felixton, Mtunzini and Enseleni. Figure 1 shows the location of the
local uMhlathuze Municipality and the suburbs relative to major
industries.
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Figure 1: uMhlathuze Municipality (Richards Bay industries and surroundings area suburbs)
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In terms of exposure, the year 1994 triggered major air pollution
concerns in Richards Bay (Savides, 2011). During this time, an
emission incident at the fertilizer manufacturing company,
Foskor, forced the evacuation of the central business district and
resulted in a fatality and multiple cases of hospitalization. This
incident resulted in a public petition that subsequently led to
the formation of the RBCAA (Okello & Allan, 2015; Savides, 2011).
Before this incident, air emissions had been a concern, with
minimal research conducted, recorded or published.

Through its network of air quality stations, the RBCAA has
documented ambient air quality data collected over 20 years.
This has enabled pollution trends and the significance thereof to
be established (Okello et al., 2018).

Legislation and policy instruments for air

emissions reduction

Several studies have qualified air quality legislation, limits and
thresholds as essential to effective air quality management
(Amegah & Agyei-Mensah, 2017; Turnock et al., 2016). These, if
well implemented and complied with, serve to indicate what
levels of exposure to pollution are generally safe for most people
of all age groups over their lifetime (Yamineva & Romppanen,
2017). The WHO global emission standards have been used
extensively to evaluate ambient and indoor air pollution levels
(WHO, 2005).

In South Africa, policy and legal frameworks for protecting air
quality exist (DEA, 2009). The Atmospheric Pollution Prevention
Act (APPA) was enacted in 1965 and was repealed on April 1,2010,
with the National Environmental Management: Air Quality Act

Table 1: South African NAAQS Government Notice 1210 (2009)

Pollutant Averaging Period Standards (pg/m?3)
10-min average 500
1-hour average 350
Sulphur Dioxide (SO,)
24-hour average 125
Annual average 50
1-hour average 200
Nltrogen Dioxide (NO,)
Annual average 40
1-hour average 30000
Carbon Monoxide (CO)
8-hourly running average 10000
Ozone (0,) 8-hourly running average 120
24-hour average 120
Particulate Matter (PM, ) 24-hour average 75
Annual average 50
Annual average 40
Lead (Pb) Annual average 0.5
Annual average 10
Benzene (C.H,)
Annual average 5

(NEM: AQA) which was partially enacted on September 9, 2005,
and fully enacted on April 1, 2010. Additionally, to protect human
health and the integrity of the environment, the NAAQS covering
priority pollutants including particulate matter, sulphur dioxide,
nitrogen dioxide, carbon monoxide, lead, ozone and benzene
were formalized on December 24, 2009 (Table 1). Similarly, MES
were developed and formally introduced on November 22,2012,
for Listed Activities, i.e., significant industrial facilities. These
were amended in 2015, and more recently in 2018 and 2019 for
selected activities.

Until now, the influence of NAAQS and MES as air quality control
policy instruments in South Africa has not been widely studied.
The answer to whether these instruments have been adequate,
or whether their implementation is producing the desired effect
is important to shape policy. The few studies undertaken have
indicated improvement with benefits to human health (Keen &
Altieri, 2016). Tshehla and Wright (2019a) concluded that several
legislative strategic objectives of the National Air Quality Act are
yet to be met. Richards Bay presents an ideal case study for such
a study, given the previous air quality pollution trends, industrial
makeup, and proximity of residential areas to pollution sources
(Okello et al., 2018).

Health effects, and burden associated
with air pollution studies

Emissions from industrial activities, different transport modes,
the burning of fossil fuels, biomass fires, aerosol use, and radiation
comprise some of the main sources of air pollution (WHO, 2016).
Such sources of emissions release gases and substances that
are toxic for human beings, the most harmful of which include

Allowable Frequency

Standards (ppb) of Exceedance Compliance Date
191 526 Immediate
134 88 Immediate
48 4 Immediate
19 0 Immediate
106 88 Immediate
21 0 Immediate
26000 88 Immediate
8700 11 Immediate
61 11 Immediate
- 4 Immediate - 31 Dec 2014
- 4 01-Jan-15
- 0 Immediate - 31 Dec 2014
- 0 1January 2015
- 0 Immediate
3.2 0 Immediate - 31 Dec 2014
1.6 0 01-Jan-15
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particulate matter (PM), carbon monoxide (CO), ozone (0,), NO,
and SO, (Guerreiro, Foltescu, & delLeeuw, 2014; Mohammadi,
Azhdarpoor, Shahsavani, & Tabatabaee, 2016). These pollutants
have been declared as priority pollutants in South Africa (DEA,
2009).

Health impacts result from either shortterm or long-term
exposure to air pollution (Haagsma et al, 2014). Short term
effects include irritation of the eyes (Goudarzi et al., 2016), the
inflammation of the respiratory tract, which causes coughing,
mucus secretion, aggravation of asthma and chronic bronchitis.
(WHO, 2016). The long term effects, which result from an
extended period of exposure, include lung and bronchus cancer,
asthma, ALRI, IHD, COPD and CEV (Ghanbari Ghozikali et al., 2016;
Lelieveld et al., 2015; WHO, 2016).

Several studies have demonstrated an association between
air quality pollution and health and have shown some benefits
of legal intervention (Keen & Altieri, 2016; Langerman et al.,
2018; Naiker et al., 2012; Norman et al., 2007). A study among
the community living in the north-west of the City of Cape
Town near petrochemical processing operations showed an
association between asthmatic symptoms in school children
and a meteorologically estimated petrochemical emissions dose
(Norman et al., 2007). Another study estimating the burden of
disease in South Africa concluded that outdoor air pollution in
urban areas was estimated to cause 3.7% of the national mortality
from cardiopulmonary disease and 5.1% of mortality attributable
to cancers of the trachea, bronchus and lung in adults aged 30
years and older, and 1.1% of mortality from ALRIs in children
under 5 years of age (Norman et al., 2007).

Yet again in South Durban, a health study aimed at assessing the
influences of industrial and vehicular emissions on respiratory
health found that relatively moderate ambient concentrations of
NO,, NO, PM, , and SO, were strongly and significantly associated
with reduced lung function among children with persistent
asthma (eThekwini Municipality, 2007). The study, which
estimated lifetime cancer risks from inhalation of pollutants,
indicated that children attending primary school in south
Durban, compared to the northern suburbs, had an increased
risk of persistent asthma and for marked airway hyperactivity.
Higher outdoor concentrations of NO,, NO, PM , and SO, were
strongly and significantly associated with a higher reduction in
lung function.

In Richards Bay, a study conducted between 2011-2013, focused
mainly on perceptions of air pollution in different suburbs based
on economic class. It concluded that the less affluent suburban
dwellers felt more affected by air pollution than the affluent
dwellers (Jaggernath, 2013). A study for the KwaZulu Natal
Department of Agriculture, Environment and Rural Development
(KZN-DEARD) found some impacts associated with air pollution
but was not conclusive on the link between health and air
pollution on the populations due to limited long term data (KZN-
DEA, 2014).

Methodology

Data sources

The data on mortality was obtained from Statistics South
Africa (Stats SA), the custodians of population data, including
causes of mortality in South Africa. This data from Stats SA is
based on administrative records from death notification forms
accumulated by the Department of Home Affairs (DHA) (Stats
SA, 2016). It should be noted that the analyses do not include
factors such as cigarette smoking that may predispose people
to respiratory complications but rather to air pollution-related
mortality in general. Data on the trends of air quality pollution
related complaints was obtained from the RBCAA.

Data analyses
The mortality endpoints or causes analysed include lung and
bronchus cancer, asthma, ALRI, IHD, CEV and COPD (Lelieveld et
al., 2015; WHO, 2016).

The data obtained was aggregated in terms of age groups 0-4,
5-24, 25-64, and 65+ years of age for ease of interpretation,
as different mortality endpoints affect different age groups
differently. Further, total mortalities before and after the
promulgation of NAAQS and MES were analyzed using the Mann
Kendall test (MK-tests) (Guerreiro et al.,2014; Koudaheetal.,2017)
to determine any significant change. This test is used to analyse
data collected over time for consistently upward or downward
trends (“monotonic trends”). Being a non-parametric test, the MK
trend test works for all distributions, including for data that is not
normally distributed. The test is robust in that it can be used to
find trends for as few as four samples (Guerreiro et al., 2014).

YLL analysed considered the age at which mortalities occur, giving
greater weight to mortalities at a younger age and lower weight to
mortalities at an older age. The indicator measures the YLL due to
a cause as a proportion of the total YLL lost in the population due
to premature mortality (Devleesschauwer et al., 2014)

The number of YLL is calculated by summing the number of
mortalities at each age between 1-75 years, multiplied by the
number of years of life remaining up to the age of 80 years.

YLL=X72; a;d; (1)

Where:

i=age

a= no. years of life remaining to age 80 when death occurs
between agesiand i+1

d= no. of observed mortalities in the population under
investigation between aged i and i+1

Assuming a uniform distribution of mortalities within age
groups, a="175 - (i+0.5) and therefore:

YLL= Y74 (74.5 — i)d; (2)
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The perceptions of residents were obtained through an online
survey that was conducted in October 2018 using Evasys online
survey system (Okello et al., 2020). Complaints data was obtained
from the RBCAA, which has a very robust system of air quality
complaints handling (RBCAA, 2018).

Results and Discussion
In this section, the results of trends and significance in mortality,
as well as YLL before and after the introduction of the NAAQS and
are discussed. Additionally, changes in the ranking of mortality
due to pollution-related diseases and the results of the residents’
perceptions and complaints are examined.

Trends in mortality due to air quality-
related diseases

Absolute trend and significance thereof

Twenty years of data analyzed indicate a steady increase in
mortality (almost double) from 1997 to 2003. This data includes
the total number of mortalities attributed to asthma, CEV, IHD,
lung, trachea and bronchus cancer, ALRI and COPD. After 2003, a
general decrease in mortality is observed in the wider KCDM.

The local uMhlathuze Municipality contributes almost half of
the mortalities in KCDM (Figure 2). This could be attributed to its
larger share of population size, industrial make-up and pollution
concentration compared with the wider KCDM. When the Mann-
Kendall trend test for significance is applied on mortalities at both
the local uMhlathuze Municipality level and the wider KCDM level
(2003 onwards), a statistically significant decreasing trend is seen
in the number of moralities at the wider KCDM level. However,
at the local uMhlathuze Municipality level, there is a decreasing
trend in air quality-related mortality, but the decrease is not
statistically significant.

Theresults of the linear regression model taken from 2003 to 2016
show that, on average, mortality is decreasing and is expected to

decrease further. This is important and could signify that efforts
to manage pollution are working.

1200
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800

600

Absolute mortality
N B
=) o
S S

0

From 2003 s: -32, p (no trend): 0.0001 (There is a
statistically significant reducing trend)

From 2003 S : -8, p (no trend): 0.238 (There is
no statistically significant trend)

Variation of mortalities among different age groups

Figure 3 shows the trend in mortality compared with the trend
of air quality data (SO, ug/m?® and PM,, ug/m?3) but also presents
the variation in diseases per year. CEV among adults is the main
underlying cause of mortality, followed by IHD, asthma, and ALRI.
The comparison, especially with SO,, shows a clear similarity in
the trend between air pollution and the related mortality. For
example, a rise in pollution in 2004 is commensurate with an
increase in mortality due to asthma cases in the same year. SO,
is known to affect the respiratory system and the functions of
the lungs and causes irritation of the eyes (Goudarzi et al., 2016).
Consequently, the inflammation of the respiratory tract causes
coughing, mucus secretion, aggravation of asthma and chronic
bronchitis and makes people more vulnerable to infections of the
respiratory tract (WHO, 2016). It is also evident that the decrease
in PM,,, although not statistically significant, coincides with a
decrease in mortalities (Okello et al., 2018).

In Figure 4, a higher rate of mortality is seen amongst the middle-
aged (25-64) and older generations (65+) with the middle-aged
group being the most affected by asthma, ALRI as well as lung and
bronchus cancer. These results mirror those of a study conducted
in Richards Bay by the KwaZulu-Natal Department of Agriculture,
Environment and Rural Development in 2014 in which mostly the
middle-aged adults frequented hospitals for air quality-related
ailments. The 65+ age group was most affected by CEV and IHD
with mortality rates rising among this age group.

The trends in mortalities related to these diseases are also on the
rise except for asthma and COPD, which have a slight downward
trend. ALRI and asthma-related mortalities are present among all
age groups and represent diseases with more impact on children.
ALRIis known to affect all age groups, but the younger population
is more vulnerable (Murray & Lopez, 2013; Norman et al., 2007).

Changes in health risk before and after the introduction of
NAAQS and MES

Data analysed before NAAQS and MES promulgation (2003-2009)
and after (2010-2016) indicated a decrease in CEV mortality
among the 15 year-old group upwards to 65+ (Figure 5). Mortality

Air quality mortalities trends (1997-2016)

1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016

B King Cetswayo District Municipality

W City of uMhlathuze Local Municipality

Figure 2: Air quality-related mortalities in local uMhlathuze Municipality compared to wider King Cetshwayo District Municipality
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Figure 4: Trends of air quality-related mortalities in the local uMhlathuze Municipality according to age group and air pollution-related mortality cause
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Figure 5: Mortality causes before and after the implementation of the NAAQS and MES categorized in study age groups

Table 2: A comparison of YLL before and after the promulgation of NAAQS and MES

All Gender

0-4
5-14
15-24
25-64
65+
Total

All Gender

0-4
5-14
15-24
25-64
65+
Total

Population
(Census 2011)

36,456
61,875
75,922

134,586
10,368

319,208

Population
(Census 2016)

50,730
91,880
38,998

172,233
13,385

367,226

Deaths

47
22
50
1,262
1,076
2,457

Deaths

48
25

54
994
1,148
2,269

2003-2009
Deaths per Av. Age at
1,000 death
1 2
0 10
1 20
9 45
104 78
8 58
2010-2016
Deaths per Av. Age at
1,000 death
1 2
0 10
1 20
6 45
86 78
6 60

Standard LE

80
72
62
38
12
28

Standard LE

80
72
62
38
12
27

YLLs

1.423
649
1,409
28,761
10,808
43,050

YLLs

1.423
738
1,522
22,653
11,531
37,897

05-14
15-24
25-64

65+

Asthma

YLL per 1000

39
10

19
214
1,402
135

YLL per 1000

29
8
39
132
862
103
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due to CEV is an indication of the long-term effects of pollution
and represents the highest mortality, particularly in the older age
groups. Similarly, ALRI and Asthma cases have reduced in the age
group of 25-64 (Figure 5). On the other hand, mortality due to lung
and bronchus cancer, ALRI, IHD, as well as COPD, have increased.
The decrease in mortality mirrors the decrease in ambient PM,
and SO, concentrations measured by the RBCAA (Okello et al.,
2018).

The cases of increase in mortality can also be considered as a lag,
that s, having been affected previously before the introduction of
air quality standards and thus manifesting the long-term effects
of air pollution before the introduction of the new standards post-
2010.

Year of Lost Life Comparison

Another metric used to determine the change in mortality before
and after 2010 is the analysis of YLL per 1000 (5 years before and
after the promulgation of NAAQS and MES). The results indicate a
24% decrease in the YLL due to air quality-related diseases (Table
2). The decrease can be observed across all age groups except
for the 15-24-year-old where there is a slight increase although
with few mortality cases. It appears that the adults and the older
generation are now living slightly longer.

This result is important in that it indicates an improvement in air
quality, but also signals the need for more pollution control.

Changes in the ranking of pollution-
related mortality causes

On ranking the six mortality causes considered (with one as the
highest cause and six as the least), CEV and IHD remain the top two
even after the introduction of the NAAQS and MES. A reduction
in asthma can be observed from the third-highest to fifth in the
ranking. ALRI and cancer have increased one step up. (Figure 6)

Residents perceptions and complaints
The results of the survey undertaken in Richards Bay and the
surrounding community indicate a cautious concern over air
quality. Most of the public perceives the air quality as fair or

2003-2009 20102016
| 1. CEV F— 1. CEV |
NS E—TTE—
| 3. Asthma 3. ALRI |
| 4.ALRI % 4. Lung/ Bronchus Cancer _ |
| 5. Lung/ Bronchus Cancer 5. Asthma |
| 6. COPD F—— 6. COPD |

Figure 6: Ranking of air quality-related mortalities before and after the
introduction of the NAAQS and MES

poor (Okello et al., 2020). The fair rating is likely to be a result of
a downward trend in pollution, particularly PM, and SO, (Okello
et al., 2018). Nonetheless, widespread sporadic pollution events
over the airshed continue to occur. Residential areas closer to
main pollution sources such as CBD and Arboretum seem to
experience more pollution.

The main cause of pollution affecting the local uMhlathuze
Municipality residents is industrial sources followed by
agricultural (sugar cane and agrarian burning) and then general
waste burning. These results are similar to previous studies and
reports in the area (Jaggernath, 2013; uMoya-NILU, 2014) and
point out where the focus should be if further pollution reduction
is to be achieved.

Aside from the perceptions, the trends in complaints recorded by
the RBCAA over the last two decades are important in assessing
the historical changes in air emissions. Figure 7 shows a peak of
379 complaints in 2004 and then a drop thereafter. The RBCAA
recorded a total of 3,638 complaints between 2000 to 2017,
most of which were attributed to industries around the local
Municipality’s CBD (RBCAA, 2018).

RBCAA complaints (2000-2017)
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Figure 7: RBCAA registered complaints trends showing a peak in 2004
(RBCAA, 2018)

Conclusion and Recommendations
The study aimed to analyse changes in health risk associated
with air quality pollution exposure in Richards Bay before and
after the introduction of the NAAQS and MES in 2009 and 2012,
respectively.

We conclude that there is a slight improvement in air quality and
health benefits that could be attributed to policy implementation.
This is based on the results, which indicate a reducing trend of
incidents of air quality-related mortalities, although in the local
uMhlathuze Municipality it is not statistically significant. There
is a 24% difference in YLL before the promulgation of NAAQS
and MES and thereafter, a factor that points out to an improved
situation. More so, the number of asthma cases has greatly
reduced between the period before and after NAAQS and MES.
Lastly, there is a perception that air quality is fair and complaints
to the RBCAA have reduced markedly since 2004.

One would argue that the reducing mortality trend could be
a result of several factors, among others: the introduction of
NAAQS in 2009, the implementation of MES for Listed Activities
from 2012, the pressure on industrial emission sources from
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NGOs such as the RBCAA and/or the implementation of the KCDM
air quality management plan from 2014. It could also mean an
improvement in health care intervention, or increased migration
and emigration, which would impact the observed trends.

Nonetheless, the increase in mortality due to certain disease
cases such as cancer of the bronchus and lung, the onset of which
could have been prior to 2010, signifies that the pollution control
efforts need to continue and be enhanced. The increase of ALRI,
which adversely affects children, is of concern. Cases of CEV in
the younger, as well as the older generation, is still an issue that
requires continuous monitoring and intervention. A recent study
in Limpopo, South Africa with similar results, (Tshehla & Wright,
2019b) has suggested a revision of the current South Africa
PM,, standards to be comparable to the WHO guidelines. This is
desirable to improve the protection of human health and well-
being.

While the study examined mortality in the last 20 years, further
analysis of data in years to come may present more information
on policy efficacy. This makes it important to continue with and
support monitoring efforts currently on-going. Due to time and
resource constraints, this study did not examine morbidity data
(hospital admissions, loss of workdays, school days, etc.) which
could be used to improve the understanding of policy efficacy.
Morbidity data can also be used to understand Disability Adjusted
Life Years, which include YLL and Years Lived with Disability.
Potential still exists to use modelled air quality predictions
to postulate mortalities in the future. Besides, there could be
other predisposing factors to respiratory complications such as
cigarette smoking that were not singled out.
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