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ABSTRACT

Air pollution in Malawi is recognized as one of the key environmental issues. Out of nine key issues it is ranked eighth
on priority issues. This has led to lagging behind in terms of research and reporting on the issue. However, the Malawi
Government has made strides in implementing policies, acts and programs that are directly or indirectly concerned with
the improvement and abatement of air quality to meet the millennium development goals (MDGs) especially goal num-
ber 7. The inventories and studies show that air quality in Malawi is still good, but future anticipated air quality prob-
lems are cause for worry such as impact on human health, global climate change and ozone depletion. Trends in con-
sumption of ozone depleting substances (ODS) show a remarkable drive towards total reduction. Emissions standards
are in place in line with World Health Organization (WHO) guidelines. Recommendations on how to deal with air qual-
ity issues have been proposed in the national state of environmental report (NSOER) in that: 1) there is a need for an
operational framework for climate change programs in Malawi and; 2) there is a need to unify climate change policies
dealing with enforcement of ODS phasing out, alternative energy sources, emissions from vehicles and industries, and
institutional and human resource capacity.
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1. Introduction various factors especially sources of pollutants and dis-
persive effect of wind.

Malawi is a country in southern Africa within the
Southern Africa Development Community (SADC) group-
ing (Figure 1) with a population of 14.9 million (with
approximately 85% living in rural areas). As a nation,
Malawi has made strides towards achieving a sustainable
air quality to ensure a sustainable environment for the
survival of its citizens and economic development. This
is articulated in the drive towards achieving Millennium
Development Goal number 7 and the current indicators
of attaining the same [13].

In order to achieve a better environment, the Malawian
Government embarked on producing and adhering to an
door concentrations of air pollutants could estimate in-  cnvironmental plan after Rio Conference 1992’s Agenda
door pollution for some pollutants such as nitrogen diox- ~ 21- This plan was adopted in 1994 as the National Envi-

ide (NO»), sulfur dioxide (SO,) chlorine gas (Cl,) and ronmental Action Plan (NEAP) ado.pted.in 1994. Withip
the framework of NEAP, the state identified 9 key envi-

Air pollution is one of the environmental problems that
scientists, policy makers and citizens are concerned about.
In modern society, air quality has been a focus and vari-
ous studies have been done on the implication of polluted
air on human health and ecosystem integrity [1,2]. Much
of the studies are done in urban areas to assess the quality
of air due to urbanization and population growth accom-
panied with increased domestic and vehicular fuel use as
well as industrial growth [3-8]. Effects of air pollution on
human health have been done and reviewed [9-11]. A
distinction between indoor and outdoor air quality is
made when reporting in order not to confuse the out-
comes of the results. Taeja et al. [12] suggested that out-

carbon dioxide (CO,). However, they also hinted that in-

door air pollution may be poorer than outdoor due to ronmental issues to focus on and ranked them according
to severity. Of these issues, air pollution is ranked eighth
“Corresponding author. followed by climate change. Air Pollution and Climate
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Figure 1. Map of Malawi and its neighboring countries
(www.theodora.com/maps).

changes are directly linked aspects as such one cannot
discuss air pollution without alluding to climate change.
In the subsequent years, the Malawian Government pro-
duced the National Environmental Policy (NEP) adopted
in 1996 and Environmental Management Act enacted in
1997. In 2004 the Malawi Government revised NEP with
changes to suit current strategies to combat environmen-
tal problems and achieve MDGs.

Besides, the national state of environmental report
(NSOER) [14] provides an indication of how the environ-
ment is fairing in terms of the 9 key environmental issues
that include air quality. Currently, it is reported that air
quality is still fairly good. However, especially since air
pollution is ranked almost the least of the 9 key environ-
mental issues, much work and monitoring has been lack-
ing. Despite that, there have been some strides made about
air quality in Malawi. As such this paper is explaining
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the current state of air quality in Malawi since Rio 1992
and the implications of industrial development on one
side and choices of energy sources on the other.

2. Methodology

A desk review of government reports and documents, po-
licies and laws, journal and internet articles, was carried
out. Key documents reviewed include: National State of
Environment Report of 2002, An Inventory of Ozone
Depleting Substances in Malawi for the Period 2002 to
2003, Draft Second National Communication of Malawi
of 2009, an Inventory of Ozone Depleting Substances in
Malawi for 2009, National State of Environment Report
0of 2011 and Southern Africa Policy Dialogue on Air Pol-
lution of 2008.

3. Results
3.1. State of Air Pollution in Malawi

According to studies by Dasgupta et al. [15], in a sample
ranking of 31 countries it showed that Malawi’s rank on
income and environmental indices in terms of air is 18.
In this study, industrialized countries and least developed
nations were studied, Malawi’s focus on air quality com-
pared to its neighbors was better. Zambia was ranked 22
while Mozambique and Tanzania were ranked 27" and
29" respectively.

Approximately 1.4% of total mortality, 0.5% of all dis-
ability-adjusted life (DALYs) and 2% of all pulmonary
diseases [16,17] are attributable to outdoor pollution.

Lack of monitoring equipment and systems hinder stud-
ies in air quality in Malawi. Very few places have moni-
toring systems in Malawi. The Lilongwe International
Airport has one monitoring system for air quality. The
Polytechnic, University of Malawi has another monitor-
ing system. However it has limited sensors available for
SO,, NO, and Carbon Monoxide (CO) besides wind
speed and temperature. As such it is not easy to extrapo-
late results over the whole country. Indoor studies have
been carried out but on a very limited scale and much lo-
calized studies in recent years [18,19].

Air pollution is not routinely done in Malawi. How-
ever, greenhouse gas inventories have been carried out at
national level using 1990 and 1994 as baseline [14]. Air
pollution occurs countrywide in Malawi. Composition of
air in all areas is a combination of dust, gases and car ex-
haust fumes that affects the air quality in both urban and
rural settings. The use of large diesel vehicles especially
in the transport sector which are poorly maintained make
a significant contribution to poor air quality in urban ar-
eas. The large volumes of vehicles in cities [8] and the
increased incidences of traffic congestions in the high-
ways contribute significant amounts of carbon monoxide,
carbon dioxide, volatile organic compounds and secon-
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dary pollutants to the poor quality of air.

Poor planning of cities may also be an issue contribut-
ing to the severity of air pollution especially in the wake
of high numbers of car ownership. Smoke and haze es-
pecially in the rural areas are other pollutants experienc-
ed in Malawi due to bush fires, burning of tires, biomass
burning and dust.

3.2. Studies and Reports on Air Quality in
Malawi

As of 2002 [14], two greenhouse gas emissions assess-
ments were completed in 1997 and 2002. This is done in
accordance with the requirements of United Nations
Framework Convention on Climate Change (UNFCCC)
(Kyoto Convention). Malawi signed this convention in
1992. Due to land use pressure and growing industrial
activities, Malawi’s trend on emissions is relatively in-
creasing.

Inventory on green house gases (GHG) show that Ma-
lawi is a net emitter. This simply implies that the total
emission levels exceed the sink capacity [20,21]. The
major sources of GHG are energy (combustion of fossil
fuels and fugitive emissions), industrial processes and
other products (mineral processes and solvents), agricul-
ture forestry and other land use (AFOLU) (Livestock,
land use and non-CO, emissions) and wastes (solid waste
disposal, incineration/open burning and waste water treat-
ment) (Figure 2). According to National State of Envi-
ronment Report [22], Malawi emits on average about
22708 Gigagrams (Gg) of CO, equivalents. 95% of this
is traced to AFOLU.

The same sources of GHGs are responsible for emis-
sions of CO,, SO,, nitrogen oxides (NOx), non-methane
volatile compounds (NMVOCs) and PM [23]. Figure 3
illustrates the percentage contribution of air pollutants to
total emissions for Malawi as at 2000.

No comprehensive studies have been carried out on
particulate matter (PM) in Malawi. However, segregated
studies have been carried out [25-27].

The cutting down of forests for firewood due to lack of
access to electricity [28] is reducing the purification ca-
pacity of vegetation for pollutants such as CO,. This se-

Industrial
Processes
0.2%

Energy

Wastes 3 49,

1.2%

AFOLU
95.1%

Figure 2. Sectoral GHG emissions [23].
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questration challenge is allowing CO, to fugitively ac-
cumulate in the atmosphere and thus increasing the likely
hazard to human health and threatening the ecosystem
integrity. The trend in CO, emission for Malawi is rising
as depicted by the results in Figure 4.

The reduction strategies for ozone depleting substances
in Malawi have been enforced by Environmental Affairs
Department during the 1998/99-1999/2000 reporting pe-
riod [14]. Substances such as Chlorofluorocarbon (CFC)
family of gases that are used for various purposes such as
propellants, as refrigerant gases in home refrigerators and
car air conditioners, cleaning of electronic components
and countless other applications have been banned. Citi-
zens have been sensitized on the dangers of using such
products.

Following the Montreal protocol, Malawi has com-
mitted itself to phasing out completely Methyl Bromide.
It is anticipated that importation of Methyl Bromide will
decrease if the phasing out program is strictly followed.
But as at 2002 [14], the figures did not register any posi-
tive strides in the reduction of Methyl Bromide.

Periodic inventory on ozone depleting substances (ODS)
has been done on both production and consumption [21,
29,30]. Current UN Data indicate a sharp reduction of
ODS consumption in Malawi (Figure 5) despite an indi-
cation of a little rise in 2007. Impacts of ODS on human
and ecosystem health in Malawi haven’t been studied
fully. Besides depleting ozone, the IPCC report show that
ODS contributes towards global warming with a substan-
tially higher global warming potential (GWP) [31].

pPM10 NMVOC

Figure 3. Contributions of air pollutants to total emission
for Malawi 2000 [24].
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Figure 4. Carbon dioxide emissions for Malawi in the pe-
riod 1990-2010 [13].
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3.3. Policies and Legislation Related to Air
Quality in Malawi

There is no relevant climate and air quality Act in Ma-
lawi. However various legal instruments such as the En-
vironmental Management Act, National Environmental
Policy (revised), Malawi Energy Policy and other secto-
ral acts dedicate sections that discuss the significance of
considering air pollution in all activities. Thus protection
of air quality is given a part in many acts available in
Malawi. The sectoral environmental impact assessments
(Mining, Irrigation, Sanitation and Waste Management)
guidelines that stem from EIA guidelines adopted in
1997 stress on the significance of incorporating air qual-
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Figure 5. Consumption of ODS in Malawi (Data retrieved
on 20-05-2013 from UN Statistics Division [32].
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ity when conducting EIAs. The Millennium Develop-
ment Goals (MDGs) for Malawi, Vision 2020 and Ma-
lawi Growth and Development Strategy (MGDS) stress
on air quality for the better environment for all Malawian
citizens and sustainable development of the nation.

3.4. Air Quality Standards

The air quality standards in use at the moment are based
on the WHO air quality standards for air pollutants. In
line with WHO guidelines, the Malawi Government
through Malawi Bureau of Standards published in 2005
Malawi Standard MS 737:2005 “Industrial emissions-
Emissions from mobile and stationary sources-Specifi-
cations”. The guidelines specify maximum allowable lim-
its for gaseous and particulate pollutants [33] (Table 1).
The guideline also proposes mechanisms to reduce emis-
sions from stationary and mobiles sources. They pre-
scribe types of mitigation measures and best available
techniques (BATS) that can be used especially in indus-
trial emissions scenarios. Besides air quality standards li-
mits, the guidelines stipulates the emissions limits for ga-
seous and other air pollutants (well elaborated in MS
737:2005). Most significant is the special guidelines on
particulate matter emissions limits and air quality stan-
dard limits for motor vehicles. Tables 2 and 3 highlight
the specifications for emission limits for selected indus-
trial activities.

Table 1. Ambient air quality standards limits for Malawi [33].

Pollutant Maximum concentration in ambient air Averaging period

Suspended PM 0.5 1 year

PM,, ng/m’ 25 1 day

PM, s, pg/m’ 8 1 year

. 9 8 hours

Carbon monoxide (CO), ppm 35 1 hour
0.20 1 hour

Sulphur dioxide, ppm 0.08 1 day
0.02 1 year

. .. 0.12 1 hour
Nitrogen dioxide (NO,), ppm 0.03 1 year
Ozone, ppm 0.12 1 hour

Lead, ng/m’ 0.50 1 year

. . 0.10 1 hour
Photo-chemical oxidants (as ozone), ppm 0.08 4 hours

Table 2. Air quality standards for motor vehicles in Malawi [33].

Pollutants Maximum allowable concentration Duration Typical high concentration for specific pollutant (ppm)
Hydrocarbons 160 pg/m’ 3 hour (6 - 9 am) 6
CcO 10 mg/m’® 8 hours 40
Cco 40 mg/m’ 1 hour 50
NO, 100 pg/m’ 1 year 0.1
Oxidant 160 pg/m’ 1 hour 0.6
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Table 3. Standards for particulate matter for selected industries in Malawi [33].

Industry Capacity Protected area Other areas
c ¢ 200 tonnes per day and less 250 mg/Nm’ 400 mg/Nm®
emen
Greater than 200 tonnes per day 150 mg/Nm® 250 mg/Nm’
For particulate matter emission
Boiler size:
Less than 200 MW* 150 mg/Nm® 350 mg/Nm’
200 MW" and above 150 mg/Nm®

Thermal power

Boiler Size

For Sulphur dioxide control (through stack height)

Stack height (H in meters)

Less than 200 MW’ o 03
200 MW to less than H _2213 r(nQ)
f f
500 MW" 500 MW" and more 275 M
Process Emission limits

Sintering plant 150 mg/Nm®

Coke oven -

Iron and steel Blast furnace -
Steel making-during normal operation 150 mg/Nm®
During Oxygen Lancing 400 mg/Nm®

Urea
Drilling Town 50 mg/Nm®
Fertiliser Phosphatic

Acidification of rock phosphate
Granulation, mixing rock grinding

25 mg/Nm?’ as total fluoride (F)
150 mg/Nm?® for particulate from each process.

*Nm® means concentration of pollutants per unit volume of air under standard or normal conditions. "Plant Type Stack height for all plants shall be 30 m except
for thermal power. “For plants where sulphur dioxide emission is estimated as Q (kg/h) than stack height, H in meters is given by H = 14 (Q)". “For plants

where the particulate matter emission is estimated as Q (tonnes/hr) the stack height, H in meters is given by H = 74 (Q)

027 °If by using the formulae given in c)

and d) above, if the stack height arrived at, is more than 30 m, then this higher stack should be used. In no case should the height of the stack be less than 30 m.

'MW stands for Mega Watts.

4. Discussion

According to preceding sections, Malawi’s air quality is
still not alarming. However, urbanization, population
growth, increasing number of vehicles and booming in-
dustrial activity, very soon the current status (as at 2002),
will be surpassed and health implications of poor air qua-
lity will be a significant contribution to hospital cases.
Various, however limited, studies show that urban and
rural settings have some sort of air pollution localized
due to various activities such as tire burning, biomass
burning, firewood use and charcoal utilization. The study
done by Fullerton et al. indicates that biomass fuel in
Malawi is a significant contributor to human health prob-
lems associated with air pollution [18]. It was observed
that indoor air pollution in Malawian homes is high due
to biomass fuel usage [18].

Another study done in 2010 in Blantyre City’s major
highway and industrial locations implicate vehicular and
industrial activities to the poor quality of air due to
NMVOCs and CO levels [8], although the amounts were
not that alarming as CO levels were below the ambient
air quality standard limits. The use of wood fuel in rural
homes contributes to significantly higher particulate mat-
ter (PM) while in urban setting CO, is significantly hi-
gher due to use of charcoal as fuel. Figure 4 has shown
that as at 2010, the amount of CO, emission in Malawi is

Open Access

on the rise and maybe projected to continue increasing.
This is surely having a bearing on the attainment of
MDG number 7. As such, alternative energy access and
utilization would reduce such contributions. In major
highways, expansion of transport roadways can reduce
air emissions from vehicles as is periodic maintenance of
vehicles.

Various initiatives, strategies, policies and programs
[22] have been put in place in response to air pollution,
climate change and ozone depleting substances. Diverse
social and economic factors have been and will still con-
tinue to play key roles in enhancing and/or derailing the
progress to a better air quality in Malawi.

GoM [22] stipulates various recommendations and
grouped them as: 1) there is a need for an operational
framework for climate change programs in Malawi; and;
2) there is a need to unify climate change policies dealing
with enforcement of ODS phasing out, alternative energy
sources, emissions from vehicles and industries and in-
stitutional and human resource capacity.

5. Conclusion

Air quality in Malawi is still not alarming; however there
is a need to install monitoring systems to check for trends
in air pollution. Policies and legal instruments dealing
with air pollution in part are in place and enforcement is

JEP
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what is needed. Adhering to protocols and conventions
signed by the Government can reduce gaseous emissions
in the country. Research on air quality is lacking in Ma-
lawi due to lack of measuring instruments which require
investments and commitment from Government. Indus-
trial activities should be monitored for emissions and
abatement of such be prescribed for each industry.

Various initiatives, strategies, policies and programs
have been put in place in response to air pollution, cli-
mate change and ozone depleting substances while rec-
ognizing that social and economic factors will continue
to play significant roles in achieving a better air quality
in Malawi. NSOER stipulates various recommendations
to be followed closely in order to achieve this.
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