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Abstract
Introduction: exposure to smoke from biomass
combustion during economic activities is a major
health risk. One of such commercial activities that
use biomass fuel is gari (cassava grits) processing.
Cassava grits is a staple food produced from
grated and fermented cassava. Several studies
have depicted exposure to carbon monoxide (CO)
and particulate matter (PM2.5) at the household
level and fewer studies on small-scale industries
such as the aforementioned one. Methods: a
cross-sectional study was conducted among 17
cassava grits processors (CGPs) using Lascar CO
monitors for 24 hours and micro personal exposure
monitoring devices for 72 hours, in the Kintampo
South District of Ghana. CGPs were monitored
during working hours and off-working hours. Two
focus groups were conducted among CGPs and five
in-depth
interviews
among
community
gatekeepers. Results: CGPs were exposed to high
CO and PM2.5 levels during working hours from
6:00 AM - 5:00 PM and off-working hours from
5:00 PM - 5:59 AM. CGPs, community gatekeepers
shared different opinions on health effects of
biomass fuel use. Conclusion: traditional
cookstoves are used due to the liquefied petroleum
gas (LPG) cost, the quantity and the quality of
cassava grits from biomass fuel. This activity
exposes CGPs to CO and PM2.5 concentrations
above the 14 ppm safe levels recommended by the
World Health Organisation.

Introduction
Approximately, 3 billion people worldwide,
especially, in low and middle-income countries
rely on biomass fuel which is easily accessible as
their primary source of energy for small-scale
industries and cooking in households [1-3].
According to the Sustainable Development Goals
(SDGs) 3 and 7 [4,5], affordable and clean energy
is fundamental to the health and well-being of not
only sustaining an economy but its environment.
This is likely to be achieved when there is equity,
access and quality for all [5].

Emissions of the inefficient combustion of biomass
from these small-scale industries and households
affect the air quality in the local environment and
homes. This subsequently leads to health
problems such as chronic obstructive pulmonary
disease (COPD) and respiratory infections [6,7]. In
West Africa and Ghana, small-scale industries such
as fish smoking, charcoal burning and cassava grits
processing emit these gases during these
productions. For instance, cassava grits is a staple
food which, contributes significantly to food
security in the Bono East region [8] with Ghana
among the top six producers of cassava in the
world [9].
Furthermore, cassava grits processors (CGPs) are
mainly women. They are also the primary users of
the biomass cookstoves [10] which is used in the
final roasting stage of cassava grits. Consequently,
they are exposed and more at risk to high levels of
carbon monoxide (CO) and particulate matter
(PM2.5) [11-13]. They spend an average of 11 hours
per day exposed to these pollutants. Short and
long-term exposures to these pollutants have
been linked to reduced life expectancy [11,14].
Exposure to biomass smoke during cassava grits
processing differs from that of pollutants emitted
from indoor biomass smoke, with regards to the
intensity of smoke, exposure frequency and the
duration of operating the biomass cookstove. The
aim of this study was to investigate exposure CO
and PM2.5 among CGPs and to assess participants´
knowledge and perception of health and
environmental effects of the cassava grits industry
in the Kintampo South District, Ghana.

Methods
Study area: Kintampo South District is a district in
the Bono East region of Ghana and was formerly
one of the 27 districts in the Brong Ahafo region of
Ghana [15]. It is situated in the central belt of
Ghana with an area of almost 1774.85 km2 and a
population of approximately 61,716. The area is
multi-ethnic but Akans form the majority and their
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language “Twi” is spoken and understood by
majority of the population. About 63.0% of the
population are farmers, labourers or domestic
workers. Almost 31.1% of the population are in
commerce, industry and services [16]. About 80%
of the community use biomass fuel as their
primary household fuel. The district environmental
health
department
is
responsible
for
implementing the Ghana government policies on
air pollution. This research took place in the
Kintampo South District that hosts one of the
largest cassava grits processing sites in the Bono
East region of Ghana.
Study participants: there are about 57 CGPs in the
Kintampo South district. These CGPs process
cassava grits at the roasting stage under an open
shed after the cassava crops have undergone the
following stages of harvesting, peeling and grating,
fermentation [11]. Twenty-two CGPs were met but
17 were recruited; 5 CGPs did not consent. Only
CGPs at the roasting stage were recruited, who
had at least one-year experience. Selection of
CGPs at the roasting stage was the primary focus
because of its biomass fuel use. CGPs were
purposively selected based on number of years in
the cassava grits industry. In addition to the 17
CGPs, 5 gatekeepers were also purposively
selected. These gatekeepers were the go-between
for the study between the cassava grits industry
and district officials in the Kintampo South district.
The gatekeepers ensured access to the study area
and participants.
Study design: we conducted a cross-sectional
design with a mixed methods approach between
June and August 2015. For the qualitative
component, two focus group discussions (FGDs),
with 7 women in one group and 10 women in the
other, were conducted using an FGD guide. Also,
in-depth interviews (IDIs) were conducted with
each community gatekeeper using an IDI guide.
The FGDs and IDIs were conducted in Twi among
the CGPs and in English among gatekeepers. The
study was conducted using the platform of the
Ghana Randomised Air Pollution and Health Study
(GRAPHS). GRAPHS is a cluster randomised trial

study with a 3-arm intervention: BioLite, liquefied
petroleum gas (LPG) and 3-stone cook stove. This
study used validated CO exposure assessment
protocols of GRAPHS [10]. For the quantitative
component, small, lightweight Lascar CO monitors
(Lascar Electronics, London, UK) were used to
monitor real time personal CO exposures oneminute intervals among randomly selected CGPs
(n=17). The women were encouraged to wear the
CO monitors clipped to their clothing and close to
the upper chest for 24-hr as per the GRAPHS.
MicroPEM (Personal Exposure Monitoring device)
were used to measure PM2.5 exposures on-minute
intervals among randomly selected CGPs (n=14).
The MicroPEM devices were given to CGPs in a
small bag to wear across the chest for 72-hr as per
the GRAPHS [10]. The monitor data were
downloaded and analysed at Kintampo Health
Research Centre in Ghana.
Analysis: descriptive statistics were used to
summarize the range calculated for CO and PM 2.5
levels in a specified time period and their average
over a 24-hour period. This was performed to
examine the differences between CGPs before and
after cookstove activity. The monitored
quantitative data was downloaded and analysed at
Kintampo Health Research Centre (KHRC) in
Ghana. The quantitative CO and PM2.5 exposure
data were analysed using "R" (GNU GPL version 3
“R” software) to determine levels of exposure
among women. The QSR Nvivo version 10®
qualitative software was used to assess
participants´ knowledge and perception of health
and environmental effects of the cassava grits
industry. The following were assessed: alternative
source of fire for CGPs activities, availability of
environmental
protection
policies
and
enforcement of policies.
Ethics approval: the research did not pose any
risks to CGPs, community gatekeepers, but was
designed to gather information on cook smoke
exposure. All research participants consented to
be part of the study. Participation in the research
was voluntarily. Scientific and Ethical approval was
obtained from the Kintampo Health Research
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Centre Scientific Review Committee and the
Institutional Ethics Committee (00011103).

Results
The CGPs were aged between 19 and 50 years and
had either primary or secondary education.
Majority of the CGPs had 10 years working
experience in the roasting stage of grits processing
and all the GPs were females (Table 1).
Community gatekeepers were aged between 36
and 78 years and were at least educated up to the
tertiary level (Table 2). All participants answered
questions on health concerns and traditional
cookstove use in the industry. In this study, the
CGPs exposure to CO and PM2.5 were assessed.
CO exposure among CGPs: the average CO
concentration among all participants over a 24hour period was 7.70 ppm (range 1.46 - 32.47)
ppm. During cassava grits processing from
6:00 AM - 5:00 PM (daytime hours), CGPs were
exposed to CO levels ranging from 2.23 ppm 32.47 ppm. Additionally, CGPs were exposed to CO
levels ranging from 0.03 ppm - 32.48 ppm when
they were either asleep or not performing cassava
grits processing from 5:00 PM - 5:59 AM (average
night hours). Four out of 17 (23.5%) CGPs were
exposed to CO concentrations exceeding the WHO
safe levels of 14 ppm [17] (Figure 1).
PM2.5 concentrations among CGPs: the average
PM2.5 concentration among all CGPs over a
24-hour period was 54.15μg/m3 (range 25.09 130.38) μg/m3. During cassava grits processing
from 6:00 AM - 5:00 PM (daytime hours), CGPs
were exposed to PM2.5 levels ranging from
20.32 μg/m3 - 171.59 μg/m3. Additionally, CGPs
were exposed to PM2.5 levels ranging from
6.74μg/m3 - 40.66 μg/m3 when they were either
asleep or not performing cassava grits processing
from 5:00 PM - 5:59 AM (average night hours).
Figure 2 shows all CGPs (100%) were exposed
to PM2.5 concentrations above 25μg/m3 air
quality interim targets for PM2.5 24-hour
concentrations [18] (Figure 2).

Perception on health effects of pollutants:
community gatekeepers and CGPs recognized
continuous exposure to smoke is harmful to the
health of CGPs and other members of the
community. Women complained of chest pains,
eye irritations, and breathing problems: “I also
know that the smoke has some effects on the
lungs and this is a general problem since the
smoke is in the air. Gradually, as time goes on we
will have that effect” (IDI, gatekeeper 2). “Some
people complain that, their eyes swell, they hardly
sleep in the night, they cough and sometimes
serious heart aches. I also develop bodily pains”
(FGD, woman with 5 years´ experience in cassava
grits processing).
However, some other CGPs suggested long-term
exposure to pollutants had no adverse health
effects on their unborn babies. The quotes below
represent the opinion of participants: “since I
came to this community for a long time now, we
have been frying cassava grits and most pregnant
women do fry it. None of them have however had
any unfavourably birth outcome” (FGD, woman
with 20 years in cassava grits processing). “For me,
when I get pregnant, I continue to fry gari
throughout my pregnancy till delivery and nothing
happens to the children. I have also not received
any complain from the doctor about the children
which is caused by the smoke” (FGD, woman with
5 years´ experience in cassava grits processing).
Some women indicated they discontinued cassava
grits processing during pregnancy because they
felt warmer by the fireside when processing
cassava grits: “when you are pregnant your body
feels hotter than someone who would stand by a
stove to fry cassava grits. So I stop the cassava
grits business during pregnancy” (FGD, woman
with 4 years´ experience in cassava grits
processing).
Preference for traditional cookstove: though
firewood was said to emit a lot of smoke, it was
the main source of fuel used for processing
cassava grits. Respondents suggested that it
yielded a larger quantity and quality of cassava
grits. Moreover, respondents stated the cost of
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firewood is lower compared to that of LPG: “a bag
of charcoal or gas cooker will emit less smoke, but
we will not get the same quality or quantity of
cassava grits as this firewood stove. This is cheaper
for us” (FGD, woman with 30 years´ in cassava
grits processing). “When you want to use charcoal
or gas to fry gari and you buy ten bags of charcoal
for example, it cannot fry one pan of gari. We will
spend more on charcoal or gas” (FGD, woman with
20 years´ in cassava grits processing).
Stacks of wood were observed in the study
communities. CGPs retrieved the stacks of wood
used for the cook stoves from nearby farmlands.
This according to respondents is easily available
compared to the LPG which they may have to
travel to the nearest town to purchase. “I do not
know of any other source of fuel that can be used
to fry gari aside the firewood we go out and
source for near us” (FGD, woman with 4 years´
experience in cassava grits processing).
Gatekeepers have identified over dependence on
firewood as a reason for deteriorated farmlands in
the study area and its potential impact on
sustainability of their natural resources.
Measures to control pollutants: this industry in
the community has no separate site for its cassava
grits processing activities, thus there is no control
of the pollutants. A CGP further explained: “we do
not really have anything to protect ourselves from
the smoke. If it were some body pains then you
can buy some drugs to take, but for the smoke we
do not have anything to control it” (FGD, woman
with 10 years in cassava grits processing). Other
measures were proposed by gatekeepers to
control the amount of smoke during cassava grit
production include use of chimney stoves. A
chimney model stove was used on trial within the
cassava grits processing industry within the study
area. “Recently the district assembly, through
business and advisory centre brought some
resource people to train us on how to make a
chimney on top of the stove/oven used for the
cassava grits production” (IDI, gatekeeper 2). “This
will serve as an outlet for the smoke so that it does
not affect the women who are involved in cassava

grits processing unlike what is currently use” (IDI,
gatekeeper 3). Gatekeepers have discussed
solutions that can be implemented in the
community to control the air pollution. Thus far,
no other practical measures have been provided
to control pollutants.

Discussion
Individuals using biomass fuel for small-scale
activities and household cooking are exposed to
high levels of CO and PM2.5. The current research
explored air pollution exposure from small-scale
activities that women engage in while using
traditional cookstoves. There was an association
between biomass fuel use and CO and PM 2.5
exposure among women who use biomass fuel for
gari processing. Exposure to the biomass fuel
peaked during the day when the cassava grits
activity was intense compared to night times.
CGPs were aware of alternative sources of fuel
such as LPG but their choice of biomass fuel was
influenced by cost, perception of higher yield of
larger quantity and quality of cassava grits; as well
as availability of clean fuels. The CGPs did not have
funds to purchase the LPG and did not think they
would get value for their money with the purchase
of an LPG. With the traditional cookstoves, they
were able to make more turnovers and profit in
less time than with the LPG. It will beneficial to use
the LPG than the traditional cookstoves but CGPs
are of the opinion of a negative return on the
quantity and quality of cassava grits produced.
The finding of an association between biomass
fuel use and CO and PM2.5 exposure among
women who use biomass fuel for gari processing is
similar to what was found in cases in the energy
for sustainable development on liquefied
petroleum gas use and clean cook stoves in several
countries in sub-Saharan Africa (SSA). For example,
in Ghana´s rural LPG case, a significant difference
between the three stone fire stove and CO
exposure was found [19,20]. In Cameroon, the
“masterplan” case indicated large, statistically
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significant differences between LPG and biomass
fuel use, including high levels of PM 2.5 with
prolonged biomass fuel use [21,22]. Results from
both cases indicate similar health findings with this
current study. However, the reverse was the case
with LPG use and CO exposure in both cases.
Additionally, individuals were exposed to CO
concentrations higher than 14 ppm that puts
humans at risk of developing various ailments
including, but not limited to heartaches,
cardiovascular diseases, acute respiratory
infection, muscle weakness with long-term
exposure [17]. Similarly, exposure to high PM 2.5
concentrations leads to significant health
problems with long-term exposure [18]. This risk is
not limited only to those involved in the cassava
grits processing. It is likely that other community
members are also at risk of diseases from CO and
PM2.5 exposure since these pollutants were also
high in the evening when the study participants
were at home with other community members. All
of which can hinder a country from achieving SDGs
3 and 7: “good health and well-being and access to
affordable and clean energy” [4,5].

the cassava grits industries for years to come.
Individuals in other food production industries
may also be exposed to similar levels of CO and
PM2.5 as found in this study [27]. Attention has not
been given to the cassava grits industry to combat
the emissions of CO and PM2.5 from the biomass
fuel use [23]. Improved cookstoves such as LPGs
should be provided to CGPs in this industry to
significantly reduce the high concentrations of CO
and PM2.5. It is also important to educate both the
CGPs and gatekeepers on the impact of air
pollution on an individuals´ health. The inclusion of
CGPs to the research agenda would be relevant to
Ghana and the rest of SSA where most subsistence
daily activities impact the environment [28].
What is known about this topic
• Individuals in the cassava grits industry are
exposed to high levels of CO and PM2.5;
• Limited LPG cook stoves targeted for
individuals in the cassava grits industry;
• Few studies conducted on exposure levels
emitted from cook stoves in this Industry.

The health risks of pollutants were well known and
experienced by CGPs and gatekeepers in this study
and other similar studies [23-25]. However, they
do not have practical solutions in reducing this risk
to protect their health while enhancing their
livelihood. Instead, CGPs spend long hours in
cassava grits processing at the expense of their
health. Protection of individuals in the cassava
grits industry and those outside this industry from
pollutants are urgently required.

What this study adds
• Twenty-four-hour CO and 72-hr PM2.5
exposure measurements at working and
non-working hours in the cassava grits
industry;
• CGPs are exposed to CO and PM2.5 levels
during working hours that are harmful to
the health;
• Non-CGPs are also at risk of developing
health problems during cassava grits
processing hours.

Conclusion

Competing interests

Limited studies have been conducted or published
on clean cook stoves used for commercial
activities such as the cassava grits processing
activities. CGPs are exposed to high levels of CO
and PM2.5 during the cassava grit processing [26]. It
is likely biomass fuel will remain an integral source
of energy for food production industries such as

The authors declare no competing interests.

Authors' contributions
OO, RQ and KP conceived the study; OO and EB
developed the proposal; KA and EB contributed to
the study protocol; OA and OO performed analysis
and interpretation of quantitative and qualitative

Omolola Oyinkan Adeshina et al. PAMJ - 37(181). 27 Oct 2020. - Page numbers not for citation purposes.

6

Article
data; all authors contributed significantly to
drafting the manuscript; OO, RQ and KP critically
revised the manuscript for intellectual content,
which was extensively reviewed by all authors; KP
who is also the director of the Kintampo Health
Research Centre approved the manuscript to be
submitted. All the authors have read and agreed
to the final manuscript.

Acknowledgments
The authors are grateful to the director, head of
research and staff at the KHRC for providing
support and resources during this study. Also, to
the community gate keepers and community
members, especially CGPs who devoted time to
participate in FGDs and IDIs.

Tables and figures
Table 1: demographic characteristics of CGPs
Table 2: demographic characteristics of
community gatekeepers
Figure 1: representation of averaged carbon
monoxide (CO) at different time range
Figure
2:
representation
of
averaged
nephelometer at different time range

References
1. IEA. Energy Access Outlook 2017. 2017.
2. Kim KH, Jahan SA, Kabir E. A review of diseases
associated with household air pollution due to
the use of biomass fuels. J Hazard Mater.
2011;192(2): 425-431. PubMed| Google
Scholar
3. Hiemstra-van der Horst G, Hovorka AJ.
Fuelwood: the “other” renewable energy
source for Africa. Biomass and Bioenergy.
2009;33(11): 1605-1616. Google Scholar
4. United Nations. United Nations sustainable
development: energy. 2018.
5. United Nations Development Programme. Goal
3: Good health and well-being. 2018.

6. Shen G, Chen Y, Xue C, Lin N, Huang Y, Shen H
et al. Pollutant emissions from improved coaland wood-fuelled cookstoves in rural
households. Environ Sci Technol. 2015 Jun
2;49(11): 6590-8. PubMed| Google Scholar
7. Lawn JE, Blencowe H, Oza S, You D, Lee AC,
Waiswa P et al. Every newborn: progress,
priorities and potential beyond survival.
Lancet. 2014;384(9938): 189-205. PubMed|
Google Scholar
8. Kolawole OP. Cassava processing and the
environmental effect. World Sustainability
Forum. 2014. Google Scholar
9. Nag OS. Top cassava producing countries in the
world. WorldAtlas. 2017.
10. Jack DW, Asante KP, Wylie BJ, Chillrud SN,
Whyatt RM, Ae-Ngibise KA et al. Ghana
randomized air pollution and health study
(GRAPHS): study protocol for a randomized
controlled trial. Trials. 2015;16: 420. PubMed|
Google Scholar
11. Adeshina O, Asante KP, John-Baptiste A. Case
1: the fire under the shed: the cornerstone
fuelling our plight. London: Public Health
Casebook Publishing. 2016. Google Scholar
12. Paulina SA, Imelda NK, Moyo MT, Quynh NK,
Singh S, Walekhwa PN. Constraints and
opportunities for small and medium scale
processing of cassava in the Ashanti and Brong
Ahafo Regions of Ghana. 2004. Google Scholar
13. Roden CA, Bond TC, Conway S, Pinel ABO,
MacCarty N, Still D. Laboratory and field
investigations of particulate and carbon
monoxide emissions from traditional and
improved
cookstoves.
Atmospheric
Environment. 2009;43(6): 1170-1181. Google
Scholar
14. Kampa M, Castanas E. Human health effects of
air pollution. Environ Pollut. 2008;151(2): 362367. PubMed| Google Scholar
15. Nettey OE, Zandoh C, Sulemana A, Adda R,
Owusu-Agyei S. Clustering of childhood
mortality in the Kintampo health and
demographic surveillance system in Ghana.
Global Health Action. 2010;3. PubMed|
Google Scholar

Omolola Oyinkan Adeshina et al. PAMJ - 37(181). 27 Oct 2020. - Page numbers not for citation purposes.

7

Article
16. Owusu-Agyei S, Nettey OEA, Zandoh C,
Sulemana A, Adda R, Amenga-Etego S et al.
Demographic patterns and trends in Central
Ghana: baseline indicators from the Kintampo
health and demographic surveillance system.
Global Health Action. 2012;5: 1-11. PubMed|
Google Scholar
17. Wilbur S, Williams M, Williams R, Scinicariello
F, Klotzbach JM, Diamond GL et al.
Toxicological profile for carbon monoxide.
Agency for Toxic Substances and Disease
Registry (US). 2012. PubMed| Google Scholar
18. World Health Organization. Ambient (outdoor)
air quality and health. 2018.
19. Asante KP, Afari-Asiedu S, Abdulai MA, Dalaba
MA, Carrion D, Dickinson KL et al. Ghana's rural
liquified petroleum gas program scale up: a
case study. Energy Sustain Dev. 2018 Oct;46:
94-102. PubMed| Google Scholar
20. Pope D, Bruce N, Dherani M, Jagoe K, Rehfuess
E. Real-life effectiveness of 'improved' stoves
and clean fuels in reducing PM2.5 and CO:
systematic review and meta-analysis. Environ
Int. 2017;101: 7-18. PubMed| Google Scholar
21. Pope D. The LPG adoption in Cameroon
evaluation (LACE) study 1: scaling adoption and
sustained use of LPG as a clean fuel in
Cameroon. 2017.
22. Pope D. The LPG adoption in Cameroon
evaluation-2 study (LACE-2): Enhancing
adoption and use of liquefied petroleum gas
(LPG): an implementation science approach to
understanding key determinants and impacts
of local interventions to address financial
constraints. 2017.

23. Adenugba AA, John P. Hazardous conditions of
women in Gari processing industry in Ibadan,
South West, Nigeria. Journal of Educational
and Social Research. 2014;4(3): 511-21. Google
Scholar
24. Koledoye GF. Analysis of occupational and
environmental hazards associated with cassava
processing in Edo state Nigeria. Herald Journal
of Agriculture and Food Science. 2012;1(1): 2632.
25. Ghana S. Women and smallholder agriculture
in Ghana. Policy Brief. 2014;1-18. Google
Scholar
26. Mensah GS, Kemausuor F, Brew-Hammond A.
Energy access indicators and trends in Ghana.
Renewable and Sustainable Energy Reviews.
2014;30: 317-323. Google Scholar
27. Johansson TB, Patwardhan A, Nakicenovic N,
Gomez-Echeverri L, Turkenburg WC, Global
Energy Assessment (GEA) Council. Global
energy assessment-toward a sustainable
future. Cambridge University Press. 2012.
Google Scholar
28. Varshney RK, Ribaut JM, Buckler ES, Tuberosa
R, Rafalski JA, Langridge P. Can genomics boost
productivity of orphan crops. Nat Biotechnol.
2012;30(12): 1172-1176. PubMed| Google
Scholar

Omolola Oyinkan Adeshina et al. PAMJ - 37(181). 27 Oct 2020. - Page numbers not for citation purposes.

8

Article
Table 1: demographic characteristics of CGPs
Exposure
Frequency (N=17)
Age (years)
19-29
5
30-40
11
41-51
1
Number of years in region
0-20
11
21-41
5
42-62
1
Number of years in industry
0-10
15
11-21
1
22-32
1

%
29.4
64.7
5.9
64.7
29.4
5.9
88.2
5.9
5.9

Table 2: demographic characteristics of community gatekeepers
Exposure
Frequency (N=5)
%
Age (years)
19-40
2
40
41-61
2
40
62-82
1
20
Number of years in region
0-20
2
40
21-41
1
20
42-62
1
20
63-83
1
20
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Figure 1: representation of averaged carbon monoxide (CO) at different time range

Figure 2: representation of averaged nephelometer at different time range
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