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INDOOR AIR QUALITY AND HEALTH IN NATURALLY VENTILATED
RESIDENTIAL BUILDINGS IN NIGERIA :
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SUMMARY
Bacterial Meningitis is a large-scale health problem in Sub-Saharan Africa, with up to 200,000 chses
CVery year across 14 countries including Northern Nigeria (Bassey et al 2009). There are suggestions
that poor air quality, including in houses where numerous family members both congregate and §16§P
contribute negatively 1o infection transmission. According to the World Health Organisation, ciuf:s m
Nigeria are considered the most polluted in the world with PM10 values regularly over thirty times
recommended levels (WHO, 2016). The objective of this study is to investigate relationship between
indoor air quality parameters, housing design and reported health of local residents.

Health questionnaires and overnight monitoring of CO, temperature, PM2.5 and PM10 were
conducted in 115 houses separated into eight districts in Bauchi, central north-eastern Nigeria. Air
quality parameters were measured using Airnode sensors (Airvisual, USA) whose CO:2 values were
calibrated against a Rotronic CLI1 (Rotronic, BSRIA, Bracknell, UK). Questionaires includef:l
demographics, reported health issues and symptoms and operation of the building. A building audit
recorded room and window sizes, location and orientation and aspects such as cooking fuel sources.
Preliminary results suggest that buildings tend to be well ventilated, with average CO: levels in bedrooms
rarely surpassing 1000ppm over an eight-hour period. Houses were often in fenced compounds or a
courtyard design so inhabilqnts could safely leave their windows open. Qn the other hand, PM10 values
often surpassed 1000;1m/m" and PM2.5 ranged from 10 to lSOOpm/mJ. Analysis will be reported to
correlate the indoor air measurements to the occupant survey. Pending health survey analysis, a simplified
tick-box style questionnaire framework could, in future, provide a meningitis risk analysis tool for local
healthcare workers based on building type and window size assessment. This could potentially dispense
with lengthy health questionnaires or environmental monitoring.

Keywords: indoor air quality, health, natural ventilation, residential buildings, meningitis

1 INTRODUCTION

Urbanization is a global phenomenon rapidly occurring in developing countries such as Nigeria; a lower-
middle-income and Africa’s most populous country (approximately 193 million). Within these
populations, the poorest socioeconomic groups of about 50.2 per cent of its urban populace
disproportionately suffer from inadequate supply of urban housing thereby living in slums (UN-Habitat,
2016). Consequently, this has led to growing millions of sub-standard/poorly design houses resulting in ill-
health of most occupants. Natural ventilation and indoor air quality in millions of the houses arc often
poor, resulting in the prevalence of airborne disease transmission. Among the health related problems is
the prevalence and incidence of increasing meningitis outbreaks. The World Health Organisation (WHO)
estimates that at least 1.2 million cases of bacterial meningitis occur each year out of which 135,000 are
fatal (Rouphael et al., 2012; Jafti et al., 2013). In 2017, a total of 14,513 cases with 1,166 deaths were
reported particularly in Northern Nigeria. Although part of the efforts to prevent meningitis outbreak was
reactive vaccination however, the immunization strategy for meningitis control is insufficient to reduce the
burden of the disease. Further, the prevention of the discase is also faced
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R st 1 crrn o ot Sy conain o ot S,
i, WHb . as e f ofin chgns (En_nnenlm, 200?; Kovesi, et al. 2007; l'shna é p
_ ) (2005) identified indoor air quality as the eight most important risk factor an
responsible for 2.7% of the global burden of disease. Similarly, poor ventilation, accumulation o
b1olpglcal pollutants, and infection potential have been reporl’ed to seriously deteriorat® o
environments (Graudenz er al., 2005). The indoor air quality causes more concern as places arc
crowded with people are at risk of spreading diseases caused by airborne bacteria. Although several
studies demonstrates the significant health impact of housing and socioeconomic characteristics on the
burdep of meningitis and other diseases in developing countries; most studies failed to investigale
association between indoor air pollutants and building characteristics and infectious diseases TlSkS
such as meningitis outbreak. This paper seeks to address this knowledge gap; it aims 10 investigate

re]gtionship between indoor air quality parameters, housing design and reported health of local
residents living in naturally ventilated residential buildings (NVRBs) in Nigeria.

2 METHODS

2.1 Study design and population

This study employed a cross -sectional study design that reflected in the data collection methods. It
involves a household survey, building audit, PM and CO2 monitoring. The study took place in a low
income urban setting of area of Bauchi metropolis, Northern Nigeria (Figure 1). One hundred and fifty
(150) households were invited to participate and 115 agreed to take part in the study. All the 115
consented for indoor air quality monitoring. Approval for the study was granted by the University of
Leeds Research Ethics Committee, United Kingdom and a signed informed consent was obtained

C e . h S
from each participating household. The cross-sectional survey was conducted between 13" and 31
October 2017.

3 ®
Figure 1. Area map and photograp
2.2 Data collection
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hic view of the study area showing the residential layouts
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questonnaire in English and local language. The questionnaire consisted of two sections. Scction one

collected d_cmographic data and information on houschold’s health such as‘xhcir experience of
Tllbﬂ‘f:lﬂOSlS (TB). Meningitis. Measles. and Chicken pox. Influenza, Asthma, Pneumonia and

Malaria along with their symptoms in the last 3 years. Section two gathered information related to the

building design characteristics (e.2. room and window sizes, window location and orientation €t¢.) and

operation of the building by the occupants such as cooking fuel sources, indoor smoking and

alternative source of lighting at night in the absence of electricity, Overnight monitoring of CQ*

temperature, PM: < and PMi were conducted in all the houses from cight neighborhoods. Air quality

parameters were measured using Aimode semsors (Airvisual, USA) whose CO: values were calibrated

against a Rotrome CLTT (Rotronic. BSRIA. Bracknell, UK). The environmental samplers were I"“‘t“d

from @ height of 1.3 m above the oor. Microsoft Excel 2010 was used to record. store, and orgamze

all survey results and PM mcasurement data

2.3 Statistical methods
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