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Abstract

The day and night indoor and outdoor con-
centrations of suspended particulate matter
(SPM) in Iko, Obrikom, Port Harcourt, Ogbo
and Ugbele communities in sourthern Nigeria
were determined using a Hi-volume sampler
with low resistance (glass fibre) filter. The
samples were analysed by gravimetric method,
using microbalance techniques. The results
showed that in most communities the indoor
night SPM concentrations were higher than
the indoor day and outdoor day SPM concen-
trations. The study also revealed that mud
wall with thatch roof buildings had higher SPM
values than cement wall with zinc roof build-
ings. The observed differences are not signifi-
cant (P> 0.05). Furthermore, the findings gen-
erally showed that the SPM concentrations in
the rural communities were higher than those
in the urban communities. Most of the re-
sults were found to exceed international and
local guideline values.

Introduction
Air pollution may be indoor or outdoor (ambient).
Both outdoor and indoor air quality data repre-
sent the true exposure for human beings. Indoor
air pollution is one of the pollution problems that
are potentially threatening man’s health and well-
being. The health effects of air pollutants vary

Résumé

Iperial, T. J. K., BRAIDE, S. A., FEKARURHOBO,
G. K. & Oruamgo, 1.: Détermination de concen-
trations & la maison et au dehors de matiére
particulaire suspendue au sud-est du Nigéria.
Les concentrations a la maison et au dehors du
Jjour et nuit de matiére particulaire suspendue
(MPS) aux communautés Iko, Obrikom, Port
Harcourt, Ogbo et Ugbele au sud du Nigéria
étaient déterminées avec un échantilionneur de
Hi-volume ayant un filtre (de fibre de verre)
d'une résistance faible. Les échantillons étaient
analysés par la méthode gravimétrique, utilisant
les techniques de microbalance. Les résultats
montraient que dans la plupart de communautés
les concentrations de MPS de la nuit du dehors
étaient plus élevées que les concentrations de
MPS de la journée de la maison et la journée du
dehors. L'étude révélait également que les
batiments ayant le mur de terre avec le toit de
chaume avaient des valeurs de MPS plus élevées
que les batiments ayant le mur de ciment avec
le toit zingué. Les différences observées ne
sont pas considérables (P > 0.05). En plus, les
résultats montraient en général que les concen-
trations de MPS dans les communautés rurales
étaient plus élevées que celles des communautés
urbaines. La plupart des résultats étaient
découvertes de dépasser les valeurs indicatrices
internationales et locales.

according to the intensity and duration of expo-
sures, and the health status of the persons ex-
posed. Thus, for total exposure assessment, it is
important to “measure where the people are”
(Smith, 1994).

Suspended particulate matter (SPM) may be of
anthropogenic and/or natural origin. Direct emis-
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sions of SPM arise from activities including burn-
ing of fossil fuels (coal, oil, wood) for power gen-
eration, heating and transportation; construction
and industrial activities; as well as wind blown
dust, forest fires, volcanic eruptions, pollen, agri-
cultural practices and gas-particle conversions.
(UNEP/WHO, 1994). It has been reported that
particles larger than about 10 pm in diameter de-
posit in the vicinity of the sources, but smaller
(eespirable) particles remain air borne for extended
periods and are transported to long distances
(UNEP/WHO, 1988).

In China, the yearly mean concentration of SPM
collected from 1981 to 1991 was found to be 400-
600 pug/m?® in the Northern cities and 200-300 ug/
m® in the Southern cities, and these were attrib-
uted to emission of coal smoke (Yin, 1993). A
recent study in India found that total air pollution
exposures were dominated by the type of fuel used
in household cooking, rather than outdoor con-
centrations (Smith et al., 1994).

Air pollution could be serious. This is more so
in Nigeria because, in addition to increased ve-
hicular and industrial activities in the country,
most households in the rural areas use lanterns
and cook with kerosene stoves. The situation is
similar in the urban areas owing to irregular elec-
tricity supply and frequent scarcity of gas or lig-
uefied petroleum gas.

SPM has effect on climate and materials and
cause undesirable esthetic effects (Ross, 1972;
Manahan, 1979). Exposure to respirable particles
could result in pulmonary function changes,
changes in the defence capacity of the lung and
occurrence of respiratory disorders, carcinogen-
esis, mortality, etc. (McGrath & Barnes, 1982; Prins
etal., 1984; WHO/ECOTOX, 1992).

There is growing awareness in Nigeria of the
adverse effects of air pollution on human health
and the cnvironment. This study was, therefore,
carried out in 1992 and 1993 to determine the in-
door and outdoor SPM levels in some communi-
ties south of the country, and to compare the ob-
served levels with existing guidelines.

Experimental

Five communities in south-eastern Nigeria were
selected for the study, namely, Iko (Akwa Ibom
State), Ugbele (Imo State), Port Harcourt, Obrikom
and Ogbo (all in Rivers State). With the exception
of Ogbo, all the stations are oil producing com-
munities with gas flaring sites. Both zinc and
thatch roof houses were selected for the collec-
tion of indoor SPM.

Two sampling stations approximately 1km apart
were selected in each community. This provides
uniform number of stations in all the communities
as some communities are small in size. At each
station three successive samples were collected
at approximately 10 min interval to allow for the
replacement of filters.

Outdoor night SPM concentrations were not
determined. This is because the study is intended
to measure where the people are. At night inhab-
itants return to their houses and most outdoor
human and industrial activities are reduced. In
addition, operators and sampling equipments are
not safe at night.

The study areas are located between latitude 4°
51’ Nand 6° 30’ N and between longitude 6° 30’ E
and 7° 33’ E. The typical meteorological features
used to characterize the communities are: annual
rainfall of 2500 mm (Port Harcourt and Iko), 2264
mm (Obrikom, Ogbo and Ugbele); mean monthly
temperature of 26.7 °C (Port Harcourt and Iko), 24
°C (Obrikom, Ogbo and Ugbele); wind speed
range of 5.5 - 7.9 m/s, and relative humidity of 83
per cent (Ugbele); 87 per cent (Obrikom and
Ogbo), 96 per cent (Port Harcourt and Iko).

The modified Environmental Protection Agency
(EPA) Hi-volume gravimetric method (Title 40,
1971; WHO, 1976; WHO, 1988), with 4 h averag-
ing time was used for the collection of samples.
The criteria for the choice of the method include
ease of operation, capability of collecting sam-
ples that can be analyzed for many contaminants,
precision and accuracy, sensitivity, and wide ac-
ceptability. The technique of the method involves
drawing a known volume of air through a
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TasLE 1
Concentrations of SPM (ug/m3) from five communities in southern Nigeria
Indoor Outdoor Day Indoor/
Day Night Qutdoor
Community ~ Station  Sample number Sample number Sample number ratio
2 ] 2 3 ] 2 3
Iko 1 130.6 87.7 332 1843 1479 484 448 3543 300.0 0.36
2 152.6 52,6 1312 10372 980.9 7039 5379 4310 4505 0.24
Obrikom 1 4558 847.1 7945 631.0 12939 1271.0 5175 784.1 700.0 1.05
2 251.3 1800 2000 1040 1773 1755 1394 5185 380.1 0.61
Port Harcourt 1 191.5 2306 6673 309.6 3788 5104 1582 1936 7882 096
2 2431 1826 2456 1557 2384 2400 1057.0 2757 2296 043
Ogbo 1 6779 650.1 5909 4502 816.7 7675 7553 14192 1280.5 0.56
2 11237 1117.0 1020.7 10764 4254 5500 12334 16779 1560.7 0.73
Ugbele 1 479 73.9 50.6 344 1173 106.5 19.0 243 284 240
2 50.6 72.9 342 1055 1325 1203 205 221 21.8 245
TaBLE 2 matter collected from the study communities. The

Concentrations of indoor SPM (ug/n’)
collected from thatch and zinc roof houses at

Tko town
Station Indoor Day Indoor Night
Thatch Zinc  Thatch Zinc
1 130.6 87.7 184.3 484
2 152.6 526 10372 703.9

preweighed glass fibre filter (25 cm by 20 cm) by
means of a heavy duty turbine blower at a flow
rate of 1.3 m*min. The blank and loaded filters
were temperature and moisture equilibrated prior
to weighing. The mass concentration of SPM is
calculated as the extra mass of collected particles
on the filter divided by the volume of air sampled
corrected to standard temperature and pressure.

Results and discussion
Tables 1 and 2 show the suspended particulate

results indicate that the highest SPM value (1677.9
ug/m®) occurred at Ogbo while the least vatue 19.0
pg/m®occurred at Ugbele.

The concentrations of SPM varied from one
station to the other, as well as from one sample to
the other at each station. Higher SPM concentra-
tions were obtained at station 2 in Tko and Ogbo
and station 1 in Obrikom. These stations are lo-
cated approximately 600 m down wind of either
gas flare site or major road. Furthermaoye, less
differences in SPM concentrations were obtained
at each station in Port Harcourt and Ugbele where
industrial and /or automobile activities are high.
These differences in SPM concentrations could
be attributed to several factors including momen-
tary changes in wind direction, fluctuations in
current supply and flow rate of the sampler, and
movements in and out of the room during sam-
pling.

At Iko, Obrikom and Ugbele the highest SPM
concentrations occurred at indoor night while at
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Port Harcourt and Ogbo the highest concentra-
tions occurred at outdoor day. The results also
revealed that at Ugbele and Obrikom (Station 1)
the indoor day SPM levels were higher than the
outdoor day levels. However, the reverse was
the case in the other communities. This accounted
for the high ratios of 1.05, 2.40 and 2.45, respec-
tively. The mean ratio for Ugbele, 2.43 is, there-
fore, higher than those for the other communities
(Iko, 0.30; Obrikom, 0.83; Port Harcourt, 0.70 and
Ogbo, 0.65). Ratios higher than 1.0, therefore,
indicate that the source of indoor SPM was pre-
dominantly local. Thus, in addition to other fac-
tors, the large vegetal cover and long distance
from flare site and road junction may have influ-
enced the low particulate concentrations at
Ugbele.

In general, the type of activity such as vehicu-
lar or industrial (e.g. gas flaring), occupation of
the inhabitants and sampling seasons may have
contributed to the observed variations in SPM
concentrations in the different communities. For
instance whilst Port Harcourt and Ogbo were sam-
pled during harmattan, Ugbele was sample at the
beginning of the rainy season. Furthermore, the
main occupation of Iko is fishing, Obrikom, Ogbo
and Ugbele is farming, while Port Harcourt is a
metropolitan city with many vehicular and indus-
trial activities. In addition, Ogbo is situated along
amajor traffic road.

The results further showed that at Iko, Obrikom
(station 1) and Ugbele the indoor night SPM con-
centrations were high than the indoor day con-
centrations. However, a student t-test showed
no significant (P> 0.05) between them. This trend
was reversed in other communities and at station
2 in Obrikom. The observation at Obrikom may
be as a result of the fact that the building at sta-
tion 2 was occupied by civil servants who spent
most of the day time in the offices and eat in res-
taurants, while the farming and fishing popula-
tion in the communities spend most of the day
time outside their houses and do their domestic
activities such as cooking, fish drying, etc. in late
evening or night. The observations in the other

communities were influenced by their status, lo-
cation and activities or occupation of the inhabit-
ants. -

The building materials also contributed to the
level of indoor SPM in the study areas. For in-
stance, Table 2 indicates that mud wall with thatch
roof (mud/thatch) houses had higher SPM val-
ues than cement wall with zinc roof (cement/zinc)
houses. The difference between them is statisti-
cally not significant (P> 0.05). Table 2 also re-
veals that for the mud/thatch houses, the indoor
night SPM concentrations are higher than those
for indoor day. The earlier stated reasons also

" accounted for this observation.

As the houses sampled in all the communities
except Iko were cement walled and zinc roofed,
the indoor local sources of SPM may also be at-
tributed to the fact than most households in the
rural communities use hurricane lanterns and lo-
cally made naked lamps, and cook with firewood
or kerosene stove, all of which generate large
amounts of SPM. Although some kitchens are
detached from the living houses, smoke and fly
ashes from the kitchens still trickle into the living
houses especially where there are not ceilings.
These particulate matter are gradually adsorbed
onto the ceiling, walls and furniture in the living
houses. However, by steady desorption either
through fan or external wind, they contribute to
the levels obtained within the houses. This proc-
ess is aggravated at night when the windows in
the living houses are closed thus preventing ef-
fective mixing of outdoor and indoor air.

For the purpose of protection against health
harzards, the Commission of the European Com-
munities (EC), the World Health Organization
(WHO), the United State Environmental Protec-
tion Agency (USEPA), as well as the Federal En-
vironmental Protection Agency of Nigeria (FEPA)
recommended air quality (SPM) limit values of 150
- 260 pg/m* (300 ug/m? by the EC) for short-term
exposure, and 60 - 90 ug/m?® for long-term expo-
sure (Lahmann, 1992; WHO, 1994; WHO/EURO,
1987; USEPA, 1990; FEPA, 1991). Using these
values as reference, the outdoor day concentra-
tions of SPM obtained in all the communities ex-
cept Ugbele and the first value of station 1 at Iko
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exceeded both the short and long term limits. Also
most of the indoor day values except those at
Ugbele exceeded both limits. All the indoor night
SPM values exceeded the long-term limit. How-
ever, the indoor night values at Ogbo, Iko station
2, Obrikom station 1 and Port Harcourt station 1
exceeded both short and long-term limits. These
values may cause some health concern for both
rural and urban population. For instance, studies
of the human health effects of air pollution car-
ried out in China showed that air pollution sup-
presses the immunological function, decreases
lung function and increases respiratory symptoms,
as well as respiratory disease (Yin, 1993).

The findings of this study agree with the state-
ment that in many rural areas and in most cities,
people in developing countries are exposed to a
range of local, but strong, sources of SPM (UNEP/
WHO, 1995). The rural communities such as Ogbo
and Obrikom are more polluted than the urban
community, Port Harcourt, while Ugbele served
as a control. The results have, therefore, shown
that the air quality with respect to SPM concen-
trations in Ugbele is good while the air quality in
the other communities is unhealthy. The situa-
tion may be similar in many parts of the country.
Therefore, proper monitoring of the air quality is
necessary in Nigeria. ‘
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