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Abstract

Studies on the impact of human and industrial &&s/on the ambient air quality of Bundu Ama eows, Port
Harcourt was carried out in the month of septenb®4Zour monitoring stations were selected for
measurement of the air pollutant levels accordin§dderal Ministry of Environment prescribed guiide$ and
methods. The pollutants monitored and measured: 8ergpended Particulate Matter (SPM), Carbon Mal®xi
(CO), Hydrocarbon (HC), Volatile Organic Carbon (@¥Nitrogen Oxides(N¢) and Sulphur Oxides
(SOy).These parameters were monitored and measured Pgsameter with sensors sensitive to their
concentrations. The results showed that Suspendeticitate Matter, SPM and SOwere detected in
appreciable levels during monitoring. However theels of SPM were within the guidelines set by FENWE
while SG; exceeded the limit in some of the monitored statidrhere is need for constant monitoring of the
industries in the study area and enforcement aralironmental laws by the authorities.
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INTRODUCTION

Air pollution is the presence in the outdoor atnse of one or more air contaminants (i.e dust,efsingas,
mist, odour, smoke or vapour) in sufficient quaesitof such characteristics and of such duratioto d% or to
threaten to be injurious to human, plant or aniiifal or to property or which reasonably interfengith the
comfortable enjoyment of life or property (Chakradkt al., 2003). The knowledge of quality of ambient air
plays an important role in assessing the environahestenario of the locality (Canter,1996). The lifyaof
ambient air depends upon the background concemteabf specific contaminants, the emission soueres
meterological conditions. Air pollutants can bessified as natural contaminants (fog, pollen ghaaesosols
(dust, smoke, mist), gases and vapour (SOx, NOg)Sdurces of air pollutants include mobile trantgtam,
solid waste disposal and industrial sources. Thegaality sampling and monitoring is one of the orjnt
aspects in establishing the baseline quality of rdgion of interest (Ubong and Gobo 2001). Thidudes
identification of specific air pollution parameteexpected to have significant impacts and assedsieq
existing levels in ambient air within the impactneoof the study areaBundu-Ama environs. The base
consideration of air sampling consists of samptakected being representative in terms of time koations.
Air pollution which consists of indoor and outdgaollutants have been a public concern in Nigenaities like
Nkalagu, Gboko, Lagos, Kano, Port Harcourt and dimaalcross Nigeria, acid rain and ozone polluti@ate an
environmental impact and affect human health unkngly as a result of cement factories located es¢thareas
(Otti and Ogbuagu, 2014). Indiscriminate burning slid waste at open dumps which generates air
contaminants like dust, smokes, mist and odourasauguries to human, plant, animal and property.

Air pollution comes from many different sourcesatstnary sources such as factories, power plants,
and smelters and smaller sources such as dry cteand degreasing operations; mobile sources siciars,
buses, planes, trucks, and trains; and naturatiyroing sources such as windblown dust, and votcaniptions,
all contribute to air pollution. Air quality can keffected in many ways by the pollution emittednfréhese
sources. These pollution sources can also emitla wariety of pollutants. The Environmental PobtiatiAgency
(EPA) has these pollutants classified as the sicqal pollutant called criteria pollutants whiehe monitored
by the federal, state and local agencies (EPA, R(Ndtional ambient air quality standards are stads set for
pollutants which are considered harmful to the pe@nd the environment. National, state, tribal dowhl
governments are responsible for ensuring that thesquality standards are met or attained throngtional
standards and strategies to control pollutantssiams from auto mobiles, factories and other saur€here are
two types of standards, primary and secondary. &yinstandards protect against adverse health gffect
secondary standards protect against welfare effeath as damage to farm crops and vegetation amdgk to
buildings. The six criteria pollutants addressedha National Ambient Air Quality Standards(NAAQS)e
carbon monoxide, Nitrogen Dioxide, Lead, Ozone(mo§), Particulate Matter and Sulfur Dioxide (Sn#009).

If the levels of these pollutants are higher thdratis considered acceptable by regulatory agenthies the
area in which the level is too high is called aattainment area. Combustion of fossil fuels inistetry sources
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usually leads to the production of §ONOx, and Particulates. Domestic fuel use, maidal and wood,
represents a significant source of the air poliufio cities, particularly cities in developing cdries. Petrol-
fuelled motor vehicles are responsible for the sioiss of NOx, CO, and Pb (where leaded petrolilisusted),
whereas diesel-fuelled engines lead to signifieantssions of Sg NOx, and Particulates. VOCs are emitted
from various anthropogenic sources including raadfit, production and the use of organic chemidalg.
solvents), transport and the use of crude oilugeand distribution of natural gas, and from wdsposal sites
and waste water treatment. Combustion of fossilsfure stationary sources usually leads to the prtdn of
S0O,, NO, and Particulates. Domestic fuel use, mainly coal wood, represents a significant source of the air
pollution in cities, particularly cities in develioyg countries.

Urban air pollution has worsened the health indities of both developed and developing countries.
The health impacts in developing world have beévedrby population growth, industrialisation andrieased
vehicular use (Shanker and Ramarao,2002). Aparm fraving human health impacts, air pollution also
adversely affects the natural environment .Conedintis of such chemicals in the air affect humaalthe
Health effects vary with the intensity and the diora of exposure and with the health status of ékposed
person. Certain sectors of the population likeeluerly, children, and those already suffering frosapiratory
and cardiovascular diseases, are usually at greefler Air pollutants usually affect the respirgtoand
cardiovascular system. $@nd SPM bring about increased mortality, morbidaypd impaired pulmonary
function. NQ and Q also affect the respiratory system with acute ewpes causing inflammatory and
permeability responses, decreased lung functiod,iatreases airway reactivity;@auses headaches and eye
and nose irritation. Due to its high affinity fomémoglobin, resulting in blood oxygen displacem&t®, can
lead to cardiovascular and neuro behavioral effésy high levels of CO exposure also cause deahd (Pb)
inhibits the synthesis of haemoglobin in the redbbl cells in bone marrow, impairs kidney and lifigmction,
and causes neurological damage. Rapid industtialishas led to a severe deterioration in watelityuia the
lakes and rivers of some countries (Ebenstein, 2014

STUDY AREA

Bundu-Ama, a heavily populated community is on¢hef shanties in Port Harcourt and the people alsoit
squalid environment (Ikaderinyo, 2012). It is eseld by a network of rivers and creeks traversiiggedting
the landmass; prominent among them is the Dock@aedk, Primose Creek, Dick Fibresima Creek andalsak
River all linked to Bonny River which is the largesver in the area with an average width of 0.5km
(Aisuebeogun, 1995). The community is host to mantinational industries and establishments, siiPa
Cussons, MI Drilling Fluids, Ibeto Cement Compa®ando, National Oil, Union Dicon industry, African
Petroleum, Conoil, Sun and Gas Oil among othersdeAfrom being one of Port Harcourt’s financial and
commercial centre, Bundu Ama is also among the nmoktstrialized community in the metropolis as reiga
the petroleum downstream and processing centereTdre approximately 100 small and big industrieshie
community (field survey,2014), of which some haee classified as hazardous. Industries in thpaitting
category include flour mills, chemical, cement, ieegring, refined petroleum distribution and foundinits.
Process emissions and those from fuel consumptionstitute the main sources of air pollution. Magr
pollution sources include a giant mud engineeringraical complex, military/commercial maritime adies,
giant cement bagging industry, harbour for dischaof petroleum products and domestic waste dumping
centers. The city does not have a good environrhpatition data (Ogosu, 2013)

The state Ministry of Environment does not regylaahd systematically monitor the air quality to
measure air pollutant levels within the communitpe indiscriminate waste effluents dumped into Wager
bodies and poor domestic waste management potltesrea (Ajayi, S. O. and Osibanjo, O. 1981 andzizg
2000).

The city of Port Harcourt had a humble beginninglBil3 as a fishing settlement with an initial
population of 5000 persons (Oyegun and Adeyemo919Bhe current population of the metropolis ( Port
Harcourt and Obio — Akpor) according to the offigazette of the 2006 census final results is 1,90® (Fed.
Republic of Nigeria Official gazette, 2009). Thepich growth of the city and its region has spatiadl aocio
economic implications. The Port Harcourt city, ¢abof Rivers State, Nigeria (Fig 1) is also thé haf the oil
and gas industry in Nigeria with Bundu — Ama playihost to many industries in the downstream of the
petroleum sector. Bundu — Ama community experienicesnjection of large quantities of effluents doethe
activities of industries on one hand and impropemestic waste management that creates poor sanitary
conditions. Water and air related diseases aremtbst critical health problems in the Port Harcowgion
generally and in Bundu — Ama in particular (Oyegumd Adeyemo,1999). In their study, Moffat and Linda
(1995) observed that although few air and watelityustudies exist, the data available on air aradew related
diseases, illustrate that water and air contanonadind associated diseases are a problem in tlenré&tpses of
acidification of rain water in the industrial areafsPort Harcourt (Bundu — Ama inclusive) are athedeing
reported and this is a serious threat to the usainfwater as a source of water supply (Ajayi @sibanjo 1981)
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Fig. 1 Map of Rivers State Showing the study area

Materials and methods
Four sample stations were established after a recesance visit to the area. The criteria for theiae of the
sampling stations were to assess the impact ofstriduand other human activities taking place los @ambient
air quality of the study area. Station one (Ibetmnitoring was done in three different points al@ogrdinates
N:4°75'01 E:P00'45, N:474'85 E:P00'53 and N:474'69 E:?00'44. The industry located here is Ibeto cement
company and the water body where the effluentsd&zeharged is Dick Fibresima Creek. The premises ar
always contaminated by cement dusts during vehiaulavements of trucks conveying the products, baggi
and process operations among others. The maintialuactivities taking place here is cement baggand
related operations. Station two is Bundu watersiciined by Dockyard Creek. The monitoring was diame
three different points along coordinates 7338 E: 701’12, N:475'76 E:?01'60 and N:476'14 E:701'28.
Domestic waste products are often dumped here esidents use the water as public toilet. Fishirtgities
take place here by local fishermen. Station thMacpba) monitoring was done in three different @long
coordinates N: %5'88 E: 00’55, N:475'89 E: 200’75 and N:475'92 E:?00'94. The industry located here is
Macoba Drilling fluids company, MI that deals on dnangineering and also Naval operations by Nigerian
Navy. Industrial fumes escape into the atmospheyen fstacks. Effluents are discharged into a seatibn
Primose Creek and Isaka River. Organic wastes anthh excreta are also discharged here. The Rivezsas
a means of marine transport and fishing activitgtation 4 (Union Dicon industry/Jetty) monitorings done in
three different points along coordinates 807 E:?00'61, N:475'09 E:700'78 and N:475'99 E:700'53.
Bagging of salt takes place at the industry. They jeerves as a loading point of petroleum prodécts
gasoline, diesel etc. Choking smells of hydrocarporducts characterize the surrounding air. Efftsgfrom
here are discharged into Primose Creek.

Measurement was done by outdoor air quality mosi{@dQM 60 compact monitoring stations).This is
a portable handheld pollution meter that quicklyasw@e common air pollutants as well as noise and
meteorological parameters. Each measurable paramatedetected and measured by a sensor sengitite t
Typical applications include traffic or roadside mitoring urban air quality networks and industriahcline
monitoring in the minning, power, cement, wastéaod gas industries. This gas meter is a real, tiove cost,
and compact air quality monitoring of common gafiupants, pollutants and other environmental partense
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The following air pollutants were monitored and m@®d at the various stations according to FMENV
prescribed guidelines and methods; Suspendedc#até Matter (SPM), Carbon Monoxide, Hydrocarbon,
Volatile Organic Compound (VOC), NOx and SOXx.

Figure: 1 Gaseous Emission from an Industrial FlaBundu Ama

Figure 2: Gaseous Emission from a Chemical PlaBuindu Ama
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I':igure 3: Premises of Cement Bagging Industry @pet

Figure 4: Jetty for Off-loading Gasoline and DieseBundu-Ama
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Figure 5: Fumes emanating from Mud Engineering $tigu

Figure 7: Premises of Petroleum Products Markefiogypany in Bundu-Ama

RESULTS

The results showed the range of Suspended Patddulatter(SPM) at the Ibeto station monitored potat be
between 0.014mg/frand 0.033 mg/fwith mean value as 0.03 mgfifTable 1).The values of CO .8, VOC,
NOy, SO were <0.10 at all sampled points. At Bundu moeitbstation, SPM ranged between 0.031 mgnul
0.045 mg/m with mean value of 0.06 mgfithe range of SQwas between 0.10ppm and 1.10ppm, while the
values of CO, kS5, VOC, NG and SQ were all <0.10 at all sampled points. The valoé$SPM ranged
between 0.086 mgfimand 0.096 mg/thwith mean value of 0.09 mgfrat Macoba, while the values of
CO,H,S,VOC,NG, and SQ were <0.10 at all the monitored points. At Unioicdh/Jetty, the SPM ranged
between 0.019 mg/frand 0.025 mg/fiwith mean of 0.020 mg/The mean of SQwas 0.53ppm,while other
measured parameters were <0.01at all monitoredspoin
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Table 1: Air Quality Measurement (IBETO)

Sample Station Result Mean FMENV
Parameter Limits
AQM 1 AQM 2 AQM 3
Coordinates N75'01 N:4°74'85 N:4°74'69
E:7°00'45 E:7°00'53 E:7°00'44
SPM (mg/m) 0.033 0.031 0.014 0.03 0.25
CO (ppm) <0.10 <0.10 <0.10 <0.10 10.0
HC (ppm) <0.10 <0.10 <0.10 <0.10 -
VOC (ppm) <0.10 <0.10 <0.10 <0.10 -
NOyx (ppm) <0.10 <0.10 <0.10 <0.10 0.04 — 0.06
SO (ppm) <0.10 <0.10 <0.10 <0.10 0.01
AQM = Air Quality Measurement
FMENV = Federal Ministry of Environment
ppm = parts per million
mg/nt = miligramme per meter cubed
Table 2: Air Quality Measurement (BUNDU )
Sample Station Result Mean FMENV
Parameter Limits
AQM 1 AQM 2 AQM 3
Coordinates N75'38 N:4°75'76 N:4°76'14
E:7°01'12 E:7°01'60 E:7°01'28
SPM (mg/m) 0.031 0.104 0.045 0.06 0.25
CO (ppm) <0.10 <0.10 <0.10 <0.10 10.0
H.S (ppm) <0.10 <0.10 <0.10 <0.10 -
VOC (ppm) <0.10 <0.10 <0.10 <0.10 -
NOyx (ppm) <0.10 <0.10 <0.10 <0.10 0.04 — 0.06
SO (ppm) 0.80 1.10 0.10 0.67w 0.01
AQM = Air Quality Measurement
FMENV = Federal Ministry of Environment
ppm = parts per million
mg/nt = miligramme per meter cubed
Table 3: Air Quality Measurement (MACOBA)
Sample Station Result Mean FMENV
Parameter Limits
AQM 1 AQM 2 AQM 3
Coordinates N76'88 N:4°75'89 N:4°75'92
E:7°00'55 E:7°00'75 E:7°00'94
SPM (mg/m) 0.090 0.086 0.096 0.09 0.25
CO (ppm) <0.10 <0.10 <0.10 <0.10 10.0
H,S (ppm) <0.10 <0.10 <0.10 <0.10 -
VOC (ppm) <0.10 <0.10 <0.10 <0.10 -
NOy (ppm) <0.10 <0.10 <0.10 <0.10 0.04 - 0.06
SO (ppm) <0.10 <0.10 <0.10 <0.10 0.01
AQM = Air Quality Measurement

FMENV = Federal Ministry of Environment

ppm

= parts per millions

mg/nt = miligramme per meter cubed
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Table 4: Air Quality Measurement (Union Dicon intlysletty)

Sample Station Result Mean FMENV
Parameter Limits
AQM 1 AQM 2 AQM 3
Coordinates Nw607 N:4°75'09 N:4°75'99
E:7°00'61 E:7°00'78 E:7°00'53
SPM (mg/n) 0.019 0.022 0.025 0.020 0.25
CO (ppm) <0.10 <0.10 <0.10 <0.10 10.0
H,S (ppm) <0.10 <0.10 <0.10 <0.10 -
VOC (ppm) <0.10 <0.10 <0.10 <0.10 -
NOy (ppm) <0.10 <0.10 <0.10 <0.10 0.04 — 0.06
SO (ppm) 1.40 <0.10 <0.10 0.53 0.01

AQM = Air Quality Measurement
FMENV = Federal Ministry of Environment
ppm = parts per million

mg/nT = miligramme per meter cubed

DISCUSSION

The results of monitoring ambient air quality o&thix pollutants in the study area indicated tHaMSwas
detected in all the sampled points. However, theceotration is not of great concern as the valudsndt
exceed the FMENV guideline of 0.25.SPM is alwaysoatated with high levels of industrial and vehaul
activities (Yadva and Singh, 2003).These pollugaantticles are commonly suspended in the air nearcss,
such as the urban atmosphere, industrial planggways and power plants (Bhatia, 2011).The mosiooisv
effect is reduction and distortion of visibility.P® provide active surfaces upon which heterogeneous
atmospheric chemical reactions can occur and nimtedodies for the condensation of atmosphericewat
vapour, thereby exerting a significant influenceompweather and air pollution phenomena (Gilpin and
William,1982). Particulates inhaled through thepiestory tract may damage health. The results blear
indicates that on the average the levels ofx 3@re high in Dicon/Jetty station and Bundu, witteith
means0.53ppm, 0.10ppm respectively exceeding tbavatble limits of the FMENV(0.01ppm).This may be
attributed to combustion of fossil fuels and froarigus industrial processes taking place in thdysarea; but
particularly at Bundu refuse incineration, dome#iiel burning might be likely the reason for teedl. The gas

is also released from rotten eggs realising tHateatiles, fowls and birds lay eggs and some efittcould rot
easily during cold seasons (Ademoroti,1996). Mimses and particularly during hot season, evapagatiteans
and sea sprays leave tiny particles of sulphats sath as sodium sulphate in the air (Adedodtuad., 1989).
Sulfur dioxide (or Sulphur dioxide) has the cherhiftamula SQ and the gas can cause upper respiratory
irritation such as nasal irritation. The gas sutfioxide, when burned reacts with water and atinesp oxygen

to form sulphuric acid (580s) and thus acid rain(Smith,1971). The possibleaesdor the detection of levels
of NO,, CO, HC and VOC is the tremendous growth in thelmer of petrol and diesel vehicles in the study
area, which are contributing to the increasinglewf these parameters in the atmosphere. Hoveerlevels
were below the FMENV standard limits. It shouldrbalized that the oxygen used in internal engirmalagstion

is a component of air which contains some percentdignitrogen. As combustion occurs, oxides ofogiemn are
formed also in addition to the following products ammbustion: CO, C& NO,NG, lead halides and divers
hydrocarbons(Ademoroti,1996).They are poured ifte atmosphere daily through the exhausts. They are
discharged in streets and people are exposedituseir pollution.

CONCLUSIONSAND RECOMMENDATIONS

The activities of the industries operating in Bussima, Port Harcourt and poor management of waste
contributed negatively to the ambient air qualibdustries in the air-polluting category includemamnt bagging,
petroleum distribution, engineering and processiRgocess emissions and those from fuel consumption,
constituted the main sources of air pollution. Ttemds of pollutants in the study of ambient aialgy showed
differentials in their levels thereby identifyinggh and low polluted sampling points. It is reconmuied that
constant monitoring of the area be undertaken ¢idathe adverse health and environmental conseggenc
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