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Abstract— Levels of nitrogen dioxide and sulphur dioxidewrd roadside gardens in Port Harcourt metropolisrev
determined at Om and 50m from road junctions upimgable hand held Multi RAE PLUS (PGM-50), a pragimable multi
gas monitor with an electrochemical sensor fordieéction of Sulphur dioxide and ITX Multi Gas ntonfor the detection
of Nitrogen dioxide. The results showed that theceatrations of N@ and SQ ranged from 0 — 0.3ppm in both seasons.
The mean concentration of $@t Om and high traffic density stations were leigthan the mean concentration at 50m and
low traffic density stations. The difference in mezncentrations between dry and rainy seasondfidraensity and
distance were not significant for N®ut significant for S@ The concentration of NCand SQ recorded at the study
stations exceeded the permissible limits of 0.06%ppd 0.01ppm respectively, recommended by ther&ellinistry of
Environment and therefore poses serious threathto dnvironment particularly small farms and gardemeund major
roads. The levels of NGnd SQ around the gardens were influenced by traffic dgnseasonal variations and distances
from major roads, therefore authorities should enkban sensitization and enlightenment campaignsniiag activities and
raw consumption of exposed vegetables, crops anitd hould be discouraged in the study areas.
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.  INTRODUCTION

Port- Harcourt being the capital and major cityRifers State, with rapid urbanization and an asgedigrowth in industry
and vehicle use, an increase in the emissionsilphsr dioxide, hydrocarbons, nitrogen oxide, aideo industrial and
automobile emissions are bound to be expectedidliet996). If these pollutants exceed the reconumérevels, then
there is no doubt that they will become harmfuhigher animals including humans through the soélter and plants since
their existence is in close proximity.

The study area, Port Harcourt, is a highly indafizéd city in Nigeria; it has a large number ofltimational firms as well
as other industrial concerns, particularly busiaes®lating to the petroleum industry. Port Hartdies within latitude 4
43" and 454' N and longitude%56' and 7 03' E, 18meters (59ft) above sea level and withean annual rainfall of over
2000mm and mean annual temperature of abdi@.ZNMS, 1998) (Fig. 1).

As air quality is slowly improving in developed atties, it is rapidly deteriorating in developeduntries. A rapidly
multiplying population and the growth of industriasd car use are the main causes of air pollutday. In Asia, rapid
urbanization, with the associated growth in industnd vehicle use has increased emissions of sufibxide (SQ) and
nitrogen dioxide NG,) (PEPU, 2009).

The two main sources of pollutants in urban areastransportation (predominantly automobiles) amel tombustion in
stationary sources, including residential, comnaraind industrial heating and cooling and coal-mgrpower plants.
Motor vehicles produce high levels of carbon modex{CO) and constitute a major source of hydroaar@¢C) and
nitrogen oxides (N¢), whereas, fuel combustion in stationary sourse¢hé dominant source of $(8ocha, 2007).

Slanina and Howard (2008) reported that the transsetor is responsible for 60 to 70% of Ngdnissions in Europe.

Nitrogen oxide (NO oNG,) is a brown, odourless gas which is a by-prodficiombustion, when oxygen is used to oxidize
nitrogen instead of hydrocarbon. Transportatioroants for 45-50% of total emission of nitrogen @ddJean-Paul, 2009).
NG, is a gas that is emitted into the atmosphere @s@t of various human activities. An excesdN@h is mainly from
power plants in major cities and the burning ofi§ugue to various motor vehicles (Kashimira, 2008ijrogen oxides are
known to prevent the growth of crops and thus redagricultural yields (Jean-Paul, 2009).
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Air pollution affects plants and wildlife. This ighy it can be more difficult for plants to thrive city centres. S©and NQ
can make water and soil more acidic and therefarmful to some plants and animals (Direct Gov.,(01

Air pollution injury to plants can be evident inveeal ways; injury to foliage may be visible in faost time and appear as
necrotic lesions (dead tissues), or it can developly as a yellowish or chlorosis of the leaf (tea, 2009). There may be
reduction in growth of various portions of a plapiants may be killed outright, but they usually mtit succumb until they
have suffered recurrent injury (Heather, 2009).i&gtural crops can be injured when exposed to hlighcentration of
various air pollutants. Injury ranges from visilolarkings on the foliage to reduced growth and yigdoremature death of
the plant (Heather, 2009). The development andrig\ad the injury extends not only on the concetitin of the particular
pollutant, but also on a number of other factoifseSe include the length of exposure to the poltstahe plant species and
its stage of development as well as the envirotahdiactors conducive to a build-up of the pollutamand the pre-
conditioning of the plants, which makes it eithesceptible or resistant to injury (Heather, 20@jterent plant species and
varieties and even individuals of the same speniag vary considerably in their sensitivity to S@hese variations occur
because of the differences in geographical locatiolmate, stage of growth and maturity (HeatBén9).

According to Jean-Paul (2009), air pollutant hatosis harmful effects on plants. $€auses chlorosis resulting in the death
of cells and tissues, also, forest trees are veffstted by S@pollutants. S@is a heavy, colourless gas with a strong odour,
it is the result of the combustion of fossil fudilee coal (particularly bituminous coal and hydrdmans). Transportation
accounts for about 5% of total $@&missions. Sulphur is an essential nutrient fan{d, but S@is regarded as an inhibitor
of physiological activities. Most affected plant® @hose having a high physiological activity likeops and commercial
timber forests (Jean-Paul, 2009).,89converted to sulphuric acid in the atmosphetéch can be poisonous to both plants
and animals (PEPU, 2009).

Pollutants such as SONO, and ozone cause direct damage to leaves of ceopispand trees when they enter leaf pores
(stomata). Chronic exposures of leaves and ne¢dles pollutants can also break down the waxy ingathat helps to
prevent excessive water loss and damage from @isepsst, drought and frost (Miller, 1990).

Heather (2009) reported that Sénters the leaves mainly through the stomata @s@mpic openings) and the resultant
injury is classified as either acute or chronic. fdether explained that acute injury is caused bgoaption of high
concentrations of SOn a relatively short time. The symptoms appeaa awo sided (bifacial) lesions that usually occur
between the veins and occasionally along the msugjfithe leaves. The colour of the necrotic areaveay from a light tan
or near white to an orange-red or brown, dependimghe time of the year, the plant species affected the weather
conditions. Recently expanded leaves are usua#lyntbst sensitive to acute S@jury, the youngest and oldest being
somewhat more resistant. Chronic injury is cursgdldng-term absorption of SOat sub-lethal concentrations. The
symptoms appear as a yellowing or chlorosis of &ad occasionally as a bronzing on the under sarédcthe leaves
(Heather, 2009).

Changes in the physical appearance of vegetatienaar indication that the plants’ metabolism is iimgzh by the
concentration of S©(Carter, 2003). Harm caused by S® first noticeable on the leaves of the plamgry can occur
within hours or days of being exposed to high Isaf sulphur dioxide and it is the leaves in thel-giowth that are most
vulnerable, while the older and youngest leavesvaree resistant (Carter, 2003). The effects of &@ influenced by other
biological and environmental factors such as pigo¢, age, sunlight levels, temperature, humiditgt the presence of other
pollutants (Ozone andQ,) (Carter, 2003).

Ideriah, (1996) reported that mounting populatisaspure and urbanization has resulted in ever asarg smaller farm
sizes and in some cases the complete clearingrotfior other uses. Small scale farmers are Idfi thie option of raising
home gardens where annual and perennial vegetatdegrown along with the common short durationtfaudops (banana,
paw-paw, pineapple, etc). Other fruit crops suclmasgo, guava, avocado, etc are also grown aloamdsides and around
the house. It is not uncommon to find people plngkand eating these unwashed raw fruits, or foedkbes displaying their
stuff openly and unwrapped alongside heavy traffi@ds which are apparently contaminated with allunts (Ideriah,

1996). The aim of this study is to determine theele of sulphur dioxide and nitrogen around gard&iosg major road
junctions in Port Harcourt, a fast developing @ityhe Niger Delta, Nigeria.
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. MATERIALS AND METHODS

SITE SELECTION

The study area was divided into thirteen statidassified according to the volume of vehicles thit the areas (traffic
density). The stations are (High traffic density 400,000 vehicles per day) Low traffic density400,000 vehicles per day)
and control (approximately 20 vehicles per daypsoAthe stations were selected based on the aviyladfi farm or other
forms of vegetation. A GPS was used to geo-referéime stations (Table 1).
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| DENTIFICATION OF STUDY STATIONS WITH gggIEBERiPH|CAL REFERENCES AND TRAFFIC DENSITY
Traffic
Station No Station name/ Code GPS Density
1 Aba road/ Garrison Junction (HD1) | N 0448.413E 00700.567 High
2 Trans-Amadi/ Port Harcourt Zoo (HD2) | N 0448.758E 00702.673 High
3 Aba road/Eleme Junction (HD3) N 0451.427E 00704.120 High
4 East-West road/Eleme Junction (HD4)| N 0451.418E 00704.170 High
S East-West road/ Rumuokoro (HD5) | N 0452.052E 00659.780 High
6 Ikwere road/Mile 3 Junction (HD6) | N 0448.308E 00659.351 High
7 RSUST school/Farm (C1) N 0448.233E 00658.622 Control
8 RSUST/Road E (C1) N 0447.308E 00658.807 Control
9 Reclamation Road/Emmanuel Close (LDIL)N 0445.745E 00700.700 Low
10 Lulumber Street Diobu (LD2) N 0447.516E 00659.346 Low
11 Manilla-Pepple Street D/Line (LD3) | N 0447.990E 00659.902 Low
12 GCSS/Borikiri (LD4) N 0444.535E 00702.101 Low
13 Eastern By Pass/LNG Roundabout (LD5)N 0447.516E 00700.984 Low

Multi RAE PLUS (PGM-50), a programmable multi gasnitor with an electrochemical sensor was usedHerdetection
of Sulphur dioxide. The range of detection was leetw0-20ppm with a resolution of 0.1ppm. Measurémes done by
holding the sensor to a height of about 2m in ihection of the prevailing wind and readings re@atdt stability.

ITX Multi Gas monitor was used for the detectionNdfrogen dioxide. The range of detection was betw@.999ppm with a
resolution of 0.1ppm. Measurement was done by hglttie sensor to a height of about 2m in the doraf the prevailing
wind and readings recorded at stability.

Parameters monitored are Nitrogen dioxide gN@nd Sulphur dioxide (S0 Measurements were made during the rainy
season (September) and dry season (January) tonitetethe effect of seasonal variation on the cotre¢ions of NQ and
SO.. The pollutants N@and SQ were measured at Om and 50m along transects awayrbad to determine the effect of
distance on the concentrations of the pollutants.

. RESULTS AND DISCUSSIONS

Nitrogen dioxide was detected only at stations HD@ppm, dry and 0.1ppm, rainy), C1 and C2 (0.3pgmy,and 0.1ppm,
rainy) (Fig. 2). There was no significant differenim the mean concentrations of N& Om (0.1833ppm) and at 50m
(0.1833ppm). There was also no significant diffeeeim the mean concentrations of N® the dry season (0.0615ppm) and
in the rainy season (0.0231ppm) (Table 2).

SO, was detected at two high traffic density statiod31H0.2ppm, dry and 0.1ppm rainy) and HD6 (0.2ppiny, and
0.1ppm, rainy) and three low traffic density staipLD1 (0.3ppm, dry and 0.1ppm, rainy), LD4 & LE&2ppm, dry and
0.1ppm, rainy) as well as in the control statiof4 @nd C2). The mean concentration of, 3®the high traffic density
stations was significantly higher than the mearceoiration in the low traffic density stations (TeaR).

The concentrations of SOmeasured during the rainy season ranged from thOfp 0.1ppm, while the dry season
concentrations ranged from 0.0ppm to 0.3ppm (FjgH®wever, there was no significant differencetia rainy and dry
seasons concentrations of SO

The mean concentration of $& Om (0.2000ppm) is significantly higher than thean concentration at 50m (0.1250ppm).
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TABLE 2
M EAN CONCENTRATION OF NO, AND SO, MEASURES AT THE STUDY STATIONS

Mean Concentrations of Pollutants Monitored (ppm)
NO, SO,
Dry Season 0.0615 1.1000°
Rainy Season 0.02381 0.0538
High Traffic Density 0.0500 0.083%
Low Traffic Density 0.0006 0.1500
Distance (Om) 0.1833 0.2000°
Distance (50m) 0.1833 0.1250
'g 0.3 A
g 0.3 -
a 0.2 -
5 |
= 0.2 -
E | — — -
;E; 0.1 | u Dry
g 017 Rainy
S o0 =
0|5 0|5 0|500|500|50 050050 0 500|500|500|5 0|5 0|5
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FIG. 2: VARIATION IN CONCENTRATIONS OF NO, WITH SEASONS, STATIONS AND DISTANCE
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FIG. 3: VARIATION IN CONCENTRATIONS OF SO, WITH SEASONS, STATIONS AND DISTANCE

The concentrations of NGand SQ at the high traffic density stations were slightlgher than the concentrations at the low

traffic density stations. Statistical analysis skdwo significant difference between the mean aunatons of NQ and

SO, at the high traffic density stations and at the teaffic density stations. This observation isagreement with the report
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by Socha, 2007, which states that the two maincssuof pollutants in urban areas are transportgjioadominantly
automobiles) and fuel combustion in stationary sesir

The mean N@oncentration (0.1833ppm) at Om away from the reat not significantly different from the mean
concentration (0.1833ppm)at 50m away from the redtgreas, the mean concentration (0.2000ppm) of &@@m was
significantly higher than the concentration (0.125) at 50m. This observation suggests that autdeso@re not the only
sources of gaseous air pollutants NMd SQ). Socha, 2007, stated that motor vehicles protiigtelevels of NQ whereas
fuel combustion in stationary sources is the domtisaurce of S@

Though the dry season mean concentration of KB0615ppm) was higher than the rainy season neeacentration
(0.0231ppm), statistical analysis using DMRT a&kF.05 showed no significant difference between th&ime mean
concentration of SQin the dry season (0.1000ppm) was significantighbr than the rainy season mean concentration
(0.0538ppm). The rainy season showed concentratiover than the dry season, this can be attribtdetle cleansing effect

of rainfall on the atmosphere (NADP, 1982. Durihg tainy season, a combination of heavy rainfall iarsome cases, high
wind speed off the oceans significantly improvescpiality (Efelet. al, 2005). The percentage of calm period is higher
during the dry season than during the rainy seabenhigher percentage of calm periods during tlyesdason means high
concentration of pollutants during the dry seas@mmtthe rainy season (Chima and Pius, 2009).

The concentrations of Nand SQ recorded at the study stations exceeded the pehieidimits of 0.004ppm and 0.01ppm
respectively, recommended by the Federal MinisfrEilmvironment (1991). This situation calls for eI environmental
concern in those stations where they were detebt€dwas detected in stations HD6, C1 and C2 (Ikwere tmaMile 3,
Rivers State University of Science and TechnologynFand Road E, River State University of Scientg Bechnology).
Agricultural crops can be injured when exposed ith ftoncentration of various air pollutants. Injugnges from visible
markings on the foliage to reduced growth and yieldorosis and premature death of plant (Mill&99Q; Heather, 2009;
Jean-Paul, 2009).

Though fewer vehicles ply the control stations @C2), the high concentration of N@ecorded at these stations could be
due to the industrial and vehicular activities bé tadjacent Nigerian Agip Oil Company, while thghiconcentration
recorded at station 6 could be from the road cao8tm work (Agip Flyover) that was on-going at tivee of the study.

V. CONCLUSION AND RECOMMENDATIONS

This study has revealed that the concentrationd@f and SQ in Port Harcourt metropolis exceeded their reconued
limits and therefore pose serious threats to ther@mment and plants (stunted growth and low yipldfarms and gardens
around major road junctions.

The levels of air pollutants around the gardenseviefluenced by traffic density, seasonal variagi@nd distances from
major roads.

There is need for sensitization and enlightennoamhpaigns to discourage farming activities and camnsumption of
exposed vegetables, crops and fruits should beuwliaged in the study areas.
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