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Abstract 

Maritime shipping has been a major facilitator of economic prosperity through-
out the world and it is likely to grow to meet continued and growing transport 
needs in both developed and developing countries. However, global emissions 
from maritime shipping have increased considerably, causing depletion of the 
ozone layer and most importantly posing threat to lives and coastal environ-
ment through air pollution. This study investigated the constituents of ambient 
air in Onne port’s environment in Rivers State of Nigeria. Six air pollutants (O3 
CO, NO2, PM2.5, PM10, and SO2) were critically monitored with hand-held mo-
bile Aeroqual gas monitors, series 500, at strategic locations within the port’s 
environment and Eleme Junction (the control). We found that mean concen-
trations (μg∙m3) of the following pollutants: O3 (71.776 ± 0.726), CO, (19.145 ± 
0.275) NO2 (28.145 ± 0.965) and SO2 (36.913 ± 0.378) were significantly high. 
The particulates (PM10, PM2.5) also showed higher mean concentrations of 
48.400 ± 0.197 and 29.676 ± 0.352 respectively. The observed values were 
found to be significantly higher than those observed in the control group and 
also exceeded the safe permissible limits for gaseous pollutants when compared 
to the World Health Organization’s (WHO) standards. This exceedance raises 
questions on Nigeria’s commitments to implementations of (Annex VI) Inter-
national Maritime Organization’s (IMO) Convention for the Prevention of Ma-
rine Pollution (MARPOL 73/78) from Ships. Again, the findings portend eco-
logical hazards to residents, flora and fauna as elevated levels of these gaseous 
pollutants have been associated with chronic respiratory diseases. The policy 
implications of the findings were discussed. 
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Particulate Matter 

 

1. Introduction 

Increasing demand for seaborne transport has given rise to increased shipping 
activities globally (UNCTAD [1]). However, the increase in shipping activities 
has made shipping sector one of the most polluting industries. Seaports play a 
significant role in shipping operations as they serve as platforms where sea-
borne import and export activities are carried out. The study by Nicolae et al. 
[2] posits that maritime transportation contributes immensely to air pollution 
especially in seashore areas. It should be noted that seaports located mostly in 
urban and close to residential areas are considered as the major sources of en-
vironmental pollution affecting air quality with dire consequences on human 
health (Bermudez et al. [3]; Tokuslu [4]). Cancer of the lungs, asthma, bron-
chitis, premature death and other respiratory and cardiovascular diseases are 
some of the health impacts of pollutions at seaports (Tokuslu [4], Eyring, et al., 
[5]; Song & Shon, [6]). It is pertinent to note that the need to protect people 
and their socio-economic activities (Olukanni and Esu [7]) in the port envi-
ronment is gaining more attention considering the environmental and health 
impacts of maritime traffic emissions in and around the ports. Emissions of 
the following pollutants, namely: Particulate matter, Sulphur Oxides (SOx), 
Nitrogen Oxides (NOx), volatile organic compounds (VOC) and Carbon dio-
xide (CO2) have been linked to increased ground level ozone, acidification, eu-
trophication, corrosion and climate change. The International Maritime Or-
ganization’s (IMO) greenhouse gases (GHGs) emission study (for the year 
2012) found significant percentages of CO2 (796 million tonnes) and 816 mil-
lion combined tonnes of CO2, CH4 and N2O emissions arising from interna-
tional shipping operations (Smith et al., [8]). Concerned with these ship-fossil 
fuel emissions and impacts on climate change, The United Nations Conference 
on Environment and Development (UNCED) held at Rio de Janeiro in 1992 
advocated for use of alternative energy sources to replace the use of fossil fuels. 
This measure was further strengthened through ship emission targets set by 
the United Nations Framework Convention on Climate Change (UNFCCC). 
IMO consolidated these efforts with further amendments to Annex VI of 
MARPOL 73/78 which require all new-build ships to comply with the Energy 
Efficiency Design Index (EEDI), and for all new and existing ships to have a 
ship specific Ship Energy Efficiency Management Plan (SEEMP), targeting 
ship operational energy efficiency (IMO, [9]). These operational measures are 
meant to promote efficient use of energy on board vessels and thus minimize 
air pollutants emissions. Amendments to Annex VI of MARPOL also provide 
for limits on use of the sulphur contents of marine fuels powering marine ves-
sels. Use of scrubbers is also advocated for which should be fitted on ship ex-
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hausts to limit Sulphur emissions. 
There have been several studies on air pollution in Nigeria; notable ones 

include: Nwachukwu et al., [10] who examined the effect of air pollution dis-
eases on persons living in Rivers State using epidemiological data collected 
from the State’s Ministry of Health. The result showed that air pollution had a 
direct impact on health of the residents. Olayinka et al., [11] investigated air 
pollutants such as CO2, NO2, CO, NO2, H2S and suspended Particulate Matter 
arising from vehicular emissions in Abeokuta metropolis. Abulude et al., [12] 
carried out a preliminary assessment of air quality levels in Lagos state. Air 
quality and meteorological parameters of five locations in the state were mo-
nitored and data collected were statistically analyzed. In respect to operations 
in ports, Olukanni and Esu [7] estimated the amount of greenhouse gases 
(GHGs) emitted from vessel operations in Tincan Island and Apapa ports in 
Lagos state. Also, Jimoda et al., [13] carried out a study on emission inventory 
using emission factor approach to quantity the criteria of air pollutants ema-
nating from ships at Tincan Island seaport in Nigeria. The results of their 
study revealed that NOx constituted the highest percentage of 79% followed 
by SO2, PM and CO with 10%, 6% and 5% respectively. In the present paper, 
we investigate the constituents of air pollution in port environment and relate 
results with traffic activity levels especially the following: volume of shipping 
and land transport activity levels within the port. The important gap to be 
filled by this research is the investigation of emissions arising from interna-
tional and domestic shipping traffic and freight movements as well as other 
shipping activities within the Onne port area. The concentration levels of 
Greenhouse gases (GHGs) and other pollutant emissions in the port envi-
ronment will be estimated with the help of a hand held mobile aerosol gas 
monitors; series 500. Moreover, this study will be of great significance to the 
general public, especially port regulators by providing scientific information 
on ship emissions in the port of Onne. The results should serve as basis for 
designing administrative measures to reduce the level of air pollutants emis-
sions at the ports.  

2. Research Methodology 

The study was carried out in Onne port, Nigeria. The port is located in the bon-
ny river estuary along Ogu creek. Onne port is run on landlord model to en-
courage private sector participation in the port industry. Onne port houses one 
of the largest oil and gas free zones in the world which support exploration and 
production activities in Nigeria; providing logistics support for both onshore 
and offshore oil and gas industry. Numerous operations such as handling of 
general cargo, oil-well equipment, containerized cargoes and other logistics ser-
vices are carried out in the port. Hence the port is a multi-purpose cargo port. 
The port covers an area of 2,538.115 hectares. Figure 1 shows the map of the 
study area. 
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Figure 1. The map of the study area showing the sampling locations. 

2.1. Equipment Used 

Hand-held mobile Aeroqual gas monitors; series 500 (Figure 2) was used to 
detect the presence and precise quantity of the following individual gases:  
 Sulfur Dioxide (SO2) 
 Nitrogen Dioxide (NO2) 
 Ozone (O3) 
 Carbon Monoxide (CO) 
 Particulate Matter (PM2.5) 
 Particulate Matter (PM10) 

2.2. Sampling Procedure 

In-situ air pollutants were measured in the atmosphere within the study area. The 
sampling was conducted for three days within the port’s environment and Eleme 
Junction (the control location). Parameters of Ozone (O3), Carbon monoxide 
(CO), Nitrogen dioxide (NO2), Particulate matter (PM2.5 and PM10), and Sulphur 
dioxides (SO2) were collected. The data were acquired at purposefully selected 
locations (WACT, Shore-base, NIS and NPA-inside Onne port’s environment) 
using hand-held Aeroqual Gas analyzer, series 500 (Figure 2) and a hand-held 
Germin-300 Global Positioning System (GPS) device (Figure 3) to record the  
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Figure 2. Pictorial view of hand-held Aeroqual gas monitor. 
 

 

Figure 3. Pictorial view of the global positioning system (GPS), used for taking study area 
coordinates. 
 
GPS coordinates of the sampling points for geospatial interpolation analysis us-
ing Arc Map 10.0.  

2.3. Atmospheric Pollutants Measurement 

Aeroqual 500 series gas analyzer was used to determine concentration of gases. 
The instrument is designed with NDIR (Non-dispersive Infrared) waveguide 
technology sensor. The instrument carried out automatic analysis of ambient air 
sampling of the physical properties that gives continuous output signal to the 
analyzer which returns the values (concentration) of gases under investigation, 
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and which were recorded from the screen. The instrument has a wider range of 
measurements up to 150 m around the sampling area and can be held at arm’s 
length. The instrument took 5 - 6 minutes to initialize, analyze and produce a 
given concentration of the pollutants under investigation. During the field work, 
Onne seaport was sampled for three (3) days at four (4) sampling locations dur-
ing morning and afternoon periods. Similar steps were taken to obtain mea-
surement for the control group at selected points around Eleme Junction—few 
kilometres from the port. The hours were chosen based on the meteorological 
hours recommended for weather observation by the World Meteorological Or-
ganization. 

2.4. Models for Data Analysis 

For analytical purposes, we consider the sample measurements in the port envi-
ronment as the test group and that obtained at Eleme Junction as the control 
group. The object is to test for significant differences (if any) in vector of mean 
concentration (μg∙m3) of pollutants in the two groups-test and control. The vec-
tor of means comparisons would be carried out using Hotelling’s T2 statistic. 
Thereafter, Analysis of Variance (ANOVA) followed up with pairwise compari-
sons (Post-hoc analysis) will be applied for determination of differences and 
ranking of mean concentration of the constituent gases measured within Onne 
port and control location.  

2.4.1. Hotelling’s T2 Statistic 
According to NCSS.com (NCSS, [14]), the two-sample Hotelling’s T2 statistic is 
used to test the equality of the mean vectors of two populations. Specifically, 
suppose a set of p response variables 1 2, , , PY Y Y  is measured for each of two 
groups. Assume that population 1 is distributed as ( )1 1,pN µ Σ  and population 
2 is distributed as ( )2 2,pN µ Σ , where ( ),pN µ Σ  is the p-variable multivariate 
normal distribution with mean vector µ  and covariance matrix Σ . The null 
hypothesis that 1 2µ µ=  can be tested using the test statistic: 

( ) ( )2 11 2
1 2 1 2

1 2
pl

n nT y y S y y
n n

−= − −
+

 

where 1y  and 2y  are the two sample mean vectors, 1n  and 2n  are the two 
sample sizes, and 1

plS −  is the inverse of the pooled covariance matrix which is 
calculated using  

( ) ( )1 1 2 2

1 2

1 1
2pl

n S n S
S

n n
− + −

=
+ −

 

1S  & 2S  are the estimated covariance matrices calculated from the two sam-
ples. 

The p response variables in our study are air pollutants (μg∙m3) namely: O3, 
CO, NO2, PM2.5, PM10, & SO2 measured in defined locations within Onne port’s 
environment. These samples represent the test group (for purposes of statistical 
comparisons). The means of pollutants in the test group were compared with 
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means (μg∙m3) of pollutants in the control group. 
Decision Rule: 
Under the null hypothesis 

( ) ( )2 ~ ,
1

n kF T F k n k
k n

−
= −

−
 

where 1 2 1n n n= + − . 
If critF F>  then we reject the null hypothesis. 

2.4.2. ANOVA Model 
Analysis of Variance (ANOVA) is a method for testing the hypothesis that there 
is no difference between several population means (usually at least three) when 
there is only one qualitative variable which denotes the groups and only one 
measurement variable (quantitative). The ANOVA model was applied to test for 
statistically significant differences in mean concentration of pollutants and the-
reafter conduct post-hoc analyses.  

Mathematically, ANOVA Model can be formulated as 

; 1, 2, , ; 1, 2, ,ij i ijX e i k j nµ α= + + = =              (1) 

where: ijX  = the measurement in the (ij)th cell. 
µ  = grand mean 

iα  = effect of the ith treatment 

ije  = the error associated with ijX .  
Assumptions: ( )2~ 0,ije N σ  

0
k

i
i
α =∑  

Hypothesis 

0 1 2 3 6:H α α α α= = = =  

AH : at least 1 0α ≠  

ijx : Mean concentration of air pollutants 
1,2, ,6i =   Pollutants in the study  
1,2,3, ,j n=   Locations 

3. Results Presentation 
3.1. Level of Ambient Air Quality 

Six air pollutants, O3 CO, NO2, PM2.5, PM10, and SO2 were critically monitored. 
The descriptive statistics of these pollutants in ambient air measured across 
sample locations within Onne port (from day 1 - day 3) and the control are pre-
sented in Table 1. As shown in Table 1, much variability was observed among 
these pollutants across the sampling days and locations. For example, the con-
centration (μg∙m3) of O3, CO, NO2 and SO2 were 71.776 ± 0.726, 19.145 ± 0.275, 
28.145 ± 0.965 and 36.913 ± 0.378 respectively while the particulates (PM10, 
PM2.5) also showed some variations with PM10 increasing from 47.428 to 49.47  
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Table 1. Descriptive statistics of mean concentrations (µg/m3) of Pollutants in Onne port 
and the control. 

Pollutants Mean (± s.e) min max 

O3 71.776 ± 0.726 67.82 76.92 

CO 19.145 ± 0.275 17.741 21.279 

NO2 28.145 ± 0.965 23.46 36.75 

PM10 48.400 ± 0.197 47.428 49.47 

PM2.5 29.676 ± 0.352 27.342 31.898 

SO2 36.913 ± 0.378 34.39 38.38 

Control (Eleme Jnc.) 

O3 34.158 ± 0.047 33.86 34.44 

CO 12.218 ± 0.0473 11.88 12.47 

NO2 22.467 ± 0.158 21.59 23.51 

PM10 28.111 ± 0.035 27.95 28.34 

PM2.5 21.550 ± 0.170 20.7 22.37 

SO2 31.464 ± 0.1664 30.2 32.31 

2-group Hotelling’s T-squared = 32,300.177 

F test statistic: ((24-6-1)/(24-2)(6)) x 32,300.177 = 4,159.871 

H0: Vectors of means are equal for the two groups 

F(6,17) = 4,159.871, Prob. > F(6,17) = 0.000 

Source: Authors, data analysis. 
 
(48.400 ± 0.197) (μg∙m3), while concentration of PM2.5 increased from 27.342 to 
31.898 (29.676 ± 0.352) (μg∙m3). These variations can be attributed to ship, cargo 
and vehicular traffic movements within the port’s environment. Variations in 
mean concentrations of pollutants were also observed in the control group. Sig-
nificant variation of mean concentration of pollutants in the two groups was es-
tablished through statistical test of differences of means in two groups. Thus as 
shown in Table 1, the Hotelling’s T2 statistic has a value of 32,300.177, while the 
F test statistic has (4,159.871) a significant p value of 0.000. Thus, there is statis-
tical evidence to show that means of pollutants differed in the two groups. The 
differences can be also inspected in Figure 4. This outcome provided basis for 
pairwise comparisons in further post-hoc analysis.  

In Table 2, we observe significant differences through pairwise comparisons 
between the corresponding pairs of pollutants (O3, CO, NO2, PM2.5, PM10, and 
SO2) measured in the test and control groups. From the post hoc test results, we 
find that the mean concentration of each of pollutants was higher in the test 
group than in the control. The observed differences are significant according to 
F statistic (p value < 0.000). When compared to the WHO standards, the mean 
concentrations of pollutants in the test group were also found to be higher than  
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Figure 4. Bar chart showing difference in mean levels of concentration of pollutants in 
Test and Control groups. 
 
Table 2. Pairwise comparisons of mean concentration (μg∙m3) of pollutants in test group 
with control & WHO Stds. 

Location 
Parameters 

O3 CO NO2 PM10 PM2.5 SO2 

Onne port 
71.776 

± 
0.726 

19.145 
± 

0.275 

28.145 
± 

0.965 

48.400 
± 

0.197 

29.676 
± 

0.352 

36.913 
± 

0.378 

Eleme Jnc. 
(Control) 

34.158 
± 

0.047 

12.218 
± 

0.0473 

22.467 
± 

0.158 

28.111 
± 

0.035 

21.550 
± 

0.170 

31.464 
± 

0.166 

F-test (p value) 0.000 0.000 0.000 0.000 0.000 0.000 

WHO Stds. 60 4 25 45 15 40 

Source: Authors, data analysis. 
 
critical limits set by the WHO’s 2021 guidelines (WHO [15]). Thus, in increas-
ing order of magnitude, the following pollutants (μg∙m3) in ambient air meas-
ured in Onne port’s environment, namely: O3 (71.776 ± 0.726), >PM10 (48.3999 
± 0.197), >SO2 (36.913 ± 0.378), >PM2.5 (29.676 ± 0.352), >NO2 (28.145 ± 
0.965), >CO (19.145 ± 0.275) showed significant higher variations.  

Thus, the observed significant emissions can be attributed to ships’ port calls, 
vehicular movements and operation of heavy machinery within the port’s envi-
ronment. Other possible sources of emissions include automobile vehicles brought 
to the port by port users or trucks conveying goods to and from the quay aprons. 
As corroborated in existing study, a ship will on average emit 30 - 50 times more 
sulphur per ton-kilometre than a truck and ships release about twice as much 
NOx per ton-kilometre as the latest truck models (EEB, [16]). 

For illustrative purposes, we present the distributions of vessel and cargo 
throughputs in Figure 5 & Figure 6 and observe the positive trends in number  
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Figure 5. Trends in number of vessels that were handled in Onne port for the years 
2006-2017. 
 

 

Figure 6. Trends in cargo throughputs handled in Onne port for the years 2006-2017. 
 
of vessels well as volume of cargo throughputs handled in the same port over 
time. The cargo throughput levels can be taken as proxy for the number of 
trucks and locomotives that conveyed cargo to or from the port in that period. 
Since documented evidence shows that ship and cargo handling operations can 
give rise to pollutantion within the port environment, therefore, the observed 
profile of air pollutants exceeding control values and the WHO standards in this 
study can be attributed to number of visiting vessels, heavy goods trucks eva-
cuating cargo and possibly mechanized cargo handling equipment.  

3.2. Discussion of Results 

The study investigated the parameters of air pollution at Onne seaport in River 
State. The mean concentration of ground level ozone (O3), Carbon Monoxide 
(CO), Nitrogen dioxide (NO2), fine (PM2.5), & coarse particulates (PM10), and 
Sulphur dioxide (SO2) were recorded across all the sampling points during the 
study period. Using statistical models, these were found to be significantly high-
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er than those measured in the control group. When compared with limits set by 
the WHO, all exceeded the safe permissible limits for gaseous pollutants. This 
exceedance could portend ecological hazards to residents, Flora and Fauna as 
elevated levels of these gaseous pollutants have been associated with chronic ob-
structive pulmonary diseases, asthma, tuberculosis (Ezzati & Kamma, [17]), in-
creased risk of liver failure, respiratory problems, skin disorders, neonatal de-
formities and other health risks (Odedrai et al., [18]). The observed high con-
centration of the pollutants can be attributed to the presence of several transport 
modes and equipment. Ships, cargo trucks, cranes, cargo handling equipment, 
all rail locomotives contribute to maritime related emission of air pollutants 
(Merico, et al., [19]). 

4. Conclusions 

The major findings of this study are that: the concentrations (μg∙m3) of gaseous 
pollutants (O3, CO, NO2 and SO2) and particulates: (PM2.5, PM10) found in am-
bient air around Onne seaport were relatively higher than the control and the 
WHO’s critical values. The elevated concentrations observed could be linked to 
maritime shipping operations; operations of several transport units such as 
ships, cargo trucks, cranes, cargo handling equipment, rail locomotives which 
contribute to maritime related pollutant emissions. These pollutants could pose 
health hazards to man and animal as well as toxicity to crops (Onwuegbuchu-
nam, et al., [20]). The findings in this research raise questions on commitments 
and strategies so far implemented by the Nigerian Maritime Administration to 
comply with the IMO’s MARPOL 73/78 Convention (Annex VI). Thus, in order 
to abate levels of air pollution emanating from anthropogenic activities within 
the port environment, we recommend the adoption of the following administra-
tive instruments: 
 The establishment of effective air quality management framework incorpo-

rating series of specific policy reforms and legislative changes to ensure sus-
tainable environmental qualities. The Nigerian Maritime Administration and 
Safety Agency (NIMASA) should step up its enforcement of IMO’s domesti-
cated conventions on air pollution matters. 

 The port management should provide shore-side electricity to ships at berths. 
This would encourage alternative energy use and reduce emissions from steam-
ing vessels while in port.  

 The government could also introduce environmental value added tax (EVAT) 
and strict laws to enforce use of available air pollution abatement technolo-
gies in ships visiting our ports. 

 Nigeria being a signatory to IMO’s convention for the Prevention of Marine 
Pollution (MARPOL 73/78) from ships, should ensure that vessels visiting 
Nigerian ports use sulphur free marine fuel or have scrubbers installed on 
their exhausts to reduce air pollution. 

 Pricing incentives can also be offered to skippers that show demonstrable 
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record of compliance to operational and technical provisions for containing 
ship-based air emissions while visiting Nigerian ports. 

Future studies should consider a more disaggregate study on ambient air 
quality characteristics in all Nigerian ports. This will provide a more compre-
hensive picture given the differences in scale of maritime and other transport ac-
tivities characteristic of our ports.  
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