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ABSTRACT 
The impact of shipping operations on the level of trace metals along 
the Commodore Channel of the Lagos lagoon is a topic that 
requires careful consideration. Shipping activities can have a 
significant impact on the water quality of the lagoon, which in turn 
can affect the health of the flora and fauna that depend on it. This 
study attempts to assess the impact of shipping operations on the 
level of trace metals along the Commodore Channel of the Lagos 
lagoon. Concentrations of trace metals in the Lagos Lagoon 
specifically the Commodore channel were determined in March 
2016, and the downstream variation was compared. Trace metals 
(Pb, Cd, Fe, Zn and Co) were determined using Atomic Absorption 
Spectroscopy (AAS). The concentration of trace metals were found 
to be beyond the permissible limits stipulated by World Health 
Organization (WHO) and European Union (EU). There exists an 
exception in the mean level of Zn (0.23±0.1107mg/L) in the harbor 
water which was lower than the WHO standard of 5mg/L as at the 
time of this study. The trace metals showed the decreasing order 
of Pb > Fe > Zn > Co > Cd with concentration of 1.0±0.6mg/L, 
0.62±0.2mg/L. 0.23±0.1107, 0.14±0.12mg/L and 0.05±0.02mg/L 
respectively. The result of contamination factor showed the harbor 
water had very high degree of Pb and Cd contamination. This high 
CF can be caused by the shipping and vessel transportation route 
and gateway of the harbor into the country. Continuous monitoring 
is required to assess environmental quality and adopt suitable 
management techniques in order to prevent the negative impacts 
of shipping operations on trace metal occurrence in harbors. 

  
Keywords: Shipping, Commodore Channel, Lagos Harbor, Trace 
metals, Contamination Factor 
 
INTRODUCTION  
Merchant goods worth billions of dollars are moved by marine 
transportation daily and accounts for > 90% of global trade (Walker, 
2016). Nigeria being a coastal country with a maritime space of 
about 315,240 km2, is a major player in world maritime trade and 
transportation. Regarding the volume of merchant shipping 
activities the Conference on Trade and Development (UNCTAD) 
ranked Nigeria highest among top 35 flags registration in 2021 
(Adenigbo et al.,2023) and reported as supporting approximately 
80% of maritime economy on the West African coast (Adenigbo et 
al.,2023). However, shipping activities have a detrimental 
environmental impact due to contribution to marine pollution. 
(Byrnolf et al., 2016). In recent years, significant attention has been 
paid to the problems of marine environmental contamination by a 
wide variety of pollutants from ship discharges, such as ballast 
water, sewage waste, scrubber washwater, oil spills, heavy metals 

and plastic litter (Gilliam 2023). Specifically, shipping processes 
has been reported to contribute about 11-12% of marine pollution 
arising from pipe failures, funnel gas emissions and garbage 
mismanagement in port facilities impacting water quality and 
having negative implications on human health (Bayazit and Kaptan 
2023).  
Heavy metals are metallic elements which have a high atomic 
weight and density much greater than that of water (Tam and 
Wong, 2000). They are highly toxic and can cause damaging 
effects even at very low concentration. They tend to accumulate in 
the food chain and in the body and can be stored in soft tissue (e.g. 
kidney) and hard tissues (Canli, 2003). Reducing the effect of 
contamination of marine ecosystems from heavy metals has been 
receiving global attention.  
Anthropogenic inputs contribute to the presence of pollutants that 
exhibit high toxicity into the marine ecological environment. The 
potential accumulation of waterborne heavy metals particularly 
Cadmium (Cd), Iron (Fe), Lead (Pb), Cobalt (Co) and Zinc (Zn) may 
have potential threat to marine communities and aggravate human 
health (Bryan and Langston, 1992). It should be noted that previous 
studies such as Chukwu and Akinyanmi (2018) and Basheeru et al. 
(2022)  have survey the impact of pollutants from shipping 
operations in the past. However, the results of those studies may 
have been influenced by various other sources such as river 
runoffs and atmospheric depositions. Lagoons are known to be 
more susceptible to pollution, especially from heavy metals 
originating from industrial, agricultural, and urban activities 
compared to open seas (Bawa-Allah et al., 2018). Therefore, it is 
necessary to conduct location-specific studies to assess the 
contribution caused by shipping activities on metal occurrence in 
surface water around navigation channels. This is crucial in 
devising strategies to mitigate the impact of these pollutants. 
Coastal marine waters are usually enriched in trace metals 
compared with the open ocean (Kremling and Hydes, 1988; 
Kremling and Pohl, 1989). This enrichment results from the direct 
influence of rivers, submarine groundwater discharge (SGD), 
atmospheric dust deposition, natural weathering, or anthropogenic 
sources including shipping operations discharging along the coast 
(Ali et al., 2019). Therefore release of trace metals from 
anthropogenic activities is usually the major cause of the increase 
in concentrations that may result in alterations to their natural 
geochemical cycles. The influence of aerosol deposition may be 
exacerbated in some coastal environments such as harbours and 
bays, where industrial activities have concentrated since the 
industrial revolution, dumping large amounts of contaminants that 
accumulate in sediments. Shipping is one of the industrial activities 
that contribute to the increased in marine pollution (Lafabrie et al., 
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2007; Garcia-Orellana et al., 2011; Moldanová et al., 2022). 
This study focuses on the impacts of shipping operations on the 
concentration of selected trace metals in the surface waters of the 
Commodore channel, a shipping hub in Lagos, Nigeria, with the 
following objectives. (i) To investigate the concentrations of Cd, Co, 
Fe, Pb and Zn in the channel surface water. (ii), to determine the 
impact of shipping operation on the spatial distribution of the trace 
metals. (iii), to evaluate the degree of trace metals contamination 
in surface water around the Commodore channel. 
 
Study Area  
The Commodore channel is a navigational waterway along the bar 
beach of Lagos Nigeria West Africa, located between coordinates 
3°23'51.46''E -3°21'31.04''E and 6°26'8.96''N -6°26'16.81''N 
(Badejo et al., 2020). The channel lies along Lagos Harbour where 
the Lagos lagoon opens to the Atlantic Ocean and contains ports 
and terminals facilities for bulk cargo clearing. At the entrance to 
the channel are two breakwaters, the East and West moles 
constructed to abate sedimentation due to longshore drift (Laibi et 
al., 2014) and fluvial processes (Rabiu et al., 2023) and to facilitate 
an unobstructed ship navigation. Nwilo et al. (2021) reported a 
consistent increase in average depth (11.67m) of the channel 

between 2012 and 2018 that is in connection to continuous 
dredging and its exposure to dynamic forces acting along the 
Lagos coast (Olusegun et al., 2017). The harbour waterway also 
host commercial offices of many shipping, clearing and 
transportation companies. It is one of the three main navigational 
channels in Lagos Nigeria; others include Elegbeta channel and 
the Apapa channel. It has a depositional nature with sand dredging 
being carried out on its sides. It is adjacent to the high wave energy 
waters of the Atlantic Ocean. The study site was chosen based on 
a preliminary survey to identify and locate low, medium and highly 
impacted sites by shipping operations. The channel was surveyed 
and partitioned into nine stations along its longitudinal axis, i.e. (CH 
01, CH 02, CH 03, CH 04, CH 05, CH 06, CH 07, CH 08 and CH 
09). and classified into, high, medium and low impacted areas 
based on shipping operations. The stations CH 01, CH 02, CH O3 
are within the high impacted areas which include ship harbours, 
jetties, shipping lanes and dockyards. The areas around slums and 
industrial straits i.e stations CH 04,CH 05,and CH 06) are the 
medium impacted areas while Stations (CH 07, CH O8 and CH 09) 
around the opening to the Atlantic close to the harbour entrance 
experience low shipping impact. 

 

 
Figure 1: Map of Commodore Channel and associated sites in the Lagos Harbour 
 
MATERIALS AND METHODS 
Collection and analyses of water samples  
Surface water samples for heavy metals were collected during a 
survey in March 2016 along a longitudinal transect at nine locations 
(Figure 1). Samples were collected at 0.5 meters depth with plastic 
bottles soaked overnight with nitric acid and rinsed with de-ionized 
water. The collected water sample was used to rinse bottles thrice 
before taking samples and labelled immediately. Samples were 
kept at a temperature of 4 ºC and laboratory analysis was done 
within three days. 
Samples were further pre-treated by adding 5 ml of nitric acid 
(HNO3) to ensure that the respective ions remain in solution 

pending analysis. Sample digestion was done following the 
procedure by Charles et al. (2018), using standard digestion 
procedure according to American Public Health Association, 
(APHA, 1998). Water samples were subjected to standards 
according to the World Health Organization standard (World Health 
Organization, 2006).Analytical grade reagents were used in all 
analyses and conform to the specifications of the Committee on 
Analytical Reagents of the American Chemical Society (Keith et al., 
1983).The digested samples were analysed for heavy metals (Pb, 
Cd, Fe, Zn and Co) concentrations from the nine stations with 
Agillent 200 A model, Atomic Absorption Spectrophotometer 
(AAS). 
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Pollution indices 
The contamination factor depicts the level of the anthropogenic 
metal contamination, and is calculated by the ratio of metal content 
at a given station to the background concentration levels. The 
degree of trace contamination in surface water of the Commodore 
Channel was evaluated according to Popoola et al. (2015). 
                                              CF = Cmetal/Cbackground 
Where;  
              CF = mean concentration of trace metal in water; 
              Cbackground = pre-industrial concentration of the trace metal 
 
RESULTS  
Trace metals concentration in surface water samples 
Mean concentration of the investigated trace metals in the channel 
and the permissible limits are shown in Table 1. Lead had the 
highest concentration while Cd showed the lowest occurrence. The 
mean concentration followed decreasing order; 
Pb>Fe>Zn>Co>Cd. The mean concentrations of trace metals were 

compared to their permissible limits by WHO and EU as reported 
by Mahmud et al. (2016) and Popoola et al. (2015) Table 1. 
Cadmium, Co, Fe, and Pb all had mean concentration 0.05±0.02 
mg/L, 0.14±0.12 mg/L, 0.62±0.16mg/L and 1.00±0.60mg/L which 
were respectively above permissible limit by WHO (2004) and US 
EPA (1999). The mean Zinc (0.23±0.11 mg/L) level in the water of 
the channel was below the permissible limits set by WHO and the 
US EPA.. 
 
Trace metals spatial distribution 
The distribution of trace metals along the longitudinal axis of the 
Commodore channel is shown in Figure 2. Cadmium ranged from 
0.03 to 0.08 mg/L in the surface waters of the stations (Figure 2a). 
Cobalt concentration ranged from 0.03 to 0.4 mg/L. It showed its 
lowest (0.03 mg/L) and highest (0.4 mg/L) concentrations in 
stations CH 05 and CH 09 respectively (Figure 2b). The 
concentration of Fe in surface water of the Commodore  
 

 
Figure 3: Distribution of trace metals along the Commodore Channel 
 
channel ranged from 0.5 to 1.0 mg/L (Figure 2c) Station CH 01 
demonstrated the highest concentration in Fe content which is in 
the high impacted harbour area. Lead showed the highest 
occurrence in the trace metals distribution in the surface water in 
the Commodore channel. It ranged from 0.2 mg/L in station CH 07 

to 2.1 mg/L in station CH 08 (Figure 2d). It exhibited the highest 
concentration of all the trace metals distributed in the channel. Zinc 
concentration ranged from 0.01 to 0.4 mg/L. It showed its lowest 
concentration in station CH 01 which is a high impact region of the 
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ship harbour.  
 
Table 2: Summary of trace metals concentrations (mg/L) in 
Commodore Channel and the permissible limits of trace metals in 
water (Mahmud et al., 2016; Popoola et al., 2015) 

Trace 
metal 

 Permisssible Limit (mg/L) 

 Mean±SD 
(mg/L) 

WHO US EPA 

Cd 0.05±0.02 0.005 0.005 

Co 0.14±0.12 0.05  

Fe 0.62±0.16 0.6 - 

Pb 1.00±0.60 0.005 0.015 

Zn 0.23±0.11 5.0 5,0 

     
Degree of trace metals contamination  
Contamination factor of trace metals in Commodore Channel was 
analysed to ascertain the degree of contamination (Figure 3). 
Contamination factor of an aquatic system value is categorized into 
four classes. Class 1, low contamination factor CF<1; Class 2 
moderate contamination factor 1≤CF<3; Class 3 considerable 
contamination factor; 3≤CF≤6 and Class 4 very high contamination 
factor CF<6 (Roy et al., 2021). The contamination factor of the 
trace metals can be arranged in descending order; Pb > Cd > Co > 
Fe > Zn. Accordingly,  Zn fall in Class 1 which means it showed low 
contamination, Co is categorised in Class 2  i.e. of moderate 
contamination while Pb and Cd both fall in Class  4 which is very 
high contamination factor  and (Figure 3). 

 
Figure 4:  Contamination factor of trace metals in Commodore 
Channel 
 
DISCUSSION 
With the exception of zinc, the research results reveal that the 
concentrations of the four other trace metals (Pb, Cd, Fe, Zn) 
investigated in this study are above the WHO acceptable limits for 
drinking and fishing (Table 1 and 2). This signifies that the 
concentration of trace metals in the surface water in the harbour 
area is relatively high, suggesting a direct impact of shipping which 
is a predominant activity observed. Previous studies in the Lagos 
harbour concentrated on the presence of heavy metals in 
sediments and as well as in surface waters. Ihenyen (1991) 
observed that the part of the harbour where shipping activity was 

most intensive had low levels of heavy metal pollution, whereas the 
area around the harbour entrance and the northwest sections, 
associated with effluent release from industries had medium and 
high levels of pollution respectively. However, in a recent study, 
Basheeru et al. (2022) investigated the health risk of potentially 
toxic elements (PTEs) in surface water of the Lagos harbor. The 
authors found variable amounts of Pb, Cd, Cr, and Ni in the 
harbour's water, with the greatest quantities found in industrial 
zones and shipping lanes. These metals were also found to be 
beyond the international allowable limits for drinking and industrial 
water quality. In the present study, the level of the metals is found 
to be highest in the high and intermediate impact zones, 
demonstrating a link between the shipping operation and the level 
of the metals. 
 
Cadmium 
The high level of cadmium observed in the high impact zones could 
be indirectly attributable to this activity since certain cadmium-
containing items and materials may be carried by ships. 
Furthermore, Cadmium levels in the water could also be enhanced 
as it does not react with water hence its high values. Cadmium 
levels are observed to be concentrated in the region. Stations 
CH03 and CH09 have low pollution levels because there is no 
active or stationary pollution. This demonstrates that the effect is 
strongly related to the waterways influenced by shipping 
operations. 
 
Cobalt 
The above average permissible levels of Cobalt (0.14±0.12 mg/L) 
at stations CH 09, CH 07 and CH 01 with the lowest observed at 
Stations CH 05 and CH 08 may be related to its usage in the 
production of ships and local fishing boats. Cobalt is used in paints 
to produce blue colour and to produce wear resistant and high 
strength alloys (Mark Winter, 2016). This explains the high level 
encountered in locations 9, 7 and 1. Pure cobalt does not react with 
water, but its compound does (Friedrich Stromeyer, 2016) hence 
the low level observed in the shipping lane. Its non-reactivity makes 
it absent in the effluent being discharged at location 8, hence a low 
level observed there. 
 
Iron 
The highest level of Fe (0.61562±0.1569) above the permissible 
levels for drinking waters by the world health organization is 
observed at stations CH 01, CH 07 and CH 08 with the lowest 
observed at stations CH 09, CH 06 and CH 03 may be attributed to 
its application in the production and maintenance of ships. The high 
concentrations observed in locations CH 01, CH 07 and CH 08 can 
be attributed to the high corrosive nature of iron in the presence of 
water and air. This is further explained as these locations are highly 
involved in the use of iron. Just like the cobalt and cadmium areas 
in which carriers of this metal are not stationary are seen to have 
low levels suggesting that they are localized. The point that the 
effect of the iron is localized is affirmed in its standard deviation of 
0.1569 which represent a low value as compared to the mean of 
the iron levels observed. 
 
Lead 
The high concentration of Pb (1.0±0.6 mg/L) than the permissible 
limit by international standards for drinking water at stations CH 08 
and CH 05 with the lowest observed at stations CH 07, CH 09 and 
CH 02 (Figure 3d) can be attributed to  its usage as  a bye-product 
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of combustion. Pb is found to be highest around shipping lanes 
signifying their presence owing to the combustion of the ship 
engines and lowest at the parking lot or harbours of the ships 
wherein there is no engine operation. This points out to the fact that 
shipping operations affect the level of the trace metals. The 
concentration is a little evenly dispersed signifying that there are 
other source of input of this pollutant into the waterways. This 
means that the effect of shipping operations is not confined to an 
area.  
 
Zinc 
The enriched concentration of Zn (0.14±0.12 mg/L) than the 
stipulated permissible limit is attributed to corrosion of galvanized 
metal. When galvanized metal is exposed to an acidic water, zinc 
is dissolved from the exposed surface, along with iron and trace 
amounts of lead and cadmium (Bird et al., 1996). The highest level 
is observed at Station CH 06 and CH 03 with the lowest observed 
at stations CH 01 and CH 09 (Figure 3e), and increase seaward 
suggesting an offshore source .  In addition, the contamination 
factor of class 4 exhibited by Pb and Cd indicates the harbour water 
is highly contaminated by these metals. On the other hand Zn 
exhibited contamination factor of class 1, an indication that this 
metal possess low degree of contamination in the harbour 
environment. 
 
Conclusion  
The various observations in this study has shown that shipping 
operation can be attributed to trace metals pollution levels in the 
waterways. The result showed high level of the pollutants above 
international standards in high impact delineated area. This high 
level also spreads down to other zones delineated medium and 
low. For some of the pollutants the effect could be suggested to be 
localized and in some areas regional. The influence on trace metals 
varies, with cobalt and zinc not localized in any particular order, but 
cadmium, cobalt, and iron are limited to areas of significant impact. 
By analyzing the trace metal content in Lagos's Commodore 
Channel, this study attained its goals and objectives. The findings 
indicate that the Commodore Channel is of medium to highly-
contaminated by trace metals. The metals have considerable 
potential for adverse impacts on the local ecosystem. As a result, 
these metals must be checked to ensure that their levels are 
lowered. 
To achieve this, public awareness must be raised through mass 
media because stakeholders in the maritime sector need to be 
sensitized to the damage that shipping activities poses on the 
marine environment. In order to provide a clean and safe 
environment, frequent data on water quality throughout shipping 
operations should be collected and compiled. 
 
Recommendation 
The key trace metals analyzed are present in such high amounts 
that they cannot be supplied only from shipping activities, as 
evidenced by the results and concentrations gathered. This region 
should be investigated further, and any sources of contamination 
should be discovered. Another transect might be investigated 
starting at the mouth of the ocean to see other point source and 
direction of pollution. Several authors have proposed that pH, 
salinity, temperature, and redox potential all influence metal 
absorption and retention in sediments. This component should be 
researched more in order to completely understand metals 
occurrence in this environment. 

REFERENCES 
Adenigbo, A. J., Mageto, J., & Luke, R. (2023). Effect of shipping 

trade on economic growth in Nigeria: the Vector Error 
Correction Model (VECM) approach. Journal of 
Shipping and Trade, 8(1), 15. 

Ali, H., Khan, E., & Ilahi, I. (2019). Environmental chemistry and 
ecotoxicology of hazardous heavy metals: 
environmental persistence, toxicity, and 
bioaccumulation. Journal of chemistry, 2019. 

APHA (1998) Standard Methods for the Examination of Water and 
Wastewater. American Public Health 
Association,Washington DC. 

Azimah, Ismail., Mohd, Ekhwan Toriman.,  Hafizan, Juahir., 
Sharifuddin, Md Zain., Nur Liyana., Abdul, Habir., 
Ananthy, Retnam., Mohd, Khairul., Amri, Kamaruddin., 
Roslan, Umar., Azman Azid (2015). Spatial assessment 
and source identification of heavy metals pollution in 
surface water using several chemo metric techniques. 
199-207. 

Badejo, O. T., Jegede, O. T., Kayode, H. O., Durodola, O. O., & 
Akintoye, S. O. (2020). Modelling and prediction of 
water current using artificial neural networks: A case 
study of the commodore channel. Nigerian Journal of 
Technology, 39(3), 942-952. 

Bawa-Allah, K. A., Saliu, J. K., & Otitoloju, A. A. (2018). Heavy 
metal pollution monitoring in vulnerable ecosystems: a 
case study of the Lagos Lagoon, Nigeria. Bulletin of 
environmental contamination and toxicology, 100, 609-
613. 

Basheeru, K.A., Adekola, F.A., Abdus-Salam, Hussein, K. Okoro 
(2022). Spatio-temporal monitoring of potentially toxic 
elements in Lagos harbour water and its health risk 
implications. SN Appl. Sci. 4, 298. 
https://doi.org/10.1007/s42452-022-05186-7 

Bayazit, O., & Kaptan, M. (2023). Evaluation of the risk of pollution 
caused by ship operations through bow-tie-based fuzzy 
Bayesian network. Journal of Cleaner Production, 382, 
135-386. 

Bazrafshan, E., Mostafapoor, F. K., Zazouli, M. A., Eskandari, Z., 
& Jahed, G. R. (2006). Study on removal of cadmium 
from plating baths wastewater by electrochemical 
precipitation method. Pakistan J of Biological Sci, 9(11), 
2107-2111. 

Bird, P., Comber, S.D.W., Gardner, M.J., Ravenscroft J.E. (1996). 
Zinc inputs to coastal waters from sacrificial 
anodes,Science of The Total Environment, Volume 181, 
Issue 3,Pages 257-264, https://doi.org/10.1016/0048-
9697(95)05025-6. 

Birgit Hagedorn (2008). Acid digestion of waters for total 
recoverable metals (following EPA method 2005). 

Bryan, G.W., Langston, R.J. (1992) Bioavailability, accumulation 
and effects of heavy metals in sediments, with special 
reference to United Kingdom estuaries: a review. 
Environmental Pollution 76: 89-131. 

Byrnolf, S., Lindgren, J.F., Andersson, K., Wilewska-Bien, M., 
Baldi, F., Granhag, L., et al., (2016). Improving 
environmental performance in shipping. In: Andersson, 
K., Brynolf, S., Fredrik Lindgren, J., Wilewska-Bien, M. 
(Eds.), Shipping and the environment. Springer, Berlin, 
Heidelberg, pp. 399–418. 

Canli, M., and Atli, G., (2003) The relationships between heavy 

https://dx.doi.org/10.4314/swj.v19i1.9
http://www.scienceworldjournal.org/


Science World Journal Vol. 19(No 1) 2024   https://dx.doi.org/10.4314/swj.v19i1.9 
www.scienceworldjournal.org 
ISSN: 1597-6343 (Online), ISSN: 2756-391X (Print)   
Published by Faculty of Science, Kaduna State University 

 

 Possible Influence of shipping operations on trace metals gradients along the 
commodore channel, Lagos State, Nigeria 

69 

metal (Cd, Cr, Cu, Fe, Pb, Zn) levels and the size of six 
Mediterranean fish species, Environmental Pollution 
121:129–136. 

Charles I. A, Nubi O A, Adelopo  A .O and Oginni E. T (2018). 
Heavy metals pollution index of surface water from 
Commodore Channel, Lagos, Nigeria. African Journal 
of Environmental Science and Technology. Vol. 12(6), 
pp. 191-197. 

Cotté-Krief, M.H., Guieu, C., Thomas, A.J., Martin, J.M., 2000. 
Sources of Cd, Cu, Ni and Zn in Portuguese coastal 
waters. Marine Chemistry 71 (3), 199–214. 

Chukwu, M. N., Akinyanmi, Y. H. (2018). Investigation of pollutants 
in Apapa waters, Lagos, Nigeria, FUW Trends in 
Science & Technology Journal, Vol. 3 No. 2B pp. 997 – 
1001. 

De Gregori, I., Pinochet, H., Arancibia, M., Vidal, A. (1996) Grain 
Size Effects on Trace Metals Distribution in Sediments 
from Two Coastal Areas of Chile. Bulletin of  
Environmental Contaminant and  Toxicology Vol 57, pp 
163-170. 

De Jonge, V.N., Boynton,W., D'ella, C.F., Elmgren, R.,Welsh, R.L., 
(1994). Responses to development in eutrophication in 
four different North Atlantic estuarine systems. In: Dyer, 
K.R., Orth, R.J. (Eds.), Changes in Fluxes in Estuaries. 
Olsen & Olsen, pp. 179–196. 

Forstner, U. (1979) Metal transfer between solid and aqueous 
phases. In: Metal Pollution in the Aquatic Environment. 
(Ed) Forstner, U., Whittman, G.T.W. Springer-Verlag, 
Berlin. Pp 197-270. 

Friedrich, Stromeyer (2016) Annals of philosophy, edited by 
Thomas Thompson, Volume XIII, 1819, Robert Baldwin, 
p108. 

Garcia-Orellana, J., Cañas, L.,Masqué, P., Obrador, B., Olid, C., 
Pretus, J., (2011). Chronological reconstruction of metal 
contamination in the Port of Maó (Minorca, Spain). 
Marine Pollution Bulletin 62 (8), 1632–1640. 

Gargouri, D., Chafai, A., Serbaji, M.M., Jedoui, Y., Montacer, M., 
(2011). Heavy metal concentrations in the 
surfacemarine sediments of Staf Coast, Tunisia. 
Environmental Monitoring and  Assessment 175 (1–4), 
519–530. 

Gilfrich, J. V., Burkhalter, P. G., & Birks, L. S. (1973). X-ray 
spectrometry for particulate air pollution. Quantitative 
comparison of techniques. Analytical Chemistry, 45(12), 
2002-2009. 

Gilliam, L. (2023). Shipping and the Ocean. In The Ocean and Us 
(pp. 123-135). Cham: Springer International Publishing. 

Guerzoni, S., Chester, R., Dulac, F., Herut, B., Loÿe-Pilot, M.D., 
Measures, C., Ziveri, P., (1999). The role of 
atmospheric deposition in the biogeochemistry of the 
Mediterranean Sea. Prog. Oceanogr. 44 (1), 147–190. 

Kakulu SE, Osibanjo O (1988).Trace heavy metal pollution studies 
in sediments of the Niger delta area of Nigeria. Journal 
of Chemical Society of Nigeria 13: 9–15. 

Kakulu SE, Osibanjo O (1992). Pollution Studies of Nigerian 
Rivers. Trace metal levels in surface waters of the Niger 
Delta. Journal of  Environmental  Studies 41: 287-292. 

Keith, L. H., Crummett, W., Deegan, J., Libby, R. A., Taylor, J. K., 
& Wentler, G. (1983). Principles of environmental 
analysis. Analytical chemistry, 55(14), 2210-2218. 

Kibria, G., Hossain, M. M., Mallick, D., Lau, T., & Wu, R. (2016). 

Trace/heavy metal pollution monitoring in estuary and 
coastal area of Bay of Bengal, Bangladesh and 
implicated impacts. Marine Pollution Bulletin, 105(1), 
393–402. 
https://doi.org/10.1016/j.marpolbul.2016.02.021 

Koedrith, P., & Seo, Y. R. (2011). Advances in carcinogenic metal 
toxicity and potential molecular markers. International 
journal of molecular sciences, 12(12), 9576-9595. 

Kremling, K., Hydes, D., (1988). Summer distributions of dissolved 
Al, Cd, Co, Cu, Mn and Ni in surface waters around the 
British Isles. Cont. Shelf Res. 8 (1), 89–105. 

Kremling, K., Pohl, C., (1989). Studies on the spatial and seasonal 
variability of dissolved Cd, Co and Ni in the North-east 
Atlantic surface waters. Mar. Chem. 27 (1), 43–60. 

Krom, M.D., Herut, B., Mantoura, R.F.C., (2004). Nutrient budget 
for the Eastern Mediterranean: implications for 
phosphorus limitation. Limnology and  Oceanography 
49 (5), 1582–1592. 

Lafabrie, C., Pergent, G., Kantin, R., Pergent-Martini, C., & 
Gonzalez, J. L. (2007). Trace metals assessment in 
water, sediment, mussel and seagrass species–
validation of the use of Posidonia oceanica as a metal 
biomonitor. Chemosphere, 68(11), 2033-2039. 

Laïbi, R. A., Anthony, E. J., Almar, R., Castelle, B., Senechal, N., 
& Kestenare, E. (2014). Longshore drift cell 
development on the human-impacted Bight of Benin 
sand barrier coast, West Africa. Journal of Coastal 
Research, (70), 78-83. 

Langston, W. J. (2018). Toxic effects of metals and the incidence 
of metal pollution in marine ecosystems. Heavy metals 
in the marine environment, 101-120. 

Liu, Su Mei, X. H. Qi, X. Li, H. R. Ye, Y. Wu, J. L. Ren, J. Zhang, 
and W. Y. Xu. (2016). Nutrient dynamics from the 
Changjiang (Yangtze River) estuary to the East China 
Sea. Journal of Marine Systems. 154(A):15-27. 

Ludwig, W., Dumont, E., Meybeck, M., Heussner, S., (2009). River 
discharges of water and nutrients to the Mediterranean 
and Black Sea: major drivers for ecosystem changes 
during past and future decades? Progress in  
Oceanography 80 (3), 199–217. 

Mahmud, H. N. M. E., Huq, A. O., & binti Yahya, R. (2016). The 
removal of heavy metal ions from wastewater/aqueous 
solution using polypyrrole-based adsorbents: a review. 
Rsc Advances, 6(18), 14778-14791. 

Martin, J. M., & Whitfield, M. (1983). The significance of the river 
input of chemical elements to the ocean. Trace metals 
in sea water, 265-296. 

Martínez-Soto, M. C., Tovar-Sánchez, A., Sánchez-Quiles, D., 
Rodellas, V., Garcia-Orellana, J., & Basterretxea, G. 
(2016). Seasonal variation and sources of dissolved 
trace metals in Maó Harbour, Minorca Island. Science 
of the Total Environment, 565, 191-199.  

Moldanová, J., Hassellöv, I. M., Matthias, V., Fridell, E., Jalkanen, 
J. P., Ytreberg, E., ... & Eriksson, K. M. (2022). 
Framework for the environmental impact assessment of 
operational shipping. Ambio, 1-16. 

Mombeshora C, Ajayi SO, Osibanjo O (1981). Pollution studies of 
Nigerian River I: Toxic heavy metals status of surface 
waters in Ibadan city. Environ. Int., 5: 49–53. 

Nubi, O. A., Oyediran, L. O., & Nubi, A. T. (2011). Inter-annual 
trends of heavy metals in marine resources from the 

https://dx.doi.org/10.4314/swj.v19i1.9
http://www.scienceworldjournal.org/


Science World Journal Vol. 19(No 1) 2024   https://dx.doi.org/10.4314/swj.v19i1.9 
www.scienceworldjournal.org 
ISSN: 1597-6343 (Online), ISSN: 2756-391X (Print)   
Published by Faculty of Science, Kaduna State University 

 

 Possible Influence of shipping operations on trace metals gradients along the 
commodore channel, Lagos State, Nigeria 

70 

Nigerian territorial waters. African Journal of 
Environmental Science and Technology, 5(2), 104-110. 

Olusegun, A. A., Sankey, B. L., Chukwu, J. O., & Oluwatosin, C. A. 
(2017). Assessment of the changing underwater 
topography of commodore channel, Lagos. Lagos 
Journal of Geo-Information Science (LJGIS). An 
international Journal of the Department of Geography, 
University of Lagos, Nigeria, 4, 26-44. 

Popoola. S.O., Ayoola, N. O., Otolorin, O. O., Olaiwola, A. F., Idera, 
F. G., & Jecinta, N. C. Vertical Profiling and 
Contamination Risk Assessment of Some Trace Metals 
in Lagos Lagoon Axis. 

Rabiu, A., & Maigari, A. S. (2023). Flow velocity and implication on 
particle size of bottom sediment in the commodore 
channel lagos, southwestern nigeria. Global Journal of 
Pure and Applied Sciences, 29(1), 19-27. 

Roy, D., Islam, S. S., Quraishi, S. B., Hosen, M. M., Rahman, F., 
Samad, A., & Latifa, G. A. (2021). Comprehensive 
analysis of toxic metals and their sources accumulated 
by cultured Oreochromis niloticus in Pagla Sewage 
Treatment Plant, Narayanganj, Dhaka, Bangladesh. 
Arabian Journal of Geosciences, 14, 1-16. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Swinehart, D. F. (1962). The beer-lambert law. Journal of chemical 
education, 39(7), 333. 

Tam, N. F. Y. and Wong, Y. S. (2000) Spatial variation of heavy 
metals in surface sediments of Hong Kong mangrove 
swamps. Environmental Pollution 110, 195–205. 

USEPA (1999) Screening level ecological risk assessment protocol 
for hazardous waste combustion facilities. Appendix E: 
toxicity reference values. 3. 

Walker, T.R., (2016). Green Marine: An environmental program to 
establish sustainability in marine transportation. Marine 
Pollution Bulletin 105 (1), 

Welz, B., & Sperling, M. (2008). Atomic absorption spectrometry. 
John Wiley & Sons. 

WHO (2004) Guidelines for drinking water quality, 3rd edn. 
WorldHealth Organization, Geneva, p 515. 

https://dx.doi.org/10.4314/swj.v19i1.9
http://www.scienceworldjournal.org/

