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Abstract 
 

Concentrations of chlorophyll and algae in the Lagos lagoon needs to be studied in order to 

get information on water properties such as water color which indicates life, sediments and 

dissolved organic matter with the help of eye on water mobile application. Also, information 

from the study of algae chlorophyll concentrations produces results on amount of chlorophyll 

a concentration in a body of water and predicts if there will be a likely occurrence of harmful 

algal bloom (HABs). The HABs issue is a condition when algae in aquatic system rapidly 

increases in density leading to high production of toxins that give out unappealing odors, 

shoreline scums and kill fishes. The mobile application is used to estimate algae concentration. 

The results show the water color of Lagos lagoon is greenish-brown which translates to high 

nutrients and phytoplankton (food) for aquatic life present and also Makoko possess higher 

amount of chlorophyll concentration than the other two areas (University of Lagos Waterfront 

and Ilaje-Bariga from which samples were gotten) reason why Makoko is a major fishing 

ground and why their locals are engaged in the primary activity. Based on the study conducted 

on algae chlorophyll concentrations it can be deduced that the Lagos Lagoon which is greenish 

brown in color, rich in nutrients and phytoplankton possesses moderate amounts of chlorophyll 

concentrations required to favor aquatic life. In addition, harmful algal blooms (HABs) does 

not occur, however precautionary measures to be taken if this is so are recommended in this 

research. 
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INTRODUCTION 
 

The concentration of chlorophyll represents the amount of phytoplankton (microscopic algae), 

which is the source of several aquatic food webs (Chapman, 2013). They provide food for a 

wide range of sea creatures. Changes in chlorophyll concentration/phytoplankton populations 

impact fish and aquatic life in the lagoon which can food availability and economic 

productivity (Chapman, 2013). The amount of phytoplankton present in the lagoon is assessed 

by measuring chlorophyll concentrations (Gökçe, 2016). In other words, more or less 

chlorophyll-a concentrations (phytoplankton) means more or less aquatic life respectively, 

however, if chlorophyll-a concentrations are too high they make water quality to be bad and 

unproductive hence unfavorable to aquatic life (Jamshidi and Bakar, 2011; Li et al., 2017; 

Ayeni et al., 2018; Ayeni and Adesalu, 2018). 

      

Algae are photoautotrophic cells containing chlorophyll with simple reproductive structures 

(Spellman and Bieber, 2011; Chapman, 2013; Spellman and Stoudt, 2013; Segečová1 et al., 

2017). Algae have a complex growth that they are mistaken for vascular plants (Pires and 

Dolan, 2012; Delwiche and Cooper, 2015). Algae are found everywhere throughout the world 

where water is being stored and/or water body and can cause nuisance problems in water 

treatment plants, drinking water supplies, ponds, swimming pools and cooling towers (Abdel-

Raouf et al., 2012; Alrumman et al., 2016). The vast majority of algal species are not harmful 
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and indeed perform an essential role as the primary producers in many aquatic ecosystems 

(Sanseverino et al., 2016), nevertheless, the harmful algal blooms (HABs) do occur when some 

or all of the phytoplankton in a bloom exhibit a harmful trait (Anderson et al., 2012; Wells et 

al., 2015; Bresciani et al., 2018). Thus, many algal blooms are not toxic; and in fact, contrary 

to common beliefs, discoloration of the water does not indicate whether a species is harmful 

this could be a problem because the eye on water application also being used for the analysis 

operates with water colour of the lagoon (Anderson et al., 2001; Zaitsev, 2008). When water 

is stagnant, it has a high temperature or a high concentration of Nitrates and phosphates and 

algae bloom might occur which might cause several problems such as oxygen depletion i.e. 

reduction of oxygen in water (Ingrid and Luuc, 1999; Khan and Ansari 2005). 

 

Analysis using laboratory or mobile apps method is to carrying out a detailed examination of 

the elements or a structure of a phenomenon for basis of interpretation. Although, human vision 

is color sensitive, factors such as color metamers, opponent process, color constancy, and color 

blindness make color measurement by human vision subjective and error-prone. Smart phones 

are advanced cellular phones that run operating systems capable of high-level computational 

tasks such as downloading and running mobile application software (apps), internet browsing, 

and emailing (Byrne and Hilbert, 2003; Nosrat et al., 2012; Schaefer, 2014; Pridmore, 2014; 
Bootsma et al., 2019).  

 

Water color is an indication for life especially where algae is present, as result a geographically 

designed mobile application such as Eye on water have been developed by Maris B.V to carry 

out water color analysis (Ceccaroni et al., 2020). Also, chlorophyll-a concentrations and 

likelihood of an algal bloom measurements could be generated from sampling using the Algal 

estimator mobile application (El-Alem et al., 2012; Ouyang et al., 2017). All these 

measurements are also derived with complementary aid of the GPS Essentials, weather forecast 

options, and barometer to achieve a detailed and good analysis as well as reasonable results to 

take further precautionary measures.  

 

This study therefore aims to analyze the amount of total and cynanobacteria chlorophyll in 

algae concentrations in the Lagos Lagoon using mobile apps (algae estimator and eye on water 

app). This research focuses on algae which have diverse group of plant-like organisms 

occurring in a wide range of environmental habitats. It is designed to prove that HABs could 

cause bodies of water to be unusable for drinking and domestic use, harmful to aquatic life, 

cause an environmental hazard as well as affect human and recreation activities within the area. 

The study will be useful to carry out precautionary measures and control for healthy, clean and 

friendly environment. 

 

Study area 

Lagos lagoon is a lagoon sharing its name with the city of Lagos, Nigeria (Fig. 1). Lagos is 

located within the sub-equatorial zone characterized by rainfall, experiences tropical savanna 

climate (Aw) according to the Köppen climate classification, as there's a significant 

precipitation difference between the wet season and the dry season. The wet season starts in 

April and ends in October, while the dry season starts in November and ends in March. The 

wettest month is June with precipitation total 315.5 millimeters (12.42 in), while the driest 

month is January with precipitation total 13.2 millimeters (0.52 in). As the city is located near 

the equator, the temperature remains constant with no significant difference between the hottest 

month and the coolest month. The hottest month is March with average temperature 28.5 °C 

(83.3 °F), while the coolest month is August with average temperature 25.0 °C (77.0 °F).  
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The Lagos lagoon lie behind the barrier beach and extend for 210km along the coast. They are 

flanked by tidal wetlands and swamps, located west, with these features are the boundaries of 

University of Lagos and its environs which comprises of the waterfront, known as University 

of Lagos Waterfront, shorelines of Ilaje-Bariga and shorelines of Makoko community which 

formed the three sampling locations for this study.  

 

The Lagos Lagoon has an average of 2-4 meters deep but it is 10m deep in the entrance at the 

commodore channel (Lagos Harbor) which empties the lagoon into the Atlantic Ocean. It is 

separated from the Atlantic Ocean by a long sand spit to 5km wide, which has swampy margins 

on the Lagoon side. With the exception of the commodore channel, the lagoon is fairly shallow 

and is not plied by Ocean-going Ships but by smaller barges and boats. The Lagos lagoon is 

tidal, water from the Atlantic Ocean moves into the lagoon during high tides and recedes during 

low tides. It is affected by a powerful longshore drift and also fed by several rivers of which 

the most important are Ogun, Ona/Ibu, Oshun, Shasha and Oni. 
 

 
Figure 1: Locations of Ilaje-Bariga, University of Lagos Waterfront and Makoko Community 

along Lagos       Lagoon 

 

METHODOLOGY 

This study adopted systematic applied field method using the direct primary method of data 

collection with the aid of ‘eye on water app’ instruments and Global Positioning System (GPS). 

The data were collected using a canoe to navigate the shorelines across the sampling locations 

- Ilaje, Bariga, University of Lagos Lagoon front and Makoko shore. 

 

Eye on Water 

The Eye-On Water app is a web-based application that allows the user to make a contribution 

to science and supply information about the water color for both fresh water and salt waters 
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(lake, rivers, coastal waters, seas and oceans). The measurement is sent to the central server 

where it is validated and stored after which it becomes visible via their website 

www.eyeonwater.org. 

 

Based on the assertion that water color is an indication of life e.g. algae, therefore from the 

color of the sample, algae chlorophyll concentrations are derived using the algae estimator 

mobile application and based on Forel-Ule scale (Table 1). These colors indicate the proportion 

of microscopic algae, sediment and dissolved material in water. However, some natural 

phenomena can change water color but it does not mean that the water is of bad quality. 

 

Table 1: Different water color parameters and attributes 

S/N Water Color Forel-Ule 

Scale(Fu) 

Attributes 

1 Indigo blue to 

greenish blue with 

high light 

penetration 

1-5 These waters have often low nutrients levels and 

low production of biomass. The color is dominated 

by microscopic algae (phytoplankton) 

2 Greenish blue to 

blueish green 

6-9 The color is still dominated by algae but also 

increased dissolved matter and some sediments may 

be present. Typical for areas toward the open sea. 

3 Greenish 10-13 Often coastal waters which usually display 

increased nutrients and phytoplankton levels, but 

also contain minerals and dissolved organic 

material. 

4 Greenish brown to 

brownish green 

14-17 Usually with high nutrient and phytoplankton 

concentrations, but also with increased sediment 

and dissolved organic matter. Typical for near-shore 

areas and tidal flats. 

5 Brownish green to 

cola brown 

18-21 Waters with an extremely high concentration of 

humid acids, which are typical for rivers and 

estuaries. 

 

Procedures 

a) Take a picture of the water with the sun on your back over your left or right shoulder. 

Angle of the camera to your back should be less than 30 otherwise the lens will not 

open. Here pictures of the Lagos lagoon were taken for this Study. 

b) Compare the colored bars with either the color of the water being observed or much 

easier, the color of the water you just cut (Fig. 2a). 

c) Select one of the bars (3 colored tomes each) that matches the color of the water you 

are observing by swiping the bar to see all options then tap the color bar icon (+). 

d) Answer 3 simple questions: Is it raining? Did you see the bottom? Are you an Expert? 

e) Click send 

f) Go to the Eye on Water website to view all your measurement 

 

Methods of Data Collection for Algae Estimator 

In predicting the occurrence of Algal bloom in shallow waters with the Algae Estimator 

application, the following set of parameters have to be derived; 

a) PO4/phosphate Concentration (mg/L) value between 0.0001 and 7 

b) Temperature at Surface of the lagoon (°C) 

c) Temperature at bottom of the lagoon (°C) 

http://www.eyeonwater.org/
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d) Lagoon depth (m) 

e) Brightness (lux) 

f) Chl a value which can be derived by getting the (Total chlorophyll value and (all types 

of algae, Cyano chlorophyll values i.e. blue-green algae). Alternatively, estimated 

depth using Secci disc, Conc. (ug/L) value between 0 and 1 and dissolved oxygen 

(ug/L) value between 1-100 

 

After deriving these 6 parameters primarily with the instruments and laboratory tests, the values 

are input and submitted in the application, it then brings out the data set and produces a graph 

of chl-a conc (ug/L) plotted against time (h) as shown in Fig. 2b. The time represents how many 

hours it will take if an algal bloom is likely to occur in the shallow water. 

 

Green- Total Chlorophyll  

Blue- cyano Chlorophyll 

            Red- is a constant (40) set by world Health organization (WHO) which is the Risk limit  

            for toxic HAB from cyanobacteria to occur. 

 

 
 

If the green and blue lines are both in horizontal projection like in the example above, it shows 

the water is in a normal condition. If the green and the blue lines project upwards towards the 

red line it simply means there are high levels of total and cyano chlorophyll on the water. And 

if precautionary measures are not taken, it’s a matter of hours (days) to reach a Harmful 

condition. If the green and blue lines projects upwards and surpass the red line (constant) it 

means HABs will occur and if not occurring yet, will do so in a matter of hours given by the 

graph. 

 

In addition to the above methods, GPS Essentials for collecting coordinates of the sample areas, 

Google earth, Barometer, weather radar softwares are also used alongside the instrument stated 
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earlier for collection of data for the study. The laboratory test / analysis was carried out at the 

Environmental Laboratory, Department of Chemistry, University of Lagos, Nigeria. 

 

RESULTS AND DISCUSSION 
 

Water Color derived from Eye on Water Mobile App for the three locations 
 

As shown in figure 3a, Makoko water indicates Greenish brown to brownish green usually with 

high nutrients and phytoplankton concentrations but also increased sediments and dissolved 

organic matter which is typical for water near shore areas and tidal flats. The University of 

Lagos Waterfront water color with Forel-ule (Fu value) 16 indicates Greenish brown to 

brownish green usually with high nutrients and phytoplankton concentrations but also 

increased sediments and dissolved organic matter (Fig. 3b). This is also attribute to typically 

to water near shore areas and tidal flats. Ilaje-Bariga water color with Forel-ule (Fu value) 16 

indicates Greenish brown to brownish green usually with high nutrients and phytoplankton 

concentrations but also increased sediments and dissolved organic matter which is typically 

attributed to water body near shore areas and tidal flats (Fig. 3c).  
 

 
Figure 3: a) Makoko Water Color, b) University of Lagos Waterfront Water Color, c) Ilaje-

Bariga Water Color 

 

This color indicates the proportion of microscopic Algae, Sediments and dissolved organic 

material in water. 

 

Chlorophyll-a Concentration 
 

In Makoko, the total cyanobacteria chlorophyll concentrations in water are at normal but 

slightly increased level (Table 2 and figs. 4a & 5a). The values are 137.81 and 98.3 

respectively. Fluctuates from 5 ug/l – 9 ug/l (micrograms per liter) chlorophyll concentration 

over a 363-hour period (15 days). This simply means that concentrations are normal and the 

occurrence of HAB Is not occurring because the green and the blue line does not project 

upwards to surpass the red line (constant 40 ug/L) set by the world Health Organization (WHO) 

which is the risk limit for toxic HAB from cyanobacteria to occur. 
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        Table 2: Chlorophyll Concentration derived from Algae Estimator Mobile App.  

 Makoko University of 

Lagos Waterfront 

Ilaje-Bariga 

GPS coordinates 6o29’46’’N 

3o23’47’’E 

6o31’8’’N 

3o24’7’’E 

6o32’6’’N 

3o24’7’’E 

PO4 (0.0001-7) O.72 m/L 0.73 0.77 m/L 

Surface temperature  26.84o 27.36o 26.53o 

Bottom temperature  26.72o 24.80o 26.19o 

Lake depth (meters) 0.3m  0.23m 0.45m 

Brightness (lux)  205 252 126 

Secci Depth (meters) 0.15m 0.17m 0.2m 

Dissolved oxygen 1-100 6.5 ug/L 6.6 ug/L 6.2 ug/L 

Humidity   75% 75% 76% 

Altitude  2m 1.9m 2.1m 

 

Analysis of algae concentrations 

 

 

 

 

 

 

 

 

 

 

 

 

 

                                          

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 5a: The graph of the 

analysis of algae 

concentrations determined by 

the parameters in the data log 

for Makoko  

 
Fig. 4a: Makoko data log  

Fig. 4b: University of Lagos 

Waterfront data log 

 
Fig. 4c: Ilaje-Bariga data log 

 
Fig. 5b: The graph of the 

analysis of algae 

concentrations determined by 

the parameters in the data log 

University of Lagos 

Waterfront  

 
Fig. 5c: The graph of the 

analysis of algae 

concentrations determined by 

the parameters in the data log 

Ilaje-Bariga  
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In University of Lagos Waterfront the total cyanobacteria chlorophyll concentrations in water 

are at normal but slightly increased level (Table 2 and figs. 4b & 5b). The values are 120.84 

and 84 respectively. Fluctuates from 5 ug/l – 6 ug/l (micrograms per liter) chlorophyll 

concentration over a 363-hour period (15 days). This simply means that concentrations are 

normal and the occurrence of HAB Is not occurring because the green and the blue line does 

not project upwards to surpass the red line (constant 40 ug/L) set by the world Health 

Organization (WHO) which is the risk limit for toxic HAB from cyanobacteria to occur. 

 

In Ilaje-Bariga, the total cyanobacteria chlorophyll concentrations in water are at normal but 

slightly increased level (Table 2 and figs. 4c & 5c). The values are 101.74 and 69 respectively. 

Fluctuates from 5 ug/l –7 ug/l (micrograms per liter) chlorophyll concentration over a 363-hour 

period (15 days). This simply means that concentrations are normal and the occurrence of HAB 

Is not occurring because the green and the blue line does not project upwards to surpass the red 

line (constant 40 ug/L) set by the world Health Organization (WHO) which is the risk limit for 

toxic HAB from cyanobacteria to occur. 

 

Comparison of Total and Cyano chlorophyll Concentration from the three locations 
 

As shown in fig. 6, Makoko has the highest chlorophyll a concentration of the three which 

means more phytoplankton (microscopic algae) source of food for fishes in the lagoon this 

shows the reality of the community why the population are engaged primarily in fishing. 

University of Lagos Waterfront has a moderate amount of chlorophyll a concentration which 

implies a moderate number of fishes which attract fishermen along its boundaries. Ilaje-Bariga 

has lower amount of chlorophyll a concentration compared to Makoko and University of Lagos 

Front phytoplankton is still present hence fishes could be found along the area in relatively 

lower amounts. 

 

 
 

                 Fig. 6: Comparison of Total and Cyano chlorophyll Concentration 
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CONCLUSION 
 

The Eye on water application gives an insight on the nature of the water at Lagos Lagoon based 

on its majorly brownish color. It suggests 2 things; that the water contains high nutrients and 

phytoplankton concentrations which is a key part of freshwater ecosystem. Phytoplankton is 

the base of several aquatic food for a wide range of sea creatures including whales, shrimps, 

snails, crabs and jellyfish. This suggestion is to a large extent true because there is presence 

and evidence of aquatic life (fishes and crabs) at the Lagos lagoon especially along the 

shorelines which is why fishing is a major primary activity for fishermen around the vicinity 

of Makoko. 

 

Increased sediments and dissolved organic matter typically for near shore areas, relatively close 

to a shore and tidal flats. The lagoon is flanked by tidal wetlands and swamps and empties into 

the Atlantic Ocean via the commodore channel, this greatly supports this second suggestion as 

sediments and dissolved organic matter majorly comes from the flanked tidal wetlands and 

swamps. These colors indicate the proportion of microscopic algae (phytoplankton), 

chlorophyll concentrations in water as discussed earlier as well as sediments and dissolved 

organic material in water, however some natural phenomena can change water color but it does 

not necessarily mean that the water is of bad quality. 

 

In conclusion, this study of algae and chlorophyll concentrations and the likely occurrence of 

toxic HABs from cyanobacteria in the Lagos lagoon determined by the values of the 7 

parameters derived from the field (primary data) of the case study and analyzed with the algae 

Estimator application shows the different chlorophyll concentrations in the three points of the 

study area and shows there is no likely occurrence of HABs in the lagoon. However, because 

the effects of HABs can cause bodies of water to be unusable for recreation, drinking, harmful 

to aquatic life and the environment in general, precautionary measures that could be taken 

supposedly the results of the analysis were otherwise are; 
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