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Abstract. Microalgae are protists with eukaryotic cell structures which can 

be found in aquatic ecosystems such as rivers, lakes, reservoirs, ponds, and 
oceans. The protist culture method can be considered as a technique to allow 

protists to grow in a certain controlled environment. The objective of this 

study was to determine the growth of microalgae in the different water 

sources A modified closed photo-bioreactor (bottle) was used in this 
research. The number of experiments was 130, each experiment comparing 

5 different natural water resources which are well, pond, pool, paddle, river, 

tap water, and mineral water and tap water as control, all with 25 

replications. Those bottles were put under the sun for 2 weeks. Every day, 

the colour changes were documented. The result showed that within 2 

weeks, no colour changes for mineral and tap waters. On the fourth and fifth 

days, the watercolour of rivers, ponds, paddle, pools turn the greenish or 

murky brownish. This indicated the growth of microalgae in the bottle. The 
different colour indicates the different species or a group of species. This 

simple experiment able to be developed for practical work during pandemic 

Covid-19, when students have to study at home, but are still able to get their 

competence by small project-based learning.  

Keywords: microalgae, culture, growth, practical work, small project-based 

learning 

1 Introduction 

Microalgae are protists with eukaryotic cell structures which can be found in waters either 

marine or freshwater systems such as rivers, lakes, reservoirs, ponds, and oceans. They are 
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primary producers in the aquatic ecosystems that convert water and carbon dioxide to 

biomass and oxygen in the presence of sunlight [1,2] Microalgae can be cultivated in open 

(open ponds) or closed photobioreactor (PBR) [3]. The closed systems allow better control 

of operating parameters leading to higher productivities, but require greater capital 

investment and more energy to be operated. By using a PBR system, microalgae cultivation 

can be more controlled such as mass flux, contamination, temperature, pH, gas transfer, and 

nutrient distribution [4]. The protist culture method can be considered as a technique with the 

aim to allow protists to grow in a certain controlled environment. Nowadays cultured 

microalgae are used as direct feed for humans, land-based farm animals, and as feed for 

cultured aquatic species such as molluscs and the early larval stages of fish and crustaceans 

[5]. It is also a potential candidate for biofuel production [6]. In this study, we strive to 

determine the growth of microalgae in the different water sources. 

2 Methods 

This research was conducted in March 2021 using a simple modified closed photobioreactor. 

2.1 Experimental Equipment 

The equipment that was used in this research were 5 used plastic bottles, labels, and 5 

different sources of water. The number of experiments was 130, each experiment comparing 

5 water resources including mineral water as the control. Five bottles with different water 

sources were put under the sun for 2 weeks. The water sources used in this experiment were 

mineral water (130), tap water (84), puddle (89), river (89), pool (91), aquarium (23), 

groundwater (4), rainwater (29), lake (4), reservoir (8), well (53), rice field (6), spring water 

(4), and ocean (1). 

2.2 Experimental Procedures 

5 bottles that had been filled with different waters were sealed and placed where they will be 

exposed to sunlight. The changes in colour of water was observed every day and pictures 

were taken for 14 days of the experiment. The optimal population growth was analysed based 

on the colour changes. The darker green colour indicated the higher population and 

determines on which day it can be harvested. 

3 Results 

3.1 Observation of Microalgae Growth 

3.1.1 Tap and Mineral Water 

The result of Mineral and tap (PDAM) water does not show any growth of microalgae within 

14 days of observation. Mineral and tap water does not change colour or form sediment 

because it has been processed in such a way that it is suitable for public consumption.  

3.1.2 River Water  

The change was first seen on the was fourth day where on that day there was a change in 

colour which was marked by the presence of brown and green dots in spring water and river 
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water (Fig 1). River water microalgae tend to stick to the bottom of the bottle, on the wall or 

float on the surface of the water which is yellow-brown in colour. The river water was taken 

in Diponegoro University, based on sampling observations, the river has a fairly slow flow 

where there are rocks on the edge of the river that can be a substrate for living microalgae.  

 

Fig. 1. Microalgae observation for 14 days in river water 

3.1.3 Spring Water 

The peak of microalgae growth was on the 10th day of observation (Fig 2). The microalgae 

in the spring water became more concentrated and the colonies were clearly visible. The 

spring was used located in the middle of a densely populated residential area. This spring 

water is still used by local residents for household activities such as washing. Nutrients in 

spring water are assumed to come from the remains of dead plants around the spring wall 

which is located under the road. This of course allows the entry of water from the ditch to the 

spring when it rains heavily so that the sewer water overflows. spring water microalgae 

collect or settles at the bottom of the bottle and is dark green in colour. 

 

Fig. 2. Microalgae observation for 14 days in spring water 

3.1.4 Puddle Water 

The puddle water changes colour, namely a clear green colour change (Fig 3). The puddle 

water was colonized on the fifth day, which was marked by a yellowish colour. The colour 

in the puddle water is getting darker and shows a colour difference. Puddle water tends to be 

green. The growth of micro-algae in the puddle water increased rapidly and continues to 

experience a significant change as days go by.  
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Fig. 3. Microalgae observation for 14 days in puddle water 

3.1.5 Waste Water 

The results obtained after 14 days of observation from waste water turned from clear to 

yellowish on the 4th day then brown on 11th day (Fig 4). The change in colour indicated 

microalgae growth. 

 

Fig. 4. Microalgae observation for 14 days in waste water 

3.1.6  Population growth 

Fig. 5. Microalgae population growth 

 

 Based on observations for 14 days, The rainwater was clear on the first day. On the 12th 

day, the rainwater showed a colour change that looked like a change in colour to cloudy (Fig 

5), and there was the appearance of a microbial-like shape. There are green dots at the bottom 

of the water, but the water is still clear. On the 14th day, the rainwater looks green. It was 

suspected that there is green algae growth in rainwater.  

 Whereas the culture bottle filled with water from the aquarium becomes muddy colour 

changes to yellow on day 6 (Fig 5). This indicated that in the aquarium water, some micro-

algae breed. On the seventh day a dark green precipitate began to form at the bottom of the 

aquarium bottle. The increase in sediment in each bottle was caused by the growth of 
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microalgae colonies. At the beginning of culture, the nutrient content in the media was still 

high so that it could be utilized by phytoplankton to carry out the growth process.  

 There was also a change in the water's colour coming from the pool. On the 5th day of 

observation, the colour of the water turns feculent and brown, as if there was a brown floating 

object, there was sediment on the bottom surface of the bottle. The colour of the pool was 

clearer on the 9th day rather than on the 11th day. On the 14th day of observation, the colour 

of the pool water appeared to be brown and cloudy again. It was seen that the colour of the 

pool water was not as brown and dark as the previous days, this indicated a stationary phase 

and the nutrient content is getting thinner and the micro-algae population or cell number is 

decreasing due to the limited nutrient content in the culture media.  

 The rice field water sample was initially clear, then on the 3rd day there were dots on the 

bottom of the water, and the water looked yellowish. Observations on rice field water samples 

showed a slight change in green colour on day 9 and a slight green precipitate starting on day 

11. The colour of the water became overcast with light green on day 11 and was stagnant 

until the last day of observation. On the first day, the groundwater sample was quite thick 

green because it had come from the source when it was taken, on the 7th day it was found 

that the green groundwater was quite thick and formed a little sediment and increased on day 

9. The peak of growth was on the last day of observation.  

 Observations on well water sample showed that on the first day of observation until day 

8 was clear, then it looked a little cloudy and showed a little sediment on day 9 and still 

showed no colour change until day 11. The environment where the water was taken is still 

relatively good because the well where the water taken was surrounded by shrubs and trees. 

The cloudy well water on the first day of observation was possible because the water was 

taken after it rained. But it increased rapidly on the last 3 days of observation. 

 Reservoir water sample was taken from the Diponegoro Educational Reservoir 

experienced a colour change which indicated the presence of micro-algae. Initially the water 

was clear, until day 4 it formed green colour.  The peak of micro-algae growth was in day 9 

and 13.  

 The seawater sample initially showed a clear colour, on the 3rd day it was yellow and a 

precipitate appeared on the 4th to 14th day, then a salt deposit appeared at the bottom of the 

container and it looked yellow-green. The micor-algae growth increased in a slow pace until 

the last day of observation. 

4 Discussion 

 PDAM water and mineral water are not overgrown with microalgae which might be due 

to the lack of nutrients in the water and the condition of the water that has undergone further 

processing such as purification using chemicals or distillation so that it is suitable for 

consumption. It is carried out in several stages, namely: the water filtering process, the sludge 

and dirt deposition process, the clarification process (coagulation, flocculation, and 

sedimentation), the filtering process (sand filter), the disinfection process (addition of lime 

and chlorine) [7]. Hence the microalgae are not present. Whereas the river water can be 

assumed to contain sufficient nutrients for microalgae growth because it is located in the 

middle of the city which allows many agricultural by-products such as fertilizers to be 

dissolved in river water [8]. The abundance of phytoplankton in the river might be dominated 

by the Synedra sp. These Bacillariophyceae can be found in almost every aquatic 

environment with sufficient sunlight to maintain activity. Synedra sp. has a high abundance 

and can be found in various habitats such as wet soil, rock walls, steep coral, peat, and bark. 

Some diatoms live as epiphytes on other algae or wild plants [9]. Ulothrix sp. could also be 

dominating the water, which is a species of green algae in the form of filaments. The body 

of Ulothrix sp. consists of cells that are cylindrical in shape and arranged lengthwise like 
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threads. This algae lives in fresh water where the water is not too warm and lives attached to 

rocks or at the bottom of the water [10]. On the other hand, spring water also has sufficient 

nutrients for microalgae growth, although not as much as river water. In addition, Green 

coloured water deposits indicate that there are microalgae from the green algae (Chlorophyta) 

group and brown coloured water indicates the presence of microalgae from the diatom, 

crysophyta group [11]. Diatom pigments have more yellow colour than green pigments make, 

which also known as golden brown algae [12]. Microalgae are divided into two categories, 

namely pelagic and benthic microalgae [13,14]. Pelagic microalgae are microalgae suspended 

in water bodies. In contrast to benthic microalgae, they grow on the surface of bottom 

sediments and are often filamentous, but some are microscopic single cells. River water 

allows for dissolved nutrients such as nitrogen. The slow and slightly calmer river flow is an 

additional point for the growth of microalgae [14, 15].  

  The puddle water used comes from a barrel which is shallow enough so that light 

intensity can enter and can help microalgae to photosynthesize. Puddle water at least has 

nutrients that are able to support microalgae life even though it is not as high as river and 

spring water. This may be due to the nutrients in puddle water were easily washed away when 

exposed to rain so it would be replaced by new water and requires time for microalgae to 

adapt and grow. Rain could disrupt an important mechanism that regulates algae growth. The 

rain itself will dilute or overflow the water, which may reduce the concentration of algae and 

nutrients in the water [16]. 

 Brown deposits appeared in the wastewater which indicated micro-algae growth. 

Wastewater contains organic carbon and other compounds, such as high nitrogen and 

phosphorous, that can be used for the cultivation of microalgae. The population growth of 

micro-algae in the textile wastewater depends also on critical variables such as pH, 

temperature, availability of light, CO2 and O2 [17]. 

 Samples of rainwater showed a colour change in the observations of the last two days in 

the form of a green colour appearing at the bottom of the bottle. The micro-algae that grew 

in the rainwater samples that were stagnant in the bottles were thought to come from the 

Chlorophyta group because the micro-algae from that group had chlorophyll pigments so that 

the colony formed a green colour. Green algae or Chlorophyta are algae that contain more 

dominant chlorophyll [18].  

 Yellow aquarium water is caused by the presence of ammonia compounds from fish 

feces, where the longer you leave it, the clearer the water will be due to the evaporation 

process. Ammonia in aquarium water can be lost through the process of volatilization 

(evaporation) because the partial pressure of ammonia in solution increases with increasing 

pH [19]. 

 The pool water turned cloudy and there was sediment at the bottom of the bottle, possibly 

caused by micro-algae in the pool water. In pool water, there is a colour change and there is 

sediment or dirt from the pool water that settles, there may be a lot of micro-algae in the pool 

water, there are yellow, brown, and green spots in the bottle, the possibility of 

microorganisms living in pool water. Pool water has a pH of less than 7 or acidic water where 

the Chlorophyceae class micro-algae can grow well, such as the example of Chlorella sp. 

[20]. The peak growh of microalgae was on the 12th and 13th day and it decreases on the last 

day of the observation by the colour change of water. This means that the phase of microalgae 

growth has changed and the microalgae presence reduced.  Chlorella vulgaris not only 

reduces the pollutant load (COD, NH4-N, and PO4-P) but also the colour during remediation 

of textile wastewater [15].  

 The sample of rice field water on the fourth day is the same as in the aquarium, which 

changes from sediment to yellow-green under the sediment, this shows that in the water there 

is also micro-algae growing. Nutrients in stagnant water are also in accordance with the 

surrounding soil conditions. Large puddles are likely to be overgrown with microorganisms 
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or micro-algae and waters with calmer and less heavy currents like rice fields will allow the 

presence of micro-algae. The low current velocity in water causes a high abundance in the 

class Chlorophyceae, namely green algae [10,21].  

 Ground water showed a slow pace growth increased until the last day of observation. 

The abundance of microalgae in the groundwater might be dominated by Chlamydomonas. 

Microalgae that have the ability in decomposing insecticidal compounds, one must has a high 

tolerance so that able to live, grow and develop well in a polluted environment insecticide. 

Chlamydomonas is known as one of the tolerant microalgae genera against pollution. The 

growth rate of Chlamydomonas culture on days 1-7 on groundwater medium was higher than 

that of Beneck medium [22]. This indicates that there are microalgae growing in the soil. 

 There was no significant change in well water from day 1 to day 8, probably due to good 

water quality. The quality of well water can be affected by sewage or household wastewater, 

chemical waste, laundry, seepage of polluted nearby river water, and others. Good quality 

can be seen from the smell and colour of the water from the source, clear and odorless colours 

indicate very good water quality. The colour change to greenish turbid and green sediment is 

found in the well water, it is suspected that the water contains the photosynthetic micro-algae 

Chlorophyceae which has green chlorophyll [23]. The cloudy well water observation was 

possible because the water was taken after it rained. The physical quality of well water is 

usually influenced by seasonal conditions so that if sampling is carried out in the rainy season, 

it is likely that the physical quality will decrease, such as increasing the level of turbidity, 

due to a large number of suspended solutions in the water [24]. The well water was cloudier 

on the last day of observation than on the first day, showed little sediment, and remained 

colourless. Green algae (Chlorophyceae) have green pigments. While the brown colour in 

the pool water sample is thought to contain brown algae Phaeophyceae which have 

xanthophyll pigments [25].  

 Water taken from the reservoir showed the highest growth on the 9th and 13th which 

would indicated the peak growth of micro-algae. After an increase in the number of cells to 

a point in the population peak, cell growth will stop [15]. The growth phase of microalgae 

consists of lag, exponential, stationary, and death phases. The lag phase does not see any 

changes. The exponential phase is indicated by a change in the colour of the water to green 

and cloudy. The stationary phase is shown in green in fixed water. The death phase is shown 

in green when the water starts to fade or the water looks clearer [26]. Reservoir water contains 

organic material that can be used by micro-algae. Lake or reservoir waters are generally 

dominated by phytoplankton, from the class of Chlorophyceae, Bacillariophyceae, and 

Cyanophyceae. Chlorophyta are green algae which, if they are numerous and dominate the 

waters, will make the waters look greenish, while Bacillariophyceae is phytoplankton, known 

as diatoms [27].  

 In seawater, the yellow-green colour is assumed that there is an indication of micro-algae 

growth by yellow-green algae (xanthophytes), which has chlorophyll E pigment [28]. 

Compared with freshwater, seawater contains more dissolved ions, the most abundant are 

sodium, chloride, magnesium, sulfate, and calcium, which are required for micro-algae to 

growth, including various minerals, such as nitrogen sources and phosphate sources [29]. 

 The growth of micro-algae colonies in each bottle was caused by the fulfillment of 

nutrients, temperature, oxygen levels, humidity, light. The formation of green colour in the 

form of a precipitate is caused by the presence of micro-algae Chlorophyta because it has a 

green pigment (chlorophyll) [11, 30-32]. The growth of micro-algae can be influenced by 

environmental factors, including humidity, temperature, salinity, and light. Cultivation and 

harvesting of micro-algae is carried out until the age of micro-algae reaches the final 

stationary phase, related to the growth phase of micro-algae [33].   
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Conclusion 

The changes of colour indicated the growth of microalgae in the bottle. Brown coloured water 

indicated diatom, Crysophyta group, whereas green coloured water indicated green algae or 

Chlorophyta group. This simple experiment was able to be developed for practical work 

during pandemic Covid-19, when students have to study at home, but are still able to get their 

competence by small project-based learning. 
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