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In this work the ability of different strains of microalgae to remove nutrients from 
wastewater was studied. Ammonium, nitrate, phosphate concentration, pH and conduc-
tivity were measured throughout the experiments. Batch system was used for growing 
the eight different strains of algae in mono as well as combined culture by using Sub-
stral (an artificial fertilizer) as nutrient source. Algae strains that showed better growth 
rate were chosen from the growth culture and used in the first batch experiment run in 
which growth medium was changed from tap water to wastewater.  The nutrient uptake 
decreased over the two weeks test period.  In a second batch experiment run the waste-
water was amended with Copper but otherwise had the same setting as the previous run. 
Nutrient concentrations for ammonium and nitrate and phosphate also showed a de-
creasing trend throughout the two week time of the experiment.   In the last experiment 
run the Algae Turf Scrubber (ATS) system was used to test the nutrient removal ability 
of algae in a continuous process from a Copper amended wastewater. The wastewater 
used in the experiments was from the municipal wastewater treatment plant of Tampere. 
The ATS system removed efficiently –below detection limit- the P within two days of 
testing. Nitrogen concentration decreased as well within the first two days, with 40% 
but increased after that. The removal of nitrogen needs to be studied in further studies. 
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GLOSSARY or ABBREVIATIONS AND TERMS  

 

AAS Atomic Absorption Spectrometer 

ATS Algae Turf Scrubber 

B   Boron 

Br  Bromine 

C  Carbon 

Ca  Calcium 

Cd  Cadmium 

Cl   Chlorine 

Cu   Copper 

Fe   Iron 

H  Hydrogen 

I   Iodine 

K  Potassium 

Mn   Manganese 

Mo   Molybdenum  

Mg   Magnesium 

N   Nitrogen 

Na   Sodium 

O  Oxygen 

P   Phosphorous 

S   Sulphur 

Si  Silicon 

V   Vanadium 

Zn   Zinc 

 

 

 



 

1 INTRODUCTION 

 

1.1 Nutrients in nature and their uses by microalgae 

Chemicals such as carbon (C), nitrogen (N), phosphorous (P), sulfur (S), calcium (Ca), 

magnesium (Mg), potassium (K), iron (Fe), manganese (Mn) and sodium (Na) are nutri-

ents found in nature. They promote healthy growth in living organisms. Ionic forms of 

these nutrients contribute to the conductivity of water (Naiman & Bilby 2001).  

 

In the case of observation of growth in different species of seaweed, the availability of 

nutrients is one primary factor regulating their growth, reproduction and biochemistry 

(Lobban & Wynne 1981). Biochemistry in seaweeds is the sum total of all the processes 

such as respiration, excrition, digestion, immune responses, hormon production and 

other processes. This determines and synthesizes seaweed’s biochemical composition 

and their biochemical influences to their immediate surroundings.  

 

In the book, the biology of seaweeds, seaweeds are described as photoautotrophic or-

ganisms. All phototrophic organisms green plants, photoautotrophic bacteria including 

algae, uses sunlight to produce organic matter from mineral ions and water. Some spe-

cies of seaweed are also auxotrophic, i.e. they require small amounts of organic growth 

simulators such as vitamins (Lobban & Wynne 1981).  

 

Further explanations on nutrient requirements in the book, the biology of seaweeds, 

suggest that plants (including all algae species) require 14-21 specific elements. Ele-

ments C, H, O, P, N, Mg, Fe, Cu, Mn, Zn, Mo, S, K and Ca are all required by algae, 

although S, K and Ca can be replace to some extent by other elements. In addition, Co 

(Cobalt), Na, I, Br, B, V, Cl and Si are probably required by one or more algae, by 

O’Kelly 1974, (Lobban & Wynne 1981). 

 

Elements carbon (C), Nitrogen (N), Hydrogen (H) and Oxygen (O) are four building 

blocks of life. They are found in abundance in all living creatures on earth. Among 

these big four, element nitrogen carries very important properties and functions for all 

living creatures. In different algae species absorption of nitrogen (N) is unique. The 

heterogeneity or simply the diversity of algae species is one factor for it. There are algae 

species that are able to utilize atmospheric nitrogen directly, Cyanophyta for example 



 

are atmospheric nitrogen fixers. This gives us an outlook of varying nutrient uptake 

mechanisms in algae.  

 

In normal seawater, main source of nitrogen exists as inorganic nitrogen in dissolved 

state. Nitrate (NO3
-), nitrite (NO2

-) and ammonium (NH4
+) are the three inorganic nitro-

gen compounds that are readily used by different species of algae. These inorganic 

forms of nitrogen usually occur in seawater at concentrations of 1-500µΜ(micro 

moles), 0.1-50µΜ and 1-50µΜ respectively (Riley & Chester 1971). Some seaweed 

also makes use of organic nitrogen compounds usually at concentration of less than 

20µΜ, by Riley & Chester 1971 (Lobban & Wynne 1981). 

 

The inorganic nitrogen compounds exist in dissolved state in seawater and also freshwa-

ter. Nitrate and ammonium ions are effective at promoting growth in algae. These inor-

ganic ions are abundant in seawater. Ammonium ions stimulates healthy growth rate of 

algae (Lobban & Wynne 1981). 

 

The importance of these compounds is further vilified by the storage mechanisms pre-

sent in algae. Vacuoles in algae trap nitrates when it is supplied in abundance. These are 

stored in algal cell body and acts as reserves during the time of shortage of nitrogen 

(usually in summer months). The optimum N concentration in seawater is 120-2140µΜ 

(Lobban & Wynne 1981). 

 

Elements phosphorous in seawater exists in different ionic state, mainly as HPO4 2-, 

PO4
3- & H2PO4

- in dissolved state. These are limiting nutrients, meaning at lower con-

centration of these ions algae shows its highest activity (higher rate of absorption of 

these ions). Phosphorous in sea exists in the form of orthophosphate ions. Polyphos-

phate ions, occurs in coastal and estuarine water results from deposition of detergents. 

Algae, however, have not shown the use of these polyphosphate ions. Optimum phos-

phate concentration is 32-320 µΜ and similar to storage mechanism of nitrate in algae 

(vacuoles), phosphorous are likewise stored in vacuoles (Lobban & Wynne 1981).  

 

Algae makes use of different metals such as zinc, iron, cobalt, arsenic, copper and 

others. These elements facilitate swift metabolic activity within the algae.  

 



 

Let us take copper and its position in algae. It is generally accepted that all algae have a 

micronutrient, copper (Cu), requirement. Most algae are found sensetive to the 

concentration of copper and copper complexes. Copper is found in plastocyanin and 

amine oxidase. These molecules are photosynthetic enzymes found in the electron 

transport chain (Lobban & Wynne 1981). 

 

Among all the array of  elements that algae makes use of, the elements N,P and Cu 

carries important functions that helps algae grow well in suitable conditions. Presence 

of these elements are major determinant in monitoring of metabolic changes within and 

immediate environment (growing medium).   

 

We now know that ionic forms of these elements such as Nitrate (NO3
-), nitrite (NO2

-) 

ammonium (NH4
+), HPO4 2-, PO4

3- , H2PO4
- , Cu and other elements and ions are readily 

absorbed and utilized by growing algae (Lobban & Wynne 1981). 

 

1.2 Nutrient uptake mechanisms in algae 

Nutrient ions (cations & anions) diffuse along electrical potential gradient while un-

charged molecules may diffuse along chemical potential gradients across the algal cell 

membrane (Lobban & Wynne 1981). 

 

The fluxes in the ionic concentration outside the cell membrane (its immediate sur-

rounding) and inside the cell membrane (cytoplasm) may result from passive diffusion, 

facilated diffusion, exchange diffusion or active transport. These are transport mecha-

nisms occurring in all living organisms on earth. Passive diffusion of an ion is the dif-

ference of electrochemical potential between two points along the path. Facilated diffu-

sion across the cell membrane includes facilitator molecules (gates). They are protein 

molecules. Sometimes these molecules are called charged pore or also they might be 

recognized as carrier proteins.  

 

Among the diffusion mechanisms discussed in the previous paragraph, active transport 

is very important to algae during nutrient uptake. Active transport is the transport of 

material across a membrane against an electrochemical gradient, i.e. from area or low 

ionic concentration to higher concentration. In the case of transport of ions by exchange 

diffusion, a particular ion is required for the carrier membrane to function. For example, 

solute A is pumped against a concentration gradient by active transport. Solute B is then 



 

allowed to cross the membrane through an exchange process with solute A (Lobban & 

Wynne 1981). 

 

1.3 Nutrient uptake kinetics 

In simple diffusion of ions, the rate of uptake of a particular ion is generally proportion-

al to the external concentration. This means, higher the ionic concentration in the im-

mediate environment the higher is the uptake rate. This however does not apply to facil-

itated diffusion and active uptake. In these processes the uptake rate exhibits ‘saturation 

kinetics’. At low substrate concentrations, the rate of uptake increases sharply with in-

creasing external concentrations but, at progressively higher concentrations, each added 

increment of concentration adds less and less increment in uptake rate until, at the high-

est concentration used, uptake is virtually independent of the concentration in the solu-

tion.  

 

1.4 Environmental factors influencing the nutrient uptake 

We have now understood at least one factor that affects nutrient uptake. It is the sub-

strate or simply nutrient ion concentration at the immediate environment.  

All algae when studied for their nutrient uptake behavior shows genetically controlled 

differences in the nutrient uptake capacities. There are several internal and external fac-

tors influencing nutrient uptake by cells.  

 

Light is the foremost among all. Algae are photosynthetic organisms; this is the under-

lying statement that vilifies the importance of light. Light can and does influence nutri-

ent uptake in many ways.  

1. It provides the energy for active transport 

2. It produces carbon skeletons which acts as a sink for incorporated ions 

3. It provides energy for the production of charged polymers which establishes 

Donnan potentials 

4. It stimulates growth which results in increased nutrient uptake and 

5. Increase protein synthesis 

 

Temperature on the other hand involves in the rate of diffusion, carrier mediated uptake 

and cell metabolism in general. The uptake of ions from the external medium will also 

be influenced by the concentration of competing ions and ions which may suppress car-

rier or enzyme systems. 



 

 

Concentration of ions in the cytoplasm and in vacuoles may also influence the rate of 

ion uptake. 

 

Water movement is another factor influencing the rate of uptake. The rate of uptake of 

nutrient by algae in water with low turbulence area is low than that of areas with high 

turbulent water flow. Seaweeds may grow profusely in very turbulent but low nutrient 

environments such as the areas along many rocky coastlines. The main reason why the 

nutrient uptake is high in turbulent water is the nutrient mixing although it may also 

damage seaweeds physically, limit predatory or competitive species and decrease avail-

able light. 

 

1.5 Algae 

Algae are simple microorganisms, they are generally found in both marine and freshwa-

ter ecosystems. There are various kinds of algae which can be differentiated physiologi-

cally and morphologically. Freshwater ecosystems, such as lakes, rivers, ponds general-

ly have algae freely floating or attached in the benthic layer of such ecosystems. They 

are small; it requires a light microscope to observe them. The basic shapes of algae are 

well represented in picture 1 below. The characteristics of algae are also determined 

with the physical structure of these organisms. Some are motile; they use the aid of their 

tail for movement. These freely moving are the algae that are mostly available on the 

surface of the lake. (Bellinger, 2010) 

 

‘Algae’, is Latin word for seaweed. The word ‘Algae’ is now applied to a broad group 

of simple organisms. Morphologically, algae are simple microorganisms; they are plants 

which cannot be divided into roots, stems, flowers and leaves-and their sexual organs 

are not enclosed within protective coverings. Algae are either prokaryotes (cells that 

lack membrane bound nucleus) or eukaryotes (cells with membrane bounded nucleus 

and organelles). Physiologically, algae generally falls under the trophic level photo au-

totrophs with exceptions of some heterotrophic algae (benthic). Photoautotrophs are 

producers; they trap the energy of the sun into organic molecules such as starch and 

lipids (photosynthesis) (Bellinger, 2010). 

 

 

 



 

1.6 Grouping of the algae species: Selenastrum capricornutum, Pediastrum sim-

plex, Synechococcus sp., Anabaena cylindrical, Scenedesmus sp., Chlorphyta 

sp., Haematococcus pluvialis 

 

1.6.1 Selenastrum capricornutum: Selenastrum capricornutum falls under the phy-

lum Chlorophyta, and belongs to the group green algae (A.Pascher, 2014). 

1.6.2 Pediastrum simplex: Phylum of Pediastrum simplex is Chlorophyta. It belongs 

to the group green algae (algaebase, 2014). 

1.6.3 Synechococcus sporangium: Phylum of Synechococcus sporangium falls under 

phylum Cyanobacteria and belongs to the group blue green algae (algaebase, 

2014). 

1.6.4 Anabaena cylindrical: Anabaena cylindrical falls under the group Cyanophyta 

(bioweb.uwlax.edu, 2014).  

1.6.5 Chlorphyta sp.: Chlorphyta sp. falls under the group green algae. 

1.6.6 Scenedesmus sp.: Scenedesmus sp. falls under the group green algae 

(www.britannica.com, 2014). 

1.6.7 Haematococcus pluvialis Phylum of Haematococcus pluvialis, falls under phy-

lum Chlorophyta. It belongs to the group green algae (www.algaebase.org, 

2014). 



 

2 Aim 

The aim of this work was to grow algae in tap water, wastewater and copper (Cu) 

amended wastewater and test how they remove nutrients. 



 

3 Materials and methods 

 

3.1 Preparation of the bottles for growing algae (Batch process) 

Algae strains were cultured in bottles as shown in the picture below.  

 

First step of the preparation of the algae culture bottles was the preparation of the bottle 

caps. A regular drill was used to drill four holes on each cap. Outcome of this step is 

represented in the picture below.  

 
Picture 3.1.1 small bottles for growing algae 

 

Holes in these caps serve as openings for: 

1. air exchange 

2. nutrient input 

3. air bubbler input for regular mixing and  

4. sampling output 

 

Eight bottle caps, shown in picture 3.1.3 for eight glass bottles (600ml), shown in pic-

ture 3.1.1. Each bottles had scale on it.  

 

bottle cap with 4 holes 

sampling output syringe (50ml) 

air exchange syringe (10ml) 

 

nutrient input syringe (2ml) 

scale on the bottle 



 

Three syringes were taken. Volumes of the syringes were 50ml, 10ml and 5ml respec-

tively. These syringes served for the purpose of sampling, air exchange and nutrient 

input. Sampling of the algae was carried out for the measurement of nutrients, pH, and 

conductivity, total phosphorous and total nitrogen. Syringe with volume (50ml) was 

used for this purpose.  

 

Similarly, the 10ml syringe was taken. This syringe was for the air exchange. Piston 

was removed from the syringe. The empty syringe (10ml) was filled with a ball of cot-

ton. This step ensured that only air was coming out of the culture bottle.  

 

Lastly, the 2ml syringe was taken for the purpose of nutrient input. 

 
Picture 3.1.2 pipe setup for small bottles 

 

Four plastic pipes with dimensions 84 cm, 47 cm, 23 cm, 20 cm were cut accordingly as 

shown in picture 3.1.2. These pipes were fitted one by one to the holes in the bottle cap. 

The pipe with dimension 20 cm served for the purpose of air exchange. Air exchange 

syringe was attached to it. Similarly, nutrient input syringe was attached to the pipe with 

the measurement 23cm. Air bubbler was attached to the longest pipe of all four pipes 

(84cm). Lastly, the pipe with the length 47 cm was attached with the sampling output 

syringe.  



 

Bottle cap after attaching the syringes looked like in the picture 3.1.3 

 
Picture 3.1.3 bottle cap setup 

 

Algae growth culture setup looked like in the picture 3.1.4 

 
Picture 3.1.4 small bottle culture 

 

This experimental setup for the preparation of the algae culture bottles were executed 

throughout the experiment. Design of this bottle made sampling easier. Moreover, it 

ensured sterile condition inside the bottle. Air exchange syringes allowed regular inter-

change of oxygen and carbon dioxide inside the bottle. Feeding of the algae with the 

nutrient was carried out with the nutrient input syringe.  

 

air-exchange sy-

 sampling 

nutrient input 

syringe 



 

3.2 Growing the algae in the bottles 

Following algae species were first ordered from SYKE.  

1. Selenastrum capricornutum 

2.  Pediastrum simplex 

3.  Synechococcus sp. 

4.  Anabaena cylindrical 

5.  Scenedesmus sp. 

6.  Chlorphyta sp. 

7.  Purpuraemus sp.( not described in the introduction) 

8.  Haematococcus pluvialis 

After getting these strains of algae, each species of algae was transferred to the 600ml 

glass bottle one by one.  

 

Growth medium of these algae was tap water. All bottles were filled with 400 ml of tap 

water one by one. The bottles were then sealed with the prepared bottle caps (picture 

3.1.3). Setup shown in the picture3.1.4 represents the outlook of this step. The bottles 

were labeled with the name of the algae species listed above in the first paragraph of 

this section.  

 

 7ml of substral (liquid fertilizer) was transferred into each bottle with the help of nutri-

ent input syringe (5ml). This step was carried out to boost the algae growth. Addition of 

nutrient and the date of addition are shown below.  

Date of addition amount of nutrient (substral) in ml 

17.02.14 2 

24.02.14 2 

28.02.14 1 

26.05.14 2 
Table 3.2.1 Addition of nutrient (substral) for boosting algal growth in the growth culture bottles 

3.3 Preparation of mono and single culture  

Mono and single culture of algae strains mentioned in 3.2 were carried out in big bot-

tles. Six bottles with volume of about six liters were prepared for growing algae. The 

bottle corks for the culture were prepared with the same steps mentioned in section 3.1.  

 



 

Growing medium for mono and single culture was tap water. 10ml of algae from the 

singular culture bottle were transferred to each bottle. The big bottles were then filled 

with 4 liters of water.  

 

Liquid fertilizer, substral, was added to each bottle for boosting the growth of the cul-

ture. The amount of ‘substral’ added after the addition of 4 liters of water was 27ml.  

 

Each bottle was labeled as SP1, SP2, SP3, SP4, SP5 and SP6 respectively. Strain of 

algae present were mentioned in the bottle labels.  

 
Picture 3.3.1 algae culture in big bottles 

 

Table 3.3.1 gives information on the specific label and species present in each bottle. 



 

Bottle name Species of algae present  

SP1 Selenastrum capricornutum, Pedi-

astrum simplex, Synechococcus sp., 

Anabaena cylindrical, Scenedesmus 

sp., Chlorophyta sp., Purpuraemus 

sp., Haematococcus pluvialis 

 

 

SP2 Selenastrum capricornutum, Pedi-

astrum simplex, Chlorophyta sp., 

Haematococcus pluvialis 

 

SP3 Anabaena cylindrical, Scenedesmus sp. 

 

SP4 Selenastrum capricornutum 

SP5 Pediastrum simplex 

 

SP6 Chlorophyta sp. 

Table 3.3.1 bottle label name and the particular species present in each bottle 

 

Note: Pipe setup for this step is slightly different compared to the singular strain culture 

in section 3.2. Dimensions (shown in picture 3.1.2) of the pipes were changed to 86 cm, 

53 cm, 29 cm and 23 cm for air bubbler, sampling output, nutrient input and air ex-

change(shown in the picture 3.3.2) . 

Picture 3.3.2 represents the outlook of this step. 

 

 
Picture 3.3.2 big bottle pipes and its label 

 



 

 
Picture 3.3.3 big growth bottle with syringes 

Note: Volume of the syringes (with volumes shown in the picture 3.3.3) for sampling 

output, nutrient input and air exchange are ( 100ml, 10ml, 10ml respectively). Syringe 

setup corresponds to the syringe setup described in 3.1 

 

3.4 Preparation of duplicate for each bottles (test run 1) 

After 30 days, the mono and single culture were fully grown and ready to be used as 

seed. Algae seed was transferred to wastewater. Hilda Szabo, principle lecturer at 

TAMK University of applied sciences recommended the use of two bottles for each 

species (in mono as well as combined). The bottles were prepared by exactly following 

steps in 3.1. The picture 3.4.1 shows the setup in more detail. The amount of wastewater 

added to replica (B1-B7) is shown below.  

nutrient input (10ml) 

air exchange (10ml) 

sampling output (100ml) 

air bubbler 



 

Replica name Nutrient (waste water 

added) (ml) 

volume of algae add-
ed  

B1 400 40 ml from bottle SP1 

B2 400 40 ml from bottle SP2 

B3 400 40 ml from bottle SP3 

B4 400 40 ml from bottle SP4 

B5 400 40 ml from bottle SP5 

B6 400 40 ml from bottle SP6 

Table 3.4.1 preparation of blanks for test runs 

  

Similarly, in replica (T1-T7), 10 ml of 33, 5 mg/l Cu was added.  

Replica name Nutrient (waste 

water added) (ml) 

Cu (33,5 mg/l) add-

ed  

volume of algae 

added  

T1 400 10ml/bottle 40 ml from bottle 
SP1 

T2 400 10ml/bottle 40 ml from bottle 
SP2 

T3 400 10ml/bottle 40 ml from bottle 
SP3 

T4 400 10ml/bottle 40 ml from bottle 
SP4 

T5 400 10ml/bottle 40 ml from bottle 
SP5 

T6 400 10ml/bottle 40 ml from bottle 
SP6 

Table 3.4.1 preparation of test bottles for test runs 

 

3.5 Preparation of Algae Turf Scrubber (ATS) 

Algae Turf Scrubber (ATS) was developed in the year 1980 by Walter Adey of Smith-

sonian Institution. ATS is used in many wastewater treatment projects all over the 

world.  

ATS, present at TAMK and was designed in TAMK laboratory (Grobler G., 2012). It is 

made of poly acrylics. Dimensions of ATS is (LxBxH), 1000mm X 700mmX 100mm. 

ATS basin has four equal section of dimension (250mm X 175mm). Each section is like 

steps in a ladder with height of 1-2 cm. Entire system has the capacity to hold 25 l; a 

storage vessel with dimension (1000mm X 200mm X 200mm) is included.  

Basins of the ATS were propped up on pedestals and water was pumped from the vessel 

into the basin. Water fell from the top section to the bottom in steps. Wastewater in the 

ATS is continuously mixed with the help of air bubbler.  



 

 
Picture 3.5.1 Algae Turf Scrubber (ATS) 

 

Algae strain from the culture bottle SP2 was chosen as the test culture in the ATS. The 

reason behind the selection of the strain was the efficiency it showed in consuming 

Copper during test run 1 (small bottle experiment with wastewater). Rough calculation 

of the amount of algae sample to be transferred from bottle SP2 was made. Volume of 

algae added was 337,5ml. 

Then, 225ml of copper was added to the system. Concentration of copper was 33,5mg/l. 

Twenty litres of wastewater was added to the system table 3.5.1 shows the addition of 

wastewater to the ATS system. Two ATS systems were used for the preparation of ATS 

Cu1 and ATS Cu2 respectively. 

Third ATS system did not contain any copper. This was named Blank. 

 



 

Date of Addition Amount of waste water added to the 

ATSCu1, ATS Cu2 and ATS Blank 

13/05/14 4l 

14/05/14 4,5l 

16/05/14 3l 

20/05/14 15l 

23/05/14 5l 
Table 3.5.1 addition of wastewater to the ATS systems 

 

3.6 Method of measurement of the nutrient in the growing medium 

3.6.1 YSI Professional plus  

YSI professional plus was used to measure the concentration of ammonium in mg/l, pH 

and conductivity. The analysis was carried out daily throughout February, 2014-June, 

2014 time period. 

(See Appendix 3, 4 and 5 for directions of use) 

 

 

3.7 HACH 

Nitrate-nitrogen and total phosphate-phosphorous was measured using HACH system. 

The analysis was carried out daily throughout February, 2014-June, 2014 time period. 

The nitrate-nitrogen concentrations were analyzed by using nitra-ver5 powder willows. 

Moreover, the HACH machine was operated throughout February, 2014-June, 2014 

time period to calculate phosphate concentrations. To calculate the phosphorous con-

centrations in the samples, phosphorous kit LCK-349 was used.  

 (See Appendix 1 and 2 for directions of use) 

 

 



 

4 Results and Discussion 

 

4.1 Ammonium concentration change in SP1-SP7 

 
Graph 4.1.1 change of ammonium concentration in bottles SP1-SP7 

Concentrations of ammonium in the big culture bottles are shown in graph 4.1.1. Meas-

urements dates are between the dates 31.03.2014-24.04.2014. The graph above shows 

that ammonium concentration reaches its lowest level on the measurement day five. 
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4.2 Ammonium concentration change 

 
Graph 4.2.1 change of ammonium concentration in bottle SP 4 

 

On the day 07/03/14, 27 ml of SUBSTRAL was added to the bottle. The algae strain 

Selenastrum capricornutum was left to grow. Measurements from the device, YSI pro-

fessional plus was used to monitor the changes in ammonium concentration of the 

growth medium. The growth medium was tap water.  

 

The changes in the ammonium concentration between the dates 31/03/14 to 05/05/14 is 

shown in graph 4.2.1. The rate of uptake of ammonium ions by Selenastrum capricor-

nutum increases from 31/03/14 to 04/04/14. The graph shows the increased ammonium 

uptake until the fifth day (04/04/14). The highest uptake rate of ammonium is at 

04/04/14. 

 

The measurements taken from the date 04/04/14 to 14/04/14 shows the concentration of 

ammonium fluctuating between 33,01 mg/l and 38,71 mg/l. This is the plateau of the 

curve shown in the graph 4.2.1. The point where ammonium is taken best by the algae is 

at concentration is 38 mg/l for species SP4. The stable (ratio of birth:death is 1) growth 

phase is the point when the rate of growth of new cells is equal to the rate of cell deaths. 

The duration of the stable growth phase is just ten days. The explanation to this stable 

growth period is the exhaustion of growth nutrients in the bottle SP4. There was no ad-

dition of substral to the growing algae that eventually caused the decline of the algae 

cells. 
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The measurements taken from 14/04/14 till 24/04/14 in graph 4.2.1 give us the infor-

mation that the ammonium concentration in the growth medium (tap water) is increas-

ing. The algae cell started to decrease (die) from the day 14/04/14, this was the last day 

of the stable growth. The release of the ammonium ions in the bottle SP4 means that the 

algae cells started to break down into smaller compounds. There was no reproduction of 

algae occurring hence the tap water had growing ammonium molecules.  

 

On the day 05/05/14, around 5 ml of substral was added to the bottle. This increased the 

ammonium concentration to 89 mg/l.  

 

 
Graph 4.2.2 change of ammonium concentration in bottle SP5 

Graph 4.2.2 shows changes in the ammonium concentration for bottle SP5. The simi-

larity between the graph 4.2.1 and 4.2.2 is the nature of the curve. The curve shown in 

the graph 4.2.2 has maximum growth period similar to that of graph 4.2.1. The maxi-

mum uptake rate is at the fifth day. The concentration of ammonium at the fifth day is 

29 mg/l. The stable growth phase is at concentration 30mg/l and lasts ten days. This is 

exactly the same number of optimal growth days in the bottle SP 4. The cell death starts 

to occur from 15/04/14. The explanation to the cell death is the exhaustion of growth 

nutrients. 
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4.3 Changes occurring in the conductivity of the growth water 

 
Graph 4.3.1 changes in conductivity in bottle SP4 

The concentrations of total dissolved ions can be most easily measured as conductivity 

with units expressed as micro-simens per centimetre. The ability to use conductivity for 

the measurement arises from the fact that distilled water has a very high resistance to 

electron flow, and the presence of ions in water reduces that resistance (Sigee, 2004). 

Distilled water does not contain polar covalent molecules and ions. The polar covalent 

molecules give rise to Van Deer Wall’s force. Similarly, distilled water is devoid of 

charged ions which are right condition for no conductance.  

 

It is shown in the graph 4.3.1.; there is sharp decrease in the conductance of water be-

tween 03/04/14 and 04/04/14. The algae have rapidly exhausted essential ions during 

this phase. The growth of the algae is also highest during this phase as shown in the 

graph 4.2.1. The cell is at stress during this phase and is doing its best to keep the repro-

duction at the highest rate. At this period there may have been rapid storage of essential 

nutrient, let’s say ammonium. The algae cells rapidly exhaust the ammonium ions de-

creasing the total conductance of the tap water. During this phase the transport medium 

such as active transport and facilitated diffusion occurs.    

 

The specific conductance remains at the same position (plateau) phase between 

04/04/14 and 24/04/14. This means that the cells have completely different biochemis-

try to that of the tap water. The cells at this moment are trying to survive using all the 

stored macromolecules and nutrients. The metabolism rate for the algae cells during this 

period is at its lowest. The duration, 20 days, for this lower metabolic activity can be an 
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advantage. The algae are resistant and have stored so many nutrients that they are able 

to slow their degeneration for this period. The lower metabolism however does not re-

main for longer period of time as the cells are withering and releasing the nutrients.   

 

 
Graph 4.3.2 changes in conductivity in bottle SP5 

The culture of the bottle SP 4 and SP5 was started in the same day. This explains the 

similarity in the changes in the conductance for both bottles. The changes in the ammo-

nium concentration and specific conductance shows that they were observing similar 

storage mechanisms, metabolic activities, defence mechanisms in both of these bottles.  

4.4 pH changes in SP2 and SP5 

 
Graph 4.4.1 pH changes in SP2 from 05.03.14 to 31.03.14 
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Graph 4.4.2 pH changes in SP5 from 05.03.14 to 31.03.14 

 

The pH measurements were taken on a regular basis however, graph 4.4.1 and 4.4.2 

gives the measurements of period 05/03/14-31/03/14. Graph 4.4.1 belongs to SP2 and 

graph 4.4.2 belongs to SP5. The period 05/03/14-31/03/14 was the initial growth phase 

of the algae in these bottles. The optimal pH level for bottle SP2 is 6,5 while algae in 

bottle SP5 have optimal growth at pH 5,0. 

 

The difference between these two bottles is the influence of different algae species to its 

surrounding environment. Bottle SP2 has four different strains of algae; hence there is 

bigger influence of different algae that the bottle contains. The bottle SP5 however has 

only one strain of algae (Pediastrum simplex), hence, it is solely causing any changes 

around its immediate environment. The difference is also visible from the graphs shown 

above in this section. SP5 is much stable (it has pH at constant level of 5,0) than that of 

SP2. This gives us the answer for the favourable environment for growing Pediastrum 

Simplex.  

The limiting factor during this period was the light. During the period the average lux is 

below the minimum required lux of 10,000 above.  
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4.5 Phosphate concentration changes in SP1-SP6 

 
Graph 4.5.1 phosphate result for algae in bottles SP1-SP6 

Phosphate is one of the limiting nutrients. The graph in this section shows the change in 

the concentration of phosphate in the algae culture bottles. The first measurement was 

taken on 17/03/14. The concentration of phosphate in all the bottle has an average of 

67,47 mg/l. The second measurement was taken third day. The bottle cultures here have 

slightly higher average of concentration 73,08 mg/l. Lastly, the final measurement taken 

on after two weeks from the first measurement and the total average was 110,69 in the 

algae cultures. 

 

The addition of 27ml substral was carried out on 07/03/14. The algae strains were grow-

ing rapidly consuming the nutrients added. The first total average for the growth culture 

as well as the second average for all growth culture is similar. Between 17/03/14-

20/03/14 the stable uptake of the nutrient by the algae occurred. The nature of algae 

reproduction is such that at stress concentration of limiting nutrients it will try to uptake 

it with active diffusion. The algae have storage vacuoles in their cells that trap the limit-

ing nutrients and store them for later consumption (Lobban, 1981). Since the date 

07/03/14 the algae were devoid of essential nutrients. The two measurements, first and 

the second, were taken exactly when the active transport of this nutrient was occurring.  

The third measurement however has a slightly different concentration average. This is 

because of the release of phosphate in the immediate environment by withering or dead 
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algae cells. The cells that exhausted their resource no longer survived releasing the nu-

trient in the immediate environment. The release was fairly equal in all the algae cul-

ture. This means that the growth phase in the bottles were quite similar.  

 

4.6 Nitrate results for algae grown in bottles SP1-SP6 

 
Graph 4.6.1 concentration of nitrate in the big bottle growth culture (SP1-SP6) 

The measurements of nitrate concentration were carried out on the dates shown in the 

graph. The measurements at 17/03/14 and 20/03/14 have similar values of nitrate con-

centrations in all the growth bottles. The same trend was observed for phosphate con-

centration. This verifies that uptake of both nutrients, nitrate and phosphate was carried 

out intensively by the growing algae. The nutrient in all these bottles were being ex-

hausted at the same rate and in these two dates the algae were storing nitrate as well as 

phosphate for further use. The average concentration of all the bottles respectively given 

in graph below makes the assessment of uptake easier.  
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Bar chart 4.6.2 average nitrate concentration (mg/l) in the entire algal growth bottles (SP1+SP2+SP3+SP 4+SP5+SP6)/6 

 

The bars on the graph correspond to the total average concentration in the entire growth 

bottle. The bars, average 2 and average 3 have close values. These bars correspond to 

the measurements taken in 17/03/14 and 20/03/14 respectively. The similarity in these 

bars is due to the addition of the nutrient substral. The date of the addition was same in 

the entire bottles (07/03/14). The algae in the growth culture bottles had similar growth 

phase and nutrient consumption. The conditions inside the laboratory allowed the dif-

ferent algae to have these similarities. The highest growth rate can be estimated to be on 

the 8th day of the addition of substral. At this moment there was rapid multiplication of 

algae cells. The optimal phase started on the 9th day and lasted for about a week. The 

two bars average 2 and average 3 have this constant concentration values (around 

265mg/l). This was the moment when the active diffusion of these nitrate molecules 

occurred in the cell membrane (Lobban, 1981)  
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Histogram 4.6.1 nitrate concentrations in test run 

 
Histogram 4.6.2 nitrate concentrations in blank run 
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Ammonium concentration in blank test run (B1-B7) 

 

 
graph4.6.1 ammonium concentration changes  

Ammonium concentration in  test run (T1-T7) 

 

 
graph4.6.2 ammonium concentration changes  
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4.7 Phosphate concentration in blank sample and test sample 

After the algae species grew they were let to grow in the wastewater medium for three 

weeks. The monitoring of the phosphate was carried out throughout the three weeks 

given in the histograms 4.7.1 and 4.7.2. The bar in the histogram represents the average 

phosphate concentrations in test run and blank run. In table 4.7.3 and 4.7.4 the actual 

concentrations are given. There were three replicates to each bottle during the sampling. 

The highest uptake of phosphate in blank samples occurred in week 2 sampling 1, one 

week after the test run commenced. The uptake of phosphate in test samples however 

was at its highest in week 2 sampling 2 

 

 
Histogram 4.7.1 phosphate concentration in blank samples 
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Histogram 4.7.2 phosphate concentration in test samples 

The blank and the test samples were different from the growth bottles. The growing 

medium in these bottles was wastewater only for the blank samples and wastewater with 

copper in the test samples. The measurements carried out in the week 3 have elevated 

concentration of phosphate due to the nature of the culture. The culture was batch, 

meaning no replacement of wastewater was done after sampling. This significantly de-

creased the volume of water in the growth culture causing the high variations in the re-

sults shown in histograms above (4.7.1 and 4.7.2). The decrease of the water accounts to 

evaporation. 
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4.8 Results for ATS 

 

 
Graph 4.8.1 electrical conductivity measurement for ATS Cu 2 

 
Graph 4.8.2 Ammonium concentration measurement for ATS Cu 2 
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Graph 4.8.3 pH measurement for ATS Cu 2 

 

4.9 Nitrate-N measurement for ATS  

Nitrates conc. in mg/l               T1 
               
T2 

                 
B 

09.05.2014 100 60 90 

 
50 140 110 

 
100 120 90 

Avg. mg/l 83,3333333 106,666667 96,6666667 
14.05.2014 160 80 150 

 
120 120 80 

 
110 70 70 

Avg. mg/l 130 90 100 
20.05.2014 120 100 100 

 
80 100 80 

 
100 130 70 

Avg. mg/l 100 110 83,3333333 
Table 4.9.1 Nitrate measurements for ATS  

 

4.10 Nitrate-N plus Ammonium-N for ATS with Copper (Cu) 

Nitrate-N+ Ammonium-N (mg/l) for ATS Cu2 
 

Date of measurement  Nitrate-N(mg/l) 
                        Am-
monium-N(mg/l) 

 

 

  9.05.14 (0wastewater added)  107 67,7 
Nitrate-N+Ammonium-N(mg/l)  174,7  
14.05.14  90 14,89 
Nitrate-N+Ammonium-N(mg/l)  104,89  
20.05.14 (waste water added)  110 41,29 
Nitrate-N+Ammonium-N(mg/l)  151,29  

Table 4.10.1 Nitrate plus Ammonium-N for ATS Cu2 
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4.11 Phosphate-Phosphorous in ATS 

Phosphate (mg/l) T1 T2 B 
09.05.2014 1,4 3 1,3 

  1,3 4,2 2,2 
  1,3 4 2 

Average(mg/l) 1,33333333 3,73333333 1,83333333 
14.05.2014 0 0 0 

  0 0 0 
  0 0 0 

Average(mg/l) 0 0 0 
20.05.2014 0 0 1,1 

  0 0,1 0,5 
  0 0 0,5 

Average(mg/l) 0 0,03333333 0,7 

    Table 4.11.1 Phosphate-Phosphorous in ATS 

 

4.12 Conductivity in for algae culture 

 

 
Graph 3.12.1 Conductivity in algae cultures (SP1-SP7) 
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5 CONCLUSIONS 

The major impediments to the measurement of the nutrients were very minimal. The 
total nitrogen measurement by the Kjeldahl experiment was full of risks, the data col-
lected were not sufficient to draw any concrete evaluation hence the total nitrogen 
measurements were not taken into account. Algae prefer nitrate as the major source of 
nitrogen. Phosphorous is essential nutrient for the algae growth.  ATS system removed 
efficiently –below detection limit- the P, within two days of testing. Nitrogen concentra-
tion decreased as well, within the first two days it decreased, 40%, but increased after 
that.  
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6 Appendices  

Appendix 1. HACH Phosphate-Phosphorous Kit LCK-349 
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Appendix 2. HACH Nitrate-Nitrogen with Nitra Ver 5 powder pillows 
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Appendix 3. YSI Conductivity 
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Appendix 4. YSI professional plus pH probe 
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Appendix 5. YSI Professional Plus Ammonium-Nitrogen probe 
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