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1. INTRODUCTION

The photosynthetic activity of an algal culture is controlled by .a large 
number of different factors of which the most important are light and 
salt content of nutrient solution, which determines the physiological 
condition of the algae and the C 0 2 concentration available by  each 
single alga cell.

Environmental pollution by nitrate ions enlarges the concentrations 
o f NOJ in water reservoirs. This phenomenon may effect the unicellular 
green algae and other m icroorganisms living under such conditions. 
It was shown that the concentration of nitrate ions in drinking water is 
in the range of 1 0 -3 0  mg/1, but there is evidence that the absolute NO 3 

concentration is increased several times, especially after chemical fer
tilisation of the soil [4], Changes of NOJ concentrations in water are 
quite easy to explain by  increased chemical fertilisation of the soil, 
from  which they are collected in various water supplies and finally 
brought to open water systems. The increased nitrate concentration is 
accompained by increased bacterial contamination [3 ], On the other 
hand, it is known from  electron m icroscope examination of algae living 
under conditions of increased NOJ concentration, that significant 
changes in the subcellular organelles do not occur. N itrogen deficiency 
can also produce m ajor changes in the m etabolic pathways of various 
substances present in algae cells. Unicellular green algae and other 
microorganisms living in open water systems are necessary in the food 
chain of living organisms. Experiments were therefore undertaken to
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examine some general living conditions of chosen unicellular green algae 
when cultivated in conditions of increased or in sufficient concentration 
of nitrogen in the culture medium. In the experim ents described, the 
available C 0 2 concentration was limited by the natural occurrence of 
C 0 2 in the air determined directly above the extensive cultivated algae 
suspension and therefore also, the light administrated during cultivation 
was kept at a relatively low  level of intensity. It is known that for 
a culture which is illuminated with a high intensity, a relatively high 
C 0 2 concentration is necessary to dbtain the optimal photosynthetic 
activity, while this critical C 0 2 concentration is much low er when the 
culture is illuminated at a much low er light intensity.

2. MATERIAL AND METHODS

Unicellular green algae cells of the Chlorella strain No. 366 were taken 
for the described experiments. The cells were obtained from  the Algae 
Collection of the Institute of Zootechnics (Zator Division) in 1966 [2] 
and from  that time cultivated at the Institute of Chemistry and Physics 
under conditions described by  Lefevre [5], m odified by  Jankowski [2]. 
The medium was enriched with m icroelem ents as described by  V ladi
mirova and Semenenko [9]. The basic medium was com posed as follow s 
in m ole/dm 3: K N 0 3 —  4.94 ■ 10~3; C a(N 03)2 —  3.04 • 10~3; M gS 04-7H20  —  
6.08 ■ 10~4; citric acid —  1.10 • 1 0 -5;K H 2P 0 4 —  1.47 10~3; Fe-citrate — 
1.00 10“ 5 and 1 cm 3 of m icroelem ent solution prepared in mole per dm 3 
was added: H3B 0 3 —  4.62 ■ 10“ 3; MnCl2 —  9.28 • 10~3; Z n S 0 4 —  7.76 • lO "4; 
M o0 3 —  1.22 - 10~3; NH4N 0 3 —  1.96 - 10~3.

Three experim ental media were prepared on the basic medium solu
tion. The first one where nitrogen was eliminated and where K N 0 3 was 
replaced by KC1 (4.94 lO-3 m ole/dm 3) and C a(N 03)2 by CaCl2-2H20  
(3.04 ■ 1 0 -3 m ole/dm 3). The presence of NH^ at a concentration of about 
1 .0-10“ 9 mole per dm3 was neglegible and therefore without any 
influence on the algal growth.

The second and the third experim ental media were prepared from  
the basic medium, where K N 0 3 and C a(N 03)2 were added in 100 per 
cent and 200 per cent excess respectively. A ll mineral media were 
autoclaved for 30 min. at 2 atm. and 120°C, and used directly after 
preparation in the described experiments.

Luminescent tube lamps and bulbs with a light intensity o f 2000 lx 
in both cases were used for cultivation and micromanomejric mea
surements of the photosynthetic activity. An algal suspension from  
a 10-days-old culture kept on basic medium under extensive condition 
was added to the experim ental flasks. To avoid algological and bacterial 
contamination the algae cultures were checked m icroscopically and
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microfoiologically. The age distribution, o f the algae was stable during 
the experim ents and synchronisation effects were carefully avoided. 
Direct counting of the num ber of algal cells per 1 mm3 were carried 
out m icroscopically using a Biirker chamber. Determination of the RQ 
coefficient i.e. production of COz in \i\ to consum ption of oxygen in [d 
was obtained by m icrom anom etric measurements on a W arburg appa
ratus type W A  0130. A fter shaking to avoid sedimentation of algal cells, 
aliquots of 2 cm3 were taken under sterile conditions and placed in the 
W arburg flask where for oxygen measurements the inner reaction 
vessels melted to the bottom  were filled by 0.2 ml of 2C°/o KOH solution. 
The C 0 2 was measured directly without KOH. Control thermobarometers 
filled with distilled water in identical volum es were used to take exact 
measurements at 20°C, for 60 minutes and shaking velocity equal to 
90 per min. Identical measurements were carried out in the dark and 
at an illumination o f 2000 lx.

3. RESULTS AND DISCUSSION

It was proved by m icroscopic observation that the age distribution of 
the Chlorella cells exam ined was stable during the experim ents. The 
increase of algal biomass measured m icroscopically by  direct counting 
is shown in Table 1.

As shown in the table, the highest concentration of cells per cm 3 
was achieved in culture where the nitrogen concentration was 200 per

T able 1. The increase o f algal biom ass during cultivation at various nitrate concentrations 

Tab. 1. Przyrost biom asy glonów  podczas hodow li w środowisku o różnym stężeniu azotanów

D ay  
o f  culture 

Dzień  
hodowli

N um ber o f  cells 
Liczba komórek  

[m ln/cm 3]

basic medium

podłoże
podstawowe

without nitrogen 

bez azotu

100% excess o f  
nitrate 

100 % zwiększona  
dawka azotanów

200 % excess o f  
nitrate 

200%  zwiększona  
dawka azotanów

1 0.59 0.48 0.58 0.66
14 1.31 0.85 1.61 1.11
22 7.29 1.03 6.46 7.66
28 8.11 3.59 12.81 13.85
35 9.12 2.25 14.24 15.94
45 12.63 0.81 15.57 17.38
53 9.61 0.74 13.58 14.90
63 7.60 0.26 11.70 13.43



Fig. 1. Changes of CO2 and O2 levels during cultivation of Chlorella 366 cells 
on media at varkus nitrate concentrations, measured in the dark and the biomass 
production during the experiment

Rys. 1. Zmiany poziomu CO2 i O2 podczas hodowli komórek Chlorella 366 w 
środowisku o ‘ różnych stężeniach azotanów, mierzone w ciemności, ora^ produkcja 
■biomasy w czasie eksperymentu

cent higher than in the basic medium. The lowest concentration of 
biomass was obtained when nitrogen was com pletely eliminated from  
the basic medium, attaining only about 5 per cent of the comparable 
biomass.

The data obtained are graphically illustrated by oxygen consumption 
and C 0 2 production when exam ined m icrom anom etrically by the use
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medium 
środowisko 

without NOi 
bez NO3 
standard 
+100%  NO 3 
+ 200%  NO'

Fig. 2. Changes of CO2 and O2 levels during cultivation of Chlorella 366 cells 
cn media at various nitrate 'concentrations measured by illumination

Rys. 2. Zmiany poziomu CO2 1 O2 podczas hodowli komórek Chlorella 368 w  
środowiskach o różnych stężeniach azotanów, mierzone w świetle

of W arburg apparatus in the dark (Fig. 1) and during illumination of 
2000 lx  (Fig. 2).

The oxygen consum ption of algal cells cultivated in basic medium 
are rather low  at the beginning of cultivation, showing an increase up 
to about 45 days of cultivation and further ,a significant decrease. This 
phenomenon strongly depends on the number of algal cells present in 
the culture. The oxygen consum ption expressed in [il per 106 cells also 
shows an increase up to 20 -  30 days of cultivation reaching a plateau 
for the period of about 2 months. This suggests that the oxygen con
sumption does not depend only on the number of cells, but also on their 
general m etabolic activity. The CC2 production is closely related to 0 2 
consumption. The increase of ¡nitrate in the basic medium by 100 or 
200 per cent is not reflected by increased oxygen consumption or C 0 2 
production. Similarly, the oxygen  consum ption and C 0 2 production 
calculated per 106 cells shows an increase up to 20th day of cultivation 
reaching a plateau. Large differences as com pared with the basic 
medium and media enriched by  nitrate are observed when nitrogen 
from  the basic medium is eliminated. The oxygen consumption as well 
as the C 0 2 production is m arkedly decreased. These data are not com 
parable when calculated per constant number of cells present in the
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culture. Even after 60 days of cultivation the examined cells actively 
participate in 0 2 consumption and COa production on levels similar to 
cells growing on basic medium. One has to take into consideration that 
this kind of cells, when examined m icroscopically, are almost colourless 
and tw o to three times larger in diameter as com pared with cells 
cultivated on basic medium. These cells, when examined by electron 
m icroscopy, show a high reduction of subcellular organella and especially 
the chloroplast with large accumulation of storage material being m ainly 
large drops of lipids [8].

When the W arburg apparatus is illuminated for photosynthetic 
measurements, the oxygen  consum ption and C 0 2 production are de
creased as com pared with measurements carried out in the dark. As in 
the dark, an increase of 0 2 and C 0 2 values was observed up to the 
45th day of cultivation and again a drop was demonstrated as the 
cultivation period was prolonged. When calculated per 106 cells an 
increase was observed during the first 20 - 30 days of cultivation. Later 
an almost constant 0 2 and C 0 2 value was obtained. At increased 
concentration of nitrate the maximum is reached after 26 - 35 days. 
D ifferences in 0 2 and C 0 2 values were observed only when both 
mechanisms, the 0 2 consumption and the pho^psynthetic oxygen  re
duction, were analyzed together.

The measure of general biological activity of the examined photo
synthetic green algal cells is significant when the C C V 02 ratio is 
compared. This is shown in Table 2, where data on Oz and C 0 2 expres
sed in fd and the calculated RQ value are presented for algal cells 
cultivated on basic medium, media enriched by nitrate and on medium 
with eliminated source of nitrogen. The increase of the RQ value during 
active photosynthesis reflects the m etabolic process in the cells. Algae 
cultivated on increased nitrate concentration or on media without 
nitrogen, need a prolonged time of adaptation as compared with cells 
cultivated on basic medium L5m.

It was shown~by Rabinovich that the RQ value for Chlorella pyreno- 
idosa was 1.02 [7]. W hen cultivated under different conditions the 
same strain showed RQ values of 0.9 -  1.25 [1],

V ai i ° us sources of nitrogen in cultivation medium also affect the 
RQ value [6], Waiiburg demonstrated that Chlorella cells are characte
rized by RQ value equal to 0.7 -1 .3  [10]. Alm ost identical d a t  were 
obtained in this paper where, during 63 days of cultivation, values of 
rom  . to .32 were obtained. Basing on the above data it is evident' 

that environmental pollution by nitrate iones affects the general biolo
gical activity of unicellular green algae cells and evokes changes in the 
cell division cycles, as well as in the general metabolism which, und-r 
the condition described is oriented towards accumulation o f storage
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Streszczenie

Stosując mikromanometryczne metody pomiaru 0 2 i C 02 w ciemności i przy 
oświetleniu komórek Chlorella 366 hodowanych na pożywkach ze zwiększoną 
i zmr.liejszoną ilością azotanów, porównywano współczynniki oddechowe (RQ). 
Obserwowano wzrost wartości RQ w procesie fotosyntezy, wskazujący na przy
śpieszenie procesów metabolicznych. Komórki hodowane na podłożach ze zwiększo
nym stężeniem azotu lub bez jego udziału wskazują potrzebę wydłużonego czasu 
adaptacji w porównaniu z komórkami rosnącymi na standardowej pożywce L5m-
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