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Chlamvdomonas reinhardtii is a typical unicellular, 
spherlcal, green algae containing a large chloroplast, 
two anterior flagella, and chlorophylls a and b. It is 
an important organism in several diverse environments, 
mainly fresh water and soil (Bold & Wynne, 1985). As 
producers, they have great importance in food chains 
and the accumulation of heavy metals at various trophic 
levels of algae, higher plants and animals might affect 
man ( Kelly, 1988). The study of organisms, such as 
Chlamvdomonas, can provide an indication of the toxic 
effects of a pollutant on general metabolic processes, 
as well as acting as an indicator of the level of 
pollution in the environment. Algae, more than other 
groups of organisms, may yield information from 
experimental simulations that have predictive value for 
field situations. Organisms at higher trophic levels 
are more complex and not as easily studied (Stokes, 
1984). Previous studies have indicated that dependent 
upon the organism and the test system employed ranging 
from prokaryotes to eukaryotes, different sensitivities 
to metal toxicity will be demonstrated (Codina et al., 
1993). 

Cobalt is a relatively rare metal, produced primarily 
as a by-product of other metals, chiefly copper, nickel 
and gold. It is used in high temperature alloys and in 
permanent magnets. Its salts are used in paint dryers 
as catalysts, and in the production of pigments. 
Cobalt is an essential component of vitamin BI2. It is 
an essential micromineral for all living things. 
Within cells, it acts as an essential cofactor in 
metalloenzymes and as such may inhibit metabolism by 
binding to the wrong metabolic sites. The interactions 
of metals at the molecular level determines their 
overall effect on @rowth and productivity (Sunda, 
1989). Under condltions of high concentration and 
other environmental factors, they prove toxic to 
various organisms (Frances et al, 1985). 
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While excess cobalt has been shown to inhibit 
chlorophyll biosynthesis, iron deficiency induced by a 
number of metals, cobalt and manganese in particular, 
inhibit chlorophyll biosynthesis (Csatorday et al., 
1984). Collins and Stotzky (1992) found that the 
toxicity of some heavy metals to microorganisms varies 
with pH because the hydrolyzed speciation forms of the 
metals bind on the cell surface and alter the net 
charge of the cell. 

Our previous series of studies measured the effect of 
heavy metals on a prokaryotic system( Lee et ai.,1991, 
1992, 1993, 1994). The purpose of this study was to 
determine the effect of cobalt on the growth of 
Chlamydomonas reinhardtii, which as a eukaryotic 
chlorophyte, has greater genetic complexity. We wish 
to determine if a more complex organism would show 
different sensitivity to heavy metal toxicants than was 
seen with cyanobacteria. Since it has been previously 
shown that pH can influence the uptake and effect of 
heavy metals (Lee et al., 1991; Collins and Stotzky, 
1992), we studied the effect of various pH values on 
the growth of C. reinhardtii. 

MATERIALS AND METHODS 

Chlamvdomonas reinhardtii cultures were obtained from 
CarolinaBiological Supply Company. They were grown in 
i00 ml of Mauro's Modified Medium (3M)(Kratz and Myers, 
1955) with added vitamin mix containing biotin, BI~ and 
thiamipe. The flasks were inoculated with approximately 
1 x i0 u cells/ml of C. reinhardtii. Cultures were 
grown at ambient temperature (20-22 ~ C) with continuous 
light and gentle agitation for 21 days. The growth of 
the cultures was determined by indirect turbidity 
readings using a Beckmann Spectronic i001 
spectrophotometer at 750 nm. The cultures were checked 
periodically for bacterial contamination by plating on 
nutrient agar. 

A stock solution of cobalt was prepared using 
Co(NO3)2"H20. Series dilutions with final 
conce~t@at[ons of 0, i0, 20, 30, 40 and 50, ppm cobalt 
nitrate were used to study the effect of cobalt on 
cultures of C. reinhardtii. For each experiment a 
control was prepared of untreated C. reinhardtii in i00 
ml of growth medium and grown under the same 
conditions. All concentrations were prepared in 
duplicate and each experiment was conducted twice. The 
pH values at the start and end of the experiment were 
determined. 

To determine the effect of pH values on the growth of 
Chlamydomonas, cultures were grown at pH values of 2, 
4, 6, 8, i0, and 12 for 21 days, under conditions 
similar to those described above. The pH values were 
adjusted using IN NaOH and IN HCI. Growth was 
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determined by optical density readings and pH was 
measured periodically throughout the experiment. 

RESULTS AND DISCUSSION 

The effect of cobalt on the growth of Chlamvdomonas 
reinhardtii was determined in media containing 0, I0, 
20, 30, 40 and 50 ppm cobalt nitrate. Measurement of 
pH was determined at the start and end of the 
experiment. The initial pH was 7.9. At i0 ppm cobalt, 
growth, as monitored by turbidity, showed only a slight 
decrease as compared to the control (Figure i). The 
morphology of the cells was normal and the color green. 
The pH value (9.1 for 10ppm) measured at the end of 
the experiment, was similar to the control (9.2) (Table 
i). At 20 ppm, growth was considerably less than the 
control and the cellular morphology indicated that the 
cells became paler and clumped. The pH at the end of 
the experiment was 8.3. At 30, 40 and 50 ppm, there 
was a severe inhibition of the growth of the cells. 
The pH values at the end of the experiment were 8.1, 
8.1 and 7.9 respectively. All cells were completely 
degraded and bleached. The cells in samples of 
cultures from flasks containing 20, 30, 40 and 50 ppm 
cobalt were centrifuged, washed and transferred to 
fresh media. After 2 weeks, growth was evident in the 
cultures exposed to 20 ppm, but not in those from 
higher concentrations. This indicates that 20 ppm is 
algastatic, since recovery occurs at that 
concentration. Thirty ppm cobalt and higher is 
algacidal for Chlamyd0monas. 

To determine if the effect of pH values on the growth 
of Chlamydomonas cultures alone may have determined 
lethality, the algae were grown at pH values of 2, 4, 
6, 8, I0, 12 for 21 days under conditions similar to 
those described above (Figure 2). Chlamydomonas was 
unable to grow at the extreme pH 2. At pH 12, growth 
was severely restricted. Growth at pH i0 was slightly 
less than the control (pH 8). At pH 4 and pH 6, growth 
of the cells was less than the control, but still 
present. This indicates that Chlamvdomonas is capable 
of substantial growth over a wide range of pH values, 
from pH 4 to 12. 

Periodic measurement of the pH of the cultures 
indicates that they have the ability to provide a 
buffering mechanism, so that the final pH values are 
within the range of those seen in the cobalt experiment 
(Figure 3). The final pH values for all the cultures 
displaying growth was within the range of 8.3 to 9.8 
for cultures with starting pH values of 4-12 (Table 2). 
The final pH for the culture with original pH 8, was 
9.2. Buffering mechanisms may include release of 
substances such as amino acids from the cells, or 
absorption of H + ions by the alga during growth (Brock, 
1973). It has been reported that changes in the pH of 
batch cultures are a common phenomenon, and that the 
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Figure i. Growth of Chlamydomonas reinhardtii in i00 ml 
of 3M medium containing cobalt at 0,10,20,30,40,50 ppm. 

Table i. Effect of increasing concentrations of cobalt 
on the pH of C. reinhardtii after 21 days of growth. 

PPM pH 

0 9.2 
i0 9.1 
20 8.3 
30 8.1 
40 8.1 
50 7.9 
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Table 2. Effect of varying pH values on the growth of 
C. reinhardtii cultures after 21 days of growth. 

Initial pH Final pH 
2 2.3 
4 8.3 
6 8.6 
8 9.2 

i0 9.4 
12 9.8 

cultures will attain pH values of approximately 9-10 by 
the end of the experimental period, provided that cell 
growth occurs (Lee et al. 1991, 1992, 1993, 1994). 

Cobalt has previously been found to inhibit the growth 
of algae. Its major effect is considered to be 
inhibition of chlorophyll synthesis. The mechanism 
proposed is competition with iron for the active site 
on the chlorophyll molecule. Cells accumulate 
protoporphyrin and synthesis of chlorophyll is blocked 
(Csatorday et al., 1984). 

Chlamy~omon~ reinhardtii appears to demonstrate some 
tolerance to cobalt. There was partial inhibition of 
growth at i0 and 20 ppm cobalt, while concentrations of 
30 ppm and higher completely prevented growth. 
Previous studies using Chlorella vulaaris indicated 
that the cells showed greater resistance to cobalt than 
to cadmium and that the toxic effects of the ions were 
exerted at the level of the plasma membrane ( Rachlin & 
Grosso, 1993). 

Resistance to heavy metals may be due to the release of 
chelating agents, both organic and inorganic (Codina et 
ai.,1993), as well as other resistance mechanisms (Rai 
and Raizada, 1988; Rai et al., 1981). Some metals such 
as zinc may be chelated by organic ligands in the 
environment so that biological availability is limited 
( Sunda, 1989). Other metallic ions in the medium may 
also compete for the same active uptake sites in the 
cell membrane and may effect resistance (Singh and 
Yadava, 1985). Wide differences exist among algal 
species in their requirements and sensitivity to toxic 
metals (Sunda, 1989). The binding of heavy metal ions 
to waste biomass showed less biosorption of cobalt or 
cadmium than of zinc (Mattuschka & Straube, 1993). 

The effect of pH on metal toxicity has been reported. 
increased metal uptake seems to be favored by low pH in 
some species while alkalinity seems to effect others 
(Singh and Yadava, 1985). The toxicity of some heavy 
metals to microorganisms varies with pH due to changes 
in the metallic species. This will effect the 
metabolic functions of the cell and its interaction 
with the environment (Collin & Stotzky, 1992). The 
range of pH achieved with cobalt was within the limits 
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of growth for Chlamvdomonas (pH 4-12), indicating that 
toxicity was mainlydue to the heavy metal ion and not 
to pH. Time of exposure has also been reported as a 
factor in uptake levels of heavy metals (Singh and 
u 1985), with cells becoming resistant with 
repeated sub-culturing over time (Whitton and Fahni, 
1982). While these cultures were exposed to the 
toxicant for about three weeks, little or no resistance 
appeared to develop. 

In summary, cobalt produces lethal toxic effects on 
Chlamvdomonas reinhardtii cultures at a concentration 
of 30 ppm. Resistance to heavy metals varies because 
of the metal toxicant involved and the test organism as 
well. Results indicate that algae represent good 
models for toxicity studies, not only because of their 
importance to the food chain, but because different 
algal species vary in their tolerance to heavy metals, 
thereby affecting the structure of the ecosystems. 
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