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ABSTRACT 
In this study, effect of some natural organic additives such as ascorbic acid (vitamins C) and thiamine

(vitamin B1) on the growth criteria, total photosynthetic pigments, photosynthesis (O2-evolution), dark respiration
(Dark O2-uptake) and total carbohydrates of pollutant-Chlorella vulgaris Beijer cultures for 7 days incubation.
Thus, the growth parameters (cell count and dry weight), total photosynthetic pigments, O2-evolution and various
carbohydrate fractions (Soluble, insoluble and total carbohydrates) of pollutant-Chlorella vulgaris Beijer were
significantly increased, when the algal culture subjected to the lower levels of ( 2 and 4 ppm ) of either CoCl2

or NiCl2 only. Thereabove, all these parameters content were significantly decreased, when the algal culture
subjected to the higher levels of (6 and 8 ppm) of either CoCl2 or NiCl2 only. However, O2-uptake was
significantly decreased when the algal culture subjected to the lower levels of (2 and 4 ppm) of either CoCl2

or NiCl2 only. When Chlorella vulgaris Beijer subjected to the various levels of heavy metals (2,4,6 and 8 ppm
) of both CoCl2 and NiCl2  and treated with 200 ppm of vitamins applied (ascorbic acid and thiamine), the
growth parameters (cell count and dry weight), total photosynthetic pigments, photosynthetic oxygen evolution
and carbohydrate fractions (Insoluble and total carbohydrates) were significantly increased, when the algal
culture subjected to different levels (2,4,6 and 8 ppm) of CoCl2 and NiCl2 only. All these parameters content
were compared with that those of the control cultures. On the other side, the respiration rate and soluble
carbohydrates content of Chlorella vulgaris  were  significantly decreased, when the algal cultures subjected
to the various levels of heavy metals (2,4,6 and 8 ppm ) both CoCl2 and NiCl2 and treated with 200 ppm of
applied vitamins ( both ascorbic acid and thiamine). 

Key word: Chlorella vulgaris, growth criteria, photosynthetic oxygen evolution, dark O2-uptake, ascorbic acid
(vitamin C) and thiamine (vitamin B1).

Introduction

The development countries suffered from many dangerous problems such as pollutantion of water and soil
by heavy metals. Thus, the presence of heavy metals in aquatic environment is known to cause severe damage
to aquatic life. Most of the heavy metals are soluble in water and form aqueous solutions and consequently
cannot be separated by ordinary physical and chemical means of separation. It is well known from a biological
point of view, heavy metals can be divided into two categories: essential and non-essential[15]. Also, essential
heavy metals have even been reported to be toxic at high concentrations. For example, some heavy metals
including copper, zinc, nickel and chromium, are essential for growth parameters at very low concentrations
but toxic at slightly levels (Reed, R.H. and G.M. Gadd, 1989). In this respect, El-Sheekh et al.,(2003) working
with the unicellular green alga Monoraphidium minutum and the diatom Nitzschia perminuta were cultured
under different concentrations of Co2+found that the growth parameters and total pigment contents were slightly
increased at low concentrations and inhibited by high Co2+ concentrations. In this context, Czerpak et al.,(1994)
working with Chlorella pyrenoidosa under the concentration lower concentrations of Co2+ the growth
parameters (cell number and dry weight) total pigments, water-soluble proteins and total carbohydrate contents
were increased, when compared to the control culture. Also, Lustigman et al.(1995)  who found that the
reduction growth of Chlamydomonas reinhardti under the higher levels of (10 and 20 ppm) of Co2+ and
without change in the morphology of the cells, compared to the control cultures and the color of the organism
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became paler and the cells clumped. On the other side, El-Sheekh et al., (2003)  found that an increased in
O2-evolution for both Monoraphidium minutum and Nitzschia perminuta was observed at relatively low Co2+

concentrations. However, the same author found that the effect of different concentrations of Co2+ on
photosynthetic oxygen evolution showed a reduction in the amount of O2-evolved by each alga in response to
increasing Co2+ concentrations. On the other hand, the effect of the heavy metal on respiration showed that
higher Co2+ concentrations were inhibitory to O2-uptake by the two algal species. However, low Co2+

concentrations stimulated dark O2 uptake by M. minutum throughout the experimental period. In other side,
in Nitzschia perminuta, under different concentrations of Co2+ led to a reduction of dark O2 –uptake rate [6].
Also, Desouky (2003) working with Chlorella vulgaris Beijer found that the respiration rate was significantly
increased , when the algal cultures subjected to higher level of Pb2+. However, the dark O2-uptake rate
significantly decreased when the Chlorella cultures subjected to various concentration of Pb2+ and treated with
200 ppm riboflavin.

Desouky (2003) who found that the photosynthesis rate and total carbohydrates content of Chlorella
vulgaris Beijer were significantly decreased under various levels (2,4.6,8 and 10 ppm) of Pb2+only. However,
the same author found that, the soluble carbohydrates content were significantly increased with the increase
of the concentrations of Pb2+ only, as compared with that those of  the control cultures. On the other side, the
same author found that the photosynthesis rate and total carbohydrate contents were significantly increased,
when the algal cultures treated with 200 ppm riboflavin and subjected to the various concentrations of Pb2+.
But, soluble carbohydrate contents of Chlorella vulgaris Beijer were significantly decreased when the algal
cultures subjected to various levels of Pb+2 and treated with 200 ppm riboflavin (2003).

Nickel element occurs principally as Ni2+ in surface waters, but oxidation starting ranging from Ni- to Ni
4+ have been reported from time to time (1983). Olivera and Antia (1984)  found that the inhibitory of diatom
Cyclotella cryptica   to grow on urea in an oceanic-sea water medium was due to inadequate concentration
of Ni2+ ions in the medium; at least that the lower of concentrations of Ni2+ was required for the growth, while
higher levels of Ni2+ were inhibitory to growth, presumably as a result of heavy metal toxicity. In this respect,
Matulová (1979)  who found that the first deleterious effect, strong deleterious effect and lethal effect of Ni
to the chlorococal green algae (Scenedesum quadicauda and Chlamydomonas eugametors ) to be 0.02, 0.05
and 0.1 mg L-1, respectively. Also Stokes et al., (1973)  who found that the growth parameters of Scenedesmus
were inhibited after 10 days incubation at Ni concentration of 0.5 mg L-1. However, Hutchinson and Stockes
(1975)  found that the growth parameters of Chlorella vulgaris were increased at nickel concentration of 0.5
mg L-1.

Vitamins act as trigger in the biochemical reactions in the plant cells. Also, vitamins are among the
organic nutritional factors required for continued growth and metabolic activities of living organisms. These
compounds were Scarcely tried to countered some the adverse effects of salinity and heavy metals stress
Desouky, (1995) and Desouky, (2003). In this context, some authors working with the normally cultured ( non-
treatment) algal groups, found that the additional of various vitamins was necessary for  continued  growth
of these algae Breland, e.t al.,(1978) Swift, (1980) Desouky, (2003) .In this context, applied vitamins such as
ascorbic acid and thiamine were used in the treatment  the adverse effects of stress and heavy metals[5] and
Desouky (2003).

Aim of this study illustrated, the main important role of  some  exogenously organic additives such as
ascorbic acid (vitamin C) and thiamin ( vitamin B1), which counteracted the toxicity of the adverse effects of
some heavy metals such as Co2+and Ni2+on growth criteria, photosynthetic pigments, photosynthesis, respiration
and the carbohydrates contents of Chlorella vulgaris Beijer cultures.
 
Materials and methods

Tested Alga: 

Chlorella vulgaris Beijer was collected from the River Nile and used as a test organism. Beijerinck’s
nutritive culture was used as a medium for enrichment and growth of the tested alga, (1973).

Treatments: 

Chlorella vulgaris Beijer cultured were subjected to 00 (control) and 200 ppm of both ascorbic acid and
thiamine in the absence or presence of various levels (00, 2, 4, 6 and 8 ppm) of cobalt and nickel chloride
for 7 days.

Analytical Methods:
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1- Determination of Cell Count:  

One drop of the algal suspension was pipette on the slide Naubauer Haemocytometer (0.1mm depth),
covered and left two minutes for algal setting. The mean counts of four replicates were taken into consideration
and the results measured as cells ml-1 alga1 suspension.

2- Determination of Dry Weight: 

A definite volume (100 ml) of alga suspension was filtered through weighed glass fiber filter. The cells
after being precipitated on the filter were washed twice with distilled water and dried over night in an oven
at 105 oC. The data were expressed as µg 100 ml-1 algal suspension.

3- Determination of Photosynthetic Pigments: 

The pigment fractions (µg m1-1 algal suspension) chlorophyll a, chlorophyll b and carotenoids were
calculated using the equations mentioned by Metzner et al.,(1965).
Chlorophylla = 10.3E663-0.918E664 = (µg m1-1algalsuspension)
Chlorophyll b = 19.7E664- 3.87E663  = (µg m1-1 algal suspension)
Carotenoids = 4.2E452 (0.0264 chloro. a + 0.426 chloro. b) = (µg m1-1 algal suspension)

4- Oxygen Evolution:

 Oxygen evolution was measured by using the oxygen electrode model 97.08 as mentioned by Lessler et
al (1956). The data of oxygen evolution present in the text were calculated as µ mole O2 ml-1 algal suspension
hr-1.

5- Oxygen Uptake:

 The dark respiration was determined using oxygen uptake in the dark as indicator. The system mentioned
above was used for the determination of dark respiration. At the end of oxygen evolution measurements, all
the lights were switched off and the flasks were wrapped tightly in aluminum foil for complete darkness. The
results of oxygen uptake were calculated as µ mole O2 ml-1 algal suspension hr-1.

6- Carbohydrate Contents: 

Using the anthrone – sulphoric acid reagent according to the method by Badour[1]. The data are measured
as µg mg-1 dry weight.

7- Statistical Analysis: 

Four replicates were used in this study and the data were statistically analyzed to calculate the Least
Significant Difference (L.S.D) according to Snedecor and Cochray (1972).
Results: 

The results of this investigation show the effect of some natural organic additives (ascorbic acid  (vitamin
C) & thiamine (vitamin B1) and some heavy metals (Co2+ and Ni2+) on  the growth criteria, total photosynthetic
pigments, photosynthetic O2-evolution,respiration (dark O2-uptake) and total carbohydrates content of Chlorella
vulgaris Beijer cultures  for 7 days incubation.

In this study, the growth parameters (cell count and dry weight) and total photosynthetic pigments of
Chlorella vulgaris Beijer cultures were significantly increased under the levels (2 and 4 ppm) of CoCl2 only.
However, under higher relatively levels (6 and 8 ppm) of CoCl2 only, all these parameters content were
significantly decreased. Thus, the minimum values of cell count, dry weight and total pigments of pollutant-
Chlorella vulgaris Beijer cultures were 94 %, 72 % and 57 % of that the control cultures, respectively (Fig.-1).

On the other hand, the growth criteria (cell count and dry weight) and  total photosynthetic pigments of
pollutant-Chlorella vulgaris Beijer cultures were significantly increased ,when the algal cultures subjected to
various levels of heavy metals (2,4,6, and 8 ppm) of CoCl2 and treated to with 200 ppm of either ascorbic acid
(vitamin C) or thiamine (vitamin B1).Therefore,the minimum values of cell count, dry weight and total
photosynthetic pigments of pollutant-Chlorella  reached to 107%, 138 % and 106 % ,of that the control culture,
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respectively, when the algal cultures subjected to the higher level 8 ppm of CoCl2 and treated with 200 ppm
of ascorbic acid  (Fig.1-a). Also, the minimum values of cell count, dry weight and total photosynthetic
pigments of pollutant-Chlorella amounted to, 123 %, 104 %and 106 % of that the control culture, respectively,
observed in the algal cultures subjected to the highest level 8 ppm of CoCl2 and treated with 200 ppm thiamine
(Fig1-b).

On the other side, the growth criteria (cell count and dry weight) and  total photosynthetic pigments of
pollutant-Chlorella vulgaris Beijer cultures were significantly increased, observed in the algal cultures subjected
to the low and moderate levels (2 and 4 ppm) of NiCl2 only. There above, all these parameters content were
significantly decreased, when the algal cultures subjected to the higher levels (6 and 8 ppm) of NiCl2.Thus,
the minimum values of cell count and dry weight of pollutant-Chlorella vulgaris Beijer cultures were 54 %,
70 % and 64 % of that the control cultures, respectively, when the Chlorella cultures subjected to the highest
level 8 ppm NiCl2 only (Fig.2).

In this respect, when the Chlorella cultures treated with 200 ppm either ascorbic acid or thiamin and
subjected to different levels (2, 4, 6 and 8 ppm) of NiCl2, the growth criteria (cell count and dry weight) and
total photosynthetic pigments were significantly increased. Thus, the minimum values of cell count, dry weight
and total photosynthetic pigments were 119%, 121 % and 103 % of that the control cultures, respectively,
when the algal cultures subjected to the  highest level 8 ppm of NiCl2 and treated with 200 ascorbic acid
(Fig.2-a).In this context, the minimum values of cell count, dry weight and total pigments were 121%, 115 %
and 110 % of that the control cultures, respectively, when the algal cultures subjected to the higher level 8
ppm of NiCl2  and treated with 200 ppm thiamine  (Fig 2-b).

The photosynthesis rate (oxygen evolution) of pollutant-Chlorella vulgaris Beijer cultures were significantly
increased when the algal cultures subjected to the low and moderate levels ( 2 and 4 ppm ) of  either CoCl2

or NiCl2 only. Thereabove, thus the photosynthetic oxygen evolution rate of pollutant-Chlorella vulgaris was
significantly decreased, when the algal cultures subjected to the higher levels (6 and 8 ppm) of CoCl2 and
NiCl2 only, (Table1 & 2).

On the other hand, the oxygen evolution rate of pollutant-Chlorella vulgaris Beijer cultures were
significantly increased, when the algal cultures subjected to various levels (2,4,8,and 8 ppm) of CoCl2 and
treated with 200ppm applied vitamins (either ascorbic acid or thiamine). Thus, the minimum values of O2-
evolution rate, were 117 % and 123%, of that the control culture , respectively, when the Chlorella cultures
were exposed to 8 ppm of CoCl2 and treated to with either  200 ppm ascorbic acid or  thiamine (Table 1-a&
b).

On the other side, the oxygen evolution rate of pollutant-Chlorella was significantly increased, when the
algal cultures subjected to different levels (2,4,8,and 8 ppm) of NiCl2 and treatment with 200 ppm applied
vitamins (both ascorbic acid and thiamine). Therefore, the minimum values of photosynthetic oxygen evolution
rate reached to 104 % and 107% of that the control culture , respectively, when the Chlorella cultures were
exposed to high level (8 ppm )of NiCl2 and treated with 200 ppm applied vitamins (either ascorbic acid or
thiamine) (Table 2-a& b) for 7 days incubation.

The data herein (Table 1 and 2) clearly demonstrate that the dark O2- uptake of pollutant-Chlorella cultures
were significantly increased, when the algal cultures subjected to the low and moderate concentrations (2 and
4 ppm) of either CoCl2 or NiCl2 only. Thereabove, the respiration rate of O2-uptake was significantly increased,
when the algal cultures subjected to the higher levels (6 and 8 ppm) of either CoCl2 or NiCl2 only for 7 days
incubation.

Treating the variously pollutant-Chlorella vulgaris cultures with 200 ppm applied vitamins ( both ascorbic
(vitamin C) acid and thiamine (vitamin B1) resulted in significantly decreased in the dark O2-uptake. Thus, the
extremely minimum value of dark oxygen uptake was extremely lowered and reached to 68 % and 72 % of
that the control cultures, respectively, when the pollutant-Chlorella subjected to the various levels of NiCl2 and
treated with 200 ppm ascorbic  acid (vitamin C) (Table 1-a & b) .In this context, the extremely minimum
values of dark oxygen uptake was extremely lowered and reached 96%  and 90 % of that the control cultures,
respectively , when the pollutant algal cultures subjected  the various levels of NiCl2  and treated with  200
ppm thiamine ( Table 2-a &b) .

The contents of various carbohydrate fractions (soluble, insoluble and total carbohydrates) of pollutant -
Chlorella vulgaris Beiger cultures grown for 7 days incubation under the various concentrations (2, 4, 6 and
8 ppm) of either CoCl2 or NiCl2 were also followed. Under the low and moderate concentrations (2 and 4
ppm) of either  CoCl2 or NiCl2,thus the various carbohydrates fractions exhibited generally higher contents than
the control cultures. However, under the higher levels of heavy metals (6 and 8 ppm) of either CoCl2 or NiCl2

lowered in most cases, the contents of these carbohydrate fractions. Thus, extremely the minimum values of
the total carbohydrates content (soluble, insoluble and total carbohydrates) amounted to 73 % and 90 % of that
the control for the algal culture subjected to the higher level 8 ppm of both CoCl2 and NiCl2 ,only ( Table 3
and 4) for 7 days incubation.
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Fig.1: Cell count (Cell ml-1 algal suspension), dry weight (µg mg-1algal suspension) and total photosynthetic
pigments (µg mg-1algal suspension) of Chlorella vulgaris Beijer cultures subjected to various levels
of  CoCl2 and treatment with vitamins: (a) 200 ppm  of either ascorbic acid (vitamin C )or (b)
thiamine ( vitamin B1) for 7 days incubation.
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Fig. 2: Cell count (Cell ml-1 algal suspension), dry weight (µg mg-1algal suspension) and total photosynthetic
pigments (µg mg-1algal suspension) of Chlorella vulgaris Beijer cultures subjected to various levels
of  NiCl2 and treatment with vitamins applied :(a) 200 ppm of either ascorbic acid (vitamin C) or (b)
thiamine (vitamin B1) for 7 days incubation.

Table 1:  Photosynthesis (Oxygen evolution) and respiration (Dark oxygen uptake) (µ mole ml-1 algal suspension hr.-1) of Chlorella
vulgaris  Beijer cultures subjected to various combinations of CoCl2 and treatment with vitamins applied (a) : 200 ppm ascorbic
acid (vitamin C) and (b) 200 ppm thiamine     ( vitamin B1) for 7 days incubation .

Treatments Oxygen evolution % Control Oxygen uptake % Control
CoCl2 (ppm)
0:00 0.316 100 0.22 100
2:00 0.520** 164.55 0.210** 95.45
4:00 0.580** 183.54 0.200** 90.9
6:00 0.215** 68.03 0.280** 127.27
8:00 0.125** 39.55 0.300** 136.36
L.S.D at 1 % 0.012 0.003
L.S.D at 5% 0.015 0.005
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Table 1: Continue
1-a :Ascorbic acid ( vitamin C)

CoCl2 (ppm): Vita. C ( ppm)
0:00 0.412** 130.37 0.18 81.81
2:00 0.570** 180.37 0.160** 72.72
4:00 0.590** 186.7 0.175** 79.54
6:00 0.530** 167.72 0.185** 84.09
8:00 0.300** 94.93 0.200** 90.9
L.S.D at 1 % 0.001 0.003
L.S.D at 5% 0.002 0.006

1-b: Thiamine (vitamin B1)
CoCl2 (ppm) : Vita.B1  (ppm )
0:00 0.514** 162.65 0.200** 90.9
2:00 0.540** 170.88 0.180** 81.81
4:00 0.600** 189.87 0.165** 75
6:00 0.500** 158.22 0.175** 79.54
8:00 0.390** 123.41 0.160** 72.72
L.S.D at 1 % 0.005 0.004
L.S.D at 5% 0.008 0.007

Table 2: Photosynthesis (Oxygen evolution) and respiration (Dark oxygen uptake) (µ mole ml-1 algal suspension hr.-1) of Chlorella
vulgaris Beijer cultures subjected to various levels of NiCl2 and treatment with vitamins applied (a): 200 ppm ascorbic acid
(vitamin C) and (b) 200 ppm thiamine (vitamin B1) for 7 days incubation.

Treatments Oxygen evolution % Control Oxygen uptake % Control
NiCl2 (ppm)
0:00 0.316 100 0.22 100.00
2:00 0.415** 131.32 0.215 97.72
4:00 0.525** 166.13 0.2 90.9
6:00 0.230** 72.78 0.24 109.09
8:00 0.155** 49.05 0.26 118.18
L.S.D at 1 % 0.004 0.001
L.S.D at 5% 0.005 0.003

2-a:  Ascorbic acid ( vitamin C)
NiCl2 (ppm) : Vita.C ( ppm)
0:00 0.412** 130.37 0.210** 95.45
2:00 0.456** 144.3 0.200** 90.9
4:00 0.580** 183.54 0.185** 84.09
6:00 0.365** 115.5 0.205** 93.18
8:00 0.230** 72.78 0.212** 96.36
L.S.D at 1 %
L.S.D at 5%

2-b: Thiamine ( vitamin B1)
NiCl2 (ppm): Vita. B1 (ppm)
0:00 0.400** 126.58 0.180** 81.81
2:00 0.460** 145.56 0.165** 75
4:00 0.520** 164.55 0.155** 70.45
6:00 0.440** 139.24 0.185** 84.09
8:00 0.310** 98.1 0.200** 90.9
L.S.D at 1 % 0.007 0.001
L.S.D at 5% 0.009 0.002

Table 3: Carbohydrate contents (µg mg-1 dry weight), of Chlorella vulgaris cultures Beijer subjected to various levels of CoCl2 and
treatment with vitamins applied (a): 200 ppm either ascorbic acid (vitamin C) or thiamine (vitamin B1) for 7 days incubation.

Treatments Soluble % Control Insoluble % Control Total % Control
carbohydrates carbohydrates carbohydrates

CoCl2 ( ppm)
00:00 29.00 100.00 96.00 100.00 125.00 100
2 :00 41.00** 141.37 143.00** 148.95 148.00** 147.20
4 : 00 50.00** 172.41 148.00** 154.16 198.00** 173.60
6 : 00 55.00** 189.65 60.00** 83.33 115.00 92.00
8 : 00 60.00** 206.89 32.00** 33.33 92.00** 73.60
L.S.D at 1 % 10.233 20.252 12.654
L.S.D at 5% 15.236 25.321 28.369

3-a : Ascorbic acid (Vitamin C)
CoCl2 ( ppm) : Vita.C(ppm)
00:200 32.00* 118.34 116.00* 100.00 148.00* 118.40
2 :200 28.00 96.55 210.00** 304.34 238.00** 190.40
4 :200 22.00* 75.86 250.00** 260.41 272.00** 217.60
6 :200 21.00* 72.41 180.00** 187.50 201.00** 160.80
8 :200 20.00* 68.96 170.00** 177.06 190.00** 152.00
L.S.D at 1 % 3.020 15.654 21.354
L.S.D at 5% 9.002 23.687 29.364
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Table 3: Continue
3-b : Thiamine  (vitamin B1)

CoCl2 ( ppm) :  Vita.B1

00:200 35.00* 120.68 211.00** 219.79 246.00** 196.80
2:200 25.00 86.20 230.00** 239.58 255.00** 204.00
4:200 23.00 79.18 270.00** 281.25 304.00** 243.20
6:200 20.00** 68.96 190.00** 197.91 210.00** 168.00
8:200 19.00** 65.54 180.00** 187.50 199.00** 159.20
L.S.D at 1 % 5.220 22.190 10.220
L.S.D at 5% 8.110 25.800 12.400

Table 4: Carbohydrate contents (µg mg-1 dry weight), of Chlorella vulgaris cultures Beijer subjected to the various levels of NiCl2 and
200 ppm vitamins applied both (a): ascorbic acid (vitamin C) and thiamine (vitamin B1) for 7 days incubation.

Treatments Soluble % Control Insoluble % Control Total % Control
carbohydrates carbohydrates carbohydrates

NiCl2 ( ppm)
00:00 29.00 100.00 96.00 100.00 125.00 100.00
2 :00 44.00** 151.72 165.00** 171.78 209.00** 167.20
4 : 00 46.00** 158.62 185.00** 192.70 231.00** 184.80
6 : 00 48.00** 165.51 68.00 70.83 116.00 92.80
8 : 00 50.00** 192.30 63.00* 65.62 113.00* 90.40
L.S.D at 1 % 10.258 30.252 10.321
L.S.D at 5% 14.560 45.639 15.780

4-a : Ascorbic acid (vitamin C)
NiCl2 ( ppm) :  Vit. C(ppm)
00:200 36.00* 124.13 126.00** 131.25 162.00** 129.60
2 : 200 27.00 93.10 136.00** 141.66 163.00** 130.40
4 : 200 22.00* 75.68 166.00** 172.91 188.00** 150.04
6 : 200 20.00** 68.96 138.00** 143.75 158.00** 126.40
8 : 200 19.00** 65.51 122.00** 127.08 141.00** 112.80
L.S.D at 1 % 6.123 18.967 15.654
L.S.D at 5% 8.154 22.223 25.147

4-b Thiamine ( vitamin B1)
NiCl2( ppm) : Vita. B1(ppm)
00: 200 25.00 86.20 140.00** 145.83 165.00** 132.00
2 : 200 22.00** 75.86 190.00** 197.91 212.00** 169.60
4 : 200 20.00** 68.96 230.00** 239.58 250.00** 200.00
6 : 200 18.00** 62.06 160.00** 166.66 178.00** 140.00
8 : 200 17.00** 58.62 120.00** 125.00 137.00** 109.60
L.S.D at 1 % 4.232 20.231 10.321
L.S.D at 5% 6.369 25.325 12.333

On the hand, externally additive of either 200 ppm ascorbic (vitamin C) acid or 200 ppm thiamine
(vitamin B1) to various levels of (2,4,6 and 8 ppm) of either CoCl2 or  NiCl2 to Chlorella the total
carbohydrate contents were  significantly increased. Thus, the minimum values of total carbohydrates content
amounted to 159% and 152 of that the control, when the algae cultures subjected to the higher level  8 ppm
of  CoCl2 and treatment with 200 ppm applied vitamins (either ascorbic acid or thiamine) (Table 3-a and b).On
the other side, under the higher level higher level  8 ppm of heavy metals, the minimum values of total
carbohydrate contents amounted to 112 % and 109 of that the control , when the algae cultures exposed to
8 ppm NiCl2 and treatment with 200 ppm of either ascorbic acid or thiamine  ( Table 4-a and b) for 7 days
incubation.

Discussion: 

This study elucidated results the effect of some natural organic additives (ascorbic acid  (vitamin C) &
thiamine (vitamin B1 ) and some heavy metals (Co2+ and Ni2+) on  the growth criteria, total pigments, O2-
evolution, dark O2-uptake and total carbohydrates content of Chlorella vulgaris Beijer cultures for 7 days
incubation.

In this investigation, the growth criteria (cell count and dry weight) and total photosynthetic pigments of
pollutant-Chlorella vulgaris Beijer cultures were significantly increased under lower levels of CoCl2 only. These
results in this investigation are agreement with, El-Sheekh et al.,(2003) who working with the Monoraphidium
minutum and the diatom Nitzschia perminuta were cultured under different concentrations of Co2+ recorded that
the growth parameters and total pigment contents were slightly increased at low concentrations and inhibited
by high Co2+ concentrations. Also, in accordance with , Czerpak et al., (1994) who working with Chlorella
pyrenoidosa under the lower concentration of Co2+ reported  that the growth parameters ( cell number and dry
weight) total pigments, water-soluble proteins and total carbohydrate contents were increased, when compared
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to the control culture. However, used higher relatively levels of (6 and 8 ppm) of CoCl2 all these parameters
were significantly decreased. These results agreement with those were obtain by Lustigman et al.[10]  who
recorded that the growth of Chlamydomonas reinhardtii was considerably reduced. , when the algal cultures
subjected to the higher levels (10 and 20 ppm) of Co2+, compared to the control  cultures and the color of the
organism became paler and the cells clumped. 

On the other hand, the growth parameters (cell count and dry weight) and  total photosynthetic pigments
of pollutant-Chlorella vulgaris Beijer cultures were significantly increased ,when the algae cultures were
subjected to various levels (2,4,6, and 8 ppm) of ColCl2 and treated to with vitamins applied (200 ppm of
either ascorbic acid (vitamin C) or thiamine (vitamin B1).  These results are agreement with, Desouky (2003)
who recorded that the cell number , dry weight and total photosynthetic pigments of Chlorella vulgaris were
significantly increased, when the Chlorella cells were subjected to various levels of Pb+2 and treated with 200
ppm riboflavin.

In this context, also, the growth parameters (cell count and dry weight) and total pigments of pollutant-
Chlorella vulgaris Beijer cultures were significantly increased, when the algae cultures were subjected to low
and moderate levels (2 and 4 ppm) of NiCl2. Thereabove, all these parameters contents were significantly
decreased, when the algal cell cultures subjected to the higher levels ( 6 and 8 ppm) of NiCl2 only.

When the Chlorella cultures treated with 200 ppm ascorbic acid and combinations with different levels
of (2, 4, 6 and 8 ppm) of NiCl2 the growth parameters and total pigments were significantly increased. 

The photosynthesis rate (oxygen evolution) of pollutant-Chlorella vulgaris Beijer cultures were significantly
increased when the algal cell cultures subjected to (2, 4 ppm ) of  both CoCl2 and NiCl2 only. These results
are agreement with, Singh and Singh (1987) ,reported that some heavy metals such as Cu2+, Pb2+, Zn2+ and
Hg2+ at directly or in directly inhibited the photosynthetic rate. In accordance with, Desouky (2003) recorded
that the O2-evolution rate of Chlorella vulgaris was significantly increased , when the algal cell cultures
subjected to lower concentration of Pb2+only.These results accordance with , El-Sheekh et al.,(2003) recorded
that the O2-evolution of  Monoraphidium minutum and Nitzschia perminuta was increased, when the algae
cultures subjected to relatively lower concentrations of Co2+. In this study, under moderate and higher levels
of (6and 8 ppm) of CoCl2 and NiCl2 only, the photosynthesis rate of pollutant-Chlorella was significantly
decreased. In this respect, El-Sheekh et al.,(2003) reported the effect of different concentrations of Co2+ on
photosynthetic oxygen evolution showed a reduction in the amount of O2 -evolved by each alga in response
to increasing Co2+ concentrations. 

Also, the photosynthetic oxygen evolution rate of pollutant-Chlorella vulgaris Beijer cultures were
significantly increased when the algal cultures were significantly increased, when the algal cultures subjected
to various levels of CoCl2 and treated with 200 ppm ascorbic acid and thiamine. On the other side, the
photosynthetic oxygen evolution rate of pollutant-Chlorella was significantly increased, when the algal cell
cultured subjected to different levels of NiCl2 and treated with 200 ppm of ascorbic acid (vitamin C) and
thiamine (vitamin B1) ppm of NiCl2 and treated to with 200 ppm ascorbic acid and thiamine. These results in
this study, in accordance with this, Desouky (2003)  who reported that the photosynthetic oxygen evolution
rate of Chlorella vulgaris was significantly increases, when the algal cultures subjected to various levels of
Pb2+ and treatment with 200 ppm riboflavin.

On the other hand, the respiration (dark oxygen uptake) of pollutant-Chlorella vulgaris cultures were
significantly increased, when the algal cultures subjected to low and moderate concentrations (2 and 4 ppm)
of either CoCl2 or NiCl2 .Thereabove, the dark O2-uptake rate was significantly increased, when the algal
cultures subjected to the higher levels (6 and 8 ppm) of both CoCl2 and NiCl2.

Also, the pollutant-Chlorella cultures treatment with 200 ppm of both ascorbic acid and thiamine resulted
in significant decreased in the dark oxygen uptake. These results are agreement with, Desouky[4] working with
Chlorella vulgaris Beiger cultures recorded that respiration rate was significantly increased with the increasing
of the concentration of lead. The same author recorded that the dark oxygen uptake rate was significantly
decreased, when the algal cells subjected to various levels of lead and treatment with 200 ppm Pb2+. In this
study, the various carbohydrate fractions of Chlorella vulgaris were significantly increased more than the
control cultures, when the algal culture subjected to the low and moderate levels (2 and 4 ppm) of both CoCl2

and NiCl2. While, under the relatively higher levels heavy metals (6 and 8 ppm) of both CoCl2 and NiCl2, the
insoluble and total carbohydrates were significantly decreased. On the other hand, externally additives of 200
ppm ascorbic acid and 200 ppm thiamine to the various levels (2, 4, 6 and 8 ppm) of both CoCl2 and NiCl2,
the contents of insoluble and total carbohydrates of Chlorella vulgaris were significantly increased. While, the
soluble carbohydrates of  content Chlorella vulgaris were significantly decreased.
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