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ABSTRACT

The main industrial applications of heavy metals in leather and textile manufacturing, electro painting, corrosion inhibition, plating, glassware-cleaning
solutions and the production of pigments has increased concentration of hexavalent chromium in the environment that lead to a serious problem to the
ecosystem. Since, hexavalent chromium is found to be toxic in human beings. The present study has been designed to determine hexavalent chromium induced
biomolecular changes in Spirulina platensis. Spirulina platensis, a filamentous cyanobacterium known as blue green algae of aquatic ecosystem has high
economic importance due to its therapeutic potential. Blue green algae, Spirulina platensis was exposed to different concentration (0.01, 0.1, 1, 5, and 10 mg/l)
of hexavalent chromium as potassium chromate and observed for different growth parameters for 9 days of incubation period. The concentration variation of
carbohydrate, protein and chlorophyll- a pigment in Spirulina platensis was observed in the presence of chromium. The growth of Spirulina platensis was
inhibited upon exposure of different concentrations of chromium. Maximum growth inhibition was observed in 10 mg/l of chromium treated cells as compared

to control. The extent of toxicity increased with increasing concentration of chromium along with exposure time.
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INTRODUCTION

Environmental pollution due to heavy metals such as Pb, Cu,
Fe, Zn, Hg, Co, Ni, and Cr, etc. is being widely spreaded
because of anthropogenic activities. Although heavy metals
are being discharged into rivers and sea from various
industries in a limited quantity, yet these metals are taken up
by the aquatic organisms since they have high solubility in
the aquatic environment'. Aquatic organisms such as fish,
present at top of the aquatic food chain are adversely
affected. These metals transmit to human being through fish
consumption since fish provides a good source of proteins,
essential fatty acids, minerals and vitamins that are used to
treat heart diseases and reduce blood cholesterol level®. Other
than the fishes, Cyanobacteria which are one of the major
micro flora of aquatic life, are also affected adversely.
Cyanobacteria, also known as blue green algae are
prokaryotic microorganisms that perform photosynthesis like
higher plants by using photosynthetic pigment chlorophyll a
to capture sunlight for energy. They are found almost at all
biological niches including extreme condition. Therefore,
they are exposed to various environmental stresses, whether
tropospheric or aquatic. During evolution, these organisms
have developed diverse strategies to maintain an equilibrated
relation with heavy metal ions present and available in the
surrounding medium®. Cells face two tasks, the first is to
select those heavy metals essential for growth and exclude
those that are not, and the second to keep essential ions at
optimal intracellular concentrations®. The metal uptake
process is considered as a two step process’. Firstly, they are
adsorbed to the cell surface through interaction between
different heavy metal ions and functional group such as
carboxyl, phosphate, hydroxyl, amino, sulphur, sulphide,
thiol, etc. that are offered by the component of the cell wall
like polysaccharides, proteins, lipids®. After that they get
entry into the cell through penetration to the cell wall’ and are
localized into organelles. Heavy metals can be broadly

divided into two groups. The first group consists of metals
including As, Fe, Cr, Co, Cu, Ni, Se, Va and Zn, are essential
as nutritional requirements at trace amount for many
organisms but are toxic when present in greater amounts. The
second group includes Pb, Hg, Cd, Ur, Ag and Be, all of
them are highly poisonous even at very low concentration®.
The eight most common pollutant heavy metals listed by the
Environment Protection Agency (EPA) are: As, Cd, Cr, Cu,
Hg, Ni, Pb, and Zn’. Cr (VI) is considered as a micronutrient
in trace amount but at higher concentration it become more
toxic, carcinogenic and mutagenic. Hexavalent chromium is
recognized by the International Agency for Research on
Cancer and by the US Toxicology Program as a pulmonary
carcinogen'®. Among Cyanobacteria species, Spirulina, a
filamentous cyanobacterium has gained considerable
popularity in the human health food industry due to its
content of a wide range of essential nutrients, such as
provitamins, minerals, proteins and polyunsaturated fatty
acids such as gamma-linolenic acid"'. Due to high nutritional
and economic value of Spirulina platensis, it has been
receiving the interest of researcher to consider a good
experimental model. In Indian context the discharge
concentration of chromium should not exceed from 0.1 mg/I
as per waste water discharge standard of Central Pollution
Control Board'?. Therefore, in the present study, the selected
range of Cr (VI) concentration was 0.01 to 10 mg/l and
Spirulina platensis was exposed to assess the toxic effect of
this heavy metal by studying the biochemical changes such as
carbohydrate, protein, and chlorophyll- a content.

MATERIAL AND METHODS

Culture and Maintenance of Spirulina platensis

Spirulina platensis was obtained from culture stock available
in the department of Biotechnology, Madhav Institute of
Technology and Science, Gwalior. Spirulina platensis was
grown in the Zarrouk’s medium (pH 9)" under aseptic
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condition. The culture of Spirulina platensis was incubated
and maintained at optimum temperature of 28 + 2°C in a
culture room illuminated with cool white fluorescent tubes
providing a light intensity of 50 pmol/m’sec® around the
culture vessel following a 16:8-h light/dark regime. The
culture was shaken three times a day manually.

Raising the test organism under heavy metal stress

To examine the effect of Chromium on exponentially
growing S. platensis, cells were inoculated and immersed into
chromate solutions (K,CrOy4), each prepared in Zarrouk’s
medium to obtain the five final concentrations 0.01, 0.1, 1, 5,
10 mg/1. For the control experiment, cells of S. platensis were
grown under identical culture conditions without metal
solution. The culture was incubated and observed for 9 days.
After incubation periods, different biochemical tests were
performed on Cyanobacterial cells under control and stressed
condition. All the experiments were conducted in triplicate.

Growth measurement

The progressive growth of S. platensis was observed
alternatively over a period of 9 days under control and
stressed conditions taking absorbance at 560 nm. For the
estimation of growth of S. platensis, Chlorophyll-a,
carbohydrate content and protein content were also measured
alternatively under control and stressed condition. The
specific growth rate, p (h") was computed by following
formula.

In(N2/N1)
B= t

Where, t = T,-T;; N; = Initial optical density/Protein concentration at time
Ti, N, = final optical density/Protein concentration at time T,

Chlorophyll-a estimation

The chlorophyll a content was estimated as per method
described by MacKinney'*. Sample of 3 ml algal suspension
was centrifuged for 10 min at 5000 rpm. The resulting pellet
was resuspended in equal volume (3 ml) of methanol
(absolute) and homogenized. Samples were incubated in a
water bath, at 70°C for 2 min. Then the samples were

centrifuged (at same condition), and the clear supernatant was
used for measurement. Optical density of the supernatant was
measured at 665 nm against methanol as a blank.

Carbohydrate estimation

The carbohydrate content was estimated as per method
described by Dubois et al'’. 0.5 ml of an algal culture was
taken into a thick walled test tube and 1.5 ml of distilled
water was added to it. A reagent blank containing 2 ml
distilled water and a set of glucose standards were prepared
simultaneously. One ml of 5 % phenol was added to each
tube. After through mixing, 5 ml of conc. of H,SO, was
added from a fast blowing auto pipette, directing the stream
of acid to the agitated reaction mixture for fast mixing. These
tubes were incubated at room temperature for 10 minutes for
complete reaction, and here after, shaken and placed in a
water bath at 30°C, for 20 min. The intensity of the
characteristic straw color thus developed was determined by
reading absorbance at 492 nm and the carbohydrate content
was calculated from the glucose standard curve and
expressed in pg/mL.

Estimation of protein content

The protein content was estimated as per method described
by Lowry et al.'® and Herbert ez al."’. Exponentially growing
harvested Cyanobacterial cells were homogenized in 0.1M
potassium phosphate buffer (pH 7.8) and 1 mM EDTA (pH
7.8). The homogenate was centrifuged at 10, 000 rpm for 15
min at 4°C. 0.5 ml of the supernatant was taken in a test tube
and 0.5 ml of IN NaOH was added to it and then placed in
boiling water bath for 5 minutes. After cooling in the cold
water 4 ml of alkaline copper solution was added, allowed to
react for 10 minutes followed by addition of 0.5 ml of IN
Folin reagent with thorough mixing. Blue color was
developed after 30 min. The intensity of blue color was
determined by reading absorbance at 650 nm and the amount
of algal cell protein was calculated as pg/ml in culture with
reference to a standard curve, obtained by using BSA. The
same procedure is adopted in preparing standard curve using
graded concentration of BSA.

Absorbace at 560nm
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Figure 1: The effect of chromium on growth rate of Spirulina platensis upon exposure of different concentration of Chromium. Each value represents
the mean of triplicate (+ SEM)
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Figure 2: The effect of chromium on carbohydrate content of Spirulina platensis upon exposure of different concentration of Chromium. Each value
represents the mean of triplicate (= SEM)
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Figure 3: The effect of chromium on protein content of Spirulina platensis upon exposure of different concentration of Chromium. Each value
represents the mean of triplicate (= SEM)
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Figure 4: The effect of chromium on chlorophyll- a content of Spirulina platensis upon exposure of different concentration of Chromium. Each value
represents the mean of triplicate (= SEM)
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RESULT AND DISCUSSION

Growth is a good indicator to determine the effect of any
toxic compound in susceptible microorganism since it reflects
the metabolism of the cell. Therefore, carbohydrate, protein
and chlorophyll-a content was observed in order to estimate
the growth of Spirulina platensis. Toxic effect of Cr on
Spirulina platensis was observed as concentration-duration
dependent response curve. Figure 1 shows the growth
behavior of control and treated Spirulina platensis.
Exogenous addition of different concentration (0.01 to 10
mg/l) of Chromium showed toxicity to Spirulina platensis.
The extent of toxicity increased with increasing concentration
of Cr along with exposure time. A significantly maximum
growth reduction by 62 % (p = 0.05) at higher concentration
of Cr (10 mg/l) was observed as compared to the respective
control at the end of incubation period.

At the 3™ day of incubation period, the decline in growth rate
was less as compared to other incubation periods. It was
followed by 5 %, 10 %, 13 %, 15 %, 18 % decline in 0.01,
0.1, 1, 5, 10 mg/1 of Cr treated Spirulina respectively as
compared to control. At the 5" day of incubation period, the
growth rate was decreased by 35 %, 37 %, 39 %, 42 %, 45 %
in 0.01, 0.1, 1, 5, 10 mg/1 of Cr treated Spirulina respectively
as compared to control. At the 7t day of incubation period,
the growth rate was decreased by 39 %, 43 %, 46 %, 49 %,
55 % in 0.01, 0.1, 1, 5, 10 mg/l of Cr treated Spirulina
respectively as compared to control. At the ot day of
incubation period, a decline of 49.2 %, 51.2 %, 54.3 %, 57 %,
62 % in growth rate was observed in 0.01, 0.1, 1, 5, 10 mg/I
of Cr treated Spirulina respectively as compared to control.
The findings were supported by Sultan et al.'"® who studied
the biochemical changes in response to metal tolerance in
Anabaena doliolum exposed to Cd and Cu. The growth
inhibition may be due to the inhibition of photosynthesis,
enzyme system, protein content, pigment degradation and
nucleic acid synthesis. Environmental stress affects the
functioning of PSII in Spirulina directly or indirectly causing
growth inhibition'®. Since Spirulina is a photosynthetic
microorganism. As reported by Babu er al.”’ addition of
heavy metals Cr and Ag, to intact cells of Cyanobacterium
Spirulina platensis caused alteration in whole chain and PSII
catalyzed electron transport activities. The reduction in
growth could be due to the inhibition of normal cell divison
by the metal as reported for Chlorella vulgaris exposed to
Cu, Hg, and Cd ?'. The metal binds to the sulphydryl group
present at cell surface is attributed to the reduction in the rate
of cell division. Since sulphydryl groups are important for
regulating the plant cell division™~2.

Effect on carbohydrate content

The observed data demonstrates that the carbohydrate content
was decreased with increasing concentration of Cr as well as
incubation period. Figure 2 shows the carbohydrate content
of control and treated Spirulina platensis. The carbohydrate
content was increased up to 47.42, 45.67, 42.73, 40.42, 35.53
pg/ml in 0.01, 0.1, 1, 5, 10 mg/l of Cr treated Spirulina
respectively as compared to control (91.47 pg/ml) at the end
of incubation period. A significantly maximum decline was
of 61.2 % (p = 0.05) at higher concentration of Cr (10 mg/l)
as compared to the respective control.

At the 3™ day of incubation period, the carbohydrate content
was less declined as compared to other incubation periods. It
was followed by 5 %, 11 %, 14 %, 17 %, 20 % decline in
0.01, 0.1, 1, 5, 10 mg/1 of Cr treated Spirulina respectively as

compared to control. At the 5" day of incubation period, the
carbohydrate content was decreased by 35 %, 37 %, 38.5 %,
41 %, 45 % in 0.01, 0.1, 1, 5, 10 mg/l of Cr respectively as
compared to control. The carbohydrate content of Spirulina
was decreased by 41 %, 43 %, 46 %, 48.2 %, 58.3 % in 0.01,
0.1, 1, 5, 10 mg/l of Cr respectively as compared to control
on 7" day. At the 9" day of incubation period, the
carbohydrate content was decreased by 48.2 %, 50.1 %, 53.3
%, 56 %, 61.2 % in 0.01, 0.1, 1, 5, 10 mg/1 of Cr respectively
as compared to control. The findings were supported by
Sultan er al."® who studied the biochemical changes in
response to metal tolerance in Anabaena doliolum exposed to
Cd and Cu.

Effect on protein content

The observed data demonstrates that the protein content was
decreased with increasing concentration of Cr as well as
incubation period. Figure 3 shows the protein content of
control and treated Spirulina platensis. The protein content
was increased up to 30.45, 27.56, 23.61, 22.44, 19.22 png/ml
in 0.01, 0.1, 1, 5, 10 mg/1 of Cr respectively as compared to
control (55.4 pg/ml) at the end of incubation period. A
significantly maximum decline was of 65.3 % (p = 0.05) at
higher concentration of Cr (10 mg/l) as compared to the
respective control.

At the 3" day of incubation period, the protein content was
less influenced as compared to other incubation periods. It is
followed by 7.1 %, 10.5 %, 13.4 %, 15.7 %, 18.7 % decline
in 0.01, 0.1, 1, 5, 10 mg/1 of Cr treated Spirulina respectively
as compared to control. At the 5™ day of incubation period,
the protein content was decreased by 30.8 %, 34.1 %, 37.1 %,
44.3 %, 48.6 % in 0.01, 0.1, 1, 5, 10 mg/l of Cr respectively
as compared to control. The protein content of Spirulina was
decreased by 35 %, 44.2 %, 46.4 %, 50 %, 55.5 % in 0.01,
0.1, 1, 5, 10 mg/l of Cr respectively as compared to control
on 7" day. At the 9" day of incubation period, the protein
content was decreased by 45.1 %, 50.3 %, 57.4 %, 59.5 %,
65.3 % in 0.01, 0.1, 1, 5, 10 mg/1 of Cr respectively as
compared to control.

Effect on Chlorophyll-a content

The observed data demonstrates that the chlorophyll-a
content was influenced in a dose and time dependent manner.
Figure 4 shows the chlorophyll-a content of control and
treated Spirulina platensis. The chlorophyll-a content was
increased up to 2.8, 2.66, 2.34, 2.15, 1.78 pg/ml in 0.01, 0.1,
1, 5, 10 mg/1 of Cr respectively as compared to control (4.92
pg/ml) at the end of incubation period. A significantly
maximum decline was of 63.9 % (p = 0.05) at higher
concentration of Cr (10 mg/l) as compared to the respective
control.

At the 3" day of incubation period, the chlorophyll-a content
was less influenced as compared to other incubation periods.
It was followed by 2.2 %, 6.8 %, 11.4 %, 14.9 %, 25.7 %
decline in 0.01, 0.1, 1, 5, 10 mg/l of Cr treated Spirulina
respectively as compared to control. At the 5™ day of
incubation period, the chlorophyll-a content was decreased
by 28.5 %, 32.8 %, 37.2 %, 40 %, 44.3 % in 0.01, 0.1, 1, 5,
10 mg/l of Cr respectively as compared to control. The
chlorophyll-a content of Spirulina was decreased by 38.1 %,
43 %, 46 %, 49 %, 54.9 % in 0.01, 0.1, 1, 5, 10 mg/l of Cr
respectively as compared to control on 7" day. At the 9™ day
of incubation period, the chlorophyll-a content was decreased
by 43.2 %, 46.1 %, 51.7 %, 56.4 %, 63.9 % in 0.01, 0.1, 1, 5,
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10 mg/l of Cr respectively as compared to control. These
findings were supported by previous study. Cyanobacterium
Spirulina sp. was reported for decline in chlorophyll-a
content treated with Cu, NaCl, and combination of both**.
The decrease in chlorophyll-a pigment content which is
necessary for photosynthesis, could be a reason of growth
reduction. Sen et al.” suggest that 10 ppm Cr (VI) lowered
the chlorophyll in Pistia stratiotes by decreasing the
synthesis of chlorophyll as possible by decreasing
chlorophyllase activity. The chlorophyll reduction is a marker
for oxidative stress*®?’. Impairment of the electron transport
chain and replacement of Mg®" ions associated with the
tetrapyrole ring of chlorophyll molecules could be the
primary reason of photosynthetic pigments destruction”®.

CONCLUSION

Environmental pollution of heavy metals is being widely
spreaded due to anthropogenic activities. Heavy metals are
transmitted to human along their food chain. It has brought a
serious threat to the ecosystem. At lower concentration,
heavy metals are necessary for proper metabolic function of
an organism. But they become toxic at higher concentration
and target the lipid which is a key biomolecules of the cell
membrane and results in serious disorder to human. To treat
the heavy metal pollution, Cyanobacterial cells are extremely
used as they can accumulate a significant concentration of
heavy metals. In the present study, the growth of S. platensis
is adversely affected with increasing concentration of metals.
The extent of toxicity was found to be increase with
increasing concentration of metal. But the cyanobacterial
cells could survive in the presence of metal. Therefore,
Spirulina platensis can be used for the treatment of metal
pollution present at lower concentration.

REFERENCES

1. Barakat MA. New trends in removing heavy metals from industrial
wastewater. Arabian Journal of Chemistry 2011; 4: 361-377.
http://dx.doi.org/10.1016/j.arabjc.2010.07.019

2. Al Busaidi M, Yesudhanon P, Al Mughairi S, Al Rahbi WAK, Al
Harthy KS, Al Mazrooei NA, Al Habsi SH. Toxic metals in
commercial marine fish in Oman with reference of national and
international standards. Chemosphere  2011; 85: 67-73.
http://dx.doi.org/10.1016/j.chemosphere.2011.05.057

3. Perales Vela HV, Pen™a Castro J, Can’izares Villanueva RO. Heavy
metal detoxification in eukaryotic microalgae. Chemosphere 2006; 64:
1-10. http://dx.doi.org/10.1016/j.chemosphere.2005.11.024

4. Cobbett C, Goldsbrough P. Phytochelatin and metallothioneins: Roles
in heavy metal detoxification and homeostasis. Annual Review of Plant
Biology 2002; 53: 159-182. http://dx.doi.org/10.1146/annurev.arplant.
53.100301.135154

5. Goyal N, Jain SC, Banerjee UC. Comparative studies on the microbial
adsorption of heavy metals. Advances in Environmental Research
2003; 7: 311-319. http://dx.doi.org/10.1016/S1093-0191(02)00004-7

6.  Ari AB, Mel M, Hasan MA, Karim MIA. The kinetics and mechanism
of lead (II) bio absorption by powderized Rhizopus oligosporus. World
Journal of Microbiology and Biotechnology 1999; 15: 291-298.
http://dx.doi.org/10.1023/A:1008995026987

7. Wang J, Chen C. Bio absorption of heavy metals by Saccharomyces
cerevisiae. Biotechnology Advances 2006; 24: 427-451. http://dx.doi.
org/10.1016/j.biotechadv.2006.03.001

8. Inthorn D. Removal of heavy metal by using microalgae. Edited by
Hiroyuki Kojima and Yuan Kun Lee, Photosynthetic Microorganisms
in Environmental Biotechnology. Springer, Verlag Hong Kong Ltd
2001; 310: 111- 169.

9. Athar M, Vohora SB. Heavy metals and environment, New Delhi, New
Age International Publisher; 2001. p. 3-40.

10. Barceloux DG. Chromium. Journal of Toxicology: Clinical
Toxicology. 1999; 37(2): 173-94. http://dx.doi.org/10.1081/CLT-
100102418

11. Mirada MS, Cintra RG, Barros SM, Mancini Filho J. Antioxidant
activity of microalga Spirulina maxima. Brazilian Journal of Medical
and Biological Research 1998; 31: 1075- 1079.

12. CPCB. Environmental standards for Ambient air, automobiles, fuels,
industries and noise. Pollution Control Law Series, PCLS/4/2000-2001,
Published by Central Pollution Control Board, New Delhi; 2000-2001.

13.  Zarrouk C. Contribution a 1’étude d’une cyanophycée. Influence de
divers’ facteurs physiques et chimiques sur la croissance et la
photosynthése de Spirulina maxima. Ph.D. Thesis, Université de Paris,
Pari; 1966.

14. Mackinney G. Absorption of light by chlorophyll solution. Journal of
Biological Chemistry 1941; 140: 466 -446.

15. Dubois M, Gilles KA, Hamilton JK, Rebers PA, Smith F. Calometric
method for determination of sugars and related substances. Analytical
Chemistry 1956; 28: 350-356. http://dx.doi.org/10.1021/ac60111a017

16. Lowry OH, Rosebrough NL, Farr AL, Radall RJ. Protein measurement
with the folin phenol reagent. Journal of Biological Chemistry 1951;
193: 265- 275.

17. Herbert RA, Hendriff MS, Gibbson DM, Shewan JM. Bacteria activity
in the spoilage of certain foods. Journal of Applied Bacteriology 1971;
34: 41-50. http://dx.doi.org/10.1111/j.1365-2672.1971.tb02267.x

18. Sultan P, Williams Shah MI, Arif Jan P, Ahamad N. Biochemical basis
of heavy metal induced stress tolerance in the N, fixing
Cyanobacterium Anabaena doliolum. African Journal of Clinical and
Experimental Microbilogy 2007; 8: 8-22.

19. Torzillo G. Optimization of microal-gal productivity outdoors: use of
an online Chlorophyll fluorescence technique, 52" Ann. Meet. Phycol.
Soc. Am; 1998.

20. Babu NG, Sarma PA, Attitalla IH, Murthy SDS. Effect of selected
heavy metal ions on the photosynthetic electron transport and energy
transfer in the thylakoid membrane of the Cyanobacterium, Spirulina
platensis. Academic Journal of Plant Sciences 2010; 3(1): 46-49.

21. Rosko JJ, Rachlin JW. The effect of cadmium, copper, mercury, zinc
and lead on cell division, grown and chlorophyll a content of the
chlorophyte Chlorella vulgaris. Bulletin of Torrey Botany Club 1977,
104: 226-275. http://dx.doi.org/10.2307/2484302

22. Fisher NS, Jones GJ, Nelson DM. Effect of copper and zinc on growth,
morphology and metabolism of Asterionella japonica (cleve). Journal
of Experimental Biology and Ecology 1981; 51: 37-56. http://dx.
doi.org/10.1016/0022-0981(81)90153-2

23. Visviki I, Rachlin JW. The toxic action and interactions of copper and
cadmium to the marine alga Dunaliella minuta in both acute the chronic
exposure. Archives of Environment Contamination and Toxicology
1991; 2: 271-275. http://dx.doi.org/10.1007/BF01055915

24. Deniz F, Saygider SD, Karaman S. Response to Copper and Sodium
Chloride Excess in Spirulina sp. (Cyanobacteria). Bulletin of
Environmental Contamination and Toxicology 2011; 87: 11-15.
http://dx.doi.org/10.1007/s00128-011-0300-5

25. Sen AK, Mondal NG. Studies of uptake and toxic effects of Cr (VI) on
Pistia stratiotes. Water Science and Technology 1987; 19: 119-12.

26. Clijsters H, Cuypers A, Vangronsveld J. Physiological response to
heavy metals in higher plants-defence against oxidative stress.
Zeitschrift fiir Naturforschung 1999; 54: 730-734.

27. Sanita Di Toppi L, Musetti R, Marabottini R, Corradi MG, Vattuone Z,
Augusta M, Badiani M. Responses of Xanthoria parietina thalli to
environmentally relevant concentrations of hexavalent chromium.
Functional Plant Biology 2004; 31: 329— 338. http://dx.doi.
org/10.1071/FP03171

28. Van Assche F, Clijsters H. Effects of metals on enzymes activity in
plants. Plant, Cell and Environment 1990; 13: 195-206. http://dx.
doi.org/10.1111/j.1365-3040.1990.tb01304.x

Cite this article as:

Gupta Shilpi, Sharma Sunita, Singh Sweta. Hexavalent chromium toxicity to
Cyanobacterium spirulina platensis. Int. Res. J. Pharm. 2014; 5(12):910-914
http://dx.doi.org/10.7897/2230-8407.0512184

Source of support: Nil, Conflict of interest: None Declared

Page 914



