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Industrialization, in the environmental context, has accumulated heavy metal concentrations considerable and it is 

adversely affecting biological system. In order to regulate heavy metal levels from effluents before their release into the 

environment, treatment of the wastewaters to reduce the content is mandatory. Phycoremediation is recognized as a cost 

effective technology for treating industrial effluents. The present study was carried out with the carton box manufacturing 

industry effluent contaminated with heavy metals collected from Peenya industrial area, Bangalore to determine the 

phycoremediation potential of algal consortium comprising of Chlorella and Scenedesmus. Microalgal species grown in 

wastewater with two different concentrations (50 and 100 %) were analyzed for their influence on algae growth, biomass 

and protein contents. Algae treated effluent showed the reduction of total solids, total dissolved solids and total suspended 

solids and heavy metal levels. These results indicate the efficacy of algal consortium for phycoremediation of carton box 

manufacturing industry effluent. 

Keywords: Heavy metals, Industrial effluents, Pollution 

Current rapid industrialization, population, and 

urbanization have added huge loads of pollutants in the 

water bodies. These organic pollutants are introduced 

into the environment through industrial discharges, 

agricultural uses, or other waste disposal practices
1
. 

Most of the heavy metals are water soluble and they 

cannot be removed by normal physical removal 

methods. Heavy metals, such as chromium, nickel, 

copper, lead, and zinc in wastewater are hazardous to 

health. The nature of heavy metals polluted wastewater 

effluents on humans may be toxic, neurotoxic, 

carcinogenic, and mutagenic
2
. It is reported that each 

metal exhibit specific sign of their toxicity and the signs 

associated with cadmium, lead, chromium, arsenic, zinc, 

mercury, copper and aluminium poisoning are 

gastrointestinal disorders, diarrhea, stomatitis, tremor, 

ataxia, paralysis, vomiting, depression and pneumonia
3
. 

Due to the significant disadvantages associated with 

chemical methods, such as more energy requirements, 

incomplete metal removal, toxic waste products 

generation, there is an increasing demand for eco-

friendly techniques using low cost
4
. In recent years there 

has been an increase in demand for microbial biomass 

for remediation purpose. Phycoremediation is the use of 

macroalgae or microalgae for the removal or 

biotransformation of pollutants, including nutrients and 

xenobiotics, from wastewater and CO2 from air
5
. Algae 

is considered as a renewable source of natural biomass 

having potential towards metal removal from the 

aqueous solutions or effluents because of their main 

constituents such as carbohydrates, proteins and 

phenolic compounds consisting of metal bonding groups 

such as amines, carboxylates and hydroxyls
6,7

. Algal 

species are relatively easy to grow, adapt and manipulate 

within a laboratory
8
. 

 

Algae can absorb different types of pollutants from 

solutions or effluents using mechanism of biosorption. It 

incorporates a series of independent metabolic 

processes, including physical and chemical adsorption, 

electrostatic interaction, ion exchange, complexation, 

chelation and microprecipitation
9
. Bioaccumulation 

occurs in two stages, in the first, biosorption, the 

contaminant is retained on the surface of the cell wall 

and in the second, the contaminant undergoes via active 

transport into the cell
10

. 
 

The carton boxboard manufacturing industry 

generates wastewater during production. These 

wastewaters comprise of high levels of glue and inks. 

Hence, the total and suspended solids concentrations are 

also high. In addition, significant concentrations of 

metals, namely aluminum, chromium, iron, sodium, 

magnesium, lead and zinc are evident due to the 
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presence of various types of inks used
11

. It is necessary 

that heavy metals are removed from the wastewater 

before it is discharged it into water bodies. The present 

work is focused on biological treatment to reduce the 

heavy metals from a carton box effluent through 

treatment with algal consortium. 
 

Materials and Methods 
 

Algae cultivation 

Chlorella sp. and Scenedesmus sp. were isolated 

using serial dilution, standard plating, colony isolation 

and culture techniques. The algal genus was identified 

with the help of standard monographs and recent 

available literature
12

. The algal species were grown in 

BG-11 growth media
13

 under controlled conditions in a 

growth chamber at a temperature of 27°C and light 

intensity of 16-30 W/m
2
. After two weeks, the biomass 

was separated from the media by centrifugation. The 

pellets were washed twice with distilled water before 

being used for the studies. 
 

Physicochemical analysis of the wastewater 

The wastewater used in the present investigation 

was obtained from a Carton boxboard manufacturing 

industry, Peenya industrial area, Bangalore. The 

wastewater samples were analyzed for pH, total solids 

and total dissolved solids, total suspended solids 

according to standard methods of analysis of 

wastewater (American Public Health Association, 

1998). Heavy metals chromium (Cr), Arsenic (Ar) 

and Nickel (Ni) were measured by Atomic Absorption 

Spectroscopy (SIMADZU, Model-AA6401F AAS). 
 

Experiment design 

Experiments were set up to investigate chromium, 

arsenic and nickel removal by growing microalgae 

Chlorella sp. and Scenedesmus sp. consortium in 

various concentrations of wastewater. The experiment 

was carried out in 250 mL sterile Erlenmeyer flasks 

covered with cotton plugs coated with the plastic. The 

wastewater was diluted to different concentrations of 

test solutions viz., 50 and 100% using distilled water, 

while BG-11 medium prepared in distilled water served 

as control. 

Flasks were inoculated with 5 mL of 

Chlorella/Scenedesmus sp. consortium, taken from the 

stock algal cultures. The concentration of algae at the 

beginning of the experiment was 38×10
3
 cells/mL. 

Algae were counted in Haemocytometer chamber using 

light microscope. The flasks were incubated at 16:8 

day-night cycle with the average 16-30 W/m
2
. The 

control and effluent-treated algal consortium were 

subjected to growth, biochemical analysis and heavy 

metal analysis. Growth curve of algae, total chlorophyll 

and total protein contents were measured as described 

below at different day intervals (Day 1, 3, 6, 9 and 12). 

All experiments were carried out in triplicate and 

analyzed statistically. 
 

Growth analysis and Biomass estimation 

Growth curve of Chlorella sp. and Scenedesmus sp. 

consortium in effluent was measured by 

turbidometrically at 680 nm using a spectrophotometer. 

Biomass content was estimated using the formula 

(weight [g/L] =OD primary∗0.238
14

. 
 

Biochemical analysis 

Total protein and Total chlorophyll content 

Protein measurement was performed according to 

Lowry’s method
15

. Total chlorophyll content was 

determined according to the method of Parson and 

Strickland
16

.  
 

Heavy metal analysis 

Heavy metals, chromium, nickel and arsenic were 

analyzed before and after algae treatment by atomic 

absorption spectrometric analysis by APHA standard 

methods
17

.  
 

Phytotoxicity studies  

To achieve the purpose of phycoremediation study, a 

bioassay was performed as a parallel monitoring system 

according to method of Kagalkar et al.
18

. Assay was 

performed in order to assess toxicity of wastewater 

containing heavy metals after its phycoremediation 

process. The effect of wastewater before and after its 

phycoremediation was recorded. Tests were carried out 

with seeds of higher plant Phaseolus mungo. Ten 

individual seeds were used for the germination in each 

set and watered separately with 10 mL of wastewater 

and cell free wastewater obtained after 

phycoremediation. The samples were watered every day 

for 8 days. A control set was also performed with same 

number of seeds watered with 10 mL of water. The 

percentage of seed germination along with root and 

shoot lengths of the seedlings were recorded in each case 

separately. Germination inhibition (%), reduction in 

length of shoot (%) and reduction in length of root (%) 

was calculated for comparative study of the effect of 

wastewater before and after phycoremediation.  
 

Statistical analysis 

Data were analyzed statistically using the Graph 

pad software. Experiments were carried out in 

triplicates (n=3). The results were reported as 

mean±SE. 
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Results  
 

Physicochemical analysis 

The collected carton box industry effluent was 

analyzed for physicochemical characteristics like pH, 

color, odor, total solids (TS), total suspended solids 

(TSS) and total dissolved solids (TDS). The results of 

physicochemical properties of wastewater after 

phycoremediation process are presented in Table 1. 

Results from this experiment showed that at the 12
th 

day 

of the phycoremediation, pH of the wastewater 

significantly increased from 5.8 to 7.2 and the amount of 

TDS was reduced efficiently from the wastewater. After 

phycoremediation of wastewater, the color of 

wastewater changed from the light black color to the 

green colour. 
 

Growth analysis and Biomass analysis 

The growth capability of Chlorella sp. and 

Scenedesmus sp. against heavy metals such as 

chromium, arsenic and nickel present in the carton box 

industry effluent has been checked by growing the 

species in 50 and 100% effluent. There was increase in 

growth of algal cells with increasing concentration of 

effluent as compared to control (Fig. 1A).  

The entire waste water medium (100%) is suitable for 

growth of algae. Biomass contents of algal consortium 

were obtained as 72.82% in 50% effluent and 76.41% in 

100% effluent when compared to the control (Fig. 1B). 
 

Biochemical analysis 

The total protein content of algal consortium was 

64% in 50% effluent and 96% in 100% effluent 

treatment when compared with the control (Fig. 2A). 

Table 1—Physicochemical characteristics of carton box industry 

wastewater before and after phycoremediation treatment 

Parameters Before 

treatment 

After 

treatment 

pH 5.8 7.2 

Colour Light black Green 

Odour odour odourless 

Total Solids (TS) mgL-1 146±0.23 136±.27 

Total Suspended Solids (TSS) mgL-1 6±0.08 4±0.12 

Total Dissolved Solids (TDS) mgL-1 140±.14 132±.15 

Each value represents the mean ± standard error values (n=3) 
 

 
 

Fig. 1—Growth curve of (A) Chlorella/Scenedesmus sp.; and (B) 

Biomass content of algal consortium treated with 50 % and 100 % 

concentrations of effluent 

 
 

Fig. 2—(A) Protein content; and (B) Chlorophyll content of algal 

consortium treated with 50 % and 100 % concentrations of 

effluent 
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In the present study, we found increase in the protein 

content with increase in duration. Effect of heavy metals 

on total chlorophyll content of algal consortium is 

shown in Fig. 2B. Total chlorophyll content in effluent-

treated algal cells was less when compared to the 

control. There is dose dependent increase in total 

chlorophyll content was observed at different day 

intervals. The total chlorophyll content of algal 

consortium was 76% in 50% effluent and 84% in 100% 

effluent, when compared with the control.  
 

Heavy metals removal efficiency of algal consortium 

The presence of chromium, arsenic and nickel were 

analyzed by atomic absorption spectroscopy (AAS), 

and it was found to be 0.2 mg/L, 7.59 µg/L, and 64.03 

mg/L, respectively in 100% effluent. However, after 

algal consortium treatment, heavy metals contents of 

effluent were significantly reduced as 0.03 mg/L, 1.2 

µg/L, 0.59 mg/L for chromium, arsenic and nickel, 

respectively. The maximum metal removal occurred 

in algal consortium 85% for Cr, 84.19% for As and 

99.17% for Ni in 100% effluent treatment (Fig. 3). 

Phytotoxicity studies 

Phytotoxicity test were performed in order to 

assess the toxicity of industry wastewater and treated 

wastewater obtained after its phycoremediation. 

Toxicity tests in view of seed germination and root 

growth have been proposed by government agencies 

to study the potential for possibility of removal of 

contaminated effluents disposed into the environment 

directly. Phytotoxicity study revealed the toxic nature 

of industry effluent to the higher plant Phaseolus 

mungo (Fig. 4). Germination (%) of plant was less in 

industry effluent treatment as compared to treated 

wastewater after its phycoremediation and normal 

water (Table 2). 
 

Discussion 

The algae Chlorella sp. and Scenedesmus sp. have 

been widely used in wastewater treatment due to fast 

growth rates and remediation ability. After 

phycoremediation of wastewater, pH of the 

wastewater significantly increased from 5.8 to 7.2. 

The microalgae, through photosynthesis, reduces 

dissolved CO2 concentrations which, in turn, raise the 

pH level
19

. Total dissolved solids content of the 

effluent decreased upon treatment, which is due to the 

utilization of nutrients from effluent by algae. It is 

found that there is decrease in physicochemical 

parameters which is due to the binding of negatively 

charged uronic acids, present in microalgae to cations 

in heavy metals
20

.  

 
 

Fig. 3—Heavy metal removal percentage of algal consortium 

treated with effluent 

 
 

Fig. 4—Phytotoxicity of industry effluent to the germination of higher plant Phaseolus mungo. [I = Seeds treated with water. II= Seeds 

treated with wastewater. III = Seeds treated with treated wastewater after its phycoremediation] 

Table 2—Phytotoxicity study of wastewater and treated 

wastewater after its phycoremediation 

Observations I II III 

Germination (%) 80 % 00 60% 

Shoot length (cm) 7.5±0.08 0.0±0.0 6.56±0.2 

Root length (cm) 6.5±0.26 0.0±0.0 5.75±0.17 

[Each value represents the mean ± standard error values (n=3). I = 

Seeds treated with water.; II= Seeds treated with waste 

water; III = Seeds treated with treated wastewater after its 
phycoremediation 
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When wastewater was used as growth media for 

algae, there was a dose dependent increase in biomass 

concentration. While Balaji et al.
21

 observed reduction 

in biomass contents of Arthrospira platensis in 

tannery effluent as 67.88% in 50% effluent and 

49.32% in 100% effluent. Ajayan et al.
22

 found 

reduction in biomass content of Scenedesmus sp. in 

tannery effluent. It may be due to the higher amount 

of heavy metals and other toxic pollutants present in 

the effluent which reduced the growth of 

microalgae
23

. 
 

In the present study, we found increase in the 

protein content with day intervals, which is similar to 

the results of previous studies on seaweed Ulva 

faciata and Chaetomorpha antennina which showed 

that the effluent had positive effect on the protein 

content of the alga with increase in 35% of protein 

level to soda ash industry effluent exposure
24

. The cell 

wall of microalgae consists mainly of 

polysaccharides, proteins, which provide various 

functional groups. These functional groups offer a net 

negative charge to the cell surface and binds with 

heavy metal ion with strong affinity
25

. Algae can 

incorporate toxic effects of heavy metals by 

accumulating protein at low heavy metal level or by 

increasing respiration leading to the utilization of 

carbohydrate in favor of protein accumulation
26

. The 

intracellular metal detoxification mechanisms 

comprise binding of metal with metal binding 

peptides and proteins within the cytoplasm and 

sequestration of metals in the form of electron-dense 

polyphosphate granules
27

. Change in total chlorophyll 

content in algal cells as compare to control could be 

attributed due to disorganization of chloroplast 

structure, peroxidation of chloroplast membranes  

and increased production of free radicals
28,29

.  

El-Naggar et al.
30

 reported inhibition of chlorophyll 

biosynthesis in Monoraphidium minutum and Nitzchia 

perminutaby Co
2+

 treatment. The mechanism 

proposed is the replacement of magnesium in the 

chlorophyll molecule and blocking of chlorophyll 

synthesis, this may be due to inhibition of reduction 

step in the biosynthetic pathways of this pigment 

leading to lower chlorophyll contents. 
 

The algae biomass is considered as ideal biosorbent 

for the selectively removing and reducing the 

concentration of heavy metals due to some features 

which includes availability in either live or dead form, 

low nutrient requirement, large biomass production, 

high bio sorption capacity, high tolerance to heavy 

metals, regeneration potential
31,32 

. Shashirekha et al.
33

 

reported that blue green algae are potential organisms 

having capacity to remove metals and other toxic 

components from tannery wastewaters. The 

mechanism of removing heavy metals from 

wastewater by microalgae is related to their large 

surface area and binding capacity
34

. The toxic effect 

of heavy metals may be related to production of 

reactive oxygen species (ROS) and the resulting 

unbalanced cellular redox status. Algae have 

developed extracellular and intracellular mechanisms 

to cope up with heavy metal toxicity. At lower levels, 

algae can accumulate heavy metals
35

. It has been 

reported that cell wall is the main barrier for metal 

uptake, and surface adsorption is an essential system 

that allows microalgae to endure high levels of 

harmful metals in their encompassing medium
36

. 

Tripathi et al.
37

 reported use of Scenedesmus sp. 

ISTGA1 for municipal wastewater treatment. Also 

Wang et al.
38

 reported removal of Al, Ca, Fe, Mg, and 

Mn from local municipal wastewater treatment plant 

(MWTP) using Chlorella sp. Kumar et al.
39

 checked 

efficiency of different wastewater viz., domestic 

sewage, industrial and aquaculture wastewater for 

heavy metal removal using marine algae Chlorella 

marina. 

During phytotoxicity study, the heavy metal 

content in industry effluent was significantly reduced 

the length of shoot and root than the treated 

wastewater after its treatment. The probable reason is 

that, heavy metals have some impacts on plant 

includes decreased seed germination and lipid 

content, inhibition of photosynthesis, decreased 

enzyme activity and plant growth
40

. Phycoremediation 

process removes significant quantity of heavy metals, 

and hence treated wastewater would be less toxic to 

plants. 
 

Conclusion 

It is evident from the present study that microalgal 

consortium could remediate carton box industry 

wastewater and offers promising alternative to 

traditional technologies in the treatment of heavy 

metals. Algal consortium was effective in detoxifying 

heavy metals that leads to the reduction in total solids, 

total dissolved solids and total suspended solids in 

effluent. Chlorella-Scenedesmus showed dose 

dependent increase in growth rate, total chlorophyll 

and total protein contents during effluent treatment. 

The algal consortium also effectively removed heavy 

metals, there by exhibiting bioremediation potential of 
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carton box industry effluent. The algal treatment 

system is offering an eco-friendly technology in the 

industrial wastewater treatment. 
 

Acknowledgement 

Dr. Nilambari S Patil thanks Science and Engineering 

Research Board (SERB), DST, Govt. of India, New 

Delhi for awarding National postdoctoral fellowship.  

Dr. GA Ravishankar acknowledges Department of 

Science and Technology (DST), Govt. of India for 

financial support through competitive grant.  
 

Conflict of interest 

The authors declare that they have no conflict of 

interest. 
 

References 
1 Chekroun KR, Esteban S & Mourad B, The role of algae in 

bioremediation of organic pollutants. Int J Environ Res 

Public Health, 2 (2014) 19. 

2 Duruibe JO, Ogwuegbu MOC & Egwurugwu JN, Heavy 

metal pollution and human biotoxic effects. Int J Phys Sci, 5 

(2007) 112. 

3 McCluggage D, Heavy Metal Poisoning, NCS Magazine, 

(The Bird Hospital, CO, USA), 1991.www.cockatiels.org/ 

articles/Diseases/metals.html. 

4 Kanchana S, Jeyanthi J, Kathiravan R & Suganya K, 

Biosorption of heavy metals using algae: a review. Int J 

Pharm Med Biol Sci, 3 (2014) 1. 

5 Olguin EJ, Phycoremediation: Key issues for cost-effective 

nutrient removal processes. Biotechnol Adv, 22 (2003) 81. 

6 Lesmana SO, Febriana N, Soetaredjo FE, SunarsoJ & 

Ismadji S,Studies on potential applications of biomass for the 

separation of heavy metals from water and wastewater. 

Biochem Eng J, 44 (2009) 19. 

7 Song HL, Liang L & Yang KY, Removal of several metal 

ions from aqueous solution using powdered stem of Arundo 

donax L as a new biosorbent. Chem Eng Res Des, 92 (2014) 

1915. 

8 Dresback K, Ghoshal D & Goyal A, Phycoremediation of 

trichloroethylene (TCE). Physiol Mol Biol Plants, 7 (2001) 

117. 

9 Fomina M & Gadd GM, Biosorption: current perspectives on 

concept, definition and application. Biores Technol, 

160(2014) 3–14. 

10 Chojnacka K, Biosorption and bioaccumulation – the 

prospects for practical applications. Environ Int J, 36  

(2010) 299. 

11 James C & O’Shaughnessy, Treatment and recycling of 

wastewater from corrugated box manufacturing plant. 

Proceedings of the 33rd Industrial Waste Conference (1978) 

642. 

12 Philipose MT, Chlorococcales, (ICAR, New Delhi, India), 

1967. 

13 Allen MM & Stanier RY, Growth and division of some 

unicellular blue-green algae. J Gen Microbiol, 51  

(1968) 199. 

14 Biotronix GM, Optical densities in biotechnology, 2013. 

www.biotronix.de. 

15 Lowry OH, Rosenbrough NJ, Farr AL & Randall RJ, Protein 

measurement with the Folin phenol reagent. J Biol Chem, 

193 (1951) 265. 

16 Parsons TR & Strickland JDH, Discussion of spectro-

photometric determination of marine-plant pigments with 

revised equations for ascertaining chlorophylls and 

carotenoids. J Marine Res, 21 (1963) 163. 

17 American Public Health Association (APHA), Standard methods 

for examination of water and waste water (20th ed.). 

Washington: American Public Health Association Inc (1998). 

18 Kagalkar AN, Jagtap UB, Jadhav JP, Bapat VA & 

Govindwar SP, Biotechnological strategies for 

phytoremediation of the sulphonated azo dye Direct Red 5B 

using Blumea malcolmii Hook. Biores Technol, 100 (2009) 

4104. 

19 Borowitzka MA, In: Limits to growth. (Eds. Wong YS & 

Tam NFY, Wastewater Treatment with Algae, New York), 

1998, 203–226. 

20 Ajayan KV & Selvaraju M, Heavy metal induced antioxidant 

defense system of green microalgae and its effective role in 

phycoremediation of tannery effluent. Pak J Biol Sci, 15 

(2012) 1056. 

21 Balaji S, Kalaivani T, Rajasekaran C, Shalini M, Vinodhini  S, 

Sunitha S & Vidya AG, Removal of heavy metals from 

tannery effluents of Ambur industrial area, Tamilnadu by 

Arthrospira (Spirulina) platensis. Environmen Monit Assess, 

187 (2015) 1. 

22 Ajayan KV, Selvaraju M, Unnikannan P & Sruthi P, 

Phycoremediation of tannery wastewater using microalgae 

Scenedesmus species. Int J Phytoremediation, 17(2015) 907. 

23 Hagemeyer J, Ecophysiology of plant growth under heavy 

metal stress. In: Heavy Metal Stress in Plants. (Eds. Prasad MNV 

& Hagemeyer J, Germany) 1999, 157–181. 

24 Jadeja R & Tewari A, Effect of soda ash industry effluent on 

protein content of two green seaweeds. J Hazard Mater, 151 

(2008) 559. 

25 Gupta VK & Rastogi A, Biosorption of lead from aqueous 

solutions by green algae Spirogyra species: kinetics and 

equilibrium studies. J Hazard Mater, 152(2008) 407–414. 

26 Osman M, El-Naggar A, El-Sheekh M & El-Mazally E, 

Differential effects of Co2+ and Ni2+ on protein metabolism 

in Scenedesmus obliquus and Nitzschia perminuta. 

Environmen Toxicol Pharmacol, 16 (2004) 169.  

27 Reed RH & Gadd GM., In: Metal tolerance in eukaryotic and 

prokaryotic algae (Eds. A.J.Shaw, Heavy metal tolerance in 

plants: Evolutionary aspects, CRC Press, Boca Raton, FL, 

USA) 1990, 105. 

28 Somashekaraiah BV, Padmaja K & Prasad ARK, 

Phytotoxicity of cadmium ions on germinating seedlings of 

mung bean (Phaseolus vulgaris): Involvement of lipid 

peroxides in chlorophyll degradation. Physiol Plant, 85 

(1992) 85. 

29 Pahlsson AM, Toxicity of heavy metals (Zn, Cu, Cd, Pb) to 

vascular plants: a literature review. Water Air Soil Pollut, 47 

(1989) 287. 

30 El-Sheekh  MM, El-Naggar  AH, Osmas  MEH & El-Mazaly E, 

Effect of cobalt on growth, pigments and photosynthetic 

electron transport in Monoraphidium minutum and Nitzchia 

perminuta. Braz J Plant Physiol, 15 (2003) 159. 

31 Das N, Vimala R, & Karthika P, Biosorption of heavy 

metals–An overview. Indian J Biotechnol, 7 (2008) 159. 

http://www.cockatiels.org/articles/Diseases/metals.html
http://www.cockatiels.org/articles/Diseases/metals.html
http://earchives.lib.purdue.edu/cdm/search/searchterm/Proceedings
http://earchives.lib.purdue.edu/cdm/search/searchterm/33rd
http://earchives.lib.purdue.edu/cdm/search/searchterm/Industrial
http://earchives.lib.purdue.edu/cdm/search/searchterm/Waste
http://earchives.lib.purdue.edu/cdm/search/searchterm/Conference
http://earchives.lib.purdue.edu/cdm/search/searchterm/642-652
http://www.biotronix.de/
http://www.pubpdf.com/search/author/R+N+Jadeja
http://www.pubpdf.com/search/author/A+Tewari
http://www.pubpdf.com/pub/17662523/Effect-of-soda-ash-industry-effluent-on-protein-content-of-two-green-seaweeds
http://www.pubpdf.com/pub/17662523/Effect-of-soda-ash-industry-effluent-on-protein-content-of-two-green-seaweeds


INDIAN J EXP BIOL, OCTOBER 2019 

 

 

756 

32 Chekroun KB & Baghour M, The role of algae in 

phytoremediation of heavy metals: A review. J Mater 

Environ Sci, 4 (2003) 873. 

33 Shashirekha V, Sridharan MR & Mahadeswara S, 

Biosorption of trivalent chromium by free and immobilized 

blue green algae: Kinetics and equilibrium studies. J Environ 

Sci Health A, Toxic/Hazardous Subst Environ Engg, 43 

(2008) 390. 

34 Dwivedi D, SrivastavaS, Mishra S, Kumar A,  

Tripathi RD, Rai UN, Dave R, Tripathi P, Chakraborty D  

& Trivedi PK, Characterization of native microalgal 

strains for their chromium bioaccumulation potential: 

phytoplankton response in polluted habitats. J Hazard Mater, 

173 (2010) 95. 

35 Pinto E, Teresa CS, Sigaud-Kutner, Maria AS, Leita O, 

Oswaldo KO, Morse D & Pio C, Heavy metal induced 

oxidative stress in algae. J Phycol, 39(2003) 

1008. 

36 Lombardi AT, Vieira AVH & Sartori LA, Mucilaginous capsule 

adsorption and intracellular uptake of copper by Kirchneriella 

aperta. J Phycol, 38 (2002) 332. 

37 Tripathi R, GuptaIndu A & Thakur S, An integrated approach 

for phycoremediation of wastewater and sustainable biodiesel 

production by green microalgae, Scenedesmus sp. ISTGA1. 

Renew Ener, 135 (2018) 617. 

38 Wang L, Min M, Li Y, Chen P, Chen Y, Liu Y, Wang Y & 

Ruan R, Cultivation of green algae Chlorella sp. in different 

wastewaters from municipal wastewater treatment plant. Appl 

Biochem Biotechnol, 162 (2010) 1174. 

39 Kumar D, Sannthanam P,Jaylaxmi T,Nandakumar R, Ananth S, 

Shenbaga D & Prasath B, Excessive nutrients and heavy 

metals removal from diverse wastewaters using marine micro-

alga Chlorella marina. Indian J Geo Mar Sci, 44 (2015) 97. 

40 Gardea- Torresdey J, Peralta-Videa JR, Rosa GD & Parsons JG, 

Phytoremediation of heavy metals and study of the metal 

coordination by X-ray absorption spectroscopy. Coord Chemi 

Rev, 249 (2005) 1797. 

 

https://www.sciencedirect.com/science/article/pii/S0960148118314952#!
https://www.sciencedirect.com/science/article/pii/S0960148118314952#!
https://www.sciencedirect.com/science/article/pii/S0960148118314952#!

