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Area of Specialization:
Biomineral processing for extraction of metal values from ores, concentrates and wastes. Bioleaching, Biobenefication, Bioadsorption, Bioprecipitation, Bioremediation, Microbial strain improvement.   
 8.
Research Experience
i) 39 years of R & D experience in the area of biomineral processing and Heading the Bioresources Engineering department of Institute of Minerals and Materials Technology (IMMT), Bhubaneswar.One year experience at Institute For Applied Environmental Biotechnology,Bhubaneswar.
     9.  Research Contribution 
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10. Awards 

· The Misra Award: IIME Best Paper Published Award on Hydro-Electro-Bio Processing, 2012 recieved in the International Conference on Mineral processing Technology, MPT-2013
· Prof. S.R. Vyas Memorial award 2010 by association of Microbiologists of India (AMI) towards his significant contribution for the development of “Microbiology” in India. 
· Best Paper Award for the paper presented at 13th National Conference on New Frontiers in Life Science, Organized on the occasion of Odisha Bigyan Congress during 9-11 December, 2010.

· IIME Mineral Beneficiation Award: Academic / R&D for the year 2009 for his outstanding contribution to the development in the field of Mineral Engineering.

· Sita Ram Rungta Memorial Award 2007: of SGAT for the year 2007 for outstanding work in the field of bio-mineral processing.

· Nilamani Devi –Biswanath Das Award of IIM for the year 2001 for excellent work in the area of Biohydrometallurgy

· Best Poster Award (2nd prize) at NMD-ATM of IIM held at Bhilai, 2000 for the paper ‘Extraction of metal values from zinc concentrate using Thiobacillus ferrooxidans.’ 
· Editorial Board Member of Scientific Reports, a journal from Nature Publishing Group, the publishers of Nature. Mr. Sukla is the editorial board member of the World Environment journal (Scientific & Academic Publishing) and International Journal of Nonferrous Metallurgy 
· Senior consultant of Hydromet Solution.
11. Membership of Professional Bodies

· Vice Chairman, Cafeta-Innova Technical Society, Orissa chapter
· Vice President of Association of microbiologists of India(AMI)-Cuttack-Bhubaneswar Chapter
· Member of American Society for Microbiology

· Life Member of Indian Institute of Metals

· Life Member of Association of Microbiologists of India

· Life Member of Indian Institute of Mineral Engineers

· Life Member of the Indian Institute of Chemical Engineers

· Life  member of Orissa Bigyan Academy 
· Member of Project Monitoring Committee, Department of   Biotechnology (DBT) New Delhi.

· Member of PAC, Biotechnology Dep Member, subject Research Committee (Biot-technology) of Utkal University, Bhubaneswar artment, Utkal University. 
· Member of ENVIS Center on environmental biotechnology
12. Countries Visited
1. Institute of Environmental Engineering, Polish Academy of Science, Poland. From 16thMay   1996 to June 2nd 1996, under the joint programme on microbial desulphurization coal and bacterial leaching of low grade ore.
2. Stolberg Inginieur Beratung GmbH(Consulting company) Germany from  3rd September to 31st October,1984 Discussed and contributed to the design engineering for pilot plant  on Extraction of Copper from complex sulphide ore/concentrate to be created at IMMT.
3. Higher Institute of Mining and Geology, Sofia, Bulgaria in connection with the bacterial leaching project, Sept. 1988 to October 1988.
4. Department of metallurgy, National Technical University of Athens, Greece from 1st Nov. 1988 to 6th Nov.1988 to regarding bacterial leaching project.
13. Detail Scientific Contribution 
 Significant R&D contributions in the field of Biomineral processing are highlighted      below: 

1. 
Establishment of a group of iron (III) reducing bacteria (IRB) to convert the goethite (α-FeOOH) present in the original lateritic Nickel ore to magnetite under an anaerobic condition and subsequently release the bound Co (III) and Ni (II) through leaching. An anaerobic dissimilatory iron (III) reducing bacterial consortium capable of using acetate or glucose as carbon source (electron donor) and lateritic ore as terminal electron acceptor, changes the initial light brown colour of the ore to dark brown. The change in colour is due to the conversion of goethite to magnetite. This phase transformation aids in enhanced extraction of nickel from the goethite matrix.
2. Mechanism of reaction by Bacterial (Acidithiobacillus ferrooxidans) attachment in        form of biofilm through Exopolysaccharides formation over the ore was established. Biofilm grown on uranium ore substrate was used for the study. Micro- Raman analysis revealed the different constituents of molecular polymeric substances(EPS) while AFM images indicated bacterial cells surrounded by EPS. 

3. 
Biologically fabricated nanostructures are naturally occurred advanced materials.  Keeping this in view, attempts were made to isolate fungi from different mine area and utilized them for biosynthesis of nano particles and characterized them with respect to different shape, size and composition. 

4. 
A new technology on “Microbial Desulphurization of calcined petroleum coke(CPC) has been developed under my leadership. The sulphur content in the CPC was reduced to meet stringent standards of emission in the electrolytic smelting of alumina. An international project was sponsored by ALCOA,USA.  

5.   Several new microorganism have been isolated to selectively remove alumina and silica    from low grade iron ore. High alumina and silica content in the iron ore affects coke rate, reducibility and productivity in blast furnace operation. 

Annexure I
Ph.D Degree Awardees 
1. Dr.Mousumi Mishra (SRF) received Ph.D degree on “Microbial Beneficiation of Aluminium and Iron ore” from Utkal University 2015.
2. Dr. Sunil Kumar Behera received Ph.D degree on “Microbial Dissolution of Nickel and Cobalt Using Molecular Tools”, from Utkal University in Biotechnology (2013).

3. Dr. Alok Prasad Das received Ph.D degree on “Microbial Extraction of Manganese from Manganese ore” from SOA University in Biotechnology (2013).
4. Dr. Sradhanjali Singh has received Ph.D. degree in Microbiology on “Studies on microbial dissolution of copper during bioleaching of low-grade chalcopyrite ore” from Utkal University (2011).
5. Dr. Lipika Patnaik received Ph.D degree on “Studies on extraction of metal   values from complex sulphide concentrates using Acidithiobacillus ferrooxidans from Utkal University in Life Science (2006).
6. Dr. Smaranika Mohapatra received Ph.D degree on “Biomineral Processing of Nickel Ore” from Kalyani University (2009).
7. Dr.Celin Acharya received Ph.D degree on “Microbial Desulphurization of coal and bioleaching of Manganese ore” from Utkal University in Life Science (2000).
Scholars Registered for PhD
1. Ms.Monalisa Pradhan has registered for Ph.D degree in Microbiology on “Bio-beneficiation of Iron ore” in North Odisha University.

2. Ms. Jacintha Esther has registered for Ph.D degree in Engineering on “Applications of Dissimilatory Iron Reducing Bacteria (DIRB) for recovery of Ni and Co from low-grade lateritic nickel ore” in AcSIR, India

Annexure II
International Projects

· Leaching of Lithium from used lithium ion batteries, NISSAN, Chennai , Feb 2013-Dec  2014.-Team member

· Laboratory testing of copper oxide ore of M/S-Mawarid Mining Company,Oman sponsored by EIL, May 2011-Aug 2011 - Team member
· Microbial desulphurization of Assam coal, lignite and polish coal was jointly   carried out between IMMT, Bhubaneswar and Institute of Environmental Science, Polish Academy of Science, Poland-Project leader as from Indian side.        

· Microbial desulphurization of petroleum coke sponsored by ALCOA, USA- Project Leader
· Characterization and recovery of copper from low-grade copper tailing dump of Lusaka copper mines of Zambia- Team member.

· Studies on Microbial Desulphurization of calcined petroleum coke, ALCOA Phase-II, USA-Project Leader
National Projects

· Enhanced recovery of nickel and cobalt from COB using Dissimilatory Iron Reducing Bacteria (DIRB) sponsored by CSIR, Delhi, Jan 2011-Present. Project Leader
· Bio mineral processing for extraction of metal values from ores/ concentrates/wastes. Planning Commission, Feb 2004 – March 2007 (CORE - 20), 10th Five Year Plan Program, Network project, - Leader of  the project and coordinating the R&D work of IMMT, NML and IICB.
· Extraction of Nickel and Cobalt from lateritic nickel ore and chromite over                burden of Orissa using microbial technique, Department of Science and Technology, New Delhi, Gap-109, (Dec 2003- Nov 2006), - Project Leader. 
· Evaluation of process variables in continuous scale bio oxidation of complex  sulphide ores/concentrates of Ambamata / Sikkim, Ministry of Coal & Mines, New Delhi and Department of Science and Technology, New Delhi, (Nov 2000 – April 2002), - Project Leader. 
· Microbiological desulphurization of coal and metal recovery from mine wastes and low grade ores by hydrometallurgical and microbial methods, Collaborative project: CSIR & polish Academy, (September 2000-Feb 2003), - Project Leader.
· 2000 tonne bio heap leaching plant of low grade copper for extraction of copper ore using Acidithiobacillus ferroxidans. at Malanjkhand Copper Projects (HCL, India) sponsored by Hindustan Copper limited Kolkata- Project Leader
· Area coordinator of Eastern zone on algal oil production from micro- algae, DBT (2009   -2011). a) Raceway pond facilities b)Eastern Zone Culture collection centre

· Development of Microbial process for recovery of Nickel and Cobalt from Chromite overburden, Sukinda (OMC, Bhubaneswar). - Project Leader

· Microbial removal of phosphorus from LD slags of Vishakhapatinum                                  Steel plant. - Project Leader
Annexure III

Biomineral processing holds great promise and practical significance in India. This technology has attained commercial acceptability world wide. The following technology has been transferred to the industry under my leadership.

· 2000 Tonne Bio-heap leaching plant has been set up at HCL, Malanjkhand. 

· Microbial desulphurization of calcined petroleum coke process was developed .This process has been taken by ALCOA, USA. 

· Microbial process technology to recover nickel and cobalt from Chromite over burden has been developed, which has drawn attention of Orissa Mining Corporation.

· Microbial dephosphorization of LD slag has been successfully done and technology was transferred to Vishakhapattanum steel plant. The technology developed will be commercialized in our country.

· Continuous bioreactor plant of 160 liter capacity was set up at IMMT, Bhubaneswar to treat concentrates of copper and Zinc ore

· 15 & 30 tonne Bio-heap leaching plant has been setup at IMMT, Bhubaneswar to treat low grade copper ore.
· 2000 tonne Bioheap leaching plant at Hindustan Copper Limited,Malanjkhand,Indihas been set up.The plant includes Bioheap leaching ,Solvent Extraction and Electrowinning.

· Eight number of Raceway pond of 40,000liter capacity was designed and Installed. Set up of culture collection repository for  brackish water microalgae, Screen potential microalgae for biofuel production,Set up of mass culture protocols for production of 20 Kg/day algal biomass through raceway ponds,Microalgal Harvesting with flocculation 
(i) Recovery of copper from Lean sulphide/chalcopyrite ore by bio-heap leaching technology followed by solvent extraction and electro winning at Malanjkhand copper project (HCL, Kolkotta).

2000 tonne bio heap leaching plant of  low grade copper has been set up for extraction of copper ore under my supervision, at Malanjkhand Copper Projects (HCL, India) sponsored by Ministry of Mines, GOI, New Delhi. India is in short supply of copper, for which the copper minerals are obtained through two sources, i.e., from copper ores mined from indigenous mines, and from the imported concentrates. The quantum of available low-grade chalcopyrite copper ores is about 10-12 million tons  at Malanjkhand having an average copper content of ~ 0.3%, which is well below the cut off grade of 0.45% Cu suitable for concentrators. The quantum of this waste is being added regularly during the mining of copper ore. This would immensely contribute to the copper needs of our country, provided an appropriate technology is available for commercial exploitation. Moreover, it would utilize the vast amounts of lean grade ores lying as wastes at the mine site, which is in the other hand responsible for ‘Acid Mine Drainage’ causing environmental pollution. Therefore, Institute of Minerals and Material Technology, Bhubaneswar under my leadership has made an all out effort in collaboration with Hindustan Copper Limited (HCL) to exploit these lean grade ores in recovering copper metal through bio-heap leaching technology. 

The process consists of bacterial heap leaching , bacterial film oxidation , solvent extraction , and electrowinning . Bacterial film oxidation (BACFOX) unit has been specially designed to grow microorganisms responsible for leaching of chalcopyrite based copper ore at a faster rate.  The copper bearing leach liquor is utilized for recovery of copper through solvent extraction where the metal is concentrated in the copper pregnant electrolyte used for electrowinning of 99.94%  pure copper metal. 
ii. Area coordinator of eastern zone on algal oil production from micro- algae, funded by Department of Biotechnology, New Delhi. 


Continued use of petroleum sourced fuels is now widely recognized as unsustainable because of depleting supplies and the contribution of these fuels to the accumulation of carbon dioxide in the environment causing global warming. It is estimated that there will be a 60% increase in global energy requirement by 2030 over its present consumption level. Out of this 45% will be accounted by India and China alone. Thus along with carbon sequestration, there is need for an alternative fuel that is renewable and has lower carbon footprint or is carbon neutral. Renewable, carbon neutral, transport fuels are necessary for environmental and economic sustainability. Biodiesel derived from oil crops is a potential renewable and carbon neutral alternative to petroleum fuels. Unfortunately, biodiesel from oil crops, waste cooking oil and animal fat cannot realistically satisfy even a small fraction of the existing demand for transport fuels. Microalgae offer an attractive alternative source as they have potential biodiesel productivity of Biodiesel than oil crops like Oil palm, Rape seed, Jatropha and bioethanol from Sugarcane or Corn. Microalgal renewable fuel production is about 10,000 gallons/acre/year. Moreover they do not need agricultural land and can sequester the CO2 emitted by fossil fuel based power plants too. Thus it is imperative to develop a suitable technology package for the mass cultivation, harvesting and processing of microalgae and examine its techno-economic feasibility for production of bio-diesel and other value added products. Like plants, microalgae use sunlight to produce oils but they do so more efficiently than crop plants. Oil productivity of many microalgae greatly exceeds the oil productivity of the best producing oil crops.

The photosynthetic efficiency of aquatic biomass results to be much higher (6–8% average) than that of terrestrial (1.8–2.2%, average).  Microalgae are sunlight-driven cell factories that convert carbon dioxide to potential biofuels, foods, feeds and high-value bioactive, Microalgae can provide several different types of renewable biofuels. These include methane produced by anaerobic digestion of the algal biomass; biodiesel derived from microalgal oil and photo biologically produced biohydrogen . Like plants, microalgae use sunlight to produce oils but they do so more efficiently than cropplants.Oil productivity of many microalgae greatly exceeds the oil productivity of the best producing oil crops.


Microalgae, like higher plants, produce storage Lipids in the form of triacyglycerols (TAGs). Comparatively algae produce more oil than any other oilseeds which are currently in use. Many microalgal species can be induced to accumulate substantial quantities of lipids, often greater than 60% of their biomass. The lipid and fatty acid contents of Microalgae vary in accordance with culture conditions. Microalgae are known to accumulate more lipids in stress conditions. Researchers identified the most dramatic increases in the lipid content of the cultures during N-deficient conditions. Biochemical studies have also suggested that acetyl-CoA carboxylase (ACCase), a biotin-containing enzyme that catalyzes an early step in fatty acid biosynthesis, may be involved in the control of this lipid accumulation process. Therefore, it may be possible to enhance lipid production rates by increasing the activity of this enzyme via genetic engineering. 
            Micro-algae species selection:
· Appropriate microalgae species for maximization of biomass productivity in Indian climatic regimes.
· Standardization of optimum conditions for biomass productivity with respect to nutrients, temperature, light and other controlling factors like carbon source.
· Mass cultivation protocols:
· Issues related to cost effective scale up & design of raceway ponds/ photo bioreactors to ensure high algal biomass productivity.
· Harvesting & Downstream Processing:
· Economic design for harvesting algal oil, quality assessment of biodiesel and complete utilization of biomass for energy and nutrient recovery.
iii. Development of microbial process for recovery of nickel and cobalt from chromite overburden, Sukinda funded by Orissa Mining Corporation, Bhubaneswar.

The project entitled “Development of Microbial Process for Recovery of Nickel and Cobalt from Chromite Overburden, Sukinda” aims at recovering of nickel and cobalt values from chromite overburden sample at Kaliapani mines through a process of biohydrometallurgy. Under this Programme, representative sample were grown from Kaliapani mines, characterized, activated, followed by bioleaching and recovery of metal values. Through solvent extraction and electrowinning synthesis of findings are discussed below.  The leaching of nickel from chromite overburden is mainly dependent on the type of mineralization. The over burden sample is lateritic and highly weathered. The mineralogical studies indicated that there is no separate nickel bearing mineral phase in the lateritic nickel ore. Goethite (fco ore) and chromite phase contains most of the nickel in the raw lateritic ore. The mineralogy of the raw lateritic ore in this study reveals the presence of goethite, ferrihydrites (as major minerals), Surinamite quartz as (minor mineral phase) and traces of hematite and chromite. In the activated overburden at 6000C the minerals present were hematite with mines, surimarite quartz and traces of magnetite. Leading studies were carried out in shake flask and 1 Kg, 1000 Kg scale under laboratory condition, to optimize the process parameter. It was observed that extraction of nickel and cobalt was found to be 66.94% and 72.7% respectively in optimum conditions in shake flask. Nickel and cobalt recovery were 60 and 65 %, respectively after a period of 60 days in1kg scale. After about 9 months, the percentage of nickel and cobalt recovery was found to be 35% and 40% and the process is still showing an increasing trend of leaching. Based on the optimized condition studies have been carried out on in column leaching 1000 kg scale and bioheap leaching on 10 tone scale.  The experiments have been carried out using nickel resistant strain on the chromite overburden samples supplied by OMC. Nickel resistant strain of Acidithiobacillus ferrooxidans was developed by adapting the strain to different concentrations of nickel ranging from 0.1 to 1.5 gpl. It was observed that A. ferrooxidans was able to tolerate 1.5 gpl nickel in solution. Then with the nickel resistant A. ferrooxidans further leaching experiments were carried out.
The percentage of nickel recovery was around 25% for the heap (ten ton) after running it for about 9 months whereas the amount of cobalt recovery was 31% approximately after running it for the same duration. 
As regards the processing of Ni-laterites bacterial leach liquor for recovery of nickel, our aim is to recover other useful metal values such as zinc, manganese and cobalt also for which the impurities like Fe, Al and Cr from the leach solution were precipitated with CaCO3 at  pH 4.4 followed by filtration to reject the impurities. Many precipitation techniques such as treatment with lime slurry, CaCO3, NaOH, Na2S, MgO, etc. both at low and higher pH have been used for the removal of impurities, out of which the CaCO3 treatment has been found to be the most useful.  The leach liquor after treatment with CaCO3 was quantitatively free from iron, but it still contained some Al and Cr. For removal of the remaining Al and Cr impurities quantitatively from the solution, the pH of CaCO3 treated solution should be maintained either at pH 5.4 by addition of ammonia, or be maintained at pH 5.03 by addition of NaOH solution. However, the treatment with ammonia solution is preferable. The Fe, Al and Cr-free solution bearing zinc, manganese, cobalt and nickel values were treated through solvent extraction using  TOPS-99 and Cyanex 272 to recover the individual metal values as shown in the process flow-sheet. The metal values (Zn, Mn, Co and Ni) present in the  Ni-laterites bacterial leach liquor were separated using hollow fiber membrane module using TOPS-99 and Cyanex 272 as the mobile carrier.  Central Composite Design (CCD) technique was used for simultaneous separation of zinc and manganese.  With the optimized conditions, i.e., 720 ml/min flow rate, 0.597 M [TOPS-99], 4.99% [H2SO4] and 3.625 pH, complete removal of zinc and manganese from the leach liquor was achieved in 5 and 60 min., respectively.  From the Zn and Mn-free leach liquor, cobalt was separated using 0.8 M Cyanex 272 with intermittent pH adjustment of the feed solution to 6.5.  The flow rate and H2SO4 concentration in strip solution were 720 mL/min and 5%, respectively.  The separation of cobalt was completed in one hour leaving only 3.8 g/m3 cobalt in the feed solution.  The co-permeation of nickel with cobalt was only 8 g/m3. 

High pure nickel was deposited from the pregnant electrolyte by using synthetic spent electrolyte and actual bio leach liquor. Current efficiency during electro winning is 55% and the energy consumption was about 5kWh/kg.

Process modeling and simulation help in obtaining the optimum conditions under which a system can be operated to get the maximum benefit.  In the present study empirical models were developed to optimize the process parameters for maximizing bacterial leaching of nickel and cobalt.

.  The unit operations involved in the process is explained   earlier. OMC requested IMMT to provide the basic engineering process package to recover nickel from   100 T heap to set up a pilot plant. The unit operations involved in the process is studied in laboratory scale only and continuous operation from chromite overburden to metal has not been under taken. The conceptual engineering process package is provided with earlier experience and on the literature basis. The unit operations involved in the proposed process is crushing, roasting, bioleaching, precipitation, solvent extraction and electro winning. 

iv. Microbial removal of phosphorus from LD slags of Vishakhapattanum Steel plant 


LD slag contains lime which varies from 40-49%. Due to presence of Ca in high amount, it can be used as flux in blast furnace provided it’s phosphorous is reduced to <0.5%. Thus removal of phosphorous from LD slag is important for increasing the cost efficiency of the steel plant.  The solubilization of phosphorous from LD slag is carried out with the help of microorganisms. Microorganisms are reported to produce organic acids like citric acid, oxalic acid, gluconic acid butyric acid, etc. and convert unavailable phosphate to available phosphate. This phenomenon is called as microbial phosphorus solubilization or microbial phosphate solubilization. The phosphorus solubilising microorganisms used in this study are Pseudomonas aureginosa, Pseudomonas putida, Bacillus sphericus, Bacillus polymyxa and one unidentified bacteria isolated from soil.

Representative samples received from Vishakhapattanum Steel Plant were taken for chemical analysis and P2O5 in LD slag samples was found to be 1.73%. The experiments were carried out under different conditions such as variation of pulp-density [10% and 50% (w/v)] of LD slag, size fraction, and microorganisms. All the experiments were performed at 35oC, 150 rpm in Kunher orbital shaker.

27%-50% of phosphorous was removed from LD slag during shake flask experiments at 10% pulp-density at 35oC temperature in a period of 60 days at 150 rpm. Two sets of experiments were also conducted at 1 tonne scale with the material received from VSP. Using Bacillus polymyxa maximum phosphorous removal obtained was 34% and 40.58% from Set I and Set II (1 ton Scale) respectively. Scanning electron microscopy was performed to see the phase distribution of Calcium, Silica, Phosphorus, Manganese, Ferrous and Aluminium in the original and biologically treated LD Slag samples. Micrographs show presence of Calcium, Silica and Phosphorus in the same zone. Phosphorus is present in the calcium silicate matrix. In case of biologically treated samples concentration of phosphorus in the calcium silicate matrix is less when compared to untreated LD slag. Before conducting the 5 ton trial experiments at VSP Plant site, some training was given to VSP personals on microbiological methods. For this a manual was prepared on Microbiological methods.
VI . Silver Nano Particles


The present process consists of use of the extracellular enzymes syntheses by the fungus grown in a growth media. A fungus Penicillium purpurogenum NPMF (MTCC 7356) was used for this study. For production of biomass, sterile media was inoculated with fungal spores aseptically & incubated at 35oC under shaking condition. After growth of fungus, biomass was separated and resuspended in distilled water. After incubation with water the culture filtrate so generated was added with AgNO3. Absorbance spectrum of reaction mixture was monitored with the help of UV-VIS spectrophotometer (CECIL) in the range of 200 – 800 nm. Spectra were recorded at regular time interval. UV-VIS spectra of culture filtrate without any addition of silver nitrate was also recorded. The morphology, structure of the silver metal nanoparticle was observed with help of Transmission electron microscopy (FEI TECHNAI G2), at a operating  voltage of 200 kV. Range of concentration of silver nitrate was from 0.25 mM to 5 mM. Range of pH used was 4 to 9.


Antimicrobial activity of the above synthesized silver colloid solution was determined on pathogenic gram negative bacteria like E.coli and Pseudomonas aeruginosa, and gram positive bacteria like Staphylococcus aureus.A US patent has been filed
VII. 
Infrastructure created at IMMT, Bhubaneswar
a) Continuous bioreactor plant of 160 liter capacity was set up at IMMT, Bhubaneswar to treat concentrates of copper and zinc ores.

b) 15 & 30 Ton Bio-heap leaching plant has been setup at IMMT, Bhubaneswar to treat low grade copper ore.
c) Culture Laboratory for micro algae has been established at IMMT, Bhubaneswar for eastern zone. 

d) 40,000 liters raceway pond for growing algal culture has been setup at IMMT, Bhubaneswar under my leadership  
 
VIII. International Standing


Metallurgical Transactions-B, Transactions of The Institution of Mining and Metallurgy –Section C (London); Hydrometallurgy; Proceedings of Australasian Institute of Mining & Metallurgy Mineral, Canadian Metallurgical Quarterly, International Journal of Mineral Processing, Ertz Metal, Scandinavian Journal of  Metallurgy, World Journal of Microbiology and Biotechnology, Acoustic Letters, International Journal of Environmental Studies, Fuel, Journal of Chemical Technology & Biotechnology, Separation Science & Technology, Minerals & Metallurgical Processing, European Journal of Mineral Processing & Environmental Processing, Applied Biochemistry & Biotechnology, Minerals Engineering, Ecological Modelling, Bioresource Technology, Research and Microbiology.
       
National Standing 


Transactions of The Indian Institute of Metals, SGAT Bulletin, Steel India, Indian Journal Microbiology, Journal of Microbial World, Indian Journal of Chemical Technology, Journal of  Indian Institute of Science. (Annexure IV)
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Activities of Institute for Applied Environmental Biotechnology Innovation(IAEBI)
1. Seminar and Workshops

a) Seminar on Bioremediation-28th March 2015.
The Institute For Applied Environmental Biotechnology Innovation was inaugurated on 28 th March 2015. The details about Inauguration of the In published in 1st April 2015 Samaj. Unlike many other scientific fields, the area of Applied Environmental Biotechnology has been gaining momentum with aid of novel technology. Bioremediation Seminar  was organised during  inauguration of the institute. Dr.R.C. Mohanty, Emiritus Scientist Utkal University, Vani Vihar gave the inauguration lecture.  Prof.L.B.Sukla gave a lecture on future plan in the area of Environmental Biotechnology. The Institute completed Seminar on “Bioremediation” on 28th March 2015. A seminar Proceeding volume was released by the Chief Guest Prof. R.C. Mohanty, Emeritus Professor,  Utkal University. Dr Celin Acharya, scientist BARC  delivered the guest Lecture on  “Microbial Bioremediation of Uranium”.Eminent Scientists, Engineers and students from various institution  like BARC, Mumbai, Utkal University, CSIR-IMMT, SOA university, NIT-Rourkela attended the seminar.
b) World Environment day Celebration.-5th June 2015.
Institute has organised World Environment Day on 5th June 2015. On this occasion, Institute had organised activities like photo contest on environmental sustainability among  school children, release of book on biotechnology and plantation of trees in the premises of the institute. The Institute had received 20 photos from different schools in around Bhubaneswar. These photos were judged by expert in the area and 1st,2ndand 3rd prizes were given to students. The book on Environmental Biotechnology was released on this occasion. The book contains a set of review papers related to bioleaching, bioremediation,biofuels and aommon scientific principles.
c) Workshop on Microbiology in the development of

Sustainable Technology - 26th July 2015.
Biomineral processing is considered beneficial over the conventional pyro and hydro-metallurgical methods employed in the field as later have several drawbacks such as exhaustive use of energy, high capital investment; require high technological outlay; high temperature and pressure; effective only with specific grade ores and environmental concerns with effluent discharge. Hence, scientist and researchers have taken emmensse steps to provide suitable, effective biomineral processing technologies. With the economic development, the demand for various metals are on the rise.However, due to extensive mining and extraction in these past years, there is depletion of high-grade ores.Hence, there exists a look-out for alternative sustainable technologies to extract metals from low-grade ores. The intervention of indigenous microbes have reported to provide potential extraction methods.Hence, through this workshop, we would like to enlighten and motivate young minds with the understanding of mineral industry and the need for sustainable technologies.

      The summary of the document will include fundamental of bioleaching and its application in different wide ranging ores, wastes etc. Our Institute is to play a key role in the future of Biomineral processing. The workshop will provide a basis for understanding of mineral biotechnology process in great detail.

d) 2nd Carbon Sequestration Seminar 2015 On Role of Microalgae in Developing A Sustainable Society (RMDSS -2015) 
Role of Microalgae in Developing A Sustainable Society (RMDSS -2015)  was jointly organised by State Pollution Control Board, Odisha, Indocan Technology Solutions, The Institute Of Engineers(India), Institute For Applied Environmental Biotechnology Innovation,17th December, 2015 at Bhubaneswar”.

The national level seminar is dedicated to dissemination of advanced knowledge in the area of microalgae based carbon sequestration from flue gas and further bio-refinery technologies for utilizing the biomass. It is designed to provide a strong platform to the stakeholders; policy-makers, professionals, academicians, industrialists and regulators to facilitate exchange of latest scientific achievements for the benefit of the region, particularly, for the state of Odisha which is sitting on an expansive coal reserve and is under tremendous pressure for generating more and more thermal power.Chief Guest Shree T. K. Chand, CMD, NALCO; inaugurated the seminar with lighting  of the lamp. He  expressed his persistent efforts on low carbon manufacturing technologies and interests on contributing to the global efforts on sustainable growth. He admired the initiative taken by NALCO – CPP and the objectives achieved at  the India's 1st pilot plant on carbon sequestration using microalgae, and further, encouraged to scale-up of the plant to facilitate application in commercial scale in other industries.Shree Siddhanta Das, (IFS), Addl. PCCF, Chaired and presided the inaugural Session, delivered the Plenary Talk on “Emission Reduction Technology Demonstration Plant at  NALCO”.He further emphasised the urgent need to adopt promising technologies in India  to minimise global climate change  in India. He appreciated the attempts taken by NALCO for its efforts to contribute to the regions climate change action plan.Shree Rajiv Kumar, (IFS) Member Secretary, State Pollution Control Board, Odisha, Guest of Honor, advocated on the urgent need of “reducing Green House Gas emission”  and “green technologies”. He stressed on the states Climate Change Action Plan Mandates and the support of Odisha governments policy  towards the cause.Dr. T. Venugopalan, Technical Adviser to  MD, Tata Steel Limited and Guest of Honor to the seminar advocated and explained various carbon capture and sequestration technologies being developed globally. He further asserted the commitment of Tata Steel towards adopting the sustainable technologies for the purpose.Shree Siddhanta Das, (IFS), Addl. PCCF, Receiving the “Bias for Action” Award for Climate Change Action Plan 2015.Nalco Director (Prod.), V. Balasubramanyam and AGM, S. K. Naik Received the “Proactive Climate Change Action Industry Award”  for NALCO - CPP.Prof. Ranjan R. Pradhan Convener of 2nd Carbon Sequestration Seminar, proposed the “Vote of Thanks” and explained the theme of the seminar and the objectives to the guests, invited speakers and participants during the Inaugural Session. During Technical session made a presentation on India’s 1st Microalgae Based Carbon Sequestration Plant at NALCO; Process and Impacts.
Technical Session ,I (Invited Speakers) Chaired by : Convenor, Prof. L. B. Sukla, (Director,  Institute for Applied Environmental Biotechnology Innovation, Bhubaneswar.During technical session Prof.Sukla made  a presentation on MicroAlgae Technology For Environment Management.The agenda for 2nd carbon sequestration is available in the website.  http://4css.in/2nd/agenda.php         
2. Paper Published

· Molecular cloning and expression of lipase and its application for biodiesel production. Rajesh Kumar Sahoo, Enketeswara Subudhi, Lala Behari Sukla, Mohit Kumar,At: Trivandrum, Kerala, , Ordinal: BR40, Conference: New Horizons in Biotechnology 2015, Affiliation: National Institute for Interdisciplinary Science & Technology (NIIST), Poster Â· November 2015. DESCRIPTION
 

Biodiesel is a mixture of mono-alkyl esters or fatty acid methyl esters produced from vegetable oils, animal fats, waste cooking oil by using transesterification process in the presence or absence of catalysts and has the similar property of petroleum-based fuel, Metagenomics overcomes the disadvantages of isolation and cultivation procedures of the traditional microbial method, and thus greatly broadens the space of microbial resource utilization. Odisha finds a position in the thermophilic map of India being bestowed with four clusters of thermophilic hot springs namely ATRI,TAPTAPANI, TAROBALO and DEULJHARI and expected to be conferred with an unexplored microbial strain which could be a possible source of novel enzymes. In this work using functional metagenomic, solvent tolerant lipase is retrieved from Taptapani hotspring with the potential to biodiesel using vegetable oil.

 

https://www.researchgate.net/publication/287948478_Molecular_cloning_and
_expression_of_lipase_and_its_application_for_biodiesel_production 
· Molecular identification of indigenous manganese solubilising bacterial biodiversity from manganese mining deposits by Shreya Ghosh, Sansuta Mohanty, Sanghamitra Nayak, Lala B. Sukla and Alok P. Das Journal of Basic Microbiology , 16 October 2015 Full publication history, Doi: 10.1002/jobm.201500477 
ABSTRACT

Manganese (Mn) ranks twelfth among the most exuberant metal present in the earth's crust and finds its imperative application in the manufacturing steel, chemical, tannery, glass, and battery industries. Solubilisation of Mn can be performed by several bacterial strains which are useful in developing environmental friendly solutions for mining activities. The present investigation aims to isolate and characterize Mn solubilising bacteria from low grade ores from Sanindipur Manganese mine of Sundargh district in Odisha state of India. Four morphologically distinct bacterial strains showing visible growth on Mn supplemented plates were isolated. Mn solubilising ability of the bacterial strains was assessed by visualizing the lightening of the medium appearing around the growing colonies. Three isolates were gram negative and rod shaped while the remaining one was gram positive, coccobacilli. Molecular identification of the isolates was carried out by 16S rRNA sequencing and the bacterial isolates were taxonomically classified as Bacillus anthrasis MSB 2, Acinetobacter sp. MSB 5, Lysinibacillus sp. MSB 11, and Bacillus sp. MMR-1 using BLAST algorithm. The sequences were deposited in NCBI GenBank with the accession number KP635223, KP635224, KP635225 and JQ936966, respectively. Manganese solubilisation efficiency of 40, 96, 97.5 and 48.5% were achieved by MMR-1, MSB 2, MSB 5 and MSB 11 respectively. The efficiency of Mn solubilisation is suggested with the help of a pH variation study. The results are discussed in relation to the possible mechanisms involved in Manganese solubilisation efficiency of bacterial isolates.

· Sequential bioreduction bioleaching and bioreduction chemical leaching hybrid tests for enhanced copper recovery from a concentrator ball mill reject sample.
Sandeep Panda · Jacintha Esther · Tilothama Bhotra · Nilotpala Pradhan · Lala Behari Sukla · Barada Kanta Mishra · Ata Akcil,
Journal of Hydrometallurgy 2015, 157, PP: 171-177
· Bio-beneficiation of iron ore using heterotrophic microorganisms.
Sitharashmi Sahu, Madhushree Kundu, Lala Behari Sukla, Journal of Microbiology and Biotechology Research 2015, 5 (2), PP: 54-60

· Enhanced recovery of nickel from chromite overburden (COB) using Dissimilatory Fe (III) reducers: A novel Bio-Reduction Acid Leaching (BRAL) approach, Jacintha Esthera, Sandeep Pandaa, Lala Behari Suklaa, Nilotpala Pradhana, Chinmaya Kumar Sarangia, Tondepu Subbaiaha published at Hydrometallurgy Journal, Available online 29 April 2015, 155 PP:110-117.

· Reductive dissolution by waste newspaper for enhanced meso-acidophilic bioleaching of copper from low grade chalcopyrite: A new concept of biohydrometallurgy, .

HYPERLINK "https://www.researchgate.net/researcher/2004476194_Sandeep_Panda"Sandeep Panda · Avijit Biswal · Srabani Mishra · Prasanna Kumar Panda · Nilotpala Pradhan · Umaballava Mohapatra · Lala Behari Sukla · Barada Kanta Mishra · Ata Akcil , Journal of  Hydrometallurgy (Impact Factor: 2.22) 2015 153 PP:98-105.
3. Book Published
· Book on "Applied & Industrial Biotechnology" has been published. Editors Lala Behari Sukla, Sandeep Panda, Jacintha Esther.       
This book "Applied & Industrial Biotechnology" was recently published by the Institute for Applied Environmental Biotechnology Innovation, Bhubaneswar, India. Articles were invited from scientists and academicians working in the various fields of microbiology, biotechnology, Environmentalists, chemists and related areas; were compiled and presented in the present book as an edited volume. This book contains a set of review papers mainly on topics which are new application for bio leaching, bio remediation, bio surfactants, bio fuels, from lignocelluloses biomass, different aspects of environmental biotechnology that are already practiced by industries chemical industries, in particular, GIS based mapping and common scientific principles etc.There are eleven chapters in this book.
4. Book chapter published/submitted

S. Ghosh, S. Mohanty, L.B. Sukla And A.P. Das
Biomining: An Emerging Technology for Manganese Recovery and Recycling, Chapter-2

“Recent Biotechnological Applications in India”,
 by ENVIS Centre on Environmental Biotechnology supported by Ministry of Environment Forest and Climate Change (MoEF & CC), GoI to be published (2016).

ABSTRACT
Biomining is defined as the technologies that utilize microbial community for the extraction of metals from its ore or wastes and facilitate a greener recovery. Extraction of manganese by biomining is now a thing of the present and not just a hypothesis, as it was few decades back. The severe industrial importance of manganese has led to augmented global production of manganese in the last few years which has led to a decrease in the amount of high grade ores. It has also resulted in pollution of both terrestrial and aquatic ecosystems due to the generation of massive amounts of manganese containing wastes. Therefore, biomining is now being employed to recover manganese low grade ores and solid mining wastes which serve a dual purpose of both resource recycling and bioremediation. Manganese bio recovery can be accomplished by a wide range of bacterial and fungal strains capable of growing under diverse environmental conditions. They solubilise manganese by direct and indirect mechanisms thereby aiding its recovery. Bacterial solubilisation is mainly carried out by direct mechanism which involves the direct contact of the cell with the metal. However fungal solubilisation is mostly correlated with indirect mechanism which does not require direct contact of the cells with metal particles and involves solubilisation by the help of bio generated metabolites that mainly includes organic acids. Many enzymes like Muilticopper oxidase, Manganese reductase and Peptidyl-prolyl-cis-trans isomerise have been linked to manganese solubilisation. The present scenario of commercial manganese recovery through booming is very encouraging and this technology holds immense potential for future metal recovery and bioremediation endeavours.

5. Paper Presented In Seminar
· Inaugurations talk on bioremediation, Seminar on Bioremediation-28th March 2015. 
· Bio mineral processing of low grade ores and industrial wastes, workshop on microbiology in the development of sustainable technologies-26th July 2015.
· The role of microorganisms and their significance in treatment of mine and industrial waste for metal recovery at International Symposium on solid wastes from industries, rural and urban settlements – issues, challenges and management, 23rd-25th sep 2015,Bhubaneswar.(Invited Talk), Chaired a Session.

· Importance of low-cost bioleaching technologies for the extraction of metals from low-grade ores and wastes  L.B.Sukla and T. Subbaiah, International conference on recent advances in biosciences and application of engineering in production of biopharmaceuticals, 14th -16th Dec 2015, KL university.

6. Papers Communicated

· Molecular cloning and expression of  lipase and its application for biodiesel production, Bio resource Technology.
Papers are regularly referred in many of the important reviews. (https://scholar.google.co.in/citations?user=SaflpMUAAAAJ&hl=en)
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