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LEACHING OF MANGANESE ORES USING ARTHROBACTER SPECIES 

A.D,Agate and H,A.Deshpande 

Microbiology Department, Abasaheb Garware College 

Poona, INDIA 

Abstract: 

When low grade manganiferous material (-65 mesh) obtained from 

Andhra Pradesh and Goa, India was subjected to leaching experiments , 

an efficiency of 70 to 85 % resulted,using an Arthrobacter species. 

The inoculum could be best cultivated in enriched soil extract - 

manganese medium and percolating columns with filtration were used 

for a period of 14 days. The optimum conditions for maximum leaching 

were worked out and the operation was found to be economically 

feasible on a large scale, when the adsorbed manganese was quanti- 

tatively precipitated with lime, Under the same conditions, other 

heterotrophic bacteria belonging to the genera Bacillus and 

Pseudomonas, isolated from fresh water pipeline deposits alongwith 

the predominant Arthrobacter species tested above, took upto 90 days 

  

to carry out the leaching of manganese,
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Introduction 

In Nature, manganese deposits often occur simultaneously with iron, 

The oxides of manganese and iron are of fairly widespread occurrence/1/, 

These oxides are usually broken down through microbial reduction to 

manganous manganese and ferrous iron, It is thought that microorganisms 

could act on manganese either directly, i.e. enzymatically; or 

indirectly, by mechanical adsorption to reduce or oxidize the manganese 

compounds, 

The biogeochemical action on manganese compounds may be economically 

important in mineral conservation and in devising new hydrometallurgical 

techniques, especially in the case of low grade ores. This need has 

become evident now, since supplies of Indian ore deposits are dwindling 

down and new ones with a better grade are not being found, Therefore, 

it was decided to isolate the appropriate microorganisms for bacterial 

leaching of manganese ores, 

Material, Methods and Results 

Ore Source: 

The manganese ore from Goa was obtained from a mine near Panjim, 

Goa, The ore from Andhra Pradesh was made available to us through the 

courtesy of Rai Bahadur Shreeram and Co, Pvt, Ltd., Shreeramnagar, 

Andhra Pradesh, The samples were ground to -65 mesh and the chemical 

analysis of the samples was supplied by the Research and Control 

Laboratory of Ferro Alloys Corp. Ltd.,Bombay, India as reproduced in 

Table 1,
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Table 1 

Analysis of Manganese Ores 

  

Ore source’ Percent 

Mn Fe Si0, P 

Goa 42 10 6.8 0.57 

Andhra Pradesh 44,6 6.1 6.6 0.6 

  

* These samples do not necessarily represent the deposits, 

but,are samples made available for laboratory. 

  

Isolation: 

An enrichment was set up by adding 50 g of manganese ores to 50 ml 

of nutrient broth (pH 6.6) and 250 ml of distilled water in a 1 lit 

flask, To this, 10 g (wet weight) of scrapping obtained from the fresh 

water pipeline deposit was added. It may be noted that this scrapping 

collected in Summer (May) from River Mutha at Poona differed in 

physical appearance from that collected in Winter (December-January)/2/, 

in that the samples collected in Winter were more brownish than the 

samples collected in Summer; indicating a possible seasonal variation 

in the microflora of the ecosystem, By routine qualitative analysis, 

the presence of iron and manganese was confirmed in the scrapping. 

The mixture in the flask was gently aerated with the aid of a 

mini-pump. A control was run in another flask without the inoculum, 

The samples were drawn at periodic intervals from the flasks and 

manganese was assayed by periodate method /3/. The pH was checked and 

microscopic observations were carried out on both the flasks.
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Periodically, a loopful was streaked for hyphomicrobia on the 

PC agar medium /4/ and M-2 medium /5/ and on nutrient agar for other 

bacteria. It was observed that typical manganese oxidizers, viz. 

Hyphomicrobium species did not appear on the PC medium. However, 

on M-2 medium, small pinpoint colonies, which did not resemble 

Hyphomicrobium colonies, appeared after 24 hr of incubation at 

34°C (Room Temp.-R,T.). On nutrient agar, only 3 major types of 

colonies dominated, which were purified and routine bacteriological 

tests were carried out for identification /6/, Using Bergey's Manual, 

it was confirmed that the first type of isolates belonged to the 

genus Bacillus, second type to genus Pseudomonas and third type was 

a gram-positive, pleomorphic bacterium belonging to the genus 

Arthrobacter/7/,. 

Leaching experiments : 

(a) Flask, Using these isolates, leaching experiments were carried 

out by the same method described under isolation with the following 

variation. Instead of the scrapping, a bacterial inoculum (1 g wet 

weight) was added to the flask. For developing the inoculum, a 48 hr 

culture was harvested by centrifuging the cells from a shake culture 

grown on soil extract-manganese medium, which was found to be 

superior to other media used as indicated above. The growth was washed 

repeatedly with distilled water to remove excess of nutrients. 

A control flask without any organisms was also set up. The results of 

a 90-day experiment are recorded in Table 2.
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Table 2 

* 

Leaching with Pure Ysolates 

  

  

Days Manganese quantity in leachate pH 

(in g) 

1 2 3 1 2 3 

0 0.32 0.32 0.32 6.8 6.8 6.8 

10 1.80 3o th 3.10 6.7 6.6 6.7 

20 5044 9.56 12.56 6.6 6.5 6.6 

30 5.52 12.34 18.44 6.6 6.5 6.5 

40 11.36 16.76 20.74 6.5 6.5 6,4 

90 20.85 20,12 - 6.5 6.5 = 

  

In the above Table, 1 = Pseudomonas sp.; 2 = Bacillus sp. and 

3 = Arthrobacter sp. 

  

* Leaching system consists of 50 g manganese ore, 50 ml nutrient 

proth, 250 ml distilled water and 1 g culture (wet weight). 

  

During the 90 days, there was no marked change in pH of the medium, 

The adsorbed manganese present in the leachate could be precipitated 

by addition of lime and was recovered quantitatively. The extraction 

efficiency, based on the amount of manganese recovered, is as follows: 

Pseudomonas sp. 90% in 90 days, Bacillus sp. 90% in 90 days and 

Arthrobacter sp. 90% in 40 days.
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(b) Colum, A glass column (5 em dia, x 12 cm ht.) was filled with 

300 g of washed and graded sand to facilitate percolation. The ore 

samples were directly placed on the percolating column and 1 g (wet 

weight) of the Arthrobacter culture was used as an inoculum. The 

extraction with Arthrobacter sp,.was measured at the end of 14 days 

after precipitating the manganese from the leachate by addition of 

lime, The results are listed in Table 3, 

Table 3 

Recovery of Manganese from Ores 

  

  

Ore source % manganese leached % recovery 

Goa 35.8 85.2 

Andhra Pradesh 31,8 71.3 

  

(c) Tank. On a large scale, 100 kg of ore (-65 mesh) from Andhra 

Pradesh was used in leach tanks. With proper inoculum, 500 lit of 

water was used for leaching. It was observed that there was hardly 

any need to control the pH and the temperature during the experiment, 

The results are recorded in Table 4, 

Table 4& 

Bacterial Leaching Data 

  

Time, days pH,average Temperature, average % recovery 

  

44 6.3 28°C 784 
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Discussion 

Although, the gross chemical constituents as manganese and iron 

of the pipeline deposits did not appear to change, the bacterial flora 

of the deposits showed scasonal variations, in that , instead of the 

hyphomicrobia isolated during Winter /2/, other types of bacteria 

dominated the ecosystem during Summer /8/. The hyphomicrobia are not 

known to tolerate temperatures above 30°C, and therefore, these species 

might have been replaced by other heterotrophic bacteria growing at 

that temperature during Summer. This type of seasonal variation is 

quite common among other natural ecosystems, 

Using the leaching process as described above, it was possible to 

recover manganese from manganese ores in a maximum period of 90 days, 

using Pseudomonas sp. or Bacillus sp. On the other hand, using the 

Arthrobacter sp., same recovery could be obtained in 40 days time. 

  

A Bacillus sp. was reported for leaching of low grade manganese ores 

in USA /9/. An equally efficient Arthrobacter species for this purpose 

is reported here, It may be noted that similar forms were seen in 

pipeline deposits by Tyler and Marshall /4/ and some manganese 

oxidizing forms from soils were identified as Corynebacterium sp. 

by Bromfield and Skerman /10/. The role of Arthrobacter sp. in the 

  

oxidation of manganese was implicated earlier /11,12/. 

Our experiments prove that a leaching system could be developed 

to treat a large scale ore sample, which would be an ideal method to 

recover manganese from the ore in an economic way. 
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