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Abstract 

The filamentous green alga Hormidium fluitans (Gay) Heering 

grows extremely luxuriantly in turbulent outflows of mine drainage 

waters in Northern Territory, Australia, and on Bougainville Island, 

Papua-New Guinea. The drainage waters contain between 30 and 700 

p-p.m. copper and have a pH range 3.2 - 5.3. The metal-concentrating 

ability of the naturally-occurring alga has been examined in respect 

of 25 elements; high concentration ratios have been noted for the 

elements, Ag, Al, Fe, Mo, Ti and V. 

In the case of copper, histochemical examination shows a possible 

binding of the metal in a cell-wall layer. An alkali-soluble 

fraction of the dried cells prepared from field samples of the alga, 

had a very high affinity for copper (11.8% of dry weight). This 

fraction made up about 1.5% of the cell polymers. 

The alga has been artificially cultivated in a number of modes, 

but grows best in vigorously sparged submerged culture on 

artificial mine water, in the presence of ore lumps. Under most 

laboratory conditions, motile and unicellular forms of the algae 

occur. It has been shown recently that culture filtrate from the 

algal growth stimulates the rate of iron oxidation and of growth of 

some Thiobacillus ferrooxidans strains, and enhances the rate of   

copper release from chalcopyrite ores.
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Introduction 

Metal-tolerant algae are of considerable intrinsic interest 

and have potentially useful applications for the concentration of 

metal ions from dilute solutions. Accumulation and tolerance to 

toxic metal ions has been reported widely (4,6,7). The occurrence 

of such algae, sometimes in great abundance, has been frequently 

noted in the acid effluent wastes from mining dumps in Papua-New 

Guinea and Northern Australia. Little attention has been paid 

to the study of these interesting components of the micro-flora 

of leaching situations. The present communication records the 

results of a preliminary examination of samples of an alga and 

drainage water from the overburden dumps at the Bougainville 

Copper Limited mining operation at Panguna, Bougainville, Papua- 

New Guinea. 

Experimental Methods 

Harvested algae were growing in the turbulent outflow from the 

waste ore dumps. The associated ores had a porphry copper type 

mineralization composed mainly of granodiorites and andesites. 

Algae and water samples were air-freighted to Sydney and stored 

at 4°C till used. Microscopic examination indicated only one 

species of algae which was identified as Hormidium fluitans (Gay) 

Heering. There was negligible contamination by bacteria, fungi 

or protozoans. 

Water samples were evaporated to dryness at less than 200°C 

and algae were ashed in a muffle-furnace at 360°C for 12 hours. 

The algae had a moisture content of 65%, (oven-dried at 105°C) 

and the ash was 17% of the dry weight. Samples were analysed semi- 

quantitatively by emission spectroscopy while copper, iron and 

silver were determined by standard atomic absorption spectroscopic 

techniques. 

An alkali soluble polymeric fraction was prepared from acetone- 

dried powders of algal field samples. The powder was triturated 

with 0.5M HCl overnight, washed with water, and stirred with 0.2M 

NaOH for two days at 25°C. Solids were then centrifuged off and 

the solution treated with two volumes of ethanol. The resulting 

precipitate was collected by centrifugation, dissolved, re- 

precipitated and resuspended in water. Carbohydrate was determined 

by the Phenol-sulphuric acid method (3).
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Table 1 

Elemental composition of the algae H. fluitans and the 
irrigating mine-dump drainage water. 

  

Algae (mg/kg wet wt) Water (mg/litre) 

  

Element (Av. 3) (Av. 6) 

Ag 13 <0.003 

Al 7154 3 

AS <143 <4 

B 27 1 

Be 0.3 <0.01 

Bi a2 <0.03 

Ca 339 51 

Co <4 <1 

Cr 0.7 0.01 

Cu 4307 286 

Fe 6650 1 

Mg 1949 104 

Mo 17 0.02 

Mn 59 32 

Na 49 1 

Ni 4 <0.1 

P 528 <7] 

Pb 22 0.04 

Sb <14 <0.3 

Sn <3 <0.1 

TA 81 <0.01 

Vv 13 <0.02 

an <72 <3 

ar <14 <0.4 

W </2 <2
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Non-axenic cultures of H. fluitans were maintained on an 

artificial (9K) mine-water media (5) in the presence of low grade 

ore. Cultures were illuminated with Gro-Lux® fluorescent tubes 

10 - 20 cm from the shake flasks with an 8 hr dark cycle per day 

at 20°C. Filamentous growth was maintained in vigorously sparged 

submerged cultures but tended to be transformed into a single-cell 

(zooid stage) after long periods of cultivation. The pH was 

maintained between pH 2 to pH 3.5 by addition of dilute sulphuric 

acid. The alga also grew on solid media (1% agar), in the 

unicellular form. 

The effect of mixed algal-bacterial culture fluids on the growth 

of, and copper release by, leaching bacteria was tested using both 

filter sterilized and autoclaved samples from 50-day old non- 

axenic culture , Without further purification. Leaching bacteria 

test cultures were raised on either ferrous sulphate or were pre- 

adapted to Panguna ore or marmatite ore. The latter substance has 

been found, in this laboratory, to be the best solid sulphidic 

substrate for growing leaching bacteria, whereas the low-grade 

chalcopyrite ore from Bougainville was a less satisfactory substrate. 

Results 

Table 1 gives the amounts of twenty-five elements present in 

the algae H. fluitans and in the mine-water drainage in which it 

was growing. 

Alkali extraction of the dried algae yielded a polymeric fraction 

which amounted to 1.3% of the dry weight of acetone-dried powders. 

This polymer fraction gave a strong reaction for carbohydrate (3). 

The extracted polymer took up 2.45 mg Cu/mg carbohydrate (glucose 

equivalents) when added to natural mine-water, (pH 3.5 - 5.3 con- 

taining 32 - 719 mg Cu/litre). At pH 6 the alkali soluble polymer 

took up copper as 11.8% of its dry weight whereas the residual 

98.7% of dried materials (alkali insoluble) took up only 1.5% of 

their dry weight as copper. Copper uptake was determined by atomic 

absorption spectroscopy after removing copper-polymer precipitates 

by centrifugation. 

There was no polymer precipitation in silver nitrate solutions 

above pH 2. However, in 1M HNO, 0.2 mg Ag per mg carbohydrate was 

taken up by the polymer from solutions containing 50 wg/ml Ag ion.
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Table 2 

Effect of algal culture fluids on bacterial growth 

and ferrous ion oxidation 

  

  

  

Bacterial +Filter sterilized + autoclaved Control 

Inoculum culture fluids culture fluids (H,0) 

¥ ¥ 

Cell No.|%Fe**, Cell Nov! aFre’",|) cell No.| sre", 
(10’/m1)| oxid. (107/m1)} oxia. | (107/m1)| oxida. 

M 44 100 34 100 16 85 

P Se 100 29 100 0212 37             
  

M Marmatite raised inoculum (0.8 x 10’cells/ml) 

P = Panguna ore " 7 s " 

Growth period one week on 9K media. 

Table 2 shows that the mixed culture filtrates stimulated 

bacterial growth and ferrous sulphate oxidation. Heat sterilized 

filtrates were slightly less effective than membrane filtered fluids. 

Bacteria, raised upon marmatite responded better in both test and 

control conditions. 

Discussion 

A feature of this algae is its unusual tolerance to high copper 

in the acid drainage from the mine-dumps. It seemed likely that an 

acidic polysaccharide, such as is found in marine algae (2) was 

acting as a protective counterion. The extraction of a carbohydrate- 

rich, alkali soluble polymeric fraction, with an affinity for copper, 

supports this view. However the reaction of silver ions with the 

polymer material at low pH suggests that the composition of the 

counterion substance is complex. 

It was clear that the algae was concentrating all the elements 

assayed since there was always more of each element per kilogram 

of wet algae than was present in one litre of the surrounding water. 

There appears to be a preferential accumulation of Ag, Al, Fe, Mo, 

Ti and V compared with the remaining elements. In terms of algal 

weight Al, Cu, Fe and Mg were -the predominant elements.
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The location of elements in the algae is uncertain, although 
histochemical tests for heavy metals (1) indicated deposition in the 
filament periphery. 

There appears to be an extracellular heat-stable substance (s) 

provided by H. fluitans which improves bacterial leaching of the 
Panguna ore and which accelerates growth on ferrous sulphate (table 3). 

Table 3 

Effect of algal culture fluids on bacterial leachability 
of Panguna ore* 

  

  

  

          

ae. + Filter sterilized “(HG0) 

cells/m1x10/ Cu ppm cells/m1x10/ Cu ppm 

M eek Bau Leia 170 

P 27.0 287 5.0 140 

M = Marmatite raised inoculum (0.8 x 10¢el1s/m1) 
" " P = Panguna ore 

* Panguna ore particles (-20mm), lowgrade chalcopyrite ore 

0.5% Cu. Growth period 3 weeks on 9K media. 
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