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Abstract: 

The aim was to study the effect of visible and ultra-violet light on some members of 

the genus Thiobacillus. This genus is one more example of an aerobic organism which 

undergoes what appears to be the widespread phenomenon of light inhibition. 

Light inhibition of thiobacilli has been observed before and these other observations 

are presented. In the present study the effect of both visible and U-V light on 

three species was considered viz. T.thiooxidans, T.thioparus and T.ferrooxidans, the 

latter species being studied more thoroughly with respect to different intensities 

and wavelengths of light and the shielding effect of bacterial numbers and ferric 

iron. The photoreactivation of T.ferrooxidans cells after irradiation by U-V light 

was also examined, 

Using unfiltered, visible light, there was an inhibitory effect on all three of the 

thiobacilli irrespective of the energy source being used. When selected wavelengths 

were studied it was seen that the blue end of the visible spectrum was most inhibitory. 

A relationship between ferric iron concentration and protection from visible light» was 

shown and the beneficial protective effect of particulate suspensions was demonstrated. 

afforded by ferric iron and cell numbers was assessed. Photoreactivation of U-V 

irradiated cells by exposure to visible light showed that this phenomenon occurred 

using wavelengths of visible light which, by themselves, were inhibitory. 

Some practical implication of these findings are offered.
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EFFECT OF LIGHT ON THIOBACILLI 
  

INTRODUCTION 

The aim of this work was to study the effect of visible and ultra-violet light 

(Fig. 1) on some members of the genus Thiobacillus. The genus consists mostly of 

chemolithotrophic, gram negative, motile, small rod-shaped bacteria which obtain 

energy for growth from the oxidation of inorganic sulphur compounds. Thiobacilli 

inhabit a wide range of marine, fresh water and terrestrial environments (1) and 

some of the species are associated with the biological leaching of metals such as 

copper, uranium and iron (2,3) 
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Thiobacillus ferrooxidans isthe only member of the genus capable of oxidising 

ferrous iron as an alternative source of energy. The acid tolerance of Thiobacilli 

is varied with extreme acidophiles such as T.thiooxidans and T.ferrooxidans found at 

pH 0.5(4) compared with T.thioparus which can tolerate a pH of about 9.0. 

The inhibitory effect of light on Thiobacilli has been observed before (3S). 

Alexandre and Michel-Briand (6) noted that Ferrobacillus ferrooxidans, a strain of 

T. ferrooxidans (7) was a more efficient iron oxidiser in the dark than the ight. 

T.thiooxidans (4), The same authors reported that enough radiation was transmitted 

through two feet of water to inhibit and that exposure for only a short time to 

ultra-violet light completely sterilised a culture. Other workers (8) stated that
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T, ferrooxidans died when exposed to direct sunlight or moderate ultra-violet 

radiation and that it was inhibited by daylight. However, they did not state if 

the organisms were on plates or in liquid culture. Adair (9) showed inhibition of 

ony gen utilisation and destruction of ubiquinones in T.thiooxidans by ultra-violet 

radiation. Some workers (10,11,12) specifically mentioned carrying out experiments 

with species of Thiobacilli in the dark without qualifying their reasons for so 

doing, while other workers have also grown the bacteria in the dark (13). Quanti- 

tative data of the inhibitory effect of light on Thiobacilli are limited. Prévot 

(14) recorded that the mass of iron precipitated in the light was only 60% of that 

precipitated in the dark in an experiment with T.ferrooxidans whilst Bryner and Jones 

(15) found that the rate of oxidation of sulphur to sulphuric acid by T.thiooxidans 

increased in the dark. T. ferrooxidans exposed to ultra-violet radiation for one 

hour per day for 47 days did not grow when compared with a culture grown in the dark. 

Inhibition was measured by direct bacterial cell counts (16). Mention should be 

made that light was found to stimulate one of the Thiobacilli rather than inhibit (17). 

Visible and ultra-violet wavelengths of light can be inhibitory or lethal to a 

wide variety of microbes. In the work reported here the effects of visible light 

were studied on three species of Thiobacilli, T. ferrooxidans oxidising ferrous iron, 

elemental sulphur and chalcopyrite (CuFeSo), T.thiooxidans and T.thioparus .oxidising   

elemental sulphur and thiosulphate. T. ferrooxidans oxidising ferrous iron was studied 

more thoroughly than the other species with respect to different intensities and 

wavelengths of light and the possible shielding effect of bacterial numbers and 

accumulating ferric iron. The effect of ultra-violet light on T. ferrooxidans 

oxidising ferrous iron and T,thioparus oxidising thiosulphate was investigated as 

both systems contained no solid inorganic particles to interfere with the light. 

Photoreactivation after ultra-violet irradiation is a much reported phenomenon 

among many bacterial species (18). Thus the possible reactivation of irradiated 

cultures of T. ferrooxidans was examined using white and filtered light. 

METHODS 
Media 

1, The Basal Mineral Salts Medium (BMS) contained (g/1): (NHy)o SO, 0.30; KCl 0.01; 

KHpP0), 0.05; MgSO). 7H20 0.05; Ca(NO3)o5 0.001, The pH was adjusted with HoSO), or 

NaOH. 

For some tests the above BMS Medium was modified. 

2. FeSO, Medium 
BMS + 2g Fet*/1 (as FeSO). TH50) at pH 1.8. This was used for T. ferrooxidans 

ay S Medium 

BMS + 4g S°/1 (as Flowers of Sulphur) at pH 1.8. This was used for T. ferrooxidans 

and T.thiooxidans and when adjusted to pH 8.5 it was used for T.thioparus.
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4, Sp03 Medium 

BMS + 3.0g 850°" /1 (as Nay8p03.5H20). 
and pH 8.5 for T.thioparus. 

This was used at pH 4.5 for T.thiooxidans 
oy 

De 

BMS + 0,06g Cu/l (as chalcopyrite, CuFeS,). 

CuFeS, Me dium 

This was used at pH 4.5 for 

T. ferrooxidans. 

Determination of Bacterial Activity 
  

Bacterial activity was determined indirectly by measuring the oxidation products 

Fet**, yt and Cutt of the various substrates. 

WFeSO), + Op + 2HS0, FBS*S™2 one5(s0,,) 4 + 2Hy0 

28 + 30p + 2Hp0 SBStEMMA on 50), 

Nesta, + 20, 4 0 SESESEER co, Wee BoR208 B82 ernk Beryl 

Bacteria CuFeSs + 405 CuSO, + FeSO) 

Sources of Bacteria 

T, ferrooxidans was selected from a culture of NCIB9490 (Temple and Colmer) which 

had been grown on non-sterile cupriferous pyrite using FeSO), Medium. 

The T,thiooxidans culture was obtained from the National Collection of Industrial 

Bacteria (NCIB8342). 

The T,thioparus-type organism, capable of oxidising sulphur and thiosulphate at 

alkaline pH values was a mixture of T.thioparus Parker (NCIB8349) and an organism 

isolated from the natural environment, 

Light Equipment 

The light terms used in this report are defined in Fig. 1. 

Light meters 

The   i) Light meter - Jaro Salford Exposure Meter No 1243 A.R. 

checked regularly for deterioration against a standard light 

laboratory darkroom and was used in conjunction with filters 

intensities of various light sources. 

ii) 

Instruments Ltd. 

Visible light sources 

Ultra-violet meter - Blak-ray ultra-violet irradiation meter. 

light meter was 

source in a 

to compare the 

Shandon Southern 

i) 100w tungsten filament light bulb, (using the ultra-violet filter no reading 

was obtained on the light meter). 

ii) Osram 40w daylight fluorescent lamp; this had about 9% near ultra-violet light.
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Ultra-violet light sources 

i) Hanovia bacterial component set 7 x 1077 ergs mercury vapour discharge lamp - 

D7JU/A. About 80% of the intensity was in the range 200-300nm. (Measured by 

the light meter plus the Wratten 18A filter and also the Blak-ray meter). 

ii) Phillips 14 x 1077 ergs TUV mercury discharge lamp - S7415/P40. About 90% of 

the intensity was in the range 200-300nm. 

Filters 

i) Kodak Wratten 1A: this filtered out the ultra-violet wavelengths and was used 

to check ultra-violet sources. 

ii) Kodak Wratten 18A. This selected the wavelengths in the range 200-300nm. 

iii) EEL No 205 red narrow cut. This selected for the range 600 nm and above. 

iv) EEL No 404, green tricolour. This selected for the range 480-610 nm, 

(25% blue and 75% green light). 

v) EEL No 303, blue micro 2, This selected for the range 430-560 nm. 

(65% blue and 35% green light) 

vi) Pyrex glass, 2mm thick. This is reported to filter out the wavelengths below 

260 nm (19) and was used for measuring near ultra-violet light. 

TESTWORK 

VISIBLE LIGHT 

i) Unfiltered 

Using the tungsten filament lamp three cultures were tested in the following oxidation 

systems. T, ferrooxidans with ferrous iron, chalcopyrite and elemental sulphur, and 

T.thiooxidans and T.thioparus with elemental sulphur and thiosulphate. 2h-hour   

periods of alternating dark and light were used, the light intensity being 50.5 x 1073 

lumen em~* at the flask surface. Using T. ferrooxidans oxidising ferrous iron, 

additional comparative inoculated tests were done under all dark and all light 

conditions and starting with a 24-hour dark period instead of a light period. When 

T. ferrooxidans was oxidising chalcopyrite a sterile control was set up to show the 

magnitude of the chemical attack on the chalcopyrite. With the other tests sterile 

controls were run but they did not show any change. 

ii) Filtered 

A culture of T.ferrooxidans in FeSQ), Medium was irradiated for an 8 hour period at 

22°C with light from the other visible light source i.e. the Osram fluorescent lamp, 

and a comparative test done using the Pyrex filter to screen out ultra-violet wave- 

lengths, The measured intensity was 25 x 1073 lumen em <, Control experiments 

using the tungsten filament lamp (intensity 30.3 x 1073 lumen em) and darkened 

flasks were also done under the same conditions, In addition the effect of wave- 

lengths 430-560 nm, 480-610 nm and 600 nm and above was examined using the EEL filters. 

For these latter tests the tungsten filament lamp (intensity 25 x 1073 lumen em™@)
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was used during alternating 2h-hour periods of light and dark. Comparative data 

from an unfiltered control were also obtained. 

iii) Various intensities 

T, ferrooxidans was grown in the aerated column for 2 weeks with a light intensity of 

1,00 x 1073 lumen em © from two tungsten filament bulbs of 60 and 100 watts in the 

vicinity of the experiment. The rate of oxidation of ferrous to ferric iron was 

maintained at 92% +2%. The column was then exposed to various intensities of light 

from the tungsten filament lamp for periods of 5 days. At the end of each period 

the light intensity was returned to its original value (1,00 x 4073 lumen cm@) and 

an oxidation rate of 92% +2% re-established. Careful temperature control was 

exercised during the experiments. 

iv) Different initial bacterial concentrations 

Suspensions of T. ferrooxidans, of aifferent initial bacterial numbers, were grown in 

duplicate in FeSO), Medium. One of the duplicates was incubated in the dark and one 

in the light (tungsten filament lamp at 50.5 x 1073 lumen em~2) and ferrous oxidation 

rates were compared. 

vy) Different concentrations of ferric iron 

Duplicate cultures of T, ferrooxidans were grown in FeSO), Medium containing a range 

of ferric iron concentrations. One series was incubated in the dark and one in the 

al light (tungsten filament lamp; 50.5 x 1073 lumen cm Iron oxidation rates were 

again compared. 

vi) Barium sulphate suspensions 

Duplicate cultures of [. ferrooxidans were grown in FeSO) Medium containing various 

concentrations of barium sulphate (0,10-1.0 g/1) in suspensions of 2-90% light 

absorption, One series was incubated in the dark and one in the light (tungsten 

lamp. 50.9 x 1073 lumen em). Tron oxidation rates were compared. 

ULTRA-VIOLET LIGHT 

i) Unfiltered 

50 ml suspensions of T, ferrooxidans and T.thioparus in distilled water (5 x 107 cells 
  

ml~!) were exposed to the Hanovia and the Phillips lamps at a distance of 30 cms from 

the lamp surface. The suspensions which were 1 cm deep in a beaker were shaken 

slowly on an orbital shaker (70 rpm) during irradiation. The light intensities 

were 440 uW em’ and 8.8 W em72 from the Hanovia and Phillips lamps respectively. 

The tests were conducted for different periods of time after which samples of the 

irradiated suspensions (1 ml) were inoculated into 45 mls of the appropriate growth 

medium and incubated for various periods of time. 

ii) Filtered 

The experiment (i) above was repeated using the Pyrex glass and Wratten 168A filters
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to compare near and far ultra-violet effects. The light source was the Hanovia lamp. 

iii) Different initial bacterial concentrations 

A range of cell suspensions of I, ferrooxidans in distilled water was set up in 

duplicate. The suspensions were denser than those used in the visible light 

experiment. One set of suspensions was irradiated for 90 seconds using the Hanovia 

lamp at 30 cms. Subsequently 1 ml samples of each suspension were inoculated into 

45 mls of FeSO) Medium and incubated to determine the effect of irradiation on iron 

oxidation rates. 

iv) Different concentrations of ferric iron 

Cell suspensions of 1. ferrooxidans (Sx 10! cells ml!) ina range of ferric iron 

concentrations were irradiated for 90 seconds with the Hanovia lamp at a height of 

30-ems., 1.0 ml samples of the suspensions were then inoculated into 45 mls of 

FeSO), Medium. 

PHOTOREACTI VATION 

Photoreactivation is defined here as the reactivation by visible light of an 

organism which has suffered deleterious changes due to ultra-violet radiations. 

Suspensions of T. ferrooxidans (5 x 10! cells ml~') 1 cm deep in a beaker, were 

irradiated for 90 seconds using the Hanovia lamp at a distance of 30 cms. This was 

greater tnan the killing time. The suspensions were then exposed to either the 

unfiltered tungsten lamp or filtered light (using red and blue filters) from that 

lamp. In all cases the light source was adjusted to give an intensity of 40 x 1078 

lumen em™*. An additional experiment was set up to examine the effect of delay prior 

to photoreactivation. In all cases after ultra-violet irradiation and attempted 

photoreactivation, bacterial suspensions (1 ml). were inoculated into FeSO) Medium to 

check the activity of the cells. 

VISIBLE LIGHT 

Some typical results for the effects of visible light are shown in Figs 2 and 3. 

There is an inhibitory effect on all three representatives of the Thiobacilli, 

irrespective of the energy source they are metabolising. An inhibitory factor of 

two or three with respect to oxidising ability was common and a factor as high as six 

(Fig. 3) was obtained. In Fig. 2 in which T. ferrooxidans was oxidising ferrous iron 

it can be seen that the inhibitory effect decreased in magnitude as the cultures aged 

in the batch system. Fluorescent lighting was more inhibitory to ferrous iron oxi- 

dation by T. ferrooxidans than tungsten filament lighting. Over a period of eight 

hours exposure 58, 41 and 33% of the ferrous iron was oxidised by the dark controls, 

tungsten and fluorescent lights repsectively. The fluorescent light contained some
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9% ultra-violet light but removing the far ultra-violet had no effect, the results 

being virtually identical to those for unfiltered fluorescent light. As fluorescent 

light has been reported to have a much higher energy peak than the tungsten “filament 

| lamp in 450-580 nm region of visible light (19) it was thought that these wavelengths 

could be causing inhibition. 
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Using filtered visible light to give wavelengths of 430-560, 480-610 and 600 nm and 

above showed that the blue light area was most inhibitory with a less contribution 

from the green area while red wavelengths had no effect at all. (Pig. 4).9? 

Increases in visible light intensity did not correspond proportionately to 

decreases in ferrous iron ‘oxidation rates (Fig. a) The inhibitory effect became 

nearly constant between 70 and 200 x 1073 “Luuien cm? indicating that logarithmic 

growth phase cultures-of T, ferrooxidans , as used in this test, would never be inhibited 

more than 40%. However, even relatively low light intensities (25 x 1073 lumen em2) 

ean slow oxidation rates by 28%, The examination of possible protective measures 

suggested that’the larger the numbers of bacteria present in the initial inoculum the 

greater the protection from visible light inhibition (Table 1). However this effect 

of increasing bacterial numbers could not be separated from that of increasing ferric 

ironsconcentration which could have provided a 'shielding' effect. In fact, subse- 

quent tests showed that ferric iron could reduce inhibition by visible light (Fig. 6). 

The results’ show that there is an inhibitory effect due to the ferric iron itself in 

that 100% ferrous iron is oxidised in the dark with 0.10 g Fe3*/1 initially present, 

but only 23% is oxidised in the same period with 2.0 g Fe3*/1 present. From graphical 

plots of data shown in Fig. 6, ratios of time taken for oxidation of 50% ferrous iron 

in the light and dark, at different ferric iron concentrations, were calculated. 

With no ferric iron present the ratio was 3.87:1.00. That is, it took about four 

times as long for the bacteria to oxidise iron in the light with no ferric iron 

present. «With 1.0 g Fe3*/1 and 2.0 g Fe?*/1 the ratios were 1.85:1.00 and 1.02:1,00 

respectively, showing a direct relationship between ferric iron concentration and 

protection from visible light. Tests carried out to determine the absorption of 

blue light by ferric iron solutions showed that a filtered solution containing 2 g 

Fe3*/1 absorbed 53% of incident blue light under experimental conditions. Barium 

sulphate suspensions had a similar protective effect to bacterial suspensions and 

ferric iron. Where visible light is concerned the protective effect of bacteria and 

barium sulphate appears due to the diffractive properties of the particles. This 

effect can be superimposed upon that of ferric iron which mainly absorbs the harmful 

radiations. It should be noted that some protection could have been given by a 

"coating" of iron on the cell. When T. ferrooxidans was harvested by centrifugation 

from a ferric iron solution, the bacterial paste was very brown. Several acid 

washes were needed to remove the iron staining. 

  

  

  

TABLE 1. - Effect of Varying Numbers of Cells on Hel? 

Oxidised (%) by T. ferrooxidans in Light and Dark 
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It took 168 hours incubation for T.ferrooxidans to achieve 99% ferrous oxidation 

after irradiation for 45 seconds (8.8 W cm~@). When irradiated for 50 seconds or 

longer no ferrous iron oxidation was recorded (Fig. 7) but reducing the intensity to 

uek x 10° uW em@2 extended the killing time by some 20% from 45-50 seconds to 55-60 

seconds. T.thioparus seemed more sensitive to irradiation than T,ferrooxidans with 

killing times of 10-15 seconds at 8.8 x 103 uw em © (Fig. 8) and 25-30 seconds at 4.4 

x 10° uW em™@, However, if there was protection from an iron "coating" as has been 

suggested above, the difference in killing times could have been due to incomplete 

washing of T.ferrooxidans suspensions with subsequent iron carry-over. Far ultra- 

violet (200-300 nm) had more bactericidal activity on T.ferrooxidans than the pre- 

dominantly near ultra-violet. After irradiating with far ultra-violet for 30 and 

45 secs, there was a reduction in oxidising ability of 14 and 100%. Irradiation 

from near ultra-violet light for 1 to 8 mins gave reductions in oxidising ability of 

4, 23, 40, 53, 62, 72, 87 and 100% at one minute intervals. Results after 8 mins 

exposure to the ultra-violet lamp are not given as there were detectable amounts of 

ozone in the vicinity of the experiment which may have affected the results. 

The protecting effects of bacterial numbers and ferric iron concentration are 

shown in Table 2 and Fig. 9 respectively. After irradiation for a period of time 

greater than the killing time T.ferrooxidans was protected by the screening effect 

of large numbers of bacteria, above 106 cells ml7!, The data show slightly greater 

protection from 108 cells ml~! than 107 cells mi7/. Increasing concentrations of 

ferric iron gave similar protection. The non-irradiated control for Fig. 9 oxidised 

64% ferrous iron in the first 24 hours incubation, 97% in 48 hours and 99% in 72 

hours. Ferric iron concentration in excess of 0.50 gi7! gave protection so that the
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irradiated cultures with 0.5 to 2.0 g Fe3/1 all achieved 99% ferrous oxidation in 

72 hours, the same as the non-irradiated control. There was no protection from 

ferric iron concentrations below 0.50 gl7! i.e. 0.1 and 0.25 gl7'. Solutions of 

ferric iron absorb more strongly in ultra-violet light than in the blue part of the 

spectrum so that the protective effect of iron was due most likely to absorption. 

In which case, the data for killing times quoted above would mean that T.thioparus 

was more sensitive to ultra-violet light. 

TABLE 2. - Effect of Varying Numbers of Cells on the Ability 

of U-V Irradiated T. ferrooxidans to Oxidise Fet* (%) 
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PHOTOREACTIVATION 

After irradiation for greater than the killing time, cultures of T. ferrogxidans 

were photoreactivated successfully with visible light from the tungsten filament lamp 

(Table 3). After only 1 min exposure to the visible light from the tungsten lamp 

the cultures were able to oxidise 99% of the ferrous iron in 3 days. Exposure to 

visible light for 13 mins after irradiation restored bacterial activity to that of 

the non-irradiated control, 64% ferrous iron oxidised in 1 day and 99% in 2 days. 

When light with wavelengths greater than 600 nm was used in an attempt to photoreac- 

tivate irradiated cultures no success was recorded, in fact only 1% ferrous iron was 

oxidised after exposure to wavelengths greater than 600 nm for 2.5 and 5.0 mins. In 

a non-photoreactivated irradiated control the same amount, 1%, was oxidised. Exposure 

of irradiated cultures to light with wavelengths of 430-560 nm for 2.5 mins reacti- 

vated the cultures to the extent of 10, 52 and 99% ferrous iron oxidised in 1, 2 and 

3 days respectively. Thus photoreactivation was instigated by wavelengths which by 

themselves were inhibitory. Delays prior to photoreactivation reduced the effective- 

ness (Table 4). 

TABLE 3. - Photoreactivation by White Light of U-V 

Irradiated T. ferrooxidans (Fet* oxidised %) 
  

  

  

  

Incubation (Days) | PERIOD OF PHOTOREACTIVATION (MINS) | NON-IRRADIATED 

- 0 de) 510 13 CONTROL 
0 1 1 1 1 1 1 7 

1 1 5 10.12 63. 64 64 

2 176 8. 84 .99 99 99 

3 12799 99°99. 95 99 99 
1 199 199 99 99 99 99       

TABLE 4, - Fet* Oxidised (%) by U-V Irradiated T. ferrooxidans 
After Varying Periods of Delay Prior to Reactivation 
  

  

  

  

PERIOD BEFORE 
Incubation (Days) | PHOTOREACTIVATION (MINS) Ae eS Ta Ee 

CONTROL CONTROL 
O21 8855 1015 

6) ee ae 1 1 
1 WW 4008. 4 1 63 
2 85°86 87 1 1 99 
3 99° 997 99 4 1 1 99 

iE 99.99. 9o. | 1 1 1 99         
From these in-vitro, laboratory experiments it is evident that under certain 

conditions thiobacilli suffer inhibition by visible light, particularly at the blue 

end of the spectrum. In the case of T.ferrooxidans some protection is given by the 

ferric iron produced during the biooxidation of ferrous iron. There could also be a 

screening, diffractive effect from suspended particles and bacterial cells. Similar 

protective measures exist against ultra-violet radiations. After exposure to killing 

visible light which, by themselves, are inhibitory, although delay prior to photo- 

reactivation negates the beneficial effect. Several theories exist on light inhibi- 

tion, irradiation damage and photoreactivation and it is not proposed to enter this 

field of discussion.
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T. ferrooxidans and T.thiooxidans are bacteria that are used in biohydrometallurgy 

and can be exposed to different intensities of daylight for long periods of time, for 

example in the ponds associated with bacterial copper leaching operations. As the 

relative contributions of the pond and dump bacteria have never been adequately 

quantified it is difficult to assess what affect, if any, light has on the leaching 

operation. Bacteria which are below the dump surface, adhering to the minerals, 

would naturally, not be affected by surface irradiations. 

Another point worth considering is the cultivation of thiobacilli in the laboratory. 

Problems associated with light do not exist under normal conditions when large 

inocula are used for batch tests or when continuous cultures using reasonable cell 

densities are run. Sometimes however it is obligatory to start with a very small 

number of cells as an inoculum. Carrying out the initial growth, in the dark might 

assist in the early stages and help to remove any stress due to inhibition by light. 

This could help in reducing very long lag phases although it would naturally not help 

if the lag was induced by causes other than light. 

The genus Thiobacillus is thus one more example of an aerobic organism which 

undergoes what appears to be the widespread phenomenon of light inhibition, 

REFERENCES 

W Le Roux, Proc.Soc.Gen.Microb. 2 (1), 7-8, (197%). 

W Le Roux, New Scientist, 43, (668), 12, 14, 16, (1969). 
H Tuovinen and D P Kelly, Int.Metall.Revs. 19, 21-31, (1974). 
E Malouf and J D Prater, J.Metals 13, (5), 353-356, (1961). 
C Bryner, J V Beck, D B Davis and D G Wilson, Ind.and Eng.Chem. 46, (12), 2587, 
(1954). 
Alexandre and Y.Michel-Briand, Ind.Atomiques, 11, (11/12), 47-53, (1967). 
P Kelly and O H Tuovinen, Int.J.Syst.Bact. 22, 170 (1972). 
J Moss and J E Andersen, Proc.Aust.Inst.Min.Metall., No 225, March 15-25, (1968). 
W Adair, J.Bact., 95 (1), 147-151, (1968), 
I Golbraikht, Vestn, Akad. Nauk Kaz. SSR, 24 (12), 61-2, (1968). 
C Bryner, R B Walker and R Palmer, Trans.Soc.Min.Engs. 238, Mar., 56-62 (1967). 
T Woodcock, Proc. Aust.Inst.Min.Metall, No 224, Dec., 47-66, (1967). 
Klimek, B Skarzynski and T W Szczepkowski, Acta Biochimica Polonica, 3 (2), 
261-269, (1956). 

14, P Brun, Comptes Rendus, Acad.Sc.Paris, 267 (13), 1122-1125, (1968). 
15. LC Bruner and L W Jones, Developments in Industrial Microbiol, 7, 287 (1966). 
16. S Tataru, Research and Design Centre for Radioactive Metals, Rumania, Pers.Comm. 

(1976). 
17. J V Mayeux and E J Johnson, J.Bact. 94, (2), 409-414, (1967). 
18, J Jagger, Introduction to research in ultra-violet photobiology. Englewood 

Cliffs, N.J., Prentice Hall Inc. (1967). 
19. C M Leach, Methods in Microbiology, Vol 4, P641. London: Academic Press, (1971). 

VM 
F
w
W
w
n
 =
 

P
i
 
O
m
 

aS 

3 

D
U
P
 
y
d
u
Y


