
In  recent years much work has been done to render the insoluble 
mineral phosphates available Lor plant nutrition. A number of methods 
have been devised for rhis purpose and of these, the one developed by 
Lipman and his associates (SoiZSci., 1915-1923) in America has given 
the most encouragingresu!:~. I t  consists in composting raw phosphate 
with sulphur and soil under carefully controlled conditions oi moisture 
and aeration, when the sulphuric acid produced by the biological oxida- 
tion of the sulphur acts upon the phosphate and renders it soluble. 
The  amount of ' available ' phosphate thus obtained being quite consi- 
derable, the application of this process warrants extended trial in agri- 
cultural practice. 

Very littie attention has been paid to utilising the large deposits 
of high grade mineral phosphates found in India, though useful work 
has been done by Hutchinson (Agnc.  J. India, 192+ 19, 4) and by 
Sivan (Mem. Dept. Agric. in Izdia, Chemistry Serzes, 1925, 7,  r45) 
who have studied the problem from two different aspects. T h e  former 
investigated the solubilisation of mineral phosphate in  culture media 
by pure strains of sulphur-oxidising organisms and observed that 89 
per cent. of the total phosphate became soluble in less than 10 weeks. 
Sivan examined the influence of decomposing green manure on the 
solubilisation of mineral phosphates in paddy soil and noticed a gradual 
production of ' available ' phosphate both in the laboratory and the field 
experiments. These results only emphasise the necess~ty for more 
extended investigations of the problem by other methods also. 

One  of such methods consists in the utilisation of activated sludge, 
which is rich in oxidising bacteria, and was also found to contain 
organisms capable of oxidising sulphur rapidly to sulphuric acld ; it was 
therefore considered to be an excellent medium for effecting solubilisa- 
tion of insoluble phosphates in presence of sulphur and the necessary 
supply of air. 

Experiments showed that under such conditions considerable aci- 
dity soon developed and resulted in a marked selection of the micro- 
flora, most organisms other than the sulphur oxidisers being eliminated. 
This observation led to the study of the influence of this reaction, under 
various conditions, on the solubilisation of pure tricalcium phosphate 



and the phosphate obtained from Trichinopoly deposits con- 
taining 44 per cent. and 2 5  pel ~ e n t .  of total p205 respectively in the 
insoluble condition. 

EXPERIMENTAL. 
Suspensions of activated sludge containing varying amounts of 

sulphur, phosphates and other mineral salts, as indicated in the follow- 
ing scheme, were aerated vigorously with compressed air for about 
twelve weeks ; samples were taken a t  weekly intervals, and their 
titratable acidity, water-soluble phosphates and sulphatesalong with Q, 
determined. T o  ~ o o  c.c. lots of a I 5 per cent. suspension of activated 
sludge were added the phosphates ( I  gm.), flowers of sidphur (5 gms.) 
andin thosecases where certain salts were used, 0.025 gm. of the salt in 
question, these mixtures being aerated in jars, using cornpressed air. 

'The scheme of experiments involved the following series :-- 
I .  Activated sludge only. 
2. ,, with 5 gms. sulphur. 
3. ,, ,, I gm. tricalcium phosphate. 
4. ,, I gm. mineral phosphate. 
5 .  ,, Ca, (PO,), and sulphur. 
5. ,, Mineral phosphate and sulphur. 
7. ,, I )  ,, MnSB,. 
8. , ,  , ,  ,, FeSO,. 
9. ,, 44.12 (SO&. 

Water-soluble phosphoric actd was determined by the volumetric 
method according to A. 0. A. C. methods (1925, 3). V\iTater-soluble 
sulphate was estimated by the usual graviinetric method of precipitation 
with barium chloride. Acidity or alkalinity was estimated by boiling 
the solution for 5 minutes to remove carbon dloxide and titrating with 
methyl-red as indicator using A5750 sodium hydroxide or sulphuric 
acid, the results being expressed for loo c.c. of solution, in all cases. 
P, values were determined calorimetrically by enlploying Clark and 
Lubs (J. But., 1917, 2, 109, 191) series of indicators using the colour 
standards prepared after the method recommended by Medalia (1. Bact., 
1920, 5, 441 ; 1922,  7, 589), for comparison. 

The P, values obtained are represented graphically in Fig. I. A 
study of these curves will show that treatment with sulphur has pro- 
duced marked acidity. 

The series without sulphur was characterised by a more or less 
constant P, which in the sulphur series without added phosphate fell 
to 1.6. The curves thus arrange themselves intwo groups, ( I )  controls 
without sulphur and (2) those containing sulphur with or without added 
phosphates. It will be clearly seen that in the former the P, remained 





in the range 7.8 to 6-0 and it may be noted that this is the range in 
which nitrification proceeds most vigorously (Ranganathan and Norris, 
This ]ouvnal, I 927, Ii 

In the sulphur series without added phosphates the acidity increas- 
ed to a P, of 1.6 and nitrification was inhibited ; there was thus an 
accumulation of ammonia which was fixed as ammonium sulphate. 
This rise in acidity naturally had a marked influence on the bacterial 
flora and only a few limited types were able to survive. 

In the presence of pure tricaicium phosphate, a buffer action was 
noticed, the P, remaining a t  about 4.6 and more phosphate being 
steadily dissolved as further acid was produced. T h e  course of events 
was not quite the same when mineral phosphate was employed. In this 
case there were two stages at which the buffer action became notice- 
able, one at  P, 5.8 and the other at 4.9. The first might be traced to 
the temporary influence of the calcium carbonate present as impurity. 
Subsequently the real buffer effect due to the phosphate was ex- 
perienced. This buffer effect naturally did not persistindefinitely 
and it will be noticed that in the series to which manganous sulphate, 
ferrous sulphate and aluminium sulphate were added the P, values 
were 1.80, 1.95 and 1.86 respectively after IS  to 2 0  weeks of aeration 
with a corresponding increase of water-soluble phosphate and sulphate. 
The chemical changes involved might be presumed to be of the normal 
type resulting in the continuous production of sulphuric acid and the 
action of this on the tricalcium phosphate leading to the production of 
di- and monocalcium phosphates, or even in extreme cases to the 
accumulation of free acid. This  alone would explain such a fall in 
P, shown by the crude phosphate series with sulphur and salts. 

TABLE I. 

Sludge + 
S + Mineral 

- - 
1 I I 

C . C .  

l Week ... 
2 Weeks .. 
3 ,, ... - 3 6  

... - 3.6 

... - 3.6 
6 ., ... -3'6 
7 ,, ... -- 3.6 ... - 3'6 ... - 3.6 

10 ,, ... - 3'6 
11 ,. ... - 3.6 



titratable ;,cidity produced is &O%VI? ii? 'i'abie I. T h e  initial 
reactiall was usu:i!ly alkaline in all cases dnd i t  is to be noted that the 
titration figures for series I ,  3 and 4 exhihtet l  relativeI5 little change, 
whereas the int;oductioll of sulphur Ice! !.o :i [I:-0gressi'~e development 
in  titratable acidity up to the f ind 3naIysis. ' rhere ha-;, in fact, been 
an increase fl-om an initial alkalirrity equivalent tc) 6.3 c.c of N/zo 
sulphuric acid to an acidity equiv:dent to 201.6 c.c: of '\'/so sodiu3.n 
hydroxide. 1: is safe to assume therefole :hat., ir! n mecli~im buch as 
activated sludge, fairly well supplied as i t  i s  w i t h  nitrogen and 
phosphate compou:lds, sulphur-oxldis;ng organisms multiply sufficiently 
to convert an appreciable amount of sulphur into huiplinric acid. With 
addition of the phosphate, even Ihougll there was a gener;:l proc!uction 
of acid as indicated by the iormatiun o f  water-aoluble sulphates 
shown in Figs. I1 and I11 given laker, there was little clcvelopineni 
of free acidity, however, the acid as producccl I ~ ; n g  iitlIi:cd for the 
production of soluble phosphate. 

Solubilisation of the phosphate was much lw;i rnzrrkeci in the case 
of impure phosphate, lor the impurities paescizt, viz., 1 7  t o  18 per cent. 
of calcium carbonate and 5 per cent. of iron : ~ r d  ; i i~,min.i,  consumed 
the acid cieveloped, thus reducing to a minimum thr  amount  of acid 
available lor action o:r the phosphate. In ~ t h c i .  wcrrris, no  acid would 
be available for the production o: soluble phosphate in  such cases until 
all the impurities were neatraliscd. "This doubfles:.s explains the slow 
availability of mineral phosphates when used as manure. 

The water-soluble phosphoric acid dound in the diFfcrent mixtures 
with and without salts is recorded in Figs. 91 and 111. It  will be 
noted that the amount of water-soluble phosphate increased in all those 
mixtures which had received additions oi both sulphur and phosphates ; 
but the increase in the mineral phosphate series without salt did not 
reach the same value as when pure tricalcium phosphate was used, for 
the reasons already explained. 

I t  was also found that only slow production of soluble phosphate 
(in the range I to 4 mgms. per loo c.c.) took place in the non-sulphur 
series where vigorous nitrification proceeded, and supports the view 
that the nitrification process had but little influence on  the solubiiisation 
of phosphates. This confirms the observations of Ames and Richmond 
(Soil Sci., 1918, 6, 351)  who emphasise the fact that nitrification will 
have no effect on the solubility of mineral phosphate, o r  only acts lo a 
limited extent. 

As has been pointed out above, in the case of mineral phosphate 
the production of water-soluble phosphate was ?ow. The addition 
however of certain salts such as manganous sulphate, ferrous sulphate 
and aluminium sulphate invery small quantities increased the production 
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of soluble phosphate from 22.22 m g s  to 92.1,  61.0, 121.2 mgs. 
respectively, and as might be anticipated there was a corresponding 
change in the P, of the solutions. The stimultating power of 
manganous sulphate in biological processes has been previously 
established, and its influence on nitrification and ammonification studied 
by Brown and Minges (Soil Sci., 1916, 2, 67),  Greaves (I&d., 443) and 
others. Montanan (Staz. Sper. Agr. ItaL'., 1914, 47, 441) also found that 
mangatlous salt greatly stimulated nitrification, the salts, in his opinion, 
either directly or indirectlpfurnishing oxlgen to thenitrifyingorganisins. 
The influence of this compound in the oxldation of sulphur and the con- 
sequent increase in water-soluble phosphate in that series may well be 
similar. 

Baudisch and Welo (1. Bid Chew., 1924, 61, 261) bold the view 
that the assumption of variable oxidation stages In the conversion of 
ferrous to ferric iron does not explain the specific catalytic power of 
iron salts, for when once the ferrous salt is converted into ferric the 
re-conversion of ferric to ferrous iron requires considerable energy, so 
that the possibility of ferrous salt acting as a continuous catalyst 
appears to be out of the question. They explain the catalytic action 
in biochemical processes to (I) the peculiar power of divalent ferrous 
iron to absorb oxygen from the air and link it co-ordinatively; the 
auxiliary valence forces being stronger it is able to draw various organic 
and inorganic radicals or compounds into the inner sphere selectively : 
(2) the formation of ferro-ferric complexes in the presence of air, and 
(3) the oxidising power of the ferrous salt being enhanced by virtue of 
this co-ordinative linkage of oxygen, this power being governed by the 
concentration of each component of the mixture lerrous salt, carbon 
dioxide and oxygen. Under the conditions of our experiment the for- 
mation of such compounds appears quite possible, as evident from the 
increased solubilisation of phosphate, but further investigation is 
required to elucidate the nature of the stimulation. 

Aluminium sulphate (Devison, SoidSci., 1922, 13, 81) and other 
soluble salts of aluminium have been found to stimulate ammonifica- 
tion but to inhibit nitrification, for the latter process is readily checked 
in an acid medium. In  view of the fact that the hydrolysis of the sul- 
phate or chloride produces an acid medium it would be expected that 
the sulphur-oxidising organisms which readily tolerate acidity would 
thrive at  the expense of other less adaptable organisms. Consequently 
it was not surprising to find that aluminium salts had a distinctly 
stimulating effect on the oxidation of sulphur and in consequence on 
the solubilisation of mineral phosphate. 

The  data for water-soluble sulphates produced in the various 
series showed clearly to what extent the sulphur was oxidised at  
different periods. I t  will be noted from Figs. I1  and 111 that there 
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has been a rapid increase in the amount of sulphur oxidised. I t  will 
be seen further that in the case of activated sludge to which sulphur 
and tricalcium +osphate were added, the oxidation oi sulphur was 

more rapid than in the mixture containing s~ i lphur  n,ithont phos- 
phate, the sulphate being increased b y  nearly I times. 'The increased 
oxidation of sulphur in the phosphate series is probably due to two 
reasons, the by serving as a food suppiy for tt:e oxidking 
organisms increasing their multiplication and also tending io maintain 
the reaction of the medium at a favourable pH. 

Considering the ratio of the water-soluble phosphate produced to 
the amount of sulphur oxidised and leaving out for the moment any 
insoluble sulphates which have not been estimated, it will be seen that 
in the pure phosphate series approximately t w o  parts of solublcl phos- 
phoric acid (P,O,) have been produced by the oxidation of oue part of 
sulphur ( 2 2 7  mgs. P,OS to I 13 rngs. sulphur). I11 the mineral phos- 
phate series, however, without catalysts the phosphate required nearly 
four times its weight of sulphur (24 mgs. P,Oj to i ) r  mgs. sulphur); 
but in the presence of catalysts or snlts used above, the proportion 
became I : I. The influence of these salts on the oxidation process 
and the solubilisation of mineral phosphate is thus very clearly 
indicated. 

SUMMARY. 
I. The influence of sulphur-oxidation on the solubilisation of 

mineral phosphate in an activated sludge medium under various con- 
ditions is discussed. 

2. In  the sulphur series without a neutralising agent the P, fell 
to 1.6 and there was a rapid production of titratable acldity. With the 
introduction of the phosphate, although there was a greater production 
of acid, this was utilised for the production of soluble phosphate the 
P, remaining at about 4.6. 

3. In the absence of catalysts, even though there was increased 
sulphur oxidation, as indicated by the sulpRate figures, there was not 
a corresponding increase in the production of water-soluble phosphate ; 
but with sulphates of manganese, iron and aluminium the solubility 
rapidly increased. 

4. With the rapid oxidation of elemental sulphur there was an 
accumulation of water-soluble sulphate. Generally the amount of 
sulphur oxidjsed in relation to the water-soluble phosphate poduced 
was f0un.d lo be in the ratio of 4 of sulphur to I of mineral phosphate. 
The introduction of the catalysts reduced the ratio to 1 : 1. 
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