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either- boarding or day or both, will not, I think, find 
reason to agree with either of those very broad and 
unsupported statements. In one other matter too 
the signatories are definitely misinformed ; that is, 
where they say that the proposed offer of places in 
the Public Schools to boys previously trained in 
public elementary schools has been imposed upon 
the Public Schools by their financial necessities. How 
they can venture upon this statement without know
ledge of the finances of the Schools is not clear. I 
would simply say two things-first that a large 
number of the Public Schools are in a flourishing 
state, and have no need to make up their numbers in 
that or any other way ; and secondly, that anyone 
who is acquainted with a school balance-sheet knows 
well that the admission of a proportion of boys with 
public assistance would not save the finances of any 
school, if they were in at all a serious condition. 

I suggest that no good purpose is served by general 
assaults of this kind ; they are mere blows in the 
air. The Public Schools have as many strong points 
and as many weak points as any other educational 
institution of human contriving; but the head
masters believe that the Schools have something of 
value to offer to the nation, and they are anxious 
that this offer should be made available to all British 
parents who desire to make use of it for their boys, 
irrespective of their means. We believe that we can 
render this wider service best if we are allowed to 
retain our spiritual and educational independence. 
If any or all of the signatories would like to meet 
the Committee of the Headmasters' Conference for a 
further discussion of these or any other questions 
that may arise out of their manifesto, we should be 
delighted to make arrangements for that purpose. 
Much unnecessary misunderstanding might be avoided 
and real progress towards the common object might 
be achieved, if groundless general charges could be 
abandoned and an effort made to grasp the problem 
on the basis of facts as they are, and not vague 
suppositions. SPENCER LEESON. 

(Headmaster of Winchester College ; 
Chairman of the Headmasters' Conference.) 

The College, Winchester. 
Sept. 20. 

1 NA'I.'URE, 160, 351 (1942). 

Role of Protozoa in the Activated Sludge 
Process 

THE importance of Protozoa in determining the 
condition of the sludge has been reported by a number 
of workers and, more recently, the special significance 
of Vorticella has been emphasized by Pillail• 2 and 
Reynoldson3

• Further detailed study has revealed 
the special role of the genus Epistylis, of which not 
less than six species have been found to be actively 
associated with the installations in India. These forms 
flourish in the aeration chambers, forming fluffy 
masses attached to the sides of the aeration tanks. 

During aeration, the Epistylis, which number at 
least 16,000 per ml., get largely dispersed and thus 
come into direct contact with the colloids of the 
sewage which they collect and carry down in the 
form of floes. Experiments with isolated forms have 
shown that, in this action, the Epistylis are at least 
twice as efficient as the Vorticella and many times 
more so than all other forms put together. 

The exact mechamsm of flocculation is still some
what obscure. The Protozoa carry a negative charge 

which is of the same sign as that of the colloids of 
sewage ; they do not secrete any enzyme possessing 
any marked clotting action excepting on milk. They 
have, nevertheless, a direct action on sewage colloids 
in a manner resembling, but more efficient than, that 
of chemical flocculents. 

Parallel studies with activated sludge as well as 
the equivalent suspension of mixed Epistylis (with 
the associated bacteria) have shown that the latter 
accounts for more than 70 per cent of the reduction 
in 4 hr. oxygen absorption, albuminoid and ammonia 
nitrogen observed in the former. About 80 per cent 
of the total nitrification also takes place in presence 
of Epistylis. Besides concentrating nitrogen in the 
sludge, the Epistylis cells themselves are quite rich in 
nitrogen, containing more than 8 per cent dry weight. 

Other observations may be summarized as follows : 
Prolonged aeration, especially without any inflow 

of raw sewage, leads to the steady disruption of the 
protozoan cells and even their ultimate disappear
ance. This condition, which is associated with the 
black or 'burnt out' sludge, shows that steady inflow 
of raw sewage is necessary for the development and 
active functioning of Protozoa. 

With reduced air supply, the protozoan cells tend 
to diminish in numbers. The little sludge that is left 
is not reactive and does not settle readily. It gets 
filled with gases formed by bacterial action and 
eventually floats up. The phenomenon of 'bulking' 
which is often noticed under such conditions can thus 
be explained. 

The reversion of the sludge observed either on 
prolonged standing or during sludge digestion is a 
drastic form of the above phenomenon, the protozoan 
cells first floating up, then getting disrupted and 
finally digested by the bacteria. 

Even under conditions of adequate aeration, the 
pres<3nce of certain other forms of life interferes with 
functioning of the Protozoa and hence the purifica
tion. An outstanding example of this is the invasion 
of the Chironomus larvre•, which, under certain con
ditions, enter the tank in large numbers. These attack 
the Protozoa, especially those of the Epistylis sp., 
using the slimy colonies for the formation of their 
characteristic protective tubes and for their food. As 
the result of this, the functioning of the process is 
completely paralysed ; and until the larvre are com
pletely destroyed and the plant re-started, there is 
no purification to be seen. 

Some preliminary studies on the origin of the 
Epistylis sp. have shown that they are derived from 
the soil and that, though originally present in very 
small numbers, they multiply rapidly on aeration. 
Once established in the tank, they stay on and con
tinue to function until they are destroyed by one or 
other of the agencies mentioned above. 

It would thus appear that the start as well as the 
efficient functioning of the activated sludge process 
is mostly dependent on Protozoa which are respon
sible, directly or otherwise, for not only sludge forma
tion but also the attendant oxidation changes. 

S. C. PILLAI. 

V. SUBRAHMANYAN. 
Department of Biochemistry, 
Indian Institute of Science, 

Bangalore. 
Aug. 25. 
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