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T a b l e  I shows t h a t  inges t ion  of t he  azo ca rc inogen  led a t  
f i rs t  t o  a decl ine  in t h e  s e r u m  P P D  oxidase  levels  of t h e  
e x p e r i m e n t a l  ra t s .  T h e  di f ference b e t w e e n  t he  m e a n  levels  
of P P D  oxidase  a c t i v i t y  for  e x p e r i m e n t a l  a n d  con t r o l  
groups,  a l r e ady  p r o n o u n c e d  a t  21 days ,  was v e r y  m a r k e d  
at  62 days  f r o m  t h e  s t a r t  of t h e  feed ing  e x p e r i m e n t .  
Therea f t e r ,  in  sp i te  of c o n t i n u e d  inges t ion  of t he  azo dye,  
se rum P P D  oxidase  levels  of t h e  e x p e r i m e n t a l  g r o u p  
began  to  rise a n d  b y  154 days  t h e r e  was no  s ign i f i can t  
di f ference b e t w e e n  t h e  m e a n  levels  of t h i s  e n z y m e  in t h e  
e x p e r i m e n t a l  a n d  con t ro l  groups .  

W h e n  large l ive r  t u m o u r s  were  p r e s e n t  in  t h e  azo-fed 
rats ,  s e r u m  P P D  oxidase  levels  r e m a i n e d  h i g h  (0-4-0.6) so 
t he re  is no  ques t i on  of p e r m a n e n t  suppress ion  or  de le t ion  
of t h e  e n z y m e  d u r i n g  hepa toca rc inogenes i s .  MILLER a n d  
M I L I ~  f o u n d  t h a t  t he  ab i l i t y  of r a t s  to  b i n d  azo dye  to  
t he i r  l iver  p ro t e in s  b e g a n  to decl ine  a f t e r  t h e  r a t s  h a d  
been  fed for a b o u t  2 weeks  on  a d ie t  c o n t a i n i n g  3'-  
MeDMAAB.  ARcos  a n d  ARcos  4 obse rved  t h a t  t h e  swell ing 
ab i l i ty  of  l iver  m i c r o s o m e s  decreased  to  a m i n i m u m  a t  
4 weeks  w i t h  t h e  feeding of 3 ' - M e D M A A B  a n d  aga in  in-  
c reased u n t i l  n o r m a t  leve ls  of swell ing were  a t t a i n e d  a f t e r  
20 to  24 weeks  of dye  feeding.  A d ie t  c o n t a i n i n g  t h e  n o n -  
ca rc inogen  2 - m e t h y l - 4 - d i m e t h y l a m i n o a z o b e n z e n e  fai led 
to in f luence  t h e  swel l ing of r a t  l iver  mic rosomes  a f t e r  
4 weeks.  RoY, MIYA,  a n d  CArtrO f o u n d  t h a t  t h e  t o t a l  non -  
p ro t e in  s u l p h y d r y l  c o n t e n t  of t h e  l ivers  of r a t s  fed 4-di- 
m e t h y l a m i n o a z o b e n z e n e  r eached  a m i n i m u m  v a l u e  a f t e r  
12 weeks  o n  t he  die t .  Af te r  20-24  weeks,  however ,  t h e  
s u l p h y d r y l  c o n t e n t  h a d  r e t u r n e d  to  n o r m a l  levels.  I n  t h e  
p re sen t  e x p e r i m e n t  we h a v e  i nd i ca t i ons  t h a t  ye t  a n o t h e r  
ear ly  effect  of t h e  azo ca rc inogen  a p p e a r s  to  be  ove rcome  
as dye- feed ing  is con t inued .  

A l t h o u g h  single i n t r a p e r i t o n e a l  in j ec t ions  of 3'- 
M e D M A A B  as weU as of o t h e r  h e p a t o c a r c i n o g e n s  m a y  
produce  a t e m p o r a r y  increase  in s e r u m  X D ,  no  s ign i f ican t  
difference b e t w e e n  t h e  m e a n  X D  levels  of e x p e r i m e n t a l  
and  con t ro l  g roups  was found  a f t e r  21, 62, 120, a n d  154 
days  of dye-feeding.  I t  was  f o u n d  h o w e v e r  t h a t  X D  
levels of azo-fed  r a t s  b e g a n  to  decl ine  w i t h i n  a few weeks  
a f te r  t h e  e n d  of azo dye-feeding.  T h i s  t r e n d  is s h o w n  in 
Table  I I  w h i c h  also records  X D  va lues  for  con t ro l  
animals ,  S e r u m  X D  levels b e g a n  to decrease  d u r i n g  l iver  
t u m o u r  g r o w t h  a n d  we h a v e  n o t e d  in  a n o t h e r  series of 
ra ts  w h i c h  h a d  been  on  a d ie t  of 4 - d i m e t h y l a m i n o a z o -  
benzene  t h a t  low se rum X D  va lues  m a y  be  e n c o u n t e r e d  
even before  l iver  t u m o u r s  are pa lpable .  I t  is of  i n t e r e s t  
t h a t  t he  g r o w t h  of  a t r a n s p l a n t a b l e  s a r c o m a  R d / 3  in  t h e  
same r a t  s t r a i n  leads  to  a m a r k e d  depress ion  in s e rum X D  
ac t iv i ty .  

F ina l ly ,  reference  is m a d e  to  ~he a n e m i c  c o n d i t i o n  of 
rats  fed 3 ' -MeDMAAB .  Af te r  120 days  on  t h e  diet ,  
hemoglob in  levels (as m e a s u r e d  b y  the  m e t h o d  of VaN- 
DENBEL:r el al. 2 a n d  expressed  as a n  op t i ca l  d e n s i t y  dif-  
ference a t  630 m/z) r a n g e d  f rom 0.229 to  0.254 (4 ra ts )  w i t h  
a m e a n  va lue  of 0.242. The  n o r m a l  g roup  (5 ra ts)  h a d  
values in  t h e  r a n g e  0-276-0.283 w i t h  m e a n  = 0.279. 
Appl ica t ion  of t h e  t t e s t  gave  t = 6.8 ( >  0-1% level) 
showing t h a t  t h e  d i f ference  b e t w e e n  t h e  m e a n s  is h i g h l y  
signif icant .  T h e  azo-fed  r a t  exc luded  f r o m  o u r  ana lyses  
had a h e m o g l o b i n  level  of 0.195. Es sen t i a l l y  t he  s ame  
results  were o b t a i n e d  a f t e r  154 days  on  t he  diet .  

The  azo ca rc inogen  ha s  a w e a k  m e t h e m o g l o b i n o g e n i c  
action w h e n  g iven  ora l ly  to  r a t s  (a m e a n  va lue  of 1 .7% as 
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c o m p a r e d  w i t h  0 .2% for t h e  con t ro l  g roup  a t  120 days  
f rom t h e  s t a r t  of dye- feeding)  wh ich  con f i rms  o u r  p rev ious  
f i n d i n g  s of t h i s  c o n d i t i o n  fo l lowing single i n t r a p e r i t o n e a l  
in j ec t ions  of 3 ' - M e D M A A B  in to  ra ts .  

I t  is n o t e w o r t h y  t h a t  all  t h e  azo-fed  r a t s  deve loped  l iver  
t u m o u r s  which  p roved  to  be  c h o l a n g i o c a r c i n o m a t a .  
A t t e m p t s  to  t r a n s p l a n t  severa l  of these  t u r n o u t s  m e t  w i t h  
n o  SUCCESS. 

I shou ld  like to  t h a n k  Dr. F, N. GHADIALLY for 
e x a m i n i n g  h is to logica l  sect ions  of t h e  t u m o u r s ,  a n d  I a m  
i n d e b t e d  to  t h e  U n i v e r s i t y  of Sheff ield for  t h e  J a m e s  
Morr i son  Fe l lowsh ip  in  c a n c e r  research.  
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W e r d e n  R a t t e n  m i t  dern  ca r c i n o g en en  3 ' -Methy l -4 -d i -  
m e t h y l a m i n o a z o b e n z o l  gef i i t t e r t ,  so n i m m t  die Konzen-  
t r a t i o n  d e r  p - P h e n y l e n d i a m i n o x i d a s e  im S e r u m  a n f a n g s  
r a s e h  ab,  u m  a m  E n d e  d e r  F t i t t e r u n g s p e r i o d e  l a n g s a m  
wieder  au f  den  N o r m a l w e r t  anzus te igen .  

E ine  V e r m i n d e r u n g  de r  X a n t h i n d e h y d r o g e n a s e  des  
S e r u m s  w a r  n u r  zu B e g i n n  des W a c h s t u m s  ro l l  Leber -  
t u m o r e n  zu b e o b a c h t e n .  Mi t  Azofa rbs to f f en  gef t i t t e r te  
R a t t e n  w u r d e n  an/~misch. 

s W . J . P .  N m s u ,  N a t u r e  17S, 1350 (t956). 

Antibodies in the Course of Resorption 
of the Ehrlich Cancer Heterotransplant  in R a t s  

Mice t u m o u r s  h e t e r o t r a n s p l a n t e d  to  n e w b o r n  wh i t e  
r a t s  1,~ or  to  w h i t e  r a t  e m b r y o s  3,4 a t  f i rs t  g row a t  a h igh  
r a t e  a n d  a t t a i n  a large size, whi le  in  more  t h a n  two-week  
o ld  r a t s  t h e y  d e g e n e r a t e  a n d  a re  c o m p l e t e l y  resorbed .  
R e s o r p t i o n  of t h e  t u m o u r  h e t e r o t r a n s p l a n t s  u n d e r  these  
cond i t i ons  is i n d i c a t i v e  of lack of a cqu i r ed  to le rance  4, 
a l t h o u g h  to l e rance  to  skin  h o m o t r a n s p l a n t s  c an  be  e labo-  
r a t e d  in less t h a n  2-week old ratsS,% T h e  m e c h a n i s m  of 
t r a n s p l a n t  r e so rp t ion  in 2-week old r a t s  is s t i l l  obscure .  

I n  t h e  p r e s e n t  s tudy ,  we h a v e  fol lowed up the  d y n a m i c s  
of a n t i b o d i e s  a g a i n s t  t u m o u r  t i ssue  in  se ra  of r a t s  w i t h  
r e s o r b i n g  E h r l i c h  c a n c e r  t r a n s p l a n t .  F o r  t h i s  purpose ,  t h e  
a g g l u t i n a t i o n  r eac t ion  of t u m o u r  cells was  t e s t e d  as well  as  
cy to tox i c  a c t i o n  of se ra  u p o n  t u m o u r  cells in a t e s t  t u b e  
a n d  in vivo-in vitro n eu t r a l i z a t i o n .  

Methods. T h e  E h r l i c h  asci t is  a d e n o c a r c i n o m a  was sub-  
c u l t u r e d  to n o n - i n b r e d  s t r a i n s  of wh i t e  mice. The  asci t i s  
f lu id  was p rocu red  f rom t h e  mice  on  t h e  7 - 1 2  th d a y  a f t e r  
inocu la t ion .  T h e  cells were th r i ce  w a s h e d  w i t h  R i n g e r  a n d  
0.25 ml  of t h e  s u s p e n s i o n  of t u m o u r  cells c o n t a i n i n g  
160 mi l l ion  cells p e r  I m l  were i n j ec t ed  u n d e r  t h e  sk in  of 
t h e  b a c k  of 1 - 2 - d a y  old  w h i t e  ra ts .  

A t o t a l  of 112 y o u n g  r a t s  of 12 l i t t e rs  h a v e  b e e n  inocu-  
l a ted ,  whi le  46 n o r m a l  y o u n g  r a t s  of 5 l i t t e rs  were used as 
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Table [ 

Agglutination of tumour cells by sera of normal rats and of 1-2-day 
old rats inoculated with Ehrlieh turnour 

Aggluti- 
I Time after No. nation 

Age of rats inoculation Stage of tumour growth of rats titer 

1 week 
2weeks  
3 weeks 
4 weeks 

4-5 weeks 

4-5 weeks 

7weeks  

l w e e k  
2 weeks 
3 weeks 
4 weeks 
and adul t  

7 days 
14 days 
21 days 
26-27days 

25-31 days 

28-35days 

44-51 days 

Intense growth . . . 
Cessation of growth . 
Beginning of resorption 
Resorption of half of 

t umour  
Complete resorption 

of t umour  
1 week after  t umour  

resorption 

4 weeks after t umour  
resorption " 

Normal rats  
Normal  rats  
Normal  ra ts  

Normal ra ts  

13 
14 

7 

11 

11 

10 

13 
18 

8 

10 

0 
0 

1 : 8 0  

1:320 

1:320 

1:160 
1:640 

1 : 8 0  
1:320 

control .  T h e  r a t s  were sacr i f ied 1, 2, a n d  3 weeks  a f t e r  in-  
ocula t ion ,  u p o n  a twofo ld  decrease  in size of t he  t u r n o u r  
u p o n  i ts  co m p le t e  r e so rp t i on  a n d  1 a n d  4 weeks  a f t e r  i ts  
comple t e  d i s a p p e a r a n c e .  

For  r e t r a n s p l a n t a t i o n  to mice,  t he  t u m o u r  g rowing  on 
y o u n g  r a t s  was  f r a g m e n t e d  w i t h  scissors,  s u s p e n d e d  in 
phys io log ica l  sa l ine  a n d  in j ec ted  i n t r a  p e r i t o n e u m  to  
5 mice, 0.2 g t u m o u r  t i s sue  to  each.  

The  a g g l u t i n a t i o n  of t h e  t u m o u r  cells was  a s s a y e d  b y  
the  s l igh t ly  modi f ied  HORN 7 m e t h o d .  To a series of 0.2 or  
0.4 m l  twice  d i lu t ed  s e r u m  0.2 or 0.4 m l  s u s p e n s i o n  of 
w a s h e d  t u r n o u r  cells were added ,  c o n t a i n i n g  1 mil l ion cells 
per  ml, t h e  m i x t u r e  was  a g i t a t e d  a n d  i n c u b a t e d  for a 1 h 
a t  r o o m  t e m p e r a t u r e  a n d  18-24  h a t  + 4 °. A g g l u t i n a t i o n  
was  d e t e r m i n e d  ad oculo: + + +  was  e s t i m a t e d  as  d i s t i n c t  
a g g l u t i n a t i o n  a t  a t r a n s p a r e n t  b a c k g r o u n d .  I n  o rder  to  
a s s a y  the  c y t o t o x i c  effect  i n  vitro s,9 to 50 mil l ion w a s h e d  
Ehr l i ch  t u r n o u t  cells were a d d e d  0.5 rnl of t he  s e r u m  to  be 
tes ted  p r e l i m i n a r y  k ep t  for 30 rnin a t  56 ° a n d  0.5 ml  of  
f resh  g u i n e a  pig  s e r u m  (complemen t )  t a k e n  on  t he  pre-  
ced ing  day .  T h e  m i x t u r e  was  a g i t a t e d  a n d  i n c u b a t e d  a t  
37 ° C. 1, 2. a n d  4 h t h e r e a f t e r  s a m p l e s  of t he  i n c u b a t e d  
m i x t u r e  were s t a i n ed  w i th  eosin d i lu t ed  1 :1000 in a 
T h y r o d e  so lu t ion ,  4 rnl eosin be ing  a d d e d  to  0.05 rnl 
s u s p e n s i o n  of t u m o u r  cells. T h e  pe r cen t age  of s t a i n e d  cells 
was  t h e n  e s t i m a t e d  u n d e r  the  microscope.  To check  i n  v ivo 
t h e  in  vitro cy to to x i c  ' n e u t r a l i z i n g '  ef fect  of t he  sera,  t he  
above  m i x t u r e  of cells, s e r u m  a n d  c o m p l e m e n t  i n c u b a t e d  
for 4 h was  a d m i n i s t e r e d  i n t r a p e r i t o n e a l l y  to 5 mice,  
0"2 ml  to each.  

Resul t s .  On t h e  5-6  th d a y  a f t e r  inocu la t ion ,  a t u m o u r  
was  p a l p a t e d  in r a t s  1 × 2 c m  in size. I t  a t t a i n e d  t he  
rnaxirnal  size, viz. 4 x 2 × 2crn 11-13 d a y s  a f t e r i n o c u l a t i o n ,  
decreas ing  in size 1-2 d ays  t h e r e a f t e r  a n d  c o m p l e t e l y  dis- 
a p p e a r i n g  16-31 d a y s  a f te r  inocu la t ion .  

T h e  m a x i m a l  increase  in  size a n d  g r o w t h  s t o p p a g e  were 
a p p r o x i m a t e l y  s i m u l t a n e o u s  in all r a t s  of e v e r y  l i t ter .  

7 E. HORN, Cancer Res. 16, 595 (1956). 
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Table I I  

The eytotoxie effect upon tumour cells of serum of normal rats and 
of those inoculated with Ehrlieh tumour 

% of eosin stained cells 
Age of rats Stage of tumour growth 1 h after I 2 h after 

incubation [ incubation 

1 week 
2 weeks 
3 weeks 
4 weeks 

4-5 weeks 

4-5 weeks 
7 weeks 
4 weeks 

1-3 weeks 
4 weeks 

Adults  

Intense growth 
Cessation of growth.  . . 
Beginning of resorption . 
Resorpt ion of one half of 

tunlour  
Resorption of the whole 

t u m o u r  
• 1 week after resorption . 
4 weeks after resorption 
Resorption of one half 

t umour  (without com- 
plement) 

Normal ra ts  
Normal  ra ts  
Normal  ra ts  

3% 
81% 
95% 

98% 

90% 
98% 
9O% 

20% 
3 4 %  

10% 
10% 

4% 
90% 

100% 

100% 

92% 
aoo% 

9O% 

18% 
8-12% 

10% 
10% 

T u m o u r  r e s o r p t i o n ' p r o c e e d e d  a t  a d i f f e ren t  r a t e  in  ra ts  
of t he  s a m e  l i t ter .  

T h e  resu l t s  o b t a i n e d  in the  a g g l u t i n a t i o n  r eac t ion  of 
t u m o u r  cells b y  r a t  se ra  are s u m m a r i z e d  in Tab le  I. 

T h e  a g g l u t i n i n s  a p p e a r  in t h e  r a t  s e r u m  on t h e  3 rd week 
a f t e r  i noc u l a t i on  a t  a t i t e r  of 1 : 80 ; 2 weeks  a f te r  inocu- 
l a t ion  these  an t ibod ie s  are n o t  ye t  a p p a r e n t .  I n  t he  half 
t u r n o u r  r e s o r p t i o n  g roup ,  a n d  in t h a t  of c omp le t e  t u m o u r  
resorp t ion ,  t h e  a g g l u t i n i n  t i t e r  is 1 : 320, in t h a t  of 1 week 
a f te r  c o m p l e t e  t u m o u r  r e so rp t i on  1 :160  a n d  1:640, 
1 m o n t h  a f t e r  c o m p l e t e  r e so rp t ion  1 :80  a n d  1:320.  In 
m o s t  of t he  sera,  t he  zone p h e n o m e n o n  is a p p a r e n t :  no 
a g g l u t i n a t i o n  b y  t h e  whole s e r u m  a n d  in d i lu t ion  1 : 5 is to 
be no ted .  

Sera  of y o u n g  r a t s  w i th  r e so rb ing  t u m o u r  did not  
a g g l u t i n a t e  mice  e r y t h r o c y t e s .  

T h e  r e su l t s  of i n  vi tro d e t e r m i n a t i o n  of t he  cy to toxic  
effect  are  s u m m a r i z e d  in Ta b l e  II .  1-2 h i n c u b a t i o n  with 
t h e  s e r u m  of r a t s  2-3 weeks  a f te r  i noc u l a t i on  a n d  of those 
w i th  r e so rb ing  t u m o u r  cal led fo r th  a d i s t i nc t  cyto toxic  
effect  a n d  inc reased  t he  p e r c e n t a g e  of eos in  s t a i n i n g  cells 
to  8 1 - 1 0 0 % .  Cont ro l  sera,  viz. t hose  of non- inocu la t ed  
r a t s  of t he  s a m e  age, as  well as sera  of a d u l t  r a t s  and 
h e a t e d  e x p e r i m e n t a l  se ra  w i t h o u t  c o m p l e m e n t ,  d id  not  
e x h i b i t  a n y  s u c h  effect.  Af te r  a 4-h exposure ,  no difference 
b e t w e e n  t he  con t ro l  a n d  e x p e r i m e n t a l  sera  could  be noted 
as  p a r t  of t h e  con t ro l s  c a use d  a n  increase  in t he  percentage  
of s t a ined  cells up  to 7 0 - 9 0 % .  

T h e  s u r v i v a l  t i m e  of mice  i nocu la t ed  w i t h  t u m o u r  cells 
i n c u b a t e d  w i th  the  complen~ent  a n d  s e r u m  of r a t s  with 
c o m p l e t e l y  r e so rb ing  t u m o u r  (a t o t a l  of 35 mice)  averaged 
22.7 i 1.61 d a y s ;  w he re a s  t he  s u r v i v a l  t i m e  of 17 mice 
i noc u l a t e d  w i th  t u r n o u r  cells m i x e d  w i th  s e r u m  of control 
r a t s  a n d  c o m p l e m e n t  was  12.7 zt_ 0.27 days .  Th i s  difference 
is s t a t i s t i c a l l y  s ign i f ican t .  

IRe - t r a nsp l a n t a t i on  to  mice  s h o w e d  t h a t  even  the  rem- 
n a n t s  of resorbed  t u r n o u r  c a n  be e f fec t ive ly  t r ansp lan ted  
to  mice.  

I t  will a p p e a r  f r o m  the  a bove  ev idence  t h a t  even 2- 
week  old r a t s  c a n  p roduc e  an t ibod ies .  Suf f ic ien t  amounts  
of in  vi tro de tec t ab l e  an t ibod ie s  a p p e a r  d u r i n g  the  period 
w h e n  no s y m p t o m s  of decrease  in size of t he  t u m o u r s  are 
y e t  a p p a r e n t ,  viz. on  t he  2 n4 week  of p o s t n a t a l  life. The 
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agglut inins appear  in ti le se rum a t  a la ter  date,  viz. 3 
weeks af ter  inocula t ion when  resorpt ion of the  t u m o u r  is 
in ful l  sway.  Cyto tox ins  and agglut in ins  are poss ib ly  dif- 
ferent  antibodies.  

The  quest ion remains  open a s  to the  role of these ant i -  
bodies in the  resorpt ion of the  he tero t ransplant .  Re-  
t r ansp lan ta t ion  of the  t m n o u r  ceils f rom rats to mice 
shows t h a t  a t  l eas t .par t  of the  t u m o u r  cells remain  viable  
in the  organism which contains  cyto toxins .  

Resorp t ion  of the mice turnout  and appearance  of cyto-  
toxins ensues in 2-week old ra ts  while tolerance to homo- 
t r ansp lan ta t ion  of skin is stil l  demons t rab le  (BILLINGHAM 
and BRENT 6, X~VOODRUFFS). 

The  capac i ty  of 2- and 3-week old ra ts  to produce  ant i -  
bodies agains t  heterologous  tunmurs  th rows  d o u b t  upon 
the  wide ly  accepted  opinion of ' immunologica l  imma-  
tu r i ty '  of rats  of this age. 

I t  is in teres t ing  to compare  our  da t a  and work of 
HOLLIDAY 10, who has vacc ina ted  10-11-day old rats wi th  
S. Pul lorum and observed an t ibody  product ion.  

G. j .  SVET-MOLDAVSKY and O. S. FRANKFURT 

The L.  A .  Tarasevich State Control Institute o/ Vaccines 
and Sera, Moscow, January  27, t959. 

Rdsumd 

Chez les rats  jeunes auxquels  on a inocul6 le cancer  
asci t ique d 'Ehr l i ch  1-2 jours apr6s la naissance, la t umeur  
a t t e in t  une grande d imension et d ispara i t  au bout  de 
14-31 jours.  Chez des rats  de 14 jours,  le s6rnm a une 
act ion cy to tox ique  sur les cellules du cancer  d 'Ehr l i ch  et 
agglut ine  celles-ci ~ par t i r  du 21e jour. 

10 R. HOLLIDAY, Prec. R. See. [B] 147, 140 (1957). 

Rapid Removal  of Phosphorus  
from Sewage by Activated Sludge 

In  a s tudy  of the  growth  of plants  in the  ac t iva ted  
sludge t a n k  by  set t ing up w h a t  m a y  be t e rmed  ' hang ing  
gardens ' ,  i t  was in teres t ing to observe the behaviour  of the  
rice p lan t  which showed an ex t r ao rd ina ry  vege ta t ive  
growth,  a t t a in ing  an unusual  he igh t  and pu t t i ng  for th  
more t h a n  f i f ty  t i l lers bu t  showing poor  fo rmat ion  of 
grain ~. The  rice p lan t  appeared  to suffer f rom def ic iency 
of cer ta in  nutr ients ,  no t ab ly  phosphorus,  while i t  had  an 
excessive or  a b u n d a n t  supply  of ni trogen.  Unde r  the  con- 
dit ions of the  exper iment ,  the p lants  f loated on the l iquid 
in the  last  aera t ion chamber  of the  ac t iva ted  sludge t ank  
(the plants  being in a sui table box  equipped to float,  con- 
ta ining a bed of res is tant  cellulosic mater ia l  such as coir 
fibre and s t raw bits) and der ived thei r  nut r i t ion  f rom the  
liquid. The  sewage enter ing  the pur i f icat ion t ank  con- 
ta ined a considerable a m o u n t  of water-soluble  phosphorus,  
but, as i t  a r r ived  a t  the  last  aera t ion  chamber  of the  t a n k  
af ter  abou t  4 h of de ten t ion  wi th  ac t iva ted  sludge, the  
soluble phosphorus  was appa ren t l y  l i t t le  or  inadequate .  
I t  was therefore  of in teres t  to  s tudy  the  rate  of removal  of 
phosphorus,  par t icu la r ly  water -soluble  phosphorus,  dur ing 
the pur i f ica t ion process. As there  is prac t ica l ly  no infer- 

1 S. C. PILLAI, CULT. Sci. lO, 85 (1941); Report on Hanging 
Gardens to Dr. G. J. FowLer, Technical Representative of Messrs. 
Activated Sludge Ltd., London, for India and the East (1941). 

mar ion  on these po in ts  in the  l i t e ra ture  on the  subjec t  2, 
the  evidence we have  col lected is br ief ly  descr ibed  in this  
communica t ion .  
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Rate of removal of phosphorus from sewage by activated sludge 
• , water soluble phosphorus (P); x x total phosphorus (P) ; 

if) .......... (2) 3 rain permanganate value, 

Expe r imen t s  were carr ied ou t  by adding v a r y i n g  
amoun t s  of ac t iva t ed  sludge to samples  of det r i tus-f ree  
raw sewage (containing general ly  10 to 14 p.p.m, of to ta l  
phosphorus  and 6 to 9 p.p.m, of water-soluble  phosphorus  
as de te rmined  by the  me thod  described by  FISKt~ and 
SUBBAROW 3 and modified by  K1NG 4; for the  de t e rmina t ion  
of water-soluble phosphorus  the  samples  were f i l tered 
f l l rough filter paper  No. 44) and  b y  blowing air  th rough  
these mix tures  (in sui table  conical  flasks) for v a r y i n g  
periods, general ly  up to 6 h, and by  examin ing  the  super-  
n a t a n t  l iquids for thei r  water-soluble  and to ta l  phosphorus  
contents ,  as also for the  degree of purif icat ion,  by  
cus tomary  methods.  At  the  same t ime,  the  effect of 
aera t ion  o[ samples of sewage only (wi thout  the  sludge) on 
thei r  phosphorus  contents  was also studied.  

i n  one series of exper iments ,  the sewage samples were 
aera ted  wi th  25% sludge for va ry ing  periods, f rom 15 min  
to 6 h, and the  supe rna t an t  l iquids  (collected a f te r  s top-  
ping the  aera t ion  a t  s t a ted  in terva ls  and al lowing the  con- 
ten ts  of the  flasks to se t t le  down) were  analysed  for the i r  
phosphorus  con ten t s  and for the  e x t e n t  of pur i f ica t ion as 
indicated by  the  3-rain oxygen  absorp t ion  tes t  (permanga-  
na te  value) and turb id i ty .  These observat ions  are g iven  in 
the Figure.  In  a s imilar  series of exper iments ,  the  concen-  
t r a t ion  of sludge was var ied  while the  period of aera t ion  
was the sanle (Table). 

2 S. H. JENKINS and W. T. LOCKETT, Nature 151, 306 (1943).-- 
C. N. SAWYER, Sewage Wks. J. I6,925 {1944); J. N. 1.5. Water Works 
Ass. 61, 905 (194.1).--W. RUDOLFS, Sewage \Vks. J. 19, .13 (1947}.-- 
F. ZEIIENDER, Prec. intern. Ass. theor, appl. Limnol. 10, 597 (1948); 
Water Poll. Abstr. 24, 305 (1951). -- E .H.  BELCHER, J. Prec. Inst. 
Sew. Purif. 195l, 348.--C. N. SAVCYER, Sewage industr. Wastes 24, 
768 (1950).--R. OwEu, Sewage industr. Wastes 25, 548 (I953).-- 
K. WUnRMANN, Sewage industr. Wastes °6, l (1954),-T. STONES, 
]. Prec. Inst. Sew. Purif. 1956, 404.--N. HAKKNESS and S. H. JEN- 
KINS, J. Prec. Inst. Sew. Purif. 1958, 85. 

a C. H. FISKE and Y, SU~BAROW, J. biol. Chem. 66, 375 (1925). 
a E. J. KING, Biochem. J. ,°6, 092 (1932). 
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