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THE EFFECTS OF KEROSENE, A LARVICIDE, ON THE PERFORMANCE 

AND EVAPORATIONAL LOSSES OF WASTE STABILIZATION PONDS

CHAPTER I  

INTRODUCTION

F eca l borne d is e a s e s  have been m ajor h e a l th  problem s in  many 

A sian and A fr ic a n  c o u n tr ie s  as  th e  r e s u l t  o f  low s ta n d a rd s  o f en v iro n 

m ental s a n i t a t i o n .  F i f ty  p e r  c e n t o f  th e  h igh  in f a n t  m o r ta l i ty  r a t e  in  

th e  "d ev e lo p in g "  n a t io n s  has been a t t r i b u t a b l e  to  i n t e s t i n a l  d is o rd e rs  

caused by th e  in ta k e  o f  u n s a n ita ry  w a te r and m ilk  (1 , 2 ) .  D iseases th a t  

have no d i r e c t  r e la t io n s h ip  to  en v iro n m en ta l s a n i t a t i o n  d is p la y  a mor

b id i ty  r e a c t io n  co rresp o n d in g  to  th e  in c id e n c e  o f f e c a l  borne d is e a s e s .  

The improvement o f env iro n m en ta l h e a l th  c o n d itio n s  ten d s  to  reduce the  

m o rb id ity  o f  n o n - s a n i ta t io n  r e l a t e d  d is e a s e s  and th e  d e te r io r a t io n  o f 

env ironm en ta l s a n i t a t i o n  r e s u l t s  in  an in c re a s e  in  b o th  r e la te d  and 

n o n - re la te d  d is e a s e s  (3 ) .  For exam ple, th e  ty p h o id  d ea th  r a t e  has de

c l in e d  s ig n i f i c a n t l y  in  com m unities p ro v id ed  w ith  s a fe  w ate r s u p p lie s ,  

b u t has r i s e n  r a p id ly  when w a te r s u p p lie s  became co n tam in a ted . Non

r e la t e d  d is e a s e s  seem to  fo llo w  a  p a r a l l e l  p a t te r n  (4 ) .

The haphazard  d is p o s a l  o f  human e x c re ta  and o th e r  d e f ic ie n c ie s

o f en v iro n m en ta l s a n i t a t i o n  have fo s te r e d  th e  sp read  o f  s c h is to s o m ia s is ,

ty p h o id , c h o le r a ,  and h e lm in th ia s is  in  many com m unities o f th e  w orld

(1 , 3 ) . I t  has been w e ll  reco g n ized  th a t  w ater su p p ly  and l iq u id  w aste

1
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d is p o s a l  p r a c t ic e s  have been i n t e r r e l a t e d  f a c to r s  o f community s a n i ta r y  

a c t i v i t i e s .  I n a t t e n t io n  to  o r  d is r e g a rd  f o r  sewage d is p o s a l  w i l l  r e s u l t  

in  h aza rd s  a f f e c t in g  th e  q u a l i ty  o f  l i f e  and th e  h e a l th  o f  a l l  humans so 

exposed (2 , 4 ) .  As Bregman (5) so a p t ly  s t a t e d :  "Today everyone l i v e s

in  someone e l s e ’ s back y ard , everyone l i v e s  down wind o r  down s tream  from 

someone e l s e .  We can no lo n g e r throw  our w astes  away c a r e le s s ly  and ex

p e c t them to  harm no one".

I f  w a te r i s  co n s id e red  a  n a t io n a l  re so u rc e  i t  fo llo w s  th a t  th e  

q u a l i ty  o f  w a te r i s  o f n a t io n a l  co n ce rn  ( 6 ) .  Sewage tre a tm e n t and d i s 

p o sa l a r e  p a r t s  o f  w a te r  p o l lu t io n  c o n t ro l  and w ate r s a n i t a t i o n  program s, 

and th ey  a re  d i r e c t l y  r e la te d  to  th e  q u a l i ty  o f w ate r and hence to  w ate r 

as a n a t io n a l  re s o u rc e  (4 , 6 ) .  C onseq u en tly , d e c is io n s  on th e  methods 

of sewage tre a tm e n t and d is p o s a l  a r e  n o t  m erely  o f  lo c a l  im portance b u t 

must be viewed as n a t io n a l  r e s p o n s i b i l i t i e s  (5 ) .

At th e  p r e s e n t  tim e th e  econom ic a s p e c ts  o f sewage tre a tm e n t a re  

im p o rtan t c o n s id e ra tio n s  fo r  com m unities o f  th e  d ev e lo p in g  n a t io n s .  Re

so u rces  v a ry  w ith  th e  s iz e  and co m p o sitio n  o f  th e  com m unities and o f th e  

c o u n t r ie s .  I t  i s  p a r t i c u l a r ly  incum bent upon com m unities w ith  v ery  

l im ite d  human and f in a n c ia l  re so u rc e s  to  d is c o v e r  th e  m ost econom ical 

methods o f  e f f e c t i v e l y  t r e a t in g  sewage (7 , 8 , 9 ) .  The d ev e lo p in g  n a t io n s  

o f A sia  and A fr ic a  a re  in  extrem e need  o f  p r a c t i c a l  s o lu t io n s  to  th e  

problem s o f  p r o te c t in g  community h e a l th  w ith  low c o s t ,  e f f ic a c io u s  sew

age d is p o s a l  system s ( 1 0 , 1 1 ) .

Among th e s e  n a t io n s  a re  l a r g e  a re a s  where lan d  i s  in e x p en siv e  

and r a i n f a l l  i s  low . For such lo c a t io n s  an econom ical s o lu t io n  to  th e  

sewage d is p o s a l  problem  may be th e  u t i l i z a t i o n  o f  w aste  s t a b i l i z a t i o n
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ponds (WSP) (7 , 1 2 ) . T h is  has been  reco g n ized  as  a  v e r s a t i l e  lo w -co s t 

method f o r  l iq u id  w aste  tr e a tm e n t f o r  re g io n s  w ith  th e  c h a r a c t e r i s t i c s  

o f a r i d i t y  and low lan d  v a lu e s  (1 3 ) .

The u se  o f  sewage lag o o n s i s  n o t a  new method o f en v iro n m en ta l 

s a n i t a t i o n  b u t was p r a c t ic e d  many c e n tu r ie s  ago in  A sia  (14 , 1 5 ) . In  

r e c e n t  y e a rs  th e  p r a c t i c e  has re-em erged  w ith  c o n s id e ra b le  a t t e n t i o n  

b e in g  p a id  to  i t s  im provem ent. S m a llh o rs t e t  a l . (16) s t a t e d  t h a t  th e  

c i t y  o f  San A n to n io , Texas employed some k in d  o f  sewage lag o o n  in  1901. 

The f i r s t  s y s te m a tic  a t te m p t a t  th e  u t i l i z a t i o n  o f  w as te  s t a b i l i z a t i o n  

ponds o ccu rred  in  C a l i f o r n ia  in  1924. In  1928 sewage lag o o n s  were in 

s t a l l e d  in  N orth  D akota, and by 1948 Maddock, N orth  D akota was u s in g  an 

a p p a re n tly  e f f e c t iv e  lagoon  system  (14 , 1 7 ) . E lsew h ere , a f t e r  1921, 

i n t e r e s t  in c re a s e d  in  t h i s  method o f  sewage tr e a tm e n t .  A ccord ing  to  

S m a llh o rs t (18) a lagoon  i r r i g a t i o n  system  was i n s t a l l e d  by th e  c i t y  o f 

A b ile n e , Texas and an e x p e rim e n ta l pond was developed  a t  Texas A and M 

C o llege  in  1929. Modern sewage lagoon  p r a c t ic e  i s  s t i l l  r e l a t i v e l y  new 

w ith  th e  f i r s t  i n s t a l l a t i o n  in  A u s t r a l i a ,  fo r  in s ta n c e ,  b e in g  com pleted 

in  1936.

I r a n  i s  r e p r e s e n ta t iv e  o f  th o se  a re a s  o f  th e  w orld  fo r  which 

th e  sewage lagoon  system  seems m ost a p p ro p r ia te .  A p p lic a t io n  to  t h i s  

co u n try  w i l l  p e rm it fo c u s in g  on s p e c i f i c s  to  su p p o rt th e  fo re g o in g  

g e n e r a l iz a t io n s .  T h is  n a t io n  has th e  f a c to r s  w hich w ere o f f e r e d  as con

t r o l l i n g  f a c to r s  in  th e  ch o ice  o f  a  lagoon  system , nam ely , in e x p en siv e  

la n d  and low r a i n f a l l  (9 , 13, 1 9 ) . At th e  p re s e n t  tim e l i q u id  w aste  

tre a tm e n t in  I r a n  i s  in f lu e n c e d  by th e  fo llo w in g  f a c t o r s :

a) I r a n  i s  a d ev e lo p in g  n a t io n  eco n o m ica lly .
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b) The f i n a n c i a l  r e s o u rc e s  o f  com m unities w ith in  th e  500 to  10 ,000  

p o p u la tio n  range a r e  v e ry  l im i t e d .  In  term s o f  c o s t ,  w aste  

s t a b i l i z a t i o n  ponds a re  th e  on ly  c u r r e n t ly  a c c e p ta b le  system  

f o r  sewage tre a tm e n t and d is p o s a l .

c) Land i s  a v a i la b le  ( f o r  la g o o n s)  a t  re a so n a b le  c o s t s .

d) A g e n e ra l ly  a r id  c o n d i t io n  p r e v a i l s  th ro u g h o u t th e  n a t io n  w ith  

low an n u a l r a i n f a l l ,  lo n g  days o f  su n sh in e  and dry  a i r  w hich 

le a d s  to  a h ig h  r a t e  o f  e v a p o ra tio n  from b o d ie s  o f w a te r .  Con

s e q u e n tly ,  w aste  s t a b i l i z a t i o n  ponds would in c re a s e  in  t o t a l  

s o l id s  and a lg a e  c o n c e n tr a t io n ,  c o n d itio n s  w hich i f  n o t  con

t r o l l e d  cou ld  i n t e r f e r e  w ith  th e  s t a b i l i z a t i o n  o f  o rg a n ic  m a tte r  

and cou ld  le a d  to  th e  developm ent o f  o th e r  problem s such  a s  odor 

p ro d u c tio n .

e) T here i s  an in a d eq u a te  su p p ly  o f q u a l i f i e d  p e rso n n e l in  th e  f i e l d  

o f sewage tre a tm e n t p la n t  o p e r a t io n .  Lack o f  t r a in e d  p e rso n n e l 

would s e v e re ly  hand icap  th e  o p e ra t io n  and m ain tenance o f  s o p h is 

t i c a t e d  methods o f  l i q u id  w aste  tr e a tm e n t.

f )  T here h as  been a  ra p id  in c re a s e  in  w a te r p o l lu t io n ,  p a r t i c u l a r l y  

in  th e  C aspian Sea, due to  th e  bu rgeon ing  of sm all com m unities, 

homes, m o te ls , h o t e l s ,  and in d u s t r i e s  d is c h a rg in g  raw sewage 

d i r e c t l y  o r  i n d i r e c t l y  in to  th e  s e a . The C aspian  Sea i s  a  so u rc e  

o f  la r g e  q u a n t i t i e s  o f  e d ib le  f i s h  ( in c lu d in g  c a v ia r )  a s  w e ll  as  

a r e c r e a t io n a l  a r e a  f o r  b o a t in g ,  b a th in g ,  and swimming.

g) C u r re n tly ,  most sm a ll com m unities u t i l i z e  ground w a te r  s u p p lie s  

and f r e q u e n t ly  r e le a s e  t h e i r  l i q u id  w astes  in  such a manner t h a t  

a llo w s co n tam in a tio n  o f  th e  underground  a q u i f e r s .
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h) I n s e c t-b o rn  d is e a s e s ,  such  a s  m a la r ia  a re  v e ry  im p o rta n t p u b lic  

h e a l th  problem s in  I r a n  and w aste  s t a b i l i z a t i o n  ponds a re  looked  

upon a s  a  m osquito  b re e d in g  p la c e s ;  th e r e f o r e ,  i t s  a p p l ic a t io n  

and developm ent may be  r e s t r i c t e d  u n le s s  e f f e c t i v e  c o n t ro l  p ro 

ced u re s  can be d ev e lo p ed .



CHAPTER I I  

LITERATURE REVIEW

The b io lo g ic a l  a c t io n  in  w aste  s t a b i l i z a t i o n  ponds (F ig u re  1) 

i s  b e lie v e d  to  be s im i la r  to  th e  b io lo g ic a l  a c t io n  in  th e  a c t iv a te d  

s lu d g e  and t r i c k l i n g  f i l t e r  p ro c e s se s  (2 0 ) . I t  in v o lv es  th e  co n v ers io n  

o f  sewage o rg a n ic  m a tte r  in to  b a c t e r i a l  and a lg a l  c e l l s  which a re  r e 

l a t i v e l y  s t a b l e  (1 6 ) . Nemerow (21) in d ic a te d  t h a t  an o th e r phase o f  

tre a tm e n t in  w aste  s t a b i l i z a t i o n  ponds i s  s e d im e n ta tio n , w hich i s  more 

s ig n i f i c a n t  around th e  pond i n l e t .

McKinney (22) and Gloyna (13) s t a t e d  t h a t  th e  s t a b i l i z a t i o n  o f  

o rg a n ic  m a tte r  i s  ach iev ed  by th e  a c t i v i t y  o f  s a p ro p h y tic  b a c t e r i a  in  

th e  p resen ce  o r  absence o f  oxygen. In  a e ro b ic  c o n d itio n s  th e  oxygen i s  

p ro v id ed  by a lg a l  p h o to sy n th e s is  and s u r fa c e  a e r a t io n .  C an te r (23) 

s t a t e d  th a t  th e  main so u rce  o f  oxygen p ro d u c tio n  i s  a lg a l  p h o to s y n th e s is .

Oswald (24) Varma e t  a l . (2 5 ) , Nemerow (2 1 ) , E ck e n fe ld e r and 

O’Connor (2 6 ) , C an te r (27) and S m a llh o rs t e t  a l . (16) d e s c r ib e d  th e  de

g ra d a t io n  o f  o rg a n ic  m a tte r  in  th e  pond in  th e  p re sen ce  o f  d is s o lv e d  

oxygen as fo llo w s :

C1 1 H2 9 O7  N + 14 Og + - > 1 1  COg 4- 13 HgO + NH^

G^CHgO)^ + 5 Og -> (CHgO)^ -t- 5 CO2  + 5 H^O + energy

*̂6 ^ 1 2  ® 6  ^  ^ ° 2  ^ CO2  + 6  H2 O + energy



A erob ic
Sewage O rganics

ZoneL ig h t

A lgae

A naerobic

Zone

2CHL0 -*■ CH-COOH

ud^i

Depth

T em perature

F ig u re  1— Schem atic c ro s s  s e c t io n  o f  a  s t a b i l i z a t i o n  pond.
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A cco rd in g ly , th e  w eigh t o f oxygen re q u ire d  to  o x id iz e  o rg a n ic  

m a tte r  i s  1 .56  tim es th e  w eig h t o f o x id iz e d  o rg a n ic  m a tte r  (2 6 ) . Gloppen 

in  th e  F e d e r a t io n 's  3 6 th  Annual M eeting  (28) s t a t e d  t h a t  th e  oxygen r e 

q u irem en t fo r  th e  o x id a t io n  pond i s  1 .5  tim es  th e  BOD e n te r in g  th e  pond. 

E c k e n fe ld e r  and O 'Connor (26) and McKinney (29) e s ta b l i s h e d  th e  fo llo w in g  

fo rm u la  f o r  d e te rm in in g  th e  oxygen re q u ire m e n t f o r  th e  s t a b i l i z a t i o n  o f 

o rg a n ic  m a tte rs  in  ponds:

lb  Og p e r  day = a '  ( lb  BOD  ̂ removed p e r  day) + b ' ( lb  MLVSS)

In  w hich:

a '  = Oxygen r e q u ire d  p e r u n i t  o f o rg a n ic  m a tte r  removed 

b ' = Oxygen re q u ire d  p e r  u n i t  o f  MLVSS f o r  endogenous 

r e s p i r a t i o n

MLVSS = Mixed l iq u o r  v o l a t i l e  suspended s o l id  

Oxygen i s  s u p p lie d  by a lg a l  p h o to s y n th e s is  and s u r fa c e  a e r a t io n ,  

(23 , 24, 25, 30, 3 1 ) . The p ro cess  o f  p h o to s y n th e s is  and p ro d u c tio n  of 

oxygen i s  e x p la in e d  a s :

(CHgO)^ + COg t algaG^ 2(CH2Û)^ + 0% + H^O

NH  ̂ + 5 .7  CO2  + 12 .5  H2 O + l i g h t  ------- )  C  ̂  ̂ Hg g O2  3 N

+ 6 .25  O2  + 9 .1  H2 O

C°2 + «2° ë S h   )  «"srsy

NH^ + 7 .6  CO2  + 17 H2 O 1 5 .2  + H + C^ Hg ^ O2  5 N

+ 7 .6  O2  -  8 8 6  K cal/gm

+ 2 HjO > CHjO + HjO + Oj

CO. + H-O + in o rg a n ic  n u t r i e n t  + l i g h t  (CH^O)^

+ O2  + energy
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106 CÜ2  + 90 H^O + 16 NO" + 1 PO^ + l i g h t  ----- > So6^180°45^16^

+ 154 Og

The energy  f o r  d eh y d ro g en a tio n  o f  w a te r  by T rip h o sp h o p y rid in e  N u c le o tid e  

(TPN) i s  su p p lie d  by p h o to s y n th e t ic  p ig m en ts .

™  + 2H0H ^Hlorfphyll ) TPNH, + «,0,

i  ° 2  + " 2 °

A ccording to  fo rm u lae  by E c k e n fe ld e r  and O 'Connor (2 6 ) , ap p ro x i

m a te ly  3 .68  c a l  a re  f ix e d  fo r  each  mg o f  oxygen l i b e r a t e d ,  and about 

1 .6 7  mg o f oxygen i s  l i b e r a t e d  f o r  each  mg o f a lg a e  s y n th e s iz e d .  C anter

(23) s t a t e d  t h a t  w ith  optimum i l lu m in a t io n ,  te m p era tu re  and n u t r i e n t ,

200 to  250 lb s  o f oxygen p e r  a c re  p e r  day w i l l  be p roduced . A lso , C an ter 

(27) e s tim a te d  t h a t  a lg a e  can su p p ly  125 to  250 lb s  o f  0^ p e r  a c re  per 

day on a p r a c t i c a l  b a s i s ,  and a c c o rd in g  to  McKenthum and McNabb (17) th e  

oxygen p ro d u c tio n  by p h o to s y n th e s is  i s  g r e a te r  in  th e  upper 2  f t  o f w a te r .

C an ter (23 , 27) e s tim a te d  t h a t  th e  oxygen produced  p e r  gm of 

a lg a e  sy n th e s iz e d  i s  1 .5 5  gm and R ich (32) s ta te d  t h a t  th e  r a t i o  o f  the  

w eig h t o f oxygen p roduced  to  th e  w e ig h t o f  a lg ae  c e l l  s y n th e s iz e d  i s  1 .25  

to  1 .7 5 . Oswald (33) d e c la re d  th a t  u n d er s a t i s f a c t o r y  c o n d it io n s  o f i l lu m 

in a t io n ,  te m p era tu re  and n u t r i e n t ,  p h o to s y n th e s is  may g iv e  r i s e  to  2 0 0  lb s  

o f  oxygen p e r  a c re  p e r  d ay . Oswald e t  a l . (34) c a lc u la te d  t h a t  th e  amount 

o f  oxygen produced d u rin g  a lg a l  p h o to s y n th e s is  i s  6 6  mg p e r  day from 

th a t  w eigh t o f C h lo r e l la  which c o n ta in s  1 mg of c h lo ro p h y ll  a t  a  l i g h t  

i n t e n s i t y  o f 1 2 0 0  f t - c ,  and t h i s  oxygen i s  l i b e r a te d  from w a te r  m olecu les 

and se rv e s  as  th e  hydrogen  a c c e p to r .  B a rtsc h  (35) e s t im a te d  th a t  in
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S outh  D akota, oxygen p ro d u c tio n  i s  3 .2  mg/1 p e r  h r  f o r  0 .46  mg/1 o f  

c h lo ro p h y l l .

Gloyna (13) de term ined  th a t  a c t u a l l y  th e re  i s  0 .7  lb  o rg an ic  

m a tte r  p e r  lb  o f  u l t im a te  BOD, so s t a b i l i z a t i o n  i s  th e  co n v e rs io n  o f 

o rg a n ic  m a tte r  to  l i v e  c e l l s  and t h a t  ro u g h ly  f o r  each pound o f  a lg a e  

p roduced  749 gm o f  d is s o lv e d  oxygen i s  l i b e r a t e d .

Jayanagaudar (36) found in  Ahmedabad s t a b i l i z a t i o n  pond th a t  a 

p h o to s y n th e t ic  c o lo re d  b a c t e r i a  T r io p e d ia  ro s e a  lo c a te d  in  th e  bottom  

la y e r s  cou ld  u t i l i z e  th e  f a r  in f r a r e d  l i g h t  w ith o u t p ro d u c in g  oxygen.

E ck e n fe ld e r and O'Connor (26) e s ta b l i s h e d  th e  fo llo w in g  form ula 

f o r  r e a e r a t io n  in  th e  ponds:

R = 0.0271 (a ) (d )  (D^) 

in  w hich:

R = R e a e ra tio n  in  lb  O2  p e r  a c re  p e r  day , 

d = B asin  d ep th  in  f t  

D^= Mean d a i ly  s a tu r a t io n  d e f i c i t  

a  = A f a c to r  ap p ro x im ate ly  e q u a ls  to  20 

P ip es  (37) s t a t e d  th a t  a e r a t io n  i s  th e  second so u rce  o f  oxygen 

su p p ly  to  th e  pond and cou ld  be e x p re s se d  as  :

f  —

in  which :

D = Oxygen d e f i c i t  D^- D^

Dg= Oxygen c o n c e n tra t io n  a t  s a tu r a t io n  

D^= Oxygen c o n c e n tra t io n  a t  any tim e 

r  = R e a e ra tio n  r a t e  

The r e a e r a t io n  r a t e  ( r )  i s  a fu n c tio n  o f many p h y s ic a l v a r ia b le s  such as
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m ixing and wind.

C an te r (27) e s tim a te d  th a t  su rfa c e  a e r a t io n  can supp ly  up to  40 

lb  Og p e r  a c re  p e r  day . Even when th e  s u r fa c e  la y e r s  a re  s u p e r s a tu ra te d  

w ith  d is s o lv e d  oxygen th e  d is s o lv e d  oxygen a t  th e  bottom  may be ze ro  and 

th e  c o n d it io n  may be a n a e ro b ic .

Varma e t  a l . (25) e x p re sse d  th e  p h o to s y n th e s is  in  two s te p s :

a) P hotochem ical a c t io n  and p h o to ly s is  o f H^O o r  CO  ̂ fo llow ed  by

b) Chemical a c t io n  and th e  m anufac tu re  o f  o rg a n ic  su b s ta n c e s .

C an ter (23 , 27) s t a t e d  th a t  th e  p ro c e ss  of c a rb o h y d ra te  p ro d u c tio n  o ccu rs  

in  th r e e  s te p s :

a) Removal o f  th e  hydrogen atom from a w a te r  m o lecu le  and p ro d u c tio n  

o f  oxygen

b) T ra n s fe r  o f hydrogen from an in te rm e d ia te  compound in  th e  f i r s t  

s ta g e  to  one in  th e  t h i r d  s ta g e ,  and

c) The u se  o f  th e  hydrogen atom to  co n v ert CO  ̂ to  c a rb o h y d ra te s  

The l a t t e r  can be shown a s  fo llo w s :

2 H2 O + 2A 2 AHg + Og +

where

A = Hydrogen a c c e p to r  

E = S to red  energy  

th e n ,

2 AHg + COg + Eg  > CHgO + HgO + 2A

in  w hich :

A = Hydrogen a c c e p to r  

E = Energy used f o r  re d u c t io n  

So i t  co u ld  be shown th a t
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COg + HgO ------- > CHgO + Og +  Eg

where

E + Net energy  = E^- Eg = 112,000 c a l  p e r  m ole.

L a te r  f a t s ,  p ro te in  and o th e r  o rg an ic  m o lecu le s  a re  produced .

Due to  th e rm al s t r a t i f i c a t i o n  w hich in h i b i t s  th e  m ixing and 

p e n e t r a t io n  o f  d is s o lv e d  oxygen to  low er d e p th s ,  a lg a l  s t r a t i f i c a t i o n  

o ccu rs  and co n seq u en tly  th e  d is s o lv e d  oxygen c o n c e n tra tio n  w i l l  be d i f 

f e r e n t  a t  v a r io u s  l e v e ls  a s  th e  d i f f u s io n  o f  oxygen does n o t ex ten d  more 

th an  6 .5  f t  below s u r fa c e  la y e r  even i f  th e  s u rfa c e  i s  s a tu r a te d  w ith  

oxygen (24 , 3 8 ).

McKinney (22) and Gloyna (13) s t a t e d  th a t  as  long  as  a lg a e  

oxygen p ro d u c tio n  p lu s  s u r fa c e  a e r a t io n  i s  more than  th e  oxygen re q u ire d  

fo r  b a c t e r i a l  d e g ra d a tio n  o f  o rg a n ic  m a t te r ,  th e  pond w i l l  be a e ro b ic .  

U su a lly  a  pond i s  a e ro b ic  a t  th e  s u r fa c e  and i s  an ae ro b ic  a t  th e  bottom  

and i s  c a l le d  a f a c u l t a t i v e  pond (13, 3 0 ). In  th e  absence o f  d is s o lv e d  

oxygen th e  b io d é g ra d a tio n  o f o rg a n ic  m a tte r  i s  under a n ae ro b ic  c o n d itio n s

(2 4 ) . T h is has been fo rm u la ted  by Oswald (24) and C an ter (27) as  

fo llo w s :

5 (CHgO) 2  ---------> (CHgO) + 2 CĤ COOH + energy

T h is  i s  c a l le d  p u t r e f a c t io n  o r  o rg a n ic  a c id  fo rm atio n . O rganic a c id s  

produced may be decomposed to  methane and carbon  d io x id e  by m ethane 

b a c t e r i a  acco rd in g  to  th e  fo llo w in g  r e a c t io n  (24 , 27 ).

2 I  (CHgCOOH) ---------> (CH2 0 ) 2  + 2 CĤ  + 2 COg + energy

T his i s  c a l le d  m ethane fe rm e n ta tio n .

I t  was found by P ip es  (37) t h a t  a l l  f a c to r s  b e ing  e q u a l ,  th e  

a e ro b ic  organism s have a  h ig h e r  r a t e  o f  m e ta b o lic  a c t i v i t y  th an
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a n a e ro b ic  organism s and t h e i r  b y -p ro d u c ts  a r e  more s t a b l e  and l e s s  ob

j e c t io n a b le .  A lso , Oswald (24) s a id  t h a t  th e  m ethane fe rm e n ta tio n  p ro 

c e s s  i s  a  n u is a n c e - f re e  a c t i v i t y  b u t in  sh a llo w  ponds, due to  te m p e ra tu re  

v a r i a t i o n ,  pH and oxygen p e n e t r a t io n ,  th e  p ro c e s s  i s  in h ib i t e d .  McKinney

( 2 2 ) s t a t e d  th a t  in  an a n a e ro b ic  environm ent th e  oxygen i s  n o t th e  h y d ro 

gen a c c e p to r ,  b u t some p a r t  o f th e  o rg a n ic  m a tte r  i s  o x id iz e d  so th e re  

i s  a  l i m i t a t i o n  in  th e  p ro c e s s .  A ccord ing  to  G loyna and M alina (39) 

th e r e  were many c o n f l i c t i n g  en v iro n m en ta l c o n d it io n s  f o r  th e  r e a c t io n s .

S in ce  one s in g le  pond can n o t  have a l l  optimum c o n d itio n s  fo r  a l l  r e a c t io n s ,  

a s e r i e s  o f ponds i s  n e c e s s a ry  and co n se q u e n tly  i t  i s  recommended t h a t  

m u l t ip le  c e l l s  be u sed .

BOD Rem oval, Loading and D e te n tio n  Time

Oswald (24) found th a t  BOD rem oval i s  in  d i r e c t  p ro p o r t io n  to  

d e te n t io n  tim e so th a t  f o r  a  te m p era tu re  o f  15°C and a  d e te n tio n  tim e of 

1 d ay , BOD re d u c t io n  was 47 p e r  c e n t and f o r  a d e te n t io n  tim e o f 64 d a y s , 

BOD re d u c t io n  was 94 p e r  c e n t .  A ccording to  Herman and Gloyna (38) th e  

lo n g e r  th e  d e te n t io n  tim e , th e  h ig h e r  w i l l  b e  th e  BOD and c o lifo rm  r e 

moval .

Hogge and Dobko (40) in  t h e i r  ex p erim en ts  found th a t  in  ponds 

w ith  s h o r t  d e te n t io n  tim e s , th e re  was a  d i r e c t  r e l a t io n s h ip  betw een de

te n t io n  tim e and BOD rem ova l, b u t Herman and Gloyna (38) found th a t  

when th e  d e te n t io n  tim e exceeded a  c e r t a in  p e r io d  th e  a lg a l  c e l l  con

c e n t r a t i o n  in c re a se d  and e f f l u e n t  q u a l i ty  d e c re a se d .

A ccording to  Oswald (24) BOD re d u c t io n  i s  d i r e c t l y  in  p ro 

p o r t io n  to  d e te n t io n  tim e and te m p era tu re  a s  shown in  T able 1 .
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TABLE 1

PERCENTAGE BOD REMOVAL AT INDICATED 
TIMES AND TEMPERATURES

Time in  Days 10 C 14 C 15 C 18 C

0 0 0 0 0

1 23 35 47 33

2 40 61 56 53

4 46 70 67 56

9 57 75 75 81

16 72 89 90 87

32 90 90 95 96

64 94 —— 94 ---

In  a  s e r i e s  o f  BOD a n a ly se s  from  e x p e rim e n ta l ponds th e r e  was 

a  p e r io d i c i t y  in  BOD rem oval w ith in  a  2 4 -h r p e r io d  and th e  g r a d ie n ts  de

pended on p r e v a i l in g  en v iro n m en ta l c o n d it io n s  (4 1 ) . A su rvey  by C anter

(23) showed th a t  n o r th e rn  s t a t e s  had an av erag e  d e te n t io n  tim e o f  117 

d ay s; w h ereas , th e  c e n t r a l  and so u th e rn  s t a t e s  have a mean d e te n t io n  

tim e o f  82 and 31 days r e s p e c t iv e ly .

N eel e t  a l . (42) found th e  av e ra g e  BOD rem oval to  be 80 p e r  

c e n t .  E c k e n fe ld e r and O 'Connor (26) developed  th e  fo llo w in g  fo rm u la  fo r  

BOD rem oval in  w aste  s t a b i l i z a t i o n  ponds:

P e rc e n ta g e  BOD rem oval ■ --------------- 7 .
1 -0 .0 4  L " '^4

in  w hich

L = lb  o f  BOD p e r  a c re  p e r  day d isc h a rg e d  in to  th e  pond. 

O ther ex p erim en ts  (26) c o r r e la te d  lo a d in g  to  p e rc e n ta g e  BOD rem oval as  : 

100 -  0 .0 5  L
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O ther w orks (43) r e l a t e d  d e te n t io n  tim e and lo a d in g  to  BOD rem oval as  :

E = 0 .859 (çj,)+0.121 w hich:

E = P e rc e n ta g e  BOD rem oval

y = Loading in  lb s  o f  BOD p e r  a c r e  p e r  day and

T = D e te n tio n  tim e in  days

N eel e t  a l . (42) found in  t h e i r  e x p e rim e n ta l ponds t h a t  WSP

w ith  lo a d in g s  over 60 lb  BOD p e r  a c re  p e r  day would produce o d o r a f t e r  

36 days o f ic e  co v er. A lso , Herman and G loyna (38) in  t h e i r  ex p erim en ta l 

ponds found th a t  when th e  lo a d in g  was low , th e  ponds c o n ta in e d  d is s o lv e d  

oxygen even d u rin g  n ig h t  p e r io d ,  b u t when th e  pond was o v e rlo a d ed  a n a e r

o b ic  c o n d i t io n s  w i l l  e x i s t  d u rin g  th e  n ig h t  p e r io d .

C an ter (23) in  h i s  lagoon  su rvey  found th a t  th e  mean d e s ig n  

lo a d in g  r a t e  in  th e  n o r th  was 26 lb  BOD p e r  a c re  p e r  day , o r  an av erag e  

o f  124 p e rso n s  p e r  a c re  p e r  d ay , and th a t  c e n t r a l  s t a t e s  betw een 37° 

and 42° l a t i t u d e  had a mean d e s ig n  lo a d in g  o f 33 lb  BOD p e r a c re  p e r  day, 

o r  an av erag e  o f  189 p e rso n s  p e r  a c re .  H opkins (44) s t a t e d  t h a t  th e  

lo a d in g  o f  lagoons in  th e  M isso u ri b a s in  was 10 to  34 lb  BOD p e r  a c re  

p e r  day w ith  s a t i s f a c to r y  r e s u l t s  and , a c c o rd in g  to  C arl and K alda (4 5 ) , 

th e  lo a d in g  was around 20 lb  o f  BOD p e r  a c re  p e r  day in  South Dakota 

w ith  a  BOD rem oval o f  70 p e r  c e n t d u rin g  th e  w in te r  and ap p ro x im a te ly  

99 p e r  c e n t in  th e  summer. G en e ra lly  sp e a k in g , BOD lo a d in g s  v a r ie d  from 

20 to  40 lb  BOD p e r a c r e  p e r  day o r  an av e ra g e  o f  200 p eo p le  p e r  a c re  

p e r  day (1 5 ) .

Gloppen in  th e  F e d e r a t io n 's  3 6 th  A nnual M eeting (28) s t a t e d  

t h a t  e x p e r ie n c e s  a t  W ashington S ta te  U n iv e rs i ty  showed th a t  under con

t r o l l e d  c o n d itio n s  th e  lo a d  on a pond cou ld  be  150 lb  o f BOD p e r  a c re
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p e r  day w ith o u t o b je c t io n a b le  r e s u l t s ,  and C an ter (23) reco rd ed  th a t  in  

e x p e rim e n ta l s t a b i l i z a t i o n  ponds, lo a d in g s  a s  h ig h  as  200 lb  BOD p e r a c re  

p e r  day gave s a t i s f a c t o r y  r e s u l t s .  A lso , McKinney (7) found th a t  even 

in  m ild  c lim a te s  a  lagoon  cou ld  h a n d le  raw  dom estic  sewage BOD lo a d in g s  

up to  1 0 0  lb  p e r  a c r e  p e r  day w ith  s a t i s f a c t o r y  r e s u l t s ;  however most 

C a l i f o r n ia  ponds a re  d esig n ed  f o r  BOD lo a d in g s  o f o n ly  40 to  50 lb  per 

a c r e  p e r  day (3 3 ) .

A ccording to  Cooley and Je n n in g s  (46) experim en ts  w ith  an a v e r 

age lo a d in g  o f  a lm o st 400 p e rso n s  p e r  a c r e  p e r  day in d ic a te d  th a t  th e  

o v e r a l l  average  BOD re d u c t io n  f o r  th e  p e r io d  from March 1959 th rough 

O ctober 1959 was 80 p e r  c e n t in  each  pond.

Sometimes th e re  a re  v a r i a t io n s  in  BOD rem oval and acc o rd in g  to  

E l-B a ro u l i  and Moawad (47) t h i s  p e r io d ic  h ig h  and low r a t e  o f  BOD r e 

d u c t io n  m ight be due to  to x ic  su b s ta n c e s  produced by organ ism s p re s e n t 

in  th e  ponds. However P ip e s  (37) in d ic a te d  th a t  v a r i a t io n s  in  BOD r e 

moval were due to  overg row th  o f  seco n d ary  and t e r t i a r y  h e te r o t r o p h s . 

Herman and Gloyna (38) found th a t  th e  BOD o f th e  f i l t e r e d  pond e f f lu e n t  

was ab o u t 50 p e r  c e n t o f  th e  u n f i l t e r e d  e f f lu e n t .  Varma e t  a l . (25) 

found th a t  due to  th e  p re se n c e  o f  a lg a e  in  pond e f f lu e n t s  th e  BOD 

a n a ly s e s  gave d i f f e r e n t  r e s u l t s  w h e th e r in c u b a tio n  was in  a  d a rk  e n v iro n 

m ent o r  n o t .  Gloyna (13) n o ted  t h a t  in  ponds re c e iv in g  low o rg a n ic  lo a d s  

th e  a lg a e  were u s u a l ly  consumed by p la n k to n ic  phago trophes such as 

d ap h n ia  o r  cy c lo p s  and th a t  in  q u ie s c e n t  ponds th e  s e t t l i n g  f a c t o r  was 

f a v o ra b le  fo r  th e  p ro d u c tio n  o f  low  BOD e f f lu e n t s .  Oswald e t  a l . (34) 

gave a  s im i la r  s ta te m e n t to  th e  e f f e c t  t h a t  th e  h ig h e r  th e  o rg a n ic  load  

th e  h ig h e r  w i l l  be th e  a lg a l  p o p u la t io n .
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A nother fa v o ra b le  r e s u l t  o f  th e  w aste  s t a b i l i z a t i o n  pond i s  i t s  

a b i l i t y  to  remove c o lifo rm  b a c te r ia  from sewage (4 8 ) . McKinney (29) in 

d ic a te d  th a t  t h i s  r a p id  d i e - o f f  o f  c o lifo rm  b a c t e r i a  was due to  th e  p ro 

d u c tio n  o f a n t i b i o t i c s  by a lg a e  o r  o th e r  b a c t e r i a .  Oswald (24) and 

K lock and Durham (49) found th a t  te m p e ra tu re  was more e f f e c t iv e  th an  

tim e in  th e  re d u c t io n  o f  th e  most p ro b a b le  number (MPN) o f  b a c t e r i a  as 

w in te r  c o n d itio n s  and th e  s h o r t  c i r c u i t i n g  o f  in f lu e n t  warm w aste  caused 

a  h ig h e r  c o lifo rm  coun t in  th e  e f f l u e n t .  C an ter (23) m a in ta in ed  th a t  

th e  d e s t r u c t io n  p ro c e s s  o f  pathogens in  ponds was n o t c l e a r ,  b u t th a t  

c o m p e titio n  f o r  n u t r i e n t s  betw een sap ro p h y te s  and pathogens i s  v e ry  

im p o r ta n t, and th e  r e d u c t io n  o f v i ru s e s  i s  p ro b ab ly  due to  th e  lo n g  de

te n t io n  tim e . Loehr and Ruf (50) found th a t  d u rin g  th e  p e r io d  in  which 

th e  pond o p e ra t io n  was optimum th e  c o lifo rm  re d u c tio n  was 99 .0  to  99 .8  

p e r  c e n t .  In  a n o th e r  s e r i e s  o f  ex p e rim en ts , c o lifo rm  re d u c t io n  was 

found to  be 90 p e r  c e n t f o r  90 per c e n t o f  th e  tim e (4 6 ) . Gloyna (13) 

s tu d ie d  th e  r e l a t i o n  betw een d e te n tio n  tim e , number o f  c e l l s  and c o lifo rm  

re d u c t io n  and found th a t  fo r  a  d e te n tio n  tim e o f  30 to  40 days in  m u ltip le  

c e l l s  th e  c o lifo rm  coun t o f  th e  e f f lu e n t  was reduced  to  d r in k in g  w a te r 

s ta n d a rd s .

A ccording to  ex perim en ts  by McKenthum and McNabb (17) th e re  was 

a  h ig h  p e rc e n ta g e  o f  c o l ifo rm  re d u c tio n  in  w aste  s t a b i l i z a t i o n  ponds and 

t h i s  p e rc e n ta g e  was found to  be over 98 p e r  c e n t f o r  more th a n  87 p e r  

c e n t o f  th e  tim e . A nother experim ent showed th a t  t h i s  re d u c t io n  was 

90 p e r  c e n t (4 0 ). A d d it io n a l ly ,  C an te r (23) re p o r te d  t h a t  M arais found 

th a t  99.9  p e r  c e n t o f  th e  co lifo rm  and 100 p e r  c e n t o f sa lm o n e lla  e n te r ic  

b a c t e r i a  were d e s tro y e d  in  w aste  s t a b i l i z a t i o n  ponds and th e  e m p ir ic a l
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form ula f o r  pathogen  rem oval was:

100100 -  P .R . = KR + 1

in  w hich:

P .R . = P e rcen tag e  o f  p a th o g e n ic  o rganism s rem ain ing

K = Removal c o n s ta n t  f o r  c o lifo rm  (ab o u t 2 p e r  day)

R = D e ten tio n  tim e in  days

For a s e r i e s  o f  two ponds th e  fo rm u la  would be

100100 -  P .R . = (KR^ + 1) (KR^ + 1)

in  which:

K = 2 . 0  fo r  E c h e r ic h ia  c o l i  and 0 . 8  f o r  sa lm o n e lla

ty p h i ,

R = D e ten tio n  tim e in  days 

P .R . = P e rcen tag e  rem oval o f  pathogens 

Hogge and Dobko, (40) and Nel e t  a l . (4 2 ) , found th a t  c o lifo rm

re d u c t io n  in  ponds was 99.9  and 90 p e r c e n t r e s p e c t iv e ly .  C o n sid erin g

th a t  th e  m ost p ro b ab le  number o f  c o lifo rm  organism s in  th e  raw sewage
X Q

ranged from 4 X 10 to  1 .1  X 10 , even w ith  a 99 .9  p e r  c e n t re d u c tio n

th e re  would s t i l l  be 1 X 10^ to  4 X 10^ organism s p e r  100 ml rem ain in g .

A lgae and O ther L i f e  i n  W aste S t a b i l i z a t io n  Ponds

S te f f e n  (51) and C an ter (27) concluded th a t  fo r  optimum o p e ra 

t io n  o f  p onds, th e  n e c e ssa ry  a lg a l  p o p u la tio n s  a re  a  minimum o f 1 0 ^ , an

7 8optimum o f  1 0  and a  maximum 1 0  p e r  m l, which a r e  v e ry  s im i la r  to  th e

t o t a l  coun t o f  10^ found by Gann e t  a l . (5 2 ).

A ccording  to  Herman and Gloyna (3 8 ) , Varma e t  a l . (2 5 ) ,
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Oswald e t  a l . (3 4 ) , and Nemerow (2 1 ) , a s  d e te n t io n  tim e in c r e a s e s , th e  

a l g a l  c e l l  c o n c e n tra t io n  in c r e a s e s  so th e  e f f l u e n t  BOD w i l l  be  h ig h e r  

due to  a lg a l  c e l l s .  On th e  o th e r  hand , B a r tsc h  (35) found th a t  t h i s  

r a p id  grow th o f  a lg a e  a s s o c ia te d  w ith  th e  consum ption o f  e le m e n ta l nu

t r i e n t s  had a re d u c in g  e f f e c t  on th e  grow th r a t e  o f a lg a e .  Gloyna (13) 

a ls o  ag reed  th a t  n i t r o g e n  and phosphorous had  an im p o rta n t e f f e c t  on 

a l g a l  s y n th e s is  and th e  r e q u ir e d  r a t i o s  o f BOD to  P and BOD to  N were 

around 1 0 0  to  1  and 2 0  to  1  r e s p e c t iv e ly .

Due to  t h i s  in c r e a s e  o f  a lg a l  grow th in  ponds Kappe (53) and 

C an te r  (23) showed c o n s id e ra b le  r e s i s t a n c e  to  th e  id e a  t h a t  lagoons p ro 

duce e f f lu e n ts  as  good a s  c o n v e n tio n a l sewage tre a tm e n t in  term  o f BOD 

rem oval because  o f  th e  p re s e n c e  o f  a lg a e  in  th e  e f f lu e n t s  and Raschke 

(54) b e lie v e d  th a t  BOD d e te rm in a tio n s  o f  f i l t e r e d  e f f l u e n t  p e rm its  a  

b e t t e r  judgm ent o f  e f f l u e n t  q u a l i ty .  However, Herman and Gloyna (38) 

found th a t  when th e  pond was q u ie s c e n t ,  th e  d i f f e r e n c e  betw een f i l t e r e d  

and u n f i l t e r e d  e f f lu e n t  sam ples was i n s i g n i f i c a n t  and a c c o rd in g  to  Varma 

and DiGiano (5 5 ) , th e  a l g a l  c e l l s  w hich s e t t l e  a f t e r  d eco m p o sitio n  g iv e  

s im p le  am ino -ac id s w hich a r e  used by b a c t e r i a  f o r  c e l l  s y n th e s is .

The c o n c e n tra t io n  o f  a lg a e  has been fo rm u la ted  a s  b e in g  in 

v e r s e ly  p ro p o r t io n a l  to  th e  lagoon  d ep th  a s  fo llo w s  (23 , 2 7 ):

dC = 2000 in  w hich:c

d = D epth o f  pond in  f t

= A lg a l c o n c e n tra t io n  in  mg/1 and i s  maximum in  dep th s  

o f  8  to  1 2  i n .

McKinney (22) in d ic a te d  th a t  th e  h ig h e r  th e  lo a d ,  th e  h ig h e r  

w i l l  be th e  a lg a l  c o n c e n tr a t io n .
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A ccording to  Bogan (56) th e  grow th r a t e  o f  a lg a e  was:

N = N e^^ t  o

in  w hich :

= Number o f  a lg a e  a t  tim e " t "

N^ = Number o f  a lg a e  a t  o r ig i n a l  tim e , and

k = R ate c o n s ta n t  and i s  eq u a l 0 .2  to  2 .0  p e r  day fo r

a lg a e ,  1 .0  to  4 .0  p e r  day f o r  p ro to z o a  and 2 .0  to

60 p e r  day f o r  b a c t e r i a .

t  = Time in  days

On th e  o th e r  hand R ich (32) r e l a t e d  th e  a lg a l  grow th to  oxygen

p ro d u c tio n  acco rd in g  to  th e  e q u a t io n .

W = PW Og a

in  w hich:

W = N et w e ig h t o f  oxygen p roduced  in  gm p e r  day 
°2

P = O xygenation f a c t o r  and

= N et w e ig h t o f  a lg a e  s y n th e s iz e d  in  gm p e r day 

In  an o th e r  c a lc u la t io n  i t  was found th a t  an o x id a tio n  pond r e 

c e iv in g  2 MOD o f sewage would p roduce 600 lb  o f  a lg a e  p e r  day on a d ry  

w e ig h t b a s i s  (1 6 ). P ip e s  (37) concluded  t h a t  th e  n u t r i t i o n a l  r e q u i r e 

ment f o r  m icroorganism s a r e :

a) Energy s o u rc e ,

b) M a c ro n u tr ie n ts  such a s ,  C, H, 0 , N, P , K,

c) M ic ro n u tr ie n ts  such  a s ,  Fe, Ca, Mg, Zn, and

d) C e r ta in  o rg a n ic  s t r u c t u r e s .

Gloyna (13) in d ic a te d  th a t  th e  m a jo r i ty  o f  a lg a e  s p e c ie s  use
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o n ly  f r e e  carbon  d io x id e  in  t h e i r  p h o to sy n th e s is  p ro c e s s ,  b u t  th e re  a re  

some in d ic a t io n s  th a t  a  few a lg a e  u t i l i z e  b ic a rb o n a te  io n s .  P ip es  (19) 

s t a t e d  th a t  a lg a e  can u t i l i z e  some o rg a n ic  compounds as  a  carbon so u rc e .

In  so f a r  a s  n i t ro g e n  i s  co n ce rn ed , C an ter (27) s t a t e d  t h a t  a lg a e  can 

u t i l i z e  in o rg a n ic  n i t r o g e n  in  th e  form o f NH^, NO2  o r  NO^, b u t i t  seemed 

t h a t  n i t r a t e  forms were m ost conducive  to  a lg a l  grow th .

A ccording to  Bogan (5 6 ) ,  th e  d i r e c t  method o f u t i l i z a t i o n  o f  

a lg a e  f o r  re c o v e rin g  n u t r i e n t s  appeared  to  be th e  u se  o f  o x id a tio n  ponds 

fo llow ed  by a  p ro cess  o f  h a r v e s t in g .  A b so rp tio n  and c o a g u la tio n  a re  two 

p o s s ib le  h a rv e s tin g  p ro c e s s e s ,  w h ile  a t h i r d  p o t e n t i a l  method o f h a r v e s t 

in g  i s  by sc re e n in g .

Reid and Assenzo (57) de term ined  th a t  a lg a e  can reduce  n u t r i e n t s  

from  sewage and acc o rd in g  to  Cooly and Jen n in g s  (46) th e  o v e r a l l  ammonia 

re d u c t io n  would be 80 p e r  c e n t .  As a lg a e  a re  h ig h  in  p r o te in  they  can be 

u sed  fo r  c a t t l e  fe e d in g  (1 6 ).

S im ila r  s p e c ie s  o f a lg a e  have been found in  w aste  s t a b i l i z a t i o n  

ponds a l l  over th e  w o rld , b u t th e  predom inant a lg a e  depends on en v iro n 

m en ta l f a c to r s  (27, 3 4 ).

The p ro c e ss  o f  sewage tre a tm e n t and n u t r i e n t  rem oval in  w aste  

s t a b i l i z a t i o n  ponds i s  a  fu n c tio n  o f a lg a e  c o n c e n tra t io n  s in c e  sewage 

o rg a n ic  m a tte r  i s  changed to  a l g a l  c e l l  m a te r ia ls  (20 , 5 8 ) . C onsequen tly , 

th e  rem oval o f  o rg a n ic  m a tte r  and n u t r i e n t s  i s  p ro p o r t io n a l  to  th e  p ro 

d u c tio n  o f  a lg a l  c e l l s ,  (2 0 ). The r a t i o  o f  carbon  to  n i t r o g e n  and 

phosphorous in  a lg a l  mass has been  de term ined  to  be  C:N:P = 106: 16:1  (20) 

Some g e n e ra l com position  fo rm u la  o f  a lg a e  a r e :

S .6 2 ^ 8 .0 8 ° 2 .5 3 ^
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S.7®9.8°2 .3^

C5 =8 °2 »

^106®180°45^16

S  ^ 8 .1 °2 .5 ^  (23, 26 , 27, 5 6 ).

A n a ly t ic a l  works o f  Sawyer (59) showed th a t  s in c e  a lg a e  c o n ta in  

n i t r o g e n ,  they  can be used fo r  n u t r i e n t  rem oval from sew age.

P ip es  (37) re p o r te d  th a t  th e r e  were two groups o f  h e te ro tro p h s ;  

th e  f i r s t  group feed  on o rg an ic  m a tte r  in tro d u c e d  to  th e  pond and th e  

second g ro u p , th e  secondary  and t e r t i a r y  h e te ro tro p h s ,  feed  on th e  c e l l s  

o f  th e  p rim ary  h e te ro tro p h s .  A ccord ing  to  McKinney (2 2 ) , th e  predom inant 

b a c t e r ia  in  th e  pond a re  Pseudom onas, F lavobacterium  and A lc a l ig e n e s .

It has been reported that rotifers, cladocera, daphnia and 

Cyclops are predators of algae (2 3 ) . Daphnia and longispina, known as 

water fleas, feed on algae and can cause an almost complete disappearance 

of algae in the pond. Algae may settle to the bottom of the pond and be 

consumed by Chironomus larvae (2 7 ) .

I t  has been re p o rte d  th a t  ducks, f i s h ,  ro d e n ts  and in s e c t s  make 

use o f  ponds fo r  fe e d in g , r e s t i n g ,  n e s t in g  and b reed in g  (2 3 ) . I t  has 

a lso  been  proven th a t  i f  a pond i s  d es ig n ed , loaded  and o p e ra te d  p ro p e rly  

i t  can  s u p p o rt f i s h  l i f e  (1 6 ).

L ig h t

The re q u ire d  s o la r  energy  to  be u t i l i z e d  in  th e  p ro cess  o f 

p h o to s y n th e s is  by a lg a e  can be d e r iv e d  on ly  from l i g h t  hav ing  a  wave 

le n g th  o f  4000 to  7000 A, which com prises about 40 p e r c e n t o f  th e  t o t a l  

energy  o f  s o la r  r a d ia t io n .  T h is ran g e  com prises th e  re d  p o r t io n  o f th e
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v i s i b l e  spectrum  (23 , 27 , 3 2 ) . In  term s o f i n t e n s i t y ,  th e  p ro c e ss  o f 

p h o to s y n th e s is  in c re a s e s  up to  a p o in t ,  w ith  in c re a s in g  l i g h t  in t e n s i t y ;  

t h e r e a f t e r ,  a t  c e r t a in  h ig h e r  i n t e n s i t i e s ,  th e  p h o to sy n th e s is  p ro c e ss  

d e c re a s e s .  T his range  i s  g e n e ra l ly  from  500 to  5000 f t-C  and depends on 

th e  v a r io u s  sp e c ie s  o f  a lg a e .  For exam ple, i t  i s  24 to  600 f t -C  fo r  

C h lo r e l la  p y ren o id o sa  (13 , 17 , 23 , 3 7 ).

The a v a i l a b i l i t y  o f  l i g h t  as  a  so u rce  o f energy  i s  a  fu n c tio n  of

l a t i t u d e ,  se a so n , e le v a t io n  and c loud  cov er (2 3 ) . The l i g h t  e f f e c t  on

a lg a l  p h o to sy n th e s is  i s  h ig h ly  in f lu e n c e d  by th e  l i g h t  s a tu r a t io n  p o in t 

(13 , 23 , 3 2 ). The l i g h t  s a tu r a t io n  p o in t  i s  th e  l i g h t  i n t e n s i t y  a t  which 

th e  a lg a l  p h o to sy n th e s is  r a t e  i s  maximum, b u t t h i s  i n t e n s i t y  i s  n o t the  

same f o r  a l l  s p e c ie s  o f a lg a e .  A ccording to  Gloyna (13) i t  i s  600 f t-C  

f o r  C h lo r e l la , b u t th e  ran g e  i s  400 to  600 f t-C  (1 4 ) . Beyond th i s  range 

th e  r a t e  o f p h o to s y n th e s is  rem ains c o n s ta n t  (13) and i t  was concluded 

th a t  a t  24 f t-C  th e  r a t e  o f  oxygen p ro d u c tio n  th ro u g h  p h o to sy n th e s is  fo r  

C h lo r e l la  i s  equ a l to  th e  r a t e  o f  oxygen u se .

Bogan (56) s ta t e d  t h a t  th e  minimum l i g h t  req u ire m en t i s  around 

100 to  200 f t-C  f o r  optimum p h o to s y n th e s is .  A ccording to  C an ter (2 3 ), 

Copeland and D o rris  (3 1 ) , Varma and DiGiano (5 5 ) , and B a rtsch  (35) th e  

e f f ic ie n c y  o f co n v ers io n  o f s o la r  energy  to  u s e a b le  energy as  chem ical 

energy  i s  1 .0  to  3 .6  p e r  c e n t d iv id e d  between th e  fo llo w in g  fu n c t io n s :

a) To s p l i t  w a te r m o lecu les  in to  hydrogen and oxygen atom s, and

b) to  form h ig h  energy  p hosphate  bonds such as  aden o sin e  d ip h o sp h a te

(ADP) to  aden o sin e  t r ip h o s p h a te  (ATP) in  th e  c h lo ro p la s t  o f  a lg a l  

c e l l  (23 , 27, 3 2 ).

The p e n e tra t io n  o f  l i g h t  in  w aste  s t a b i l i z a t i o n  pond i s  n o t very
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deep b ecau se  o f  th e  e x is te n c e  o f  a lg a e  and o th e r  p a r t i c u l a t e  m a tte r  w hich 

ab so rb s  th e  l i g h t  (13 , 3 5 ). Gloyna (13) and C an te r (23) concluded  th a t  

th e  p e n e t r a t io n  o f  l i g h t  in  w aste  s t a b i l i z a t i o n  ponds fo llo w s  B e e rs -  

Lam bert law  w hich i s  ex p re ssed  a s :

-kcdI  = I  e o

in  w hich:

k = A b so rp tio n  c o e f f i c i e n t

c = C o n c e n tra tio n  o f  a lg a l  c e l l s

d = Depth o f  th e  pond

= O r ig in a l  l i g h t  i n t e n s i t y  

I  = L ig h t i n t e n s i t y  a f t e r  p assag e  th ro u g h  d ep th  o f  "d"

B a r tsc h  (35) found th a t  in  South Dakota 99 p e r  c e n t o f  th e  l i g h t  

was ab so rb ed  in  th e  upper 50 to  70 cm o f th e  pond; c o n se q u e n tly , a t  th e  

d ep th  w here 0 .5  p e r  c e n t o f th e  s u r fa c e  l i g h t  i n t e n s i t y  i s  a v a i la b le  th e  

oxygen p ro d u c tio n  by a lg a l  p h o to s y n th e s is  i s  n o t enough f o r  r e s p i r a t i o n

of th e  b io lo g ic a l  system . F ig u re  2 shows p h o to sy n th e s is  v e rs u s  d ep th

o f WSP.

G loyna (13) s t a t e d  t h a t  b ecau se  o f  l i g h t  a b s o rp tio n  th e  i n t e n s i t y  

reduces  w ith  p e n e t r a t io n  in to  th e  pond; a t  a c e r t a in  le v e l  th e  i n t e n s i t y  

w i l l  be j u s t  e q u a l to  s a tu r a t io n  so th e  e f f ic ie n c y  o f  l i g h t  u t i l i z a t i o n  

a t  th a t  l e v e l  i s  h ig h e r .

R ich (32) s ta t e d  t h a t  th e  h ig h e s t  f r a c t io n  o f  a v a i la b le  l i g h t  

u t i l i z e d  i s  up to  2000 f t-C  and lo w e s t i s  around 10 ,000 so th e  e f f ic ie n c y  

w i l l  v a ry  w ith in  a b road  ran g e  o f  v a lu e s  from 0 .02  to  0 .09  w ith  an  a v e r 

age o f  0 .0 4 .

The f r a c t io n  o f  l i g h t  u t i l i z e d  acco rd in g  to  Gloyna (13) and



25

100

Optii|um l i g h t  i n t e n s i t y

12

R e la t iv e  p h o to s y n th e s is

o
0)to
(0u
gÜua)a

• H
CO

gu
C
4J

F ig u re  2—P h o to s y n th e s is  from s u r fa c e  to  dep th  of p e n e t r a t io n  
o f  1 p e r  c e n t o f s u r fa c e  l i g h t .
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R ich  (32) i s  ex p ressed  a s :

in  w hich:

f  = F ra c tio n  o f l i g h t

Ig  = S a tu ra t io n  in t e n s i t y

= O r ig in a l l i g h t  i n t e n s i t y

I  = L ig h t i n t e n s i t y  a f t e r  p a ssa g e  th rough  some d ep th
2

The r a t e  o f u t i l i z a t i o n  o f  s o la r  energy  p e r  cm o f  pond s u r fa c e

a re a  i s  ex p ressed  by R ich (32) a s :

hW = ESA a

in  w hich:

h = U n it h e a t  o f com bustion , c a l  p e r  gm

= Net w eigh t o f  a lg a l  s y n th e s is ,  gm p e r  day

E = E ff ic ie n c y  o f  energy  co n v ers io n
2

S = S o la r  r a d ia t io n  in  la n g le y s ,  c a l  p e r  cm p e r day

A = S u rface  a re a  o f  th e  pond

The u n i t  h e a t  o f com bustion i s  developed  a s :  

h = 127 R + 400

in  w hich :

R = A v a lu e  e x p re s s in g  th e  d eg ree  o f  re d u c t io n  and eq u a ls

100 ( 2 .6 6 ) (%C) + 7 .9 9  (%H) -  (%0)
398.9

P e rc e n ta g e s  o f  carbon , hydrogen and oxygen to  be used  in  th e  above 

e q u a tio n  should  be computed on an a s h - f r e e  w eigh t b a s i s .  The u n i t  h e a t 

o f  com bustion fo r  a lg a e  grown on sewage has been found to  be 6 k cal/gm . 

L ig h t v a r i a t io n  d u rin g  summer and w in te r  b r in g s  changes in
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a lg a l  s p e c ie s  (54 , 6 0 ). G loyna (13) s t a t e d  th a t  th e  d iu rn a l  c y c le  and 

th e  oxygen a tio n  o f  a pond w ere p ro b ab ly  more i n f l u e n t i a l  on th e  v a r i a t io n  

in  a lg a l  p o p u la tio n  th a n  th e  v a r i a t i o n  in  l i g h t  i n t e n s i t y .  The p e n e tra 

t i o n  o f  l i g h t  and i t s  a v a i l a b i l i t y  f o r  p h o to sy n th e s is  was an im p o rta n t 

f a c to r  and acc o rd in g  to  E c k e n fe ld e r  and O 'Connor (26) and W il l i f o rd  and 

M iddlebrooks (61) th e  d ep th  o f  pond le a d s  to  d i f f e r e n t  ty p es  o f  ponds. 

F o r tu n a te ly ,  i t  i s  n o t n e c e s s a ry  to  keep th e  t o t a l  pond a e ro b ic ;  o th e r 

w ise , th e  maximum d ep th  o f  ponds shou ld  be l im ite d  to  about 35 cm. T his 

i s  why, acc o rd in g  to  Oswald (24) and M ills  (1 0 ), th e  BOD re d u c tio n  and 

c o lifo rm  rem oval, n i t r a t e  and n i t r i t e  re d u c t io n  a re  n o t a f f e c te d  by 

changes in  d e p th .

T em perature

G e n e ra lly  sp e a k in g , e f f lu e n t  q u a l i ty  o r  pond e f f ic ie n c y  i s  a 

fu n c tio n  o f  a i r  te m p era tu re  (13 , 47 , 5 3 ) . A ccording to  Gloyna (13) 

te m p era tu re  a f f e c t s  p h o to sy n th e s is  and oxygen p ro d u c tio n  and any o th e r  

b io lo g ic a l  a c t i v i t y  in  th e  pond a s :

. e C (T .-  n
o

in which:

t = Reaction time, in days, required at any temperature (T) 

t̂ = Original time, in days, for reaction at an original 

temperature T^

c = Energy-Temperature characteristic of Van't Hoff-Arhenius 

equation = 0.0693 

T^= Original temperature 

The rate of biological activity in ponds is doubled for each
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10“C r i s e  in  te m p e ra tu re  w ith in  th e  range  o f  3 to  35°C (13 , 23, 3 7 ).

R e s u lts  from  p i l o t  p la n ts  showed th a t  a  drop o f  12®C d ec re a se d  th e  de

oxygen a tio n  "K" from 0 .112  to  abou t 0 .056  p e r  day (1 0 ). Gloyna (13) and 

C an ter (27) concluded  t h a t  th e  optimum oxygen p ro d u c tio n  from  a l g a l  p h o to 

s y n th e s is  was a t  20°C and th e  ran g e  was 4®C to  35°C. I t  was found t h a t  

when th e  te m p era tu re  o f  th e  pond exceeded 30“C th e  dom inant m icroorgan ism s 

w ere E ugelenophceae, and th a t  g a s i f i c a t i o n  o f th e  bottom  sed im en t caused  

f lo a t in g  s lu d g e  m ats and th e  developm ent o f  b lu e -g re e n  a lg a l  on th e  m ats 

(13 , 2 7 ). T h is  was why th e  perform ance and e f f ic ie n c y  o f  ponds in  summer 

and w in te r  w ere s i g n i f i c a n t l y  d i f f e r e n t  (17 , 4 2 ) .

B a rtsc h  (35) found th a t  d u rin g  th e  w in te r  th e  r a t e  o f  re p ro d u c 

t io n  o f  a lg a e  d e c re a se d  and th a t  some organism s s e t t l e d ,  a l iv e  b u t d o r 

m ant, to  th e  bottom  so a t  t h i s  phase  th e y  e x e r te d  BOD on th e  pond. L ing 

(14) showed th a t  th e  BOD rem oval p e r  u n i t  volume o f  lagoon  p e r  u n i t  o f  

tim e was low er in  w in te r  th a n  summer. Nemerow (21) commented th a t  c o ld  ' 

w in te r  te m p e ra tu re s  cau se  an ic e  cover on th e  pond, th e re b y  red u c in g  

l i g h t  i n t e n s i t y  fo r  a l g a l  p h o to s y n th e s is  and p re v e n tin g  m ixing  and r e 

a e r a t io n  due to  th e  wind e f f e c t .  T his i s  why in  co ld  c l im a te s  ponds r e 

c e iv in g  lo a d s  as  low a s  20 lb  p e r  a c re  p e r  day, would be a n a e ro b ic  when 

covered  by i c e  (2 3 ) . An a d d i t io n a l  f a c to r  was th a t  d u rin g  th e  co ld  

season  incom ing sewage w hich was warmer and th u s  l i g h t e r  th a n  th e  b a la n c e  

o f  th e  pond l i q u i d ,  formed a th in  la y e r  and moved tow ard th e  o u t l e t  th e r e 

by cau s in g  s h o r t  c i r c u i t i n g  and r e s u l t in g  in  l e s s  c o n ta c t  tim e w ith  a 

co n seq u en tly  h ig h  e f f lu e n t  c o lifo rm  c o n te n t (4 9 ) . With th e  coming o f  

warm w eather th e  r a t e  o f  b io -d e g ra d a tio n  i s  in c re a s e d ; p h o to sy n th e s is  

and r e a e r a t io n  can n o t su p p ly  s u f f i c i e n t  d is s o lv e d  oxygen and th e  pond
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becomes a n a e ro b ic , (13 , 47 , 49 , 5 0 ) . In  t h i s  case  odor may be an o p e ra 

t i o n a l  problem ; o th e rw is e , i f  th e  pond i s  n o t h ig h ly  loaded  th e r e  shou ld

be no odor even w ith  ic e  cover (23 , 4 5 ) .

Tem perature cau ses  th e rm a l s t r a t i f i c a t i o n  o f  th e  pond w hich can

cau se  a change in  d is s o lv e d  oxygen, BOD, and pH a t  d i f f e r e n t  l e v e l s  o f  

th e  pond; because  o f t h i s  and th e  w in te r  induced  a n a e ro b ic  c o n d i t io n s ,  

pond d es ig n  sh o u ld  be  b ased  on w in te r  c o n d itio n s  (23 , 62 , 6 3 ).

£H

The pH o f  dom estic  w aste  w a te r i s  u s u a l ly  n e a r  n e u t r a l .  As de

co m position  e n su e s , th e  COg produced  from th e  decom position  o f  o rg a n ic  

m a tte r  ten d s  to  low er th e  pH; how ever, th e  p ro cess  o f  p h o to s y n th e s is  

consumes a l l  th e  CO  ̂ and , as a r e s u l t ,  th e  pH in  th e  pond a c tu a l ly  r i s e s  

(13 , 23, 6 4 ). A ccording to  G loyna (13) th e  r a t e  o f  carbon  d io x id e  ab

s o rp t io n  and oxygen p ro d u c tio n  by a lg a e  may be 20 tim es th e  r a t e  o f  COg 

p ro d u c tio n  so th e  pH m ight be r a i s e d .  C an te r (23) s t a t e d  t h a t  th e  pH 

m ight r i s e  a s  h ig h  a s  10 o r  11 d u rin g  th e  day l i g h t  h o u rs  b u t would f a l l  

to  low er v a lu e s  a t  n ig h t ;  c o n se q u e n tly , th e re  i s  a d iu rn a l  c y c le  o f  pH 

(61 , 6 5 ). The b e s t  pH fo r  b io lo g ic a l  a c t i v i t y  i s  6 .5  to  10 .5  and i f  th e  

pH in c re a se d  to  10 th e  a lg a l  a c t i v i t y  d e c re a se s  th u s  a f f e c t in g  th e  BOD 

rem oval (23, 2 7 ).

McKinney (7) found that the change in pH from day to night was 

accompanied by a drop in the carbon dioxide content in the upper layers 

of the pond with little change in COg content and pH at the pond bottom 

(7 , 52, 6 1 ).

During the cooler months the pH difference between bottom layers 

and surface layers becomes insignificant (6 1 ) . Pipes (64) and McKinney
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(7) su g g e s te d  th a t  s in c e  th e  r a t e  o f  CO  ̂ consum ption by a lg a e  d u r in g  th e  

day tim e was more th an  CO  ̂ p ro d u c tio n  by d e g ra d a tio n  o f  o rg a n ic  m a tte r  

th e re  would be  a  s h i f t  in  th e  c a rb o n a te  and b ic a rb o n a te  system  o f  th e  

pond.

2 HCOl ---------- ^  C0„ +  go"  +  H „03 ^--------- 2 3 2

o r

HCOl ----^  COo +  0H“3 ^ -----------  2

A d e c re a se  in  th e  c o n c e n tra t io n  o f  b ic a rb o n a te  io n  i s  accom panied by an 

e q u iv a le n t  in c re a s e  in  th e  c o n c e n tra t io n  o f  e i t h e r  CO  ̂ o r  OH” , so th e  

t o t a l  a l k a l i n i t y  rem ains c o n s ta n t ;  th e r e f o r e .  P ip es  (64) su g g es ted  th e  

fo llo w in g  r e a c t io n :

00^ +  Ĥ O ^  CO2 +  2 oh"

W ith t h i s  fo rm ula  th e re  i s  s t i l l  no change in  a l k a l i n i t y  o f th e  w a te r .

C an te r  (23) s a id  t h a t  th e  p ro c e ss  was a c c o rd in g  to  th e  fo llo w in g  r e a c t io n :

HCO” -------- ---- ^  COo +  OH”3   2

A ccord ing  to  t h i s ,  th e  pH i s  in c re a s e d  and may reach  to  10 o r  11 d u rin g  

th e  day . The a b s o rp tio n  o f  CO  ̂ from a i r  was co n sid e re d  in s i g n i f i c a n t .

E f f ic ie n c y  o f  W aste S t a b i l i z a t i o n  Ponds 

Gloyna (1 3 ) , Herman and Gloyna (38) and McGoodwin (15) s ta t e d  

t h a t  s t a b i l i z a t i o n  ponds have had s u f f i c i e n t  s tu d y  and developm ent to  

be c l a s s i f i e d  a s  one o f  th e  m ajo r ty p e s  o f  w aste  tre a tm e n t sy stem s. 

A ccording  to  McKinney (22) th e  w a s te  s t a b i l i z a t i o n  ponds o r ig i n a l l y  w ere 

used  fo r  secondary  tre a tm e n t o f sewage b u t  today  they  a re  u sed  f o r  com

p le t e  t r e a tm e n t.  McKinney (7 , 22) w ro te  t h a t  i t  was a l s o  u sed  fo llo w in g  

o th e r  m ethods o f  w aste  tre a tm e n t f o r  a c h ie v in g  more p o lish e d  e f f lu e n t s .
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But acco rd in g  to  W ilson (6 0 ) , Hopkins (44) and Gloyna (13) i t  cou ld  be 

used  as  th e  s o le  and perm anent sewage tre a tm e n t method f o r  r e c e iv in g  

e i t h e r  raw o r  t r e a te d  sewage and t r e a t i n g  th e  sewage e f f e c t i v e l y  under 

th e  u su a l c l im a t ic  c o n d i t io n s .  Even in  c o ld  c l im a te s  i t  was r e p o r te d  

to  fu n c tio n  s a t i s f a c t o r i l y  (6 0 ) .

In  a re a s  w ith  a v a i la b le  la n d ,  low r a i n f a l l ,  ample s u n l ig h t ,  and 

r e l a t i v e l y  sm all p o p u la t io n s ,  w aste  s t a b i l i z a t i o n  ponds a r e  an a c c e p ta b le  

method fo r  sewage tre a tm e n t (9 , 15 , 2 3 ) . A lso , due to  t h e i r  fu n c t io n a l  

f l e x i b i l i t y ,  low er c o s t  and m inim al need fo r  o p e ra t io n a l  c o n t r o l ,  ponds 

a r e  ra p id ly  g a in in g  p o p u la r i ty  (50 , 66 , 6 7 ).

I f  w aste s t a b i l i z a t i o n  ponds a re  d esigned  on sound b a s ic  e n v iro n 

m ental f a c to r s  and a r e  w e ll  o p e ra te d ,  th ey  w i l l  produce good e f f l u e n t s ,  

b u t i f  th ey  a re  o v e r lo a d e d , th e y  w i l l  n o t fu n c tio n  p ro p e r ly  (7 , 8 , 38,

4 4 ).

Gloyna (13) s t a t e d  t h a t  even though th e  d es ig n  p ro ced u re  fo r  

w aste  s t a b i l i z a t i o n  ponds in v o lv e s  an e m p ir ic a l ap p ro ach , th e  su c c e ss  o f  

t h i s  method o f sewage tre a tm e n t has been reco g n ized .

McGoodwin (15) concluded  th a t  th e  u se  o f  th e  o x id a tio n  pond fo r  

p o lis h in g  th e  sewage was th e  m ost e f f i c i e n t  and m ost u s e f u l  p ro ced u re  

f o r  red u c in g  th e  BOD o f th e  f i n a l  e f f l u e n t  from s ta n d a rd  sewage t r e a t 

ment p l a n t s ,  p ro v id ed  t h a t  i n i t i a l  BOD was h ig h .

I t  was found th a t  c o n v e n tio n a l sewage tre a tm e n t removes a  f r a c 

t io n  o f  th e  n it ro g e n  and phosphorous from sewage in f l u e n t ,  b u t sewage 

lagoons w ith  lo a d in g  o f 13 to  150 lb  BOD p e r  a c re  p e r  day co u ld  remove 

n i t ro g e n  and phosphorous from  30 to  95 p e r  ce n t and , c o n se q u e n tly , were 

v e ry  e f f e c t iv e  in  th e  p re v e n t io n  o f  n u t r i t i o n a l  p o l lu t io n  (41 , 6 8 ).
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G loyna and E ck e n fe ld e r (20) found th a t  a lm o st 67 p e r  c e n t o f 

th e  t o t a l  n i t r o g e n  could  be removed from  sewage r e g a r d le s s  o f  th e  method 

o f h a rv e s tin g  th e  a lg a e . By d e n i t r i f i c a t i o n  p ro c e s se s  o c c u rr in g  a t  th e  

bottom  of th e  pond, n i t ro g e n  gas may be  r e le a s e d  from  th e  pond so th a t  

n i t ro g e n  rem oval from sewage can be s ig n i f i c a n t  in  th e  WSP.

O ther experim en ts in d ic a te d  th a t  ammonia n it ro g e n  m igh t be r e 

duced up to  90 p e r  c e n t ,  phosphorous 96 p e r  c e n t ,  and p o ta ss iu m  up to

20 p e r  c e n t (3 5 ) .

A ssenzo and Reid (68) found th a t  fo r  th e  n u t r i t i o n a l  rem oval

in  term s o f lo a d in g , th e  optimum was 11 .23  to  19.66 lb  o f  BOD p e r  a c r e - f t

p e r  day. Bogan (56) s t a t e d  t h a t ,  f o r  80 to  90 p e r  c e n t rem oval o f 

phosphorous from  most sewage, r e t e n t io n  tim es o f 14 to  28 days would be 

re q u ir e d .

A p p lic a tio n  o f  W aste S t a b i l i z a t io n  Ponds

Surveys showed th a t  in  1957, 27 s t a t e s  o f th e  U .S. had a p p ro x i

m a te ly  430 ponds se rv in g  a t o t a l  p o p u la tio n  o f  760,000 p e rso n s  b u t by 

1962 t h i s  number had in c re a se d  to  1300 ponds in  39 s t a t e s  s e rv in g  a popu

l a t i o n  o f 2 m i l l io n .  In  a d d i t io n ,  31 in d u s t r i a l  groups were u s in g  w aste  

s t a b i l i z a t i o n  ponds fo r  t h e i r  sew age. In  1966 more th a n  1200 m u n ic ip a l 

and i n d u s t r i a l  ponds w ere in  o p e ra t io n  in  th e  S ta te  o f C a l i f o r n ia  

a lo n e  (2 3 ).

A ccord ing  to  Gloyna and M alina (39) ponds in  c o n ju n c tio n  w ith  

p re tre a tm e n t have been used  f o r  p e tro c h e m ic a l w aste  and ach iev ed  99 p e r  

c e n t BOD rem oval.

E ck e n fe ld e r (11) found t h a t  ponds have been used  f o r  th e  m eat 

and p o u l t r y ,  d a i r y ,  t e x t i l e  and su g a r in d u s t r i e s  w ith  45 to  95 p e r  c e n t
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BOD re d u c t io n . A ccording to  McKinney (7) w aste e n te r in g  ponds should  

c o n ta in  o i l  o f  l e s s  th an  20 m g/1, s u l f id e  o f l e s s  th an  15 mg/1 and phenol 

o f  l e s s  th an  7 mg/1.

O ther su rv ey s showed w aste  s t a b i l i z a t i o n  ponds have been  used 

by many in d u s t r i e s  such a s  can n in g , m eat, p o u l t r y ,  ch e m ic a l, p a p e r  and 

p e tro leu m  w ith  s a t i s f a c t o r y  r e s u l t s  (43 , 44, 6 9 ).

Voege and S ta n le y  (70) r e p o r te d  th e  s a t i s f a c t o r y  r e s u l t s  o f 

u t i l i z a t i o n  o f  w aste  s t a b i l i z a t i o n  ponds by many in d u s t r i e s  in  Canada.

I t  has a lso  been re p o r te d  th a t  w aste s t a b i l i z a t i o n  ponds w ith  

lo a d in g  o f 20 lb  BOD p e r a c r e  p e r  day used fo r  t r e a t i n g  th e  sewage o f 

s la u g h te r  houses and pack ing  p la n ts  gave s a t i s f a c to r y  r e s u l t s  (70) . 

A nother su rvey  by Herman and Gloyna (71) showed th a t  99 p e r c e n t o f th e  

com m unities u s in g  w aste  s t a b i l i z a t i o n  ponds recommended t h i s  method o f 

sewage tre a tm e n t and 86 p e r  c e n t d e sc r ib e d  th e  e f f l u e n t  o f th e  ponds as 

ap p ea rin g  c l e a r .  Ponds have been recommended by c o n s u lt in g  e n g in e e rs ,  

mayors and many o th e rs  (72) . A r e l a t i v e l y  new m o d if ic a t io n  o f WSP i s  a 

s e r i e s  of a n a e ro b ic -a e ro b ic  ponds w hich have been used by m eat pack ing  

p la n ts  and many o th e r  in d u s t r i e s  (4 8 ) .

M o d if ic a tio n  o f  Ponds and D esign C o n s id e ra tio n

A ccording to  F a ir  e t  a l . (73) and E ck en fe ld e r (11) o x id a tio n  

ponds, in  term s o f o p e ra t io n ,  a re  o f  th re e  ty p e s :

a) A erobic an d /o r  f a c u l t a t i v e  ponds

b) A naerobic ponds

c) M echanically  a e ra te d  ponds and o x id a tio n  d i t c h e s .

E ck en fe ld e r (11) has p re se n te d  th e  d e s ig n  c r i t e r i a  f o r  d i f f e r e n t  

k in d s o f ponds (T ab le  2 ) .
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TABLE 2

DESIGN FACTORS FOR WASTE STABILIZATION PONDS

A erob ic F a c u l ta t iv e A naerobic A era ted

D epth, f t 0 .6 -1 2-5 8-10 6-15

D e te n tio n  tim e , 

days 2-6 7-30 30-50 2-10

BOD lo a d in g , 

lb /a c r e /d a y 100-200 20-50 300-500

BOD rem oval, 

p e rc e n ta g e 80-90 75-85 50-70 55-90

A lgae c o n c e n tra tio n  

mg/1 100 10-50 n i l n i l
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A erobic Ponds

S ince  a e ro b ic  pond o p e ra t io n  depends upon a lg a e  to  p ro v id e  enough 

oxygen f o r  s a t i s f a c t i o n  o f  th e  BOD o f th e  suspended  and d is s o lv e d  de

g ra d a b le  m a te r ia ls  by a e ro b ic  m ic ro o rg an ism s, such  ponds have been  l im i te d  

to  th o s e  w astes  w hich a r e  n o t  to x ic  to  a l g a l  grow th (11 , 13 , 26 , 3 3 ).

E ck e n fe ld e r (11) found t h a t  to  m a in ta in  th e  a e ro b ic  c o n d itio n s  

in  th e  s lu d g e  o f  a e ro b ic  pond th e  m ixing  o f  th e  s lu d g e  w ith  s u p e rn a ta n t 

f o r  a  few hou rs  each  day was n e c e ss a ry .

F a c u l ta t iv e  Ponds

F a c u l ta t iv e  ponds have a e ro b ic  c o n d i t io n s  a t  th e  s u r fa c e  la y e r s  

and a n a e ro b ic  c o n d it io n s  a t  th e  bottom  (11 , 13 , 33, 6 1 ) . S tu d ie s  have 

shown th a t  th e  a e ro b ic  la y e r s  o f  such ponds have d iu rn a l  v a r i a t io n s  in  

te m p e ra tu re , oxygen and pH (13 , 52 , 61 , 6 3 ) .

A era ted  Lagoons

A ccording to  Svore (7 4 ) , a e ra te d  lag o o n s  a re  growing in  popu

l a r i t y  fo r  dom estic  w as tew a te r tre a tm e n t.  In  t h i s  type  o f  lagoon  th e  

oxygen i s  su p p lie d  by d i f fu s e d  a i r  o r  m ech an ica l a e r a t io n  system s (11,

67) and f i e l d  ex p erim en ts  showed th a t  th e  c a p a c i ty  o f  such lagoons fo r  

h a n d lin g  sewage i s  g r e a t e r  th a n  th a t  f o r  n o n -a e ra te d  ponds (67) . A ccord

in g  to  Svore (74) odor problem s were m inim ized when th e  lo a d in g  was 

around 20 lb  BOD p e r  a c r e  p e r  day and th a t  one m ajo r advan tage  o f 

a e r a te d  lagoons in  c o ld  c l im a te  was a  h ig h e r  d is s o lv e d  oxygen c o n te n t 

in  th e  pond.

A naerob ic o r  Deep Ponds

The deep pond i s  l i k e  th e  s e p t i c  ta n k  o r  Im hoff tan k  and i s  more
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e f f i c i e n t  in  warm c lim a te  (75 , 7 6 ). F a i r  e t  a l . (73) s ta t e d  t h a t  in  

t h i s  system , d e g ra d a tio n  o f  o rg a n ic  m a tte r  was accom plished  by a n a e ro b ic  

m icroorgan ism s in  th e  absence  o f  d is s o lv e d  oxygen. A ccording to  Loehr 

(7 5 ) , a s  th e  r a t i o  o f  s u r fa c e  a r e a  to  volume i s  s m a l le r ,  l i g h t  u t i l i z a 

t io n  i s  d e c re a se d  and e v a p o ra tio n  i s  m in im ized . T h e re fo re  in  warm c l i 

m ates deep ponds a r e  a c tu a l ly  good d ig e s t e r s  because th ey  accum ula te  more 

h e a t  and r a d ia t e  l e s s  (13, 24, 7 5 ).

The p ro c e ss  o f  BOD re d u c t io n  in  deep ponds i s  accompanied by th e  

p ro d u c tio n  o f  m ethane, carbon  d io x id e  and n i t ro g e n  and th e  amount o f  gas 

produced has been e s tim a te d  to  be 10 to  12 cu f t  o f  gas p e r  lb  o f  BOD 

a p p lie d . A naerob ic ponds have been shown to  be an e f f i c i e n t  method o f 

s t a b i l i z a t i o n  fo r  m eat, t e x t i l e  and su g ar i n d u s t r i a l  w as tes  (11 , 24, 5 0 ).

Loading e x p e rien ce  showed th a t  7 .9  lb  BOD p e r  day p e r  1 ,000  cu 

f t  gave 80 p e r  c e n t BOD re d u c tio n  (5 1 ) . E ck e n fe ld e r (26) r e p o r te d  th a t  

a lo a d in g  o f  0 .1 1  to  0 .15 lb  BOD p e r  day p e r  cu f t  f o r  ponds 8 to  17 f t  

deep was s a t i s f a c t o r y .  O ther r e p o r t s  showed th a t  ponds w ith  d ep th s  o f 

15 f t  and lo a d in g s  up to  20 lb  p e r  day p e r  1 ,000 cu f t  o f  pond volume 

were a  v e ry  " e f f i c i e n t "  and econom ical method o f t r e a t i n g  meat pack ing  

w aste  (76 , 7 7 ). A ccording to  S te f f e n  (5 1 ) ,  90 p e r  c e n t BOD rem oval 

cou ld  be ach iev ed  by th i s  m ethod.

The BOD o f th e  a n a e ro b ic  pond e f f lu e n t  m ight be around 200 mg/1 

so i t  needs f u r th e r  tre a tm e n t (75 , 7 8 ). A ccording to  Gloyna (13) re d u c 

t io n s  in  summer and w in te r  w ere r e p o r te d  to  be 65 to  80 p e r c e n t and 45 

to  65 p e r  c e n t r e s p e c t iv e ly .  S ludge rem oval was n e c e ssa ry  w here s u s 

pended s o l id s  c o n te n t o f th e  sewage was h ig h .

Loehr and Ruf (50) d e s c r ib e d  th e  a n ae ro b ic  lagoon  a s  a u n i t  in
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w hich s u r f a c e  r e a e r a t io n  and p h o to s y n th e s is  were n o t a b le  to  p ro v id e  th e  

n e c e s sa ry  oxygen f o r  b io -d e g ra d a tio n  o f  o rg a n ic  m a t te r .  A ccording to  

P a rk e r and S kerry  (78) th e re  was in t e r a c t io n  betw een s lu d g e  and raw in 

f lu e n t ,  and o th e r  experim en ts showed th a t  th e  m ixing o f  s lu d g e  and raw 

in f l u e n t  gave b e t t e r  r e s u l t s  (37 , 50, 7 6 ).

Experim ents w ith  s la u g h te rh o u se  w aste  showed t h i s  k in d  o f pond 

was v e ry  e f f i c i e n t  (76 , 79, 8 0 ).

Wachs (8 1 ), in  experim en ts  w ith  e x tra -d e e p  ponds (5 m t) , found 

t h a t  d u rin g  th e  p e rio d  o f  March th rough  May, when th e  BOD lo a d in g s  were 

abo u t 100 kg p e r  h e c ta re  p e r  day , th e  BOD rem oval on th e  b a s is  o f "un

f i l t e r e d "  e f f l u e n t  was abou t 60 p e r c e n t .  F orges (69) in  h is  s tudy  o f 

168 a e ro b ic  and an ae ro b ic  ponds in  th e  U n ited  S ta te s  and th e  median

lo a d in g  was 72 lb  BOD p e r  a c re  p e r  day. A lso a n o th e r  su rv ey  on in d u s t r i a l

w aste  s t a b i l i z a t i o n  ponds in  1962 showed th e re  were 197 a n ae ro b ic  ponds

t r e a t in g  i n d u s t r i a l  w aste  (6 9 ).

D esign

The beg in n in g  p o in t  in  d e s ig n in g  a  s t a b i l i z a t i o n  pond i s  to  

s tu d y  a l l  th e  env ironm enta l c o n d itio n s  nam ely, w in te r  and summer tem pera

tu r e s ,  d u ra t io n  and in t e n s i ty  o f s u n l ig h t ,  r a i n f a l l  and e v a p o ra tio n  and 

s o i l  c o n d itio n s  (12 , 13, 26, 66 , 7 3 ). Some a u th o rs  recommended th a t  th e  

mean te m p e ra tu re  in  th e  c o ld e s t  w in te r  month be used as th e  c r i t i c a l  

c o n d i t io n  (1 3 , 6 6 ). G e n e ra lly , in  s p i t e  o f  w idesp read  and in c re a s in g  

u se  o f sewage lag o o n s, th e re  a re  no b a s ic  p ro c e s se s  and p r in c ip le s  o f 

d e s ig n  and o p e ra t io n  (1 6 ).

The e x is t in g  form ulae fo r  d e s ig n  o f  w aste  s t a b i l i z a t i o n  pond i s  

based  e i t h e r  on e m p ir ic a l o r  s e m i-e m p ir ic a l te c h n iq u e s  (6 6 ) . In  th e
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d es ig n  o f  s t a b i l i z a t i o n  ponds F a ir  e t  a l . (73) u t i l i z e d  th e  fo llo w in g  

form ula:

hy 0
T = — 5 -----------
^d 5 .8  ES and

C = 5 .3  X

in  w hich:

T = W ater te m p era tu re  in  °C

p = P o p u la t io n  d is c h a rg in g  t h e i r  w aste  in to  th e  pond

Tj= D e te n tio n  tim e in  days

h = Depth o f  th e  pond in  f t

y^= BOD o f  th e  w aste  in  ppm

C = C ap ac ity  o f  th e  pond in  a c r e - f e e t

q = G a llo n s  p e r  c a p i ta  p e r  day (gqcd)

E = The e f f ic ie n c y  o f co n v ers io n  o f  l i g h t  energy  in to  

ch em ica l energy  which ranges betw een 2 to  6 p e r  cen t 

S = V is ib le  l i g h t  energy  in  la n g le y s  (C a lo r ie s  p e r  day 

p e r  sq u a re  c e n tim e te r)

0 = T em perature f a c to r  = 1 .072 

E ck e n fe ld e r and O'Connor (26) u t i l i z e d  a  s im i la r  e q u a tio n  fo r  

a p p l ic a t io n  to  ponds h av in g  dep th s  o f 2 to  3 .5  f t .

V = (5 .3 7  X lO"®) NqY X 1 .072^^”'̂

in  which:

V = Lagoon volume in  a c r e - f t

Nq= Sewage flow  in  g a l lo n  p e r  day

Y = I n f lu e n t  BOD in  ppm 

T = Tem perature in  °C
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and

in  w hich:
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D =
hC d c

E 1000 S

D = D e te n tio n  p e r io d  in  days

h = U n it h e a t  o f  com bustion o f  a lg a e  in  c a l  p e r  mg 

d = Depth o f  lagoon  in  f t  

E = E f f ic ie n c y  o f s o l a r  energy  co n v ers io n
2

S = S o la r  in s o la t io n  ex p re ssed  in  gm p e r  c a l  p e r  cm 

p e r day

C^= A lg a l c o n c e n tra t io n  in  mg/1

W = PW 
0 2

W = N et w eigh t o f  oxygen produced in  gm p e r  day

P = O xygenation f a c to r

= Net w eigh t o f  a lg a e  sy n th e s iz e d  in  gm p e r  day 

Now by s u b s t i tu t in g  th e se  two e q u a tio n s  and so lv in g  f o r  pond s u r fa c e  

a re a . hW

A = PES

I f  d e s ig n  e q u a tio n s  could  be based  on sound s c i e n t i f i c  p r in c ip le s  de

s ig n e r s  would be more l i k e l y  to  u se  more s t a b i l i z a t i o n  ponds fo r  sewage 

tre a tm e n t (6 6 ).

C o n sid e rin g  th e  p ro c e s s  o f  o rg a n ic  e q u i lib r iu m  sough t in  s t a b i l i 

z a t io n  ponds i t  i s  w e ll  reco g n ized  th a t  a l l  en v ironm en ta l c o n d itio n s  

cannot be o p tim a l in  s in g le  pond (3 9 ) . Many s c i e n t i s t s  have recommended
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th e  two c e l l  u n i t  o p e ra t io n  fo r  v a r io u s  re a so n s  (4 2 , 4 4 ) . Hopkins (39) 

contended th a t  th e  e f f l u e n t  from th e  secondary  u n i t  w i l l  have a much 

low er a lg a e  c o n c e n tra t io n .  In  a n o th e r  s e r i e s  o f  ex p erim en ts  by Rogge 

and Dobko (4 0 ) , BOD and c o lifo rm  re d u c t io n  in  a  one c e l l  u n i t  was 80 

p e r  c e n t and 90 p e r  c e n t ,  r e s p e c t iv e ly ,  b u t w ith  a  th r e e  c e l l  u n i t ,  

o p e ra t in g  in  s e r i e s ,  BOD and c o lifo rm  re d u c tio n  was 90 p e r  c e n t and 100 

p e r  c e n t ,  r e s p e c t iv e ly .

A ccord ing  to  Hopkins (3 9 ) , th e  d e s ig n  f o r  lag o o n s  o p e ra te d  in  

s e r i e s  shou ld  ta k e  in to  c o n s id e ra tio n  th e  a p p l ic a t io n  o f  th e  e n t i r e  lo a d  

i n i t i a l l y  in to  th e  p rim ary  u n i t .  C arl and K alda (45) recommended th a t  

th e  BOD lo a d in g  sh o u ld  n o t exceed 15 to  20 pounds p e r  a c re  p e r  day fo r  

th e  t o t a l  pond s u r f a c e  a re a .

Problem s A sso c ia te d  w ith  W aste S t a b i l i z a t io n  Pond O p era tio n

A ccording  to  a  su rvey  by C an ter (23) odor may be an o p e ra t io n a l  

problem  in  o v e rlo a d ed  ponds and in  a re a s  w ith  ic e  cover fo rm a tio n  w i l l  

p ro b ab ly  be more s e v e re  r i g h t  a f t e r  w in te r  and a t  th e  b eg in n in g  o f  s p r in g .  

However, i f  th e  pond i s  n o t h ig h ly  lo a d ed , th e re  w i l l  be no odor even 

w ith  i c e  cover (4 5 ) .

Oswald (24) in d ic a te d  th a t  in  deep ponds o r  in  s lu d g e  a re a s  of 

f a c u l t a t i v e  ponds; som etim es th e  accum ula tion  o f  s lu d g e  was f a s t e r  than  

th e  r a t e  o f  m ethane p ro d u c tio n , co n se q u e n tly , th e re  would be an accum ula

t i o n  o f  o rg a n ic  a c id s  w hich would d is tu r b  th e  a c t i v i t y  o f  th e  m ethane 

b a c t e r i a .  Odors o f  H^S gas were a ls o  a s s o c ia te d  w ith  long  p e r io d s  o f  

a n a e ro b ic  c o n d i t io n s  (1 7 ).

In  some c a se s  d u rin g  th e  h o t summer th e re  may be  a  developm ent 

o f  b lu e -g re e n  a lg a e  w hich, a f t e r  d y in g , can p roduce n o t i c a b le  odors (1 5 ).
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The location of the lagoon with reference to the community is of import

ance with regard to odor (1 5 , 4 4 ) .  Babbitt and Baumann (58) suggested a 

distance of 0.5 mile or more to the nearest residence with due regard to 

prevailing wind.

The e f f lu e n t  o f  th e  o x id a tio n  pond w i l l  c a r ry  a lg a l  c e l l  in  

a d d i t io n  to  th e  end p ro d u c ts  o f th e  b io lo g ic a l  a c t i v i t y  o f th e  pond (5 5 ). 

C an te r (23) s t a t e d  th a t  a h ig h  BOD due to  a lg a l  c e l l s  may be a  s e r io u s  

p roblem . Kappe (53) in d ic a te d  th a t  as  lagoons age th e  c o n c e n tra t io n  o f 

n u t r i e n t s  in  th e  e f f lu e n t  in c re a s e s  and recommended th a t  a n a ly s i s  o f pond 

e f f lu e n t  sh o u ld  be conducted  on u n f i l t e r e d  sam ples in  which th e  a lg a e  

have been k i l l e d  and th e  sam ple b o t t l e s  in c u b a te d  in  d a rk n e ss .

A nother problem  w hich has been shown to  be a  p o t e n t i a l  danger 

has been seepage  from ponds and th e  e v e n tu a l c o n tam in a tio n  o f  ground 

w a te r  (1 5 ). Chem ical p o l l u t io n ,  in c lu d in g  d e te r g e n ts ,  i s  a t h r e a t  to  

ground w a te r  and needs s p e c ia l  c o n s id e ra t io n  w ith  re g a rd  to  th e  lo c a t io n  

o f  th e  lagoon  (4 4 ) . F o r tu n a te ly ,  n i t r a t e ,  p hosphate  and a lk y l  benzene 

s u lfo n a te  (ABS) in  t r a v e l in g  th ro u g h  th e  ground a re  v e ry  s h a rp ly  reduced 

in  c o n c e n tra t io n  by w hat i s  b e l ie v e d  to  be a b s o rp tio n  and b io lo g ic a l  

a c t io n  (8 2 ).

Existing data on the operation of waste stabilization ponds in

dicate that mosquito problems can become very important (15 , 8 3 ) . 

According to Canter (2 3 ) , Myklebust and Harmston (1 2 ) , Beadle and Rowe 

(83) and McGoodwin (1 5 ) , mosquito problems are associated at least in 

part with the presence of weeds and floating debris, with the intensity 

of the mosquito infestation being directly proportional to the extent of 

the weed growth and the amount of surface solids. Weed problems can be
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m inim ized by m ech an ica l rem oval, by e l im in a t in g  sh a llo w  a r e a s ,  and by 

tre a tm e n t w ith  h e r b ic id e s  (40 , 84, 8 5 ) . The l a t t e r  shou ld  be un d ertak en  

w ith  g r e a t  c a re  s in c e  many such  chem ica ls  have p o te n t i a l ly  harm fu l e f f e c t s  

on pond perfo rm ance .

O ther m osqu ito  c o n t ro l  p ro ced u res  t h a t  have been recommended a re  

aimed a t  d e s tro y in g  th e  la r v a e .  A ccording to  B a b b itt  and Baumann (5 8 ), 

m osquito  b re e d in g  may b e  p rev en ted  by in t ro d u c in g  to p -fe e d in g  sp e c ie s  

th a t  a re  co m p a tib le  w ith  th e  pond en v iro n m en t. S c o v il l  (84) h as  re p o r te d  

th a t  a c o n c e n tra t io n  o f  0 .25  to  0 .49  ppm o f  B aytex (Bayer 29493) could  

d e s tro y  m osquito  l a r v a e ,  b u t th e  o p e ra t io n a l  problem  would be to  a t t a i n  

a good d i s t r i b u t i o n .

C overing th e  s u r fa c e  o f s ta g n a n t w a te r  w ith  o i l  o r  a com bination  

o f o i l s  i s  a v e ry  o ld  p r a c t ic e  in  m a la r ia  e r a d ic a t io n  program s and i s  

s t i l l  p r a c t ic e d  (8 6 , 87, 88, 8 9 ). K erosene i s  a v ery  l i g h t  p e tro leu m  

d e r iv a t iv e  which i s  h ig h ly  to x ic  to  m osquito  la rv a e  and p e n e t r a te s  the  

tr a c h a e  r a p id ly ,  b u t i t s  sp re a d in g  power i s  low and i t s  v o l a t i l i t y  i s  

h ig h . In  o rd e r  to  overcome th e se  d is a d v a n ta g e s ,  i t  i s  f r e q u e n t ly  mixed 

w ith  d i e s e l  o i l  (No 37) w hich i s  r e l a t i v e l y  n o n - v o la t i l e  a t  room tem pera

tu r e s  (8 8 ). In  t h i s  form , i t  can be q u i t e  e a s i l y  and econom ica lly  

a p p l ie d  to  th e  s u r fa c e  o f p r a c t i c a l l y  any body o f w ate r fo r  e f f e c t iv e  

m osquito  c o n t ro l .  U n fo r tu n a te ly , th e  e f f e c t s  o f  such  a l a r v i c id e  on th e  

perfo rm ance o f  w aste  s t a b i l i z a t i o n  ponds i s  la r g e ly  unknown.

S ince m a la r ia  i s  c o n s id e re d  a  s i g n i f i c a n t  p u b lic  h e a l th  problem  

in  I r a n ,  th e  p o t e n t i a l  h aza rd s  o f any k in d  o f  s ta g n a n t w a te r as  a b reed 

in g  p la c e  f o r  m o sq u ito e s , can n o t be  o v e rlo o k ed  (86 , 8 7 ). In  view  o f t h i s ,  

th e  a p p l ic a t io n  o f  s t a b i l i z a t i o n  ponds as  th e  p r in c ip a l  w aste  tre a tm e n t
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p ro c e ss  in  I ra n  must be u n d ertak en  w ith  m osquito  c o n tro l  p ro c e d u re  in  

mind. I t  i s  im p e ra tiv e , th e n ,  th a t  th e  e f f e c t s  o f  such p ro c e d u re s  on 

pond perform ance be in v e s t ig a te d .

E v ap o ra tio n  C o n tro l 

F o s te r  (9 0 ), L in s le y  e t  a l . (91) and Mead (92) d e f in e d  ev ap o ra

t io n  as  a  p ro c e ss  by w hich l i q u id  w a te r ab so rb s  h e a t  energy  and changes 

to  a  gaseous s t a t e .  I t  i s  a  v e ry  im p o rta n t p ro c e ss  in  a r id  a re a s  and 

shou ld  be c a r e fu l ly  and a c c u ra te ly  d e te rm in ed  and c o n t ro l le d  (9 0 , 92 ,

9 3 ) . A c tu a lly  th e  p ro c e s s  o f  e v a p o ra tio n  i s  in  two s ta g e s ,  one i s  

e v a p o ra tio n  o r  escape o f  w a te r  m o lecu les  to  th e  la y e r s  o f  a i r  c lo s e  to  

w a te r s u r fa c e  and th e  second  s ta g e  i s  th e  rem oval o f th e  w a te r  vapo r from 

th e  v i c i n i t y  o f th e  body o f  w a te r , so t h a t  r e c a p tu re  does n o t o ccu r (9 0 ). 

W ater vapor i s  only 0 .6  tim es  th e  w eigh t o f  d ry  a i r ,  so i t  te n d s  to  r i s e

and be c a r r i e d  away (9 3 ) . In  tu rb u le n t  a i r ,  th e  " c a r r y - o f f "  r a t e  i s  in 

c re a se d , co n seq u en tly , th e  e v a p o ra tio n  r a t e  i s  h ig h e r  than  f o r  s t i l l  a i r  

(9 3 ). For each gm o f w a te r  ev ap o ra ted  600 c a l  i s  th e  maximum in p u t i f  

th e  w a te r  i s  to  be m a in ta in e d  a t  a  f ix e d  te m p era tu re  (9 1 ).

As th e  sun r i s e s  and th e  te m p e ra tu re  o f  th e  a i r  i n c r e a s e s , r e 

l a t i v e  hum id ity  d e c re a s e s ,  b u t th e  v ap o r p r e s s u re ,  which i s  th e  a c tu a l  

m o is tu re  in  th e  a i r ,  rem ains p r a c t i c a l l y  c o n s ta n t  (9 3 ) . Thus, s a tu r a t io n  

by e v a p o ra tio n  i s  r e l a t e d  to  a i r  te m p e ra tu re  (9 0 ).

L in s le y  e t  a l . (91) s ta t e d  t h a t  e v a p o ra tio n  from a  body o f w ater 

was in  d i r e c t  p ro p o r tio n  to  th e  wind speed  o ver th e  w ate r s u r f a c e  and 

vapor p re s s u re  o f th e  a i r  i n  c o n ta c t w ith  th e  w a te r . When th e  wind i s  

c o ld e r  th a n  th e  w ater and th e  amount o f  h e a t  ta k en  from th e  body o f  w ate r 

by th e  wind i s  g r e a te r  th a n  th a t  re p la c e d  by s o la r  r a d ia t io n ,  e v a p o ra tio n
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i s  red u ce d . A ccording to  L in s le y  e t  a l . (91) a change o f 10 p e r  c e n t 

in  w ind speed  w i l l  change th e  e v a p o ra tio n  r a t e  by 1 to  3 p e r  c e n t .

W is le r  and B ra te r  (94) found th a t  a n o th e r  f a c to r  was th e  d ep th  

o f th e  la k e .  In  deep la k e s  much o f th e  h e a t ,  in s te a d  o f be ing  used  f o r  

e v a p o ra tio n , can b e , due to  se a s o n a l o v e r tu rn ,  u sed  to  warm th e  e n t i r e  

volume o f  th e  w a te r . In  deep la k e s  summer e v a p o ra tio n  was l e s s  and 

w in te r  e v a p o ra tio n  was h ig h e r  th an  in  sh a llo w  la k e s .

As i t  has been s a id  e v a p o ra tio n  i s  th e  lo s s  of w a te r m o lecu les  

a t  a r a t e  g r e a te r  th an  th e  r a t e  o f  r e - c a p tu r e .  When th e  a i r  i s  s a tu r a te d  

w ith  w a te r  th e  two p ro c e s se s  a re  eq u a l and th e r e  w i l l  be no w a te r lo s s  

(90 , 9 3 ). When th e  r e l a t i v e  h um id ity  i s  100 p e r  c e n t ,  i f  th e  te m p era tu re  

o f  th e  w a te r  i s  h ig h e r  th an  th e  a i r  te m p e ra tu re , e v a p o ra tio n  w i l l  ta k e  

p la c e  (9 3 ) . When th e  te m p e ra tu re  o f  th e  w a te r  and th e  a i r  a re  e q u a l ,  

th e  v ap o r p re s s u re  g r a d ie n t ,  w hich d e te rm in es  th e  p ro c e ss  o f  e v a p o ra tio n , 

w i l l  be in  p ro p o r tio n  to  th e  s a tu r a t io n  d e f i c i t  o f  s a y , 100 p e r  c e n t 

m inus th e  r e l a t i v e  h u m id ity .

E v ap o ra tio n  i s  reduced  in  p ro p o r tio n  to  th e  amount o f  s a l t  in  

s o lu t io n  so th a t  e v a p o ra tio n  from th e  ocean i s  ab o u t 2 to  3 p e r  c e n t  le s s  

th an  from f r e s h  w a te r (9 3 ).

E v ap o ra tio n  i s  ex p re ssed  acco rd in g  to  fo llo w in g  fo rm ula  (9 3 ):

E = C (V -  u) (1 + J q)

in  w hich:

E = Evaporation in inches of water for a given unit of time 

V = Saturation vapor pressure in inches of mercury at the 

water temperature 

u = The actual vapor pressure in inches of mercury in the



45

a i r  25 f t  above th e  ground 

W = Wind v e lo c i ty  in  m ile s  p e r  hour m easured a t  25 f t  above 

th e  ground 

C = C o e f f ic ie n t

In  th e  above e q u a tio n  i t  i s  n e c e ssa ry  to  u se  d a ta  r e l a t e d  to  

a i r  te m p e ra tu re  and becau se  a i r  te m p e ra tu re  f lu c t u a te s  i t  m ust be a p p ro x i

m ated.

F o s te r  (90) a f t e r  c o n s id e r in g  many d i f f e r e n t  experim en ts  de

v e lo p ed  a  com plete fo rm ula f o r  e v a p o ra tio n :

E = 0 .7 7 1 (1 .4 6 5  -  0 .0186 B )(0 .44  + 0 .118 W )(e^- e^)

in  w hich:

E = E v ap o ra tio n  in  in c h e s  p e r  24 h o u rs  

B = Mean b aro m e te r re a d in g  in  in ch es  o f m ercury a t  32°F 

W = Wind v e lo c i ty  in  m ile s  p e r  hour

e^= Vapor p r e s s u re  o f  s a tu r a te d  a i r  in  in ch es  o f  m ercury 

a t  th e  te m p e ra tu re  o f  th e  w a te r s u r fa c e  

e^= Mean v ap o r p r e s s u re  o f  a i r  in  in c h e s  o f  m ercury above 

th e  w a te r s u r fa c e  

B u tle r  (95) recommended th e  c o l le c t io n  o f  f i e l d  in fo rm a tio n  

w ith  an e v a p o ra tio n  pan b u t when such c o l le c t io n  was n o t f e a s ib l e  th a t  

th e  fo llo w in g  form ula be u se d :

E = (e ^ -  e g ) (0 .0 6 8  + 0.00246 V^)

in  w hich:

E = E v ap o ra tio n  in  in c h e s  p e r  day

e^= The s a tu r a t io n  v apo r p re s s u re  in  in c h es  o f m ercury a t  

th e  te m p e ra tu re  o f  th e  s u r fa c e  o f  th e  body o f w a te r
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e^= Vapor p r e s s u re  a t  a h e ig h t  o f  2 mt above th e  w a te r 

s u r fa c e  on th e  upwind s id e  o f th e  w a te r 

V^= Wind in  m ile s  p e r  day a t  a  h e ig h t o f  4 m e te rs  

W is le r  and B ra te r  (94) approached e v a p o ra tio n  w ith  a n o th e r  

fo rm u la  as fo llo w s :

E = C (P „ - P ,)

in  w hich:

E = R ate o f  e v a p o ra tio n  in  in c h e s  p e r  day

P^= Vapor p re s s u re  in  th e  f i lm  o f  a i r  n e a r  th e  s u r fa c e  o f

w a te r

P^= Vapor p re s s u re  in  th e  a i r  above th e  s u r fa c e  

C = C o e f f ic ie n t  th a t  depends on wind v e lo c i ty  

I t  was r e p o r te d  in  1920 th a t  c e r t a in  ch e m ic a ls , by p ro d u c in g  a 

m onom olecular f i lm  on th e  s u r fa c e  o f  w a te r ,  can reduce  e v a p o ra tio n  (96 , 

9 7 ) . A ccording to  Chow (98) th e  m ost e f f e c t i v e  o rg a n ic  compounds th a t  

can produce a la y e r  on th e  s u r fa c e  o f  th e  w a te r in  o rd e r  to  red u ce  

e v a p o ra tio n  were lo n g -c h a in  f a t t y  a lc o h o ls  c a l le d  o c ta d e c a n o l, h ex a- 

d e c a n a l,  o r  e th y l  a lc o h o l .

These compounds a re  composed o f  h y d roxy l (OH) o r h y d ro p h y lic  

io n s  a t  one end and hydrocarbon  o r hydrophob ic  io n s  a t  th e  o th e r  end. 

The m olecu le  i s  o r ie n te d  and makes a  m onom olecular f i lm  on th e  s u r fa c e

o f  th e  w a te r (96 , 9 8 ) . A ccording to  F ra n z in i  (96) th e  w a te r  m o lecu les

e sc a p in g  from a  body o f w a te r  to  th e  atm osphere must p ass  betw een th e  

f i lm  m olecu les and t h i s  r e q u ir e s  a d d i t io n a l  energy  to  th e  end th a t  

e v a p o ra tio n  i s  h in d e re d .

Chow (98) s t a t e d  th a t  oxygen and carbon  d io x id e  w ere passed
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th ro u g h  th e  f ilm  b u t w a te r  m o lecu les  were im peded. F ra n z in i (96) found 

th a t  th e  oxygen c o n te n t in  b o d ie s  o f  w ate r t r e a t e d  w ith  su p p re s sa n ts  

was n o t  changed s i g n i f i c a n t l y  from b o d ie s  o f  w a te r  w ith  la rg e  s u r fa c e  

a r e a s ,  and th a t  t h i s  p e rh ap s  was due to  th e  p re se n c e  o f  sp o ts  w ith o u t 

s u p p re s s a n ts .

H exadecanol, CH^- (CH2)j^^~0H sp re a d s  on th e  w ate r s u r fa c e  e a s i l y ,  

b u t  o c ta d e c a n a l ,  CH^- OH, does n o t sp re a d  v ery  w e ll (9 8 ) . A mix

tu r e  o f  th e se  two w ith  th e  h e lp  o f  a  s o lv e n t such  as pe tro leum  e th e r  

f a c i l i t a t e s  th e  sp re a d , and su b se q u en tly  th e  s o lv e n t e v ap o ra te s  le a v in g  

th e  su p p re s sa n t.

T h e o re tic a l ly  o n ly  0 .02  lb  o f chem ica l i s  n ece ssa ry  to  produce 

a f i lm  o f  10 ^ in ch es  on th e  s u r fa c e  o f  w a te r  (9 6 ) . I t  has been shown 

th a t  c e r t a in  b a c te r ia  feed  on th e se  chem ica ls  so th e  a re a  covered  may be 

g ra d u a l ly  reduced (9 6 ).

A nother problem  i s  th e  wind which moves th e  f ilm  and so red u ces  

i t s  e f f e c t iv e n e s s .  C onsequently  th e  use o f  a  w ind -b reak  has been r e 

commended w herever p o s s ib le  (9 6 ) . For f i lm  d e te c t io n  th e  use  o f  powdered 

t a l c  was recommended a s  th e  ta lcum  would sp read  i f  th e  f ilm  was n o t p re 

s e n t .  A lso in  th e  e a r ly  m orning th e  m o is tu re  r i s i n g  from uncovered a re a s  

cou ld  be observed  (96, 9 8 ) . E xperien ces  in  A u s t r a l i a ,  A f r ic a ,  U .S .A ., 

I s r a e l ,  Japan and In d ia  d em onstra ted  th a t  e v a p o ra tio n  was reduced  up to  

70 p e r  c e n t (98 ).

As p o in ted  o u t above e v a p o ra tio n a l lo s s e s  from s t a b i l i z a t i o n  

ponds lo c a te d  in  a r id  c l im a te s  can be e x te n s iv e  and , as a r e s u l t ,  can 

have s e r io u s  e f f e c t s  on th e  q u a l i ty  o f  th e  t r e a t e d  e f f lu e n t .  I t  i s  im

p o r ta n t ,  th e n , th a t  th o se  d e s ig n in g  and o p e ra t in g  ponds in  such c l im a te s
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employ ev a p o ra tio n  c o n t ro l  p ro c e d u re s .

One p ro ced u re  which m e ri ts  s tu d y  i s  th e  use  o f m u l t i - c e l l  ponds 

d es ig n ed  to  reduce th e  su r fa c e  a re a  and to  m inim ize th e  wind and wave 

a c t io n  which a c c e le r a te s  e v a p o ra tio n . A nother p ro ced u re  w hich h o ld s  

c o n s id e ra b le  prom ise i s  th e  use  o f  s u r fa c e  f i lm s .  K erosene, m entioned 

e a r l i e r  as  a  l a r v i c id e ,  i s  n o t ch em ica lly  v e ry  d i f f e r e n t  from th e  ma

t e r i a l s  u sed  fo r  e v a p o ra tio n  c o n tro l  and shou ld  be s tu d ie d  f o r  i t s  po

t e n t i a l  a p p l ic a t io n  a s  b o th  a l a r v i c id e  and e v a p o ra tio n  s u p p re s s a n t .



CHAPTER I I I

PURPOSE AND SCOPE

In  th e  fo re g o in g  d is c u s s io n ,  a t t e n t i o n  was focused  on th e  o p e ra 

t io n  o f  w aste  s t a b i l i z a t i o n  ponds and t h e i r  a p p l ic a t io n  in  c o u n t r ie s  

w hich eco n o m ica lly , d em o g rap h ica lly  and c l im a t i c a l ly  fav o r t h i s  type o f 

p ro c e s s  f o r  dom estic  w as te  tr e a tm e n t.  In  a r id  c o u n tr ie s  such a s  I r a n ,  

w as te  s t a b i l i z a t i o n  ponds ap p ea r to  be th e  optimum tre a tm e n t p ro c e s s ;  

how ever, p o t e n t i a l  problem s e x i s t  in  (a ) c o n t r o l l in g  e x c e ss iv e  evap o ra

t i o n  in  o rd e r  to  m inim ize th e  su b seq u en t in c re a s e s  in  m in e ra ls ,  suspended 

s o l id s  and a lg a e  and in  (b) e l im in a t in g  th e  w aste  s t a b i l i z a t i o n  ponds as 

a p o t e n t i a l  b reed in g  p la c e  f o r  m o sq u ito s , a  v e c to r  o f  c o n s id e ra b le  p u b lic  

h e a l th  s ig n i f ic a n c e  in  I r a n .

A su rv ey  o f  th e  l i t e r a t u r e  in d ic a te s  th a t  th e  WSP h as  been th e  

s u b je c t  o f a la rg e  number o f f i e l d  and la b o ra to ry  in v e s t ig a t io n s  under a 

w ide ran g e  o f  lo a d in g , l i g h t i n g  and d ep th  c o n s id e ra t io n s ;  how ever, no 

s tu d ie s  have been  r e p o r te d ,  to  d a te ,  w hich w ere designed  to  i n v e s t i g a t e ,  

on a com para tive  b a s i s ,  m osquito  and e v a p o ra tio n  c o n tro l  p ro c e d u re s  and 

t h e i r  e f f e c t s  on pond perfo rm ance . I t  was t h i s  need th a t  p ro v id e d  th e  

p u rp o se  o f  t h i s  in v e s t ig a t io n .

S p e c i f i c a l ly ,  t h i s  in v e s t ig a t io n  was designed  to  e lu c id a te  th e  

e f f e c t s  o f  k e ro se n e , a  l a r v i c i d e ,  on c o n t r o l l i n g  th e  e v a p o ra tio n a l  lo s s e s  

from la b o ra to ry  w aste  s t a b i l i z a t i o n  ponds and on th e  e f f i c i e n c y  o f  w aste
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tre a tm e n t as  m easured by th e  BOD and t o t a l  n i t r o g e n  in  th e  e f f l u e n t s  o f 

such  ponds.

A d d it io n a lly  t h i s  re s e a rc h  was to  s tu d y  th e  t r e a tm e n t e f f i c i 

e n c ie s  o f  one and two c e l l  la b o ra to ry  ponds fu n c tio n in g  under th e  same 

o p e r a t io n a l  p a ra m e te rs .

F in a l ly ,  a s  th e  p re sen ce  o f  a lg a e  in  th e  pond e f f l u e n t  has been 

a m a tte r  o f  q u e s tio n  re g a rd in g  th e  q u a l i ty  o f  th e  t r e a te d  e f f l u e n t ,  

t h i s  r e s e a rc h  was u n d e rta k en  in  an e f f o r t  to  in v e s t ig a t e  th e  e f f e c t s  o f 

e f f l u e n t  a lg a e  on BOD and t o t a l  n i t r o g e n  in  c e n tr ifu g e d  and u n c e n tr ifu g e d  

sam ples from b o th  one and two c e l l  ponds.



CHAPTER IV 

EQUIPMENT AND PROCEDURES

The e x p e rim e n ta l ponds w ere c o n s tru c te d  from g la s s  a q u a r ia  

a rra n g e d  in to  th r e e  t re a tm e n t u n i t s .  U n its  h e r e a f t e r  numbered 1 and 2, 

each  c o n s is te d  o f  a  s in g le  ta n k  23 .5  in c h e s  lo n g , 12 in c h e s  w ide and 

h av in g  14 in ch es  o f l i q u id  d ep th ; th u s  p ro v id in g  1 .9 6  sq f t  o f  su rfa c e  

a re a  and 2 .29  cu f t  o f  volum e. U n it number 3 c o n s is te d  o f  two tan k s 

( in  s e r i e s )  each b e in g  19 .5  in c h e s  lo n g , 10 in ch es  wide and hav ing  10.25 

in c h e s  o f l iq u id  d e p th , th u s  p ro v id in g  a  t o t a l  of 2 .70  sq f t  o f  s u r fa c e  

a r e a  and 2 .30  cu f t  o f  volum e.

The i n l e t s  to  th e  ponds w ere made o f  0 .5  in ch  ( i n t e r n a l  d ia 

m e te r)  p o ly v in y lc h lo r id e  tu b in g  in s e r t e d  a t  a h e ig h t  o f  2 in c h e s  above 

th e  l iq u id  s u r fa c e .  P le x ig la s s  i n l e t  b a f f l e s  were p la ced  1 in c h  from 

th e  i n l e t  tu b e  and ex ten d ed  1 in c h  below  th e  s u r fa c e  o f th e  ponds.

To m a in ta in  th e  l iq u id  le v e l s  l i s t e d  above, a 0 .5  in c h  d iam ete r 

o u t l e t ,  d esigned  as  a  c i r c u l a r  ov erflo w  w e ir ,  was in s e r te d  th ro u g h  the  

bo ttom  o f each tan k  a t  a  d is ta n c e  o f  2 in c h e s  from th e  end w a l l .  Each 

o u t l e t  was equipped w ith  a 1 - in c h  d ia m e te r  c i r c u l a r  b a f f l e  e x te n d in g  1 

in c h  below th e  s u r f a c e .

L ig h t was p ro v id ed  by e ig h t  4 - f t  W estinghouse, 4 0 -w a tt ,  " P la n t 

Gro" f lu o re s c e n t  tu b e s  (No 40/GR0) w hich were i n s t a l l e d  6 in c h e s  above 

a l l  l iq u id  s u r f a c e s .  These l i g h t s  were o p e ra te d  on a 12 -hour on , 12-hour
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o f f  c y c le  (6 AM to  6 PM) and p ro v id ed  an average  i l lu m in a t io n  o f 250 f t-C  

d u rin g  th e  d a y l ig h t  h o u rs .

S ta r t - u p  and a c c lim a tio n  o f  th e  ponds was i n i t i a t e d  by i n t r o 

ducing  4 g a l o f  d ig e s te d  s lu d g e  from th e  Oklahoma C ity  S o u th s id e  Sewage 

T rea tm ent P la n t  (a  25-MGD t r i c k l i n g  f i l t e r  o p e ra tio n )  to  each  ta n k . The 

rem ain d er o f th e  ta n k  was f i l l e d  w ith  su p e rn a ta n t from  th e  Choctaw, 

Oklahoma, W aste S t a b i l i z a t i o n  Pond, a m u l t i - c e l l  WSP se rv in g  a  community 

o f 4 ,0 0 0 . I n i t i a l l y ,  d a i ly  feed in g  o f  each  pond was accom plished w ith  

two 0.5-&  doses o f  raw  dom estic  sewage o b ta in e d  from th e  S o u th sid e  Sewage 

T rea tm ent P la n t .  A cc lim atio n  co n tin u ed  fo r  2 weeks d u rin g  which tim e 

a n a ly se s  f o r  pH w ere perform ed in  o rd e r  to  m on ito r th e  p ro g re s s  toward 

e q u il ib r iu m .

When a c c lim a tio n  was a c h ie v e d , a  s te p -w is e  program  o f  v a ry in g  

th e  o rg a n ic  lo a d in g  r a t e  was i n i t i a t e d  in  o rd e r  th a t  th e  optimum o p era

t i o n a l  p a ram ete rs  m ight be  d e te rm in ed . The r e s u l t s  o f  th e  BOD, COD, 

d is s o lv e d  oxygen and pH d e te rm in a tio n s  conducted  d u rin g  th e  15- and 4 5 -lb  

p e r  a c re  p e r  day reg im ens in d ic a te d  th e  o p tim a l lo a d in g  r a t e  fo r  th e  ponds 

to  be 30 lb s  p e r  a c re  p e r  day. At an in f lu e n t  BOD o f  300 m g/1, th e  de

te n t io n  tim es w ere 3 2 .4  days fo r  u n i t s  1 and 2 and 23 .4  days fo r  u n i t  3.

In  o rd e r  t h a t  th e  d e te n t io n  tim es a s  w e ll  as  th e  o rg a n ic  lo a d in g  r a te s  

m igh t be e q u i ta b le  f o r  a l l  th re e  u n i t s ,  th e  in f lu e n t s  o f  u n i t s  1 and 2 

w ere d i lu te d  w ith  ta p  w a te r so th a t  th e  d e te n tio n  tim es f o r  a l l  th re e  

u n i t s  w ere eq u a l to  2 3 .4  days.

E x perience  w ith  co n tin u o u s fe e d in g  u t i l i z i n g  v a r io u s  types o f 

" p e r i s t a l t i c "  low d is c h a rg e  pumps in d ic a te d  t h a t ,  due to  c lo g g in g  p rob

lem s r e s u l t in g  from th e  h ig h  suspended s o l id s  c o n te n t o f  raw dom estic
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sew age, lo a d in g  r a t e s  cou ld  n o t be a c c u ra te ly  and un ifo rm ly  c o n t ro l le d .  

C onsequently  feed in g  o f  th e  ponds was accom plished  in  fo u r  to  s ix  doses 

sp read  o v er a  4 -  to  6 -h o u r p e r io d .

The l a r v i c id e  was a p p lie d  to  th e  s u r fa c e  o f u n i t  2 a t  an amount 

eq u a l to  100 g a l p e r  a c re  and was m a in ta in ed  th rough  th e  4-m onths o f the  

in v e s t ig a t io n .  U n it 1 was e s ta b l is h e d  as a norm al s i n g l e - c e l l  pond func

t io n in g  under recommended lo a d in g  r a t e s ,  and as  su ch , p ro v id ed  th e  r e 

fe re n c e  n e c e ssa ry  f o r  e v a lu a tin g  b o th  e v a p o ra tio n  lo s s e s  and tre a tm e n t 

e f f ic ie n c y .

E v a p o ra tio n a l lo s s e s  from u n i t s  1 and 2 were de term ined  by 

c a p tu r in g  th e  e f f l u e n t s ,  c o r r e c t in g  th e  volum es r e ta in e d  f o r  th e  amount 

o f  sam ples w ithdraw n and com paring th e s e  v a lu e s  w ith  th e  r e s p e c t iv e  feed  

r a t e s .

In  o rd e r  to  p ro v id e  a  r e fe re n c e  fo r  e v a lu a tin g  e v a p o ra tio n a l  

lo s s e s  from th e  e x p e rim e n ta l ponds, an a d d i t io n a l  tan k  hav ing  d im ensions 

i d e n t i c a l  to  tan k s  1 and 2 , was f i l l e d  w ith  w a te r , p laced  in  th e  la b o ra 

to ry  environm ent and observed  d a i ly  fo r  e v a p o ra tio n a l lo s s e s .

The r e l a t i v e  h u m id ity  v a lu e s  a t  w hich th e  v a r io u s  e v a p o ra tio n  

r a te s  were observed  was determ ined  by th e  w et bu lb  -  d ry  bu lb  tech n iq u e  

and w ere confirm ed u t i l i z i n g  a  c a l ib r a te d  hygrom eter.

A ir movement in  th e  la b o ra to ry  was p ro v id ed  by an e l e c t r i c  fan  

w hich fu rn ish e d  an a i r  v e lo c i ty  o f  15 to  25 fpm over th e  s u r fa c e  o f th e  

ponds.

Pond p e rfo m a n c e  and tre a tm e n t e f f i c i e n c i e s  were e v a lu a te d  by 

d e te rm in in g  (99) and com paring th e  BOD, COD, and o rg a n ic  n i t r o g e n  co n ten t 

o f th e  in f lu e n t  and e f f lu e n t  o f a l l  th r e e  ex p e rim en ta l ponds. Samples
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fo r  BOD a n a ly s i s  were ta k en  two to  th re e  tim es each  week f o r  th e  e n t i r e  

20 weeks o f  th e  s tudy  w h ile  sam ples fo r  COD a n a ly se s  were ta k en  th r e e  to  

fo u r  tim es p e r  week f o r  th e  f i r s t  8 weeks a f t e r  a c c lim a tio n  was a c h ie v e d . 

The o rg a n ic  n i t ro g e n  v a lu e s  o f  th e  in f lu e n t  and a l l  th r e e  e f f lu e n t s  w ere 

de term ined  2 tim es weekly f o r  th e  l a s t  2 months o f  th e  s tu d y .

S ince  th e  e f f e c t s  o f  th e  p re se n c e  o f  a lg a e  on th e  r e s u l t s  o f 

th e  BOD, COD and n it ro g e n  t e s t s  w ere o f  co n ce rn , p a r t  o f  each sam ple was 

c e n tr ifu g e d  a t  l,1 3 5 x g  fo r  20 min and th e  a n a ly se s  w ere re p e a te d .

Pond perform ance was a ls o  m onito red  by o b se rv in g  th e  pH o f  th e  

s u p e rn a ta n t  o f  each  pond. Samples were ta k en  a t  l e a s t  once d a i ly  

(10:00 AM a n d /o r  2:00 PM) from 2 in ch es  below  th e  s u r fa c e  n e a r  th e  o u t l e t  

o f each u n i t  and w ere an a ly zed  u t i l i z i n g  a Beckman Expanded S ca le  pH 

m e te r.



CHAPTER V

RESULTS AND DISCUSSIONS

1 5 -lb  Loading R ate 

The r e s u l t s  o f  th e  . BOD and COD a n a ly se s  conducted  d u rin g  th i s  

phase  o f  th e  in v e s t ig a t io n  a re  summarized in  T able 3 . A s tu d y  o f  t h i s  

t a b le  a long  w ith  T ab le  8 in  th e  Appendix r e v e a ls  th a t  b o th  s i n g l e - c e l l  

ponds (u n i t s  1 and 2) ach iev ed  BOD and COD re d u c t io n s  o f  ap p ro x im ate ly  

55, and 49 p e r  c e n t ,  r e s p e c t iv e ly ,  on an u n c e n tr ifu g e d  b a s i s .

TABLE 3

BOD AND COD REDUCTIONS DURING THE 
1 5 -lb  LOADING RATE

P ercen tag e  R eduction  in  BOD P ercen tag e  R eduction  in  COD

C e n trifu g e d U n cen trifu g ed C en trifu g ed U n cen trifu g ed

U n it 1 86 .8 55.3 93.7 48 .5

U n it 2 87 .2 54.9 93.7 4 8 .8

U n it 3 87.5 75.5 93.8 64.2

The marked in c re a s e  in  BOD and COD re d u c t io n  r e f l e c t e d  in  the  

c e n tr i fu g e d  sam ples su g g e s ts  th a t  th e  a lg a e  le a v in g  th e se  ponds had a 

m ajor in f lu e n c e  on th e  q u a l i ty  o f  th e  e f f l u e n t  and th a t  u n ie s  th e  v i a b i l 

i t y  o f  th e se  organism s i s  m a in ta in e d , th e y  w i l l  e x e r t  an  a p p re c ia b le  BOD 

in  th e  r e c e iv in g  s tream .

55
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The r e s u l t s  o f  th e  a n a ly se s  conducted  on th e  tw o -c e l l  pond 

( u n i t  3) in d ic a te s  t h a t ,  on th e  b a s is  o f  c e n tr i fu g e d  sam ples, t h i s  pond 

ach iev ed  tre a tm e n t e f f i c i e n c i e s  com parable to  u n i t s  1 and 2 . However, a 

com parison o f  th e  r e s u l t s  observed  on u n c e n tr ifu g e d  sam ples r e v e a ls  th a t  

th e  tw o -c e l l  u n i t  produced a  s u p e r io r  q u a l i ty  e f f l u e n t .  This in c re a s e  

in  tre a tm e n t e f f ic ie n c y  m ig h t be a t t r i b u t e d  to  a  r e d u c t io n  in  e f f lu e n t  

a lg a e  from  th e  second c e l l  o f  th e  tw o -c e l l  pond.

D uring t h i s  p h ase  o f  th e  s tu d y  th e  pH v a r ie d  betw een 8 .5  and 

9 .5  and th e  d is s o lv e d  oxygen c o n te n t n ev er f e l l  below  7 mg/1 d u rin g  th e  

d a y l ig h t  h o u rs ,  th u s  in d i c a t in g  th a t  th e  ponds w ere fu n c tio n in g  no rm ally  

in  th e  la b o ra to r y  env ironm ent and w ere w e ll below  t h e i r  maximum lo a d in g  

r a t e s .

4 5 - lb  Loading R ate

As may be  seen  in  T ab le  4 below  and T ab le  9 in  th e  A ppendix, th e  

BOD and COD a n a ly se s  conducted  on c e n tr ifu g e d  sam ples in d ic a te  low er 

tre a tm e n t e f f i c i e n c i e s  f o r  a l l  th re e  u n i t s  th an  th o se  observed  a t  th e  

1 5 -lb  lo a d in g  r a t e .

TABLE 4

BOD AND COD REDUCTIONS DURING 
THE 4 5 -lb  LOADING RATE

P ercen tag e  R ed u c tio n  in  BOD P e rc e n ta g e  R eduction  in  COD

C e n trifu g ed U n cen trifu g ed C e n tr ifu g e d U ncen trifu g ed

U n it 1 79.4 67.9 81 .4 54.6

U n it 2 74.7 63.5 80 .9 57.0

U n it 3 79.7 68.8 83.4 64.1
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T his su g g e s ts  th a t  th e  h ig h e r  lo a d in g  r a t e  was m a rg in a l w ith  

r e s p e c t  to  pond s t a b i l i t y  and p ro b a b ly  would r e s u l t  in  a  g ra d u a l p ro g re s 

s io n  o f  a c id  p h ase , a n a e ro b ic  d eco m p o sitio n .

T his i s  su p p o rted  by th e  r e s u l t s  o f th e  BOD and COD a n a ly se s  of 

th e  u n c e n tr ifu g e d  e f f lu e n t  sam p les . Even though th e r e  was an a p p a re n t 

in c re a s e  in  tre a tm e n t e f f i c i e n c y  a t  t h i s  lo a d in g  r a t e ,  t h i s  can n o t be 

i n t e r p r e te d  a s  a  t r u e  in c re a s e  i n  pond perform ance b u t r a th e r  as a de

c re a s e  in  th e  a lg a e  in  th e  e f f l u e n t s  o f  a l l  th re e  u n i t s .  Such a d e c re a se  

in d i c a te s  a  d e t e r io r a t in g  env ironm ent in  th e  pond.

The em inent f a i l u r e  o f  th e  pond as  an a e ro b ic  p ro c e s s  was a ls o  

in d ic a te d  by th e  pH v a lu e s  w h ich , a f t e r  o n ly  th re e  days in to  t h i s  phase  

o f  th e  s tu d y , averaged  o n ly  7 .5  a t  m idday, (6 ho u rs  o f  l i g h t ) .  In  a d d i

t i o n  th e  d is s o lv e d  oxygen c o n c e n tra t io n s  in  a l l  th r e e  u n i t s  were alw ays 

below  1 .0  ppm even a f t e r  9 h o u rs  o f i l lu m in a t io n .

These a n a ly se s  to g e th e r  w ith  th e  s u b je c t iv e  o b se rv a tio n s  on 

odo r and gas p ro d u c tio n  a t  th e  low er l e v e l  in  th e  p o n d s , in d ic a te d  th e  

optimum lo a d in g  r a t e  fo r  c o n tin u e d  o p e ra t io n  to  be 30 lb s  p e r a c re  p e r  

day w hich , in c id e n t ly ,  i s  th e  s ta n d a rd  lo a d in g  recommended f o r  f i e l d  

p o n d s .

I t  i s  i n t e r e s t i n g  to  n o te ,  how ever, th a t  under m a rg in a l lo a d in g  

c o n d i t io n s  th e re  were no a p p a re n t ad v an tag es  to  a  tw o -c e l l  v e rs u s  a one

c e l l  d e s ig n .

I t  was a ls o  n o ted  a t  t h i s  p o in t  t h a t  COD as  an a n a l y t i c a l  te c h 

n iq u e  f o r  m o n ito rin g  th e  e f f ic ie n c y  o f  an a e ro b ic  b io l o g ic a l  tre a tm e n t 

p ro c e s s ,  was l im i te d .  As th e  d a ta  in d i c a te s ,  th e  r a t i o  o f BOD to  COD of 

th e  v a r io u s  sam ples was q u i t e  v a r ia b le  and could  r e s u l t  in  m is le a d in g
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i n t e r p r e t a t i o n .

3 0 -lb  Loading R ate 

The r e s u l t s  o f  th e  BOD, COD and o rg a n ic  n i t ro g e n  d e te rm in a tio n s  

a re  p re se n te d  in  T ab le  10 in  th e  A ppendix and th e  tr e a tm e n t e f f i c i e n c i e s  

a re  shown in  T ab le  5.

TABLE 5

PERCENTAGE BOD, COD AND ORGANIC NITROGEN REDUCTIONS 
DURING THE 3 0 -lb  LOADING RATE

U n it 1 U n it 2 U n it 3

C en tr ifu g ed 96 .3 83 .8 98.0
BOD

U n cen trifu g ed 86.09 73.0 91.42

C en trifu g ed — — — — — — — —

COD
U n cen trifu g ed 73 .6 71 .0 67.5

C en trifu g ed 39 .0 39 .8 57.62
O rganic N itro g en

U n cen trifu g ed 30 .0 37.47 46.27

By com parison w ith  T ab le s  3 and 4 , i t  may be seen th a t  th e  perfo rm ance, 

o f th e  ponds a t  t h i s  lo a d in g  was s a t i s f a c t o r y  and in  g e n e ra l ,  was s u p e r io r  

to  th a t  observed  a t  e i t h e r  th e  h ig h e r  o r  low er lo a d in g  r a t e s  s tu d ie d  in  

th e  p re lim in a ry  p hases  o f  th i s  in v e s t ig a t io n .  I t  may a lso  be no ted  th a t  

u n i t  3, th e  tw o -c e l l  pond, was more e f f i c i e n t  than  u n i t s  1 and 2 , th e  

s in g le  c e l l  ponds, in  rem oving BOD and o rg a n ic  n i t ro g e n  m easured on b o th  

a c e n tr ifu g e d  and u n c e n tr ifu g e d  b a s i s .  However, th e  COD a n a ly se s  in d i 

c a te  a h ig h e r  re d u c t io n  in  th e  s in g le  c e l l  ponds.

A com parison o f  u n i t s  1 and 2, r e v e a ls  th a t  th e  pond c o n ta in in g
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th e  l a r v i c id e  ach ieved  a  somewhat low er BOD re d u c t io n  th a n  d id  i t s  

c o u n te rp a r t  w ith o u t th e  k e ro se n e . T h is tre n d  was su p p o rte d  by th e  COD 

v a lu e s  b u t  was re v e rse d  by th e  o rg a n ic  n it ro g e n  a n a ly s e s .  T h is le a d s  to  

th e  o b s e rv a tio n  th a t  th e  l a r v i c i d e  had a  d e f i n i t e  e f f e c t  on c e r t a in  p a ra 

m e te rs  o f  pond perform ance b u t in  s p i t e  o f  th e s e  e f f e c t s ,  th e  pond s t i l l  

perform ed a c c e p ta b ly .

V isu a l o b s e rv a tio n s  in d ic a te d  th a t  th e  a lg a e  c o n c e n tra t io n  was 

q u i te  h ig h  in  th e  f i r s t  c e l l  o f  u n i t  3 b u t was v e ry  low in  th e  second 

c e l l .  T h is  compares w ith  th e  low e f f lu e n t  a lg a e  c o n c e n tra tio n s  observed  

d u rin g  th e  p rev io u s  s tu d ie s  and i s  c o n s is te n t  w ith  th e  h ig h  pH v a lu e s  and 

BOD re d u c t io n s  ach ieved  by t h i s  u n i t .

O ther o b s e rv a tio n s  on u n i t  2 in d ic a te d  th a t  a t  th e  in te r f a c e  

betw een th e  pond l iq u id  and th e  k e ro se n e , a la y e r  o f  w h ite  m icroorganism s 

in te rm in g le d  w ith  c o lo n ie s  o f  re d  organism s g ra d u a l ly  developed . This 

la y e r  reduced  the  p e n e t r a t io n  o f  l i g h t  and , c o n se q u e n tly , low ered th e  

a lg a l  a c t i v i t y .  T h is , in  tu r n ,  c o n tr ib u te d  to  th e  low er d is so lv e d  oxygen 

c o n te n t ,  pH and BOD re d u c t io n  d is c u s se d  above.

I s o la t io n  and i d e n t i f i c a t i o n  o f th e se  o rgan ism s by E rn e s t D.

K ing, m ic ro b io lo g is t ,  and G raduate F ellow , D epartm ent o f  E nvironm ental 

H e a lth , U n iv e rs ity  o f  Oklahoma, re v e a le d  th a t  th e  w h ite  la y e r  was com

posed o f  genus P ro v id en ce , group A and B. A sso c ia te d  b a c t e r i a  were A c tin o -  

b a c i l l u s  ac tinom ycetem com itans, Chrom obacterium  jan th in u m  and Pseudo

monas a e ru g in o sa . On s e v e ra l  o c c a s io n s , a y e a s t - l i k e  organ ism  id e n t i f i e d  

as C andida k ru s i  was found a s s o c ia te d  w ith  th e  b a c t e r i a l  p o p u la tio n . The 

red  c o lo n ie s ,  which e v e n tu a lly  dom inated th e  l a y e r ,  w ere i d e n t i f i e d  as  

a p igm ented b a c t e r ia ,  Rhodopseadomonas p a l u s t r i s . A ccording to  Breed (1 0 0 ),
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Chrom obacterium  .i anthinum  i s  found in  w a te r  and s o i l  and can cause  a 

f a t a l  s e p tic e m ia  in  b o th  an im als  and man.

As may be seen  in  T able 6 , th e  pH f o r  a l l  th r e e  u n i t s  was 8 .1  

to  8 .7  d u r in g  th e  f i r s t  month o f  t h i s  p h ase  o f  th e  in v e s t ig a t io n .  As 

th e  s tu d y  p ro g re s s e d , u n i t  1 , th e  s in g le  c e l l  pond w ith o u t th e  l a r v i c i d e ,  

and u n i t  3 ,  th e  tw o -c e l l  pond, b o th  m a in ta in e d  t h e i r  o r ig i n a l  v a lu e s  

± 0 .4  pH u n i t s  w ith  u n i t  3 b e in g  s l i g h t l y  h ig h e r  on each  o c c a s io n . On 

th e  o th e r  hand , u n i t  2 , th e  pond w ith  th e  k e ro sen e  e x p e rien ced  t r a n s i e n t  

pH c o n d i t io n s  b e fo re  s t a b i l i z i n g  a t  7 .9 ,  a  somewhat low b u t a c c e p ta b le  

l e v e l .

TABLE 6

AVERAGE pH VALUES OBSERVED DURING 
THE 3 0 -lb  LOADING RATE

O ctober November December Jan u ary

U n it 1 8 .6 8 .2 8 .2 8 .3

U n it 2 8 .1 7 .8 7.9 7 .9

U n it 3 
C e ll  1 8 .7 8 .3 8 .4 8 .4

C e ll 2 8 .5 8 .3 8 .5 8 .5

The e v a p o ra tio n  d a ta  p re s e n te d  in  T able 7 in d ic a te  th a t  th e  

e v a p o ra tio n a l  lo s s e s  from th e  w aste  s t a b i l i z a t i o n  ponds w ere low er th an  

from a  com parab le  body o f  w a te r . T h is  o b s e rv a tio n  i s  in  d i r e c t  o p p o s i

t io n  to  th e  th e o ry  th a t  ponds, due t h e i r  h ig h e r  suspended s o l id s  c o n te n t ,  

would ab so rb  more r a d ia n t  energy  and th e r e f o r e  would e x p e rie n c e  h ig h e r  

r a te s  o f  e v a p o ra tio n .
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TABLE 7

MONTHLY AVERAGE EVAPORATIONAL LOSSES 
IN INCHES OF WATER PER 24 HOURS

O ctober November December Jan u ary

U n it 1 0.137 0.144 0.218 0.258

U nit 2 0 .031 0.026 0.042 0.021

W ater Tank 0.209 0.269 0 .308

R e la t iv e  Hum idity 54.2 47 .9 40 .6 32.9

I t  may a ls o  be seen  t h a t  th e  r a t e  o f  w a te r  lo s s  from b o th  u n i t  1 and th e  

c o n t ro l  ta n k  were in v e r s e ly  p ro p o r t io n a l  to  th e  r e l a t i v e  h u m id ity . By 

com parison , u n i t  2 -  th e  pond w ith  th e  l a r v i c i d e -  e x h ib i te d  a much low er 

r a t e  o f  e v a p o ra tio n  and t h a t  th e s e  ob serv ed  r a t e s  w ere a p p a re n t ly  in d e 

p en d en t o f  th e  r e l a t i v e  h u m id ity . These o b s e rv a tio n s  in d i c a te  th a t  

k e ro se n e , an e f f e c t iv e  l a r v i c i d e ,  can s ig n i f i c a n t l y  red u ce  e v a p o ra tio n a l  

lo s s e s  from w aste  s t a b i l i z a t i o n  ponds.



CHAPTER VI

SUMMARY AND CONCLUSIONS

T his r e s e a rc h  was d es ig n ed  to  in v e s t ig a t e  th e  e f f e c t s  o f  k e ro 

se n e , a  l a r v i c id e  e x te n s iv e ly  employed in  m osquito  c o n t ro l  p rogram s, on 

th e  o p e ra t io n a l  perfo rm ance and on c o n t r o l l in g  th e  e v a p o ra tio n a l  lo s s e s  

from w aste  s t a b i l i z a t i o n  ponds o p e ra te d  a t  3 0 - lb s  o f  BOD p e r  a c re  p e r  

day u nder la b o ra to ry  c o n d i t io n s .  E v ap o ra tio n  c o n t ro l  was e v a lu a te d  and 

compared w ith  a  s im i la r  pond n o t c o n ta in in g  th e  l a r v i c id e  and w ith  a  body 

o f  w a te r  o f  i d e n t i c a l  geom etry . The e f f e c t s  on pond perfo rm ance were 

e v a lu a te d  by d e te rm in in g  th e  BOD, COD and o rg a n ic  n i t ro g e n  re d u c t io n s  

along  w ith  th e  d is s o lv e d  oxygen and pH o f  th e  pond w ith  th e  l a r v i c id e  and 

com paring th e se  w ith  s im i la r  a n a ly se s  on b o th  s in g le  and tw o -c e l l  la b o ra 

to ry  ponds.

Based on th e  r e s u l t s  o f th e s e  a n a ly se s  th e  fo llo w in g  c o n c lu s io n s  

have been  drawn.

1 . W aste s t a b i l i z a t i o n  ponds o p e ra te d  a t  s ta n d a rd  lo a d in g  r a t e s  and 

t r e a te d  w ith  k e ro sen e  a t  le v e l s  up to  100 g a l p e r  a c re  can 

a c h ie v e , somewhat red u ced , b u t s a t i s f a c t o r y  le v e l s  o f  BOD s a t i s 

f a c t io n  (73 p e r  c e n t)  and o rg a n ic  n i t r o g e n  rem oval (37 p e r  c e n t ) , 

and can m a in ta in  a c c e p ta b le  d is s o lv e d  oxygen and pH l e v e l s .

2. For s t a b i l i z a t i o n  ponds o p e ra t in g  in  a r id  to  s e m i-a r id  re g io n s  

w here e v a p o ra tio n  c o n tro l  i s  d e s i r a b l e ,  k e ro sen e  can fu n c tio n  as
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b o th  a  l a r v i c id e  and an e v a p o ra tio n  s u p p re s sa n t.  E v a p o ra tio n a l 

lo s s e s  can be c u t by f a c to r s  o f fo u r to  te n  depending on th e  r e 

l a t i v e  h u m id ity .

3 . The p re se n c e  o f  a lg a e  in  th e  e f f lu e n t  from w aste  s t a b i l i z a t i o n  

pond can in c re a s e  th e  r e s id u a l  BOD by f a c to r s  a s  h ig h  a s  400 p e r  

c e n t  and, c o n se q u e n tly , can  have a s ig n i f i c a n t  e f f e c t  on th e  

q u a l i ty  o f th e  e f f lu e n t  and on th e  re c e iv in g  s tream .

I t  i s  recommended th a t  f u tu r e  in v e s t ig a t io n  be u n d er

ta k en  in  an e f f o r t  to  d evelop  p r a c t i c a l  and econom ical p ro ced u res  

fo r  rem oving a lg a e  from pond e f f lu e n t s .  Such p ro c e d u re s  would 

n o t  o n ly  im prove th e  q u a l i ty  o f  th e  flow  le a v in g  th e  pond as 

w e ll  a s  th e  r e c e iv in g  s tream  b u t a ls o  cou ld  p ro v id e  a  r e a d i ly  

a v a i la b le  so u rce  o f  p r o te in .

4. When o p e ra te d  under i d e n t i c a l  c o n d itio n s  o f o rg a n ic  lo a d in g , de

te n t io n  tim e , d ep th  and l i g h t ,  tw o -c e ll  ponds compared to  t h e i r  

o n e - c e l l  c o u n te rp a r ts  can  ach iev e  and m a in ta in  h ig h e r  re d u c tio n s  

in  BOD and o rg a n ic  n i t ro g e n  as w e ll as h ig h e r  d is s o lv e d  oxygen 

and pH le v e l s .  Such in c re a s e s  in  tre a tm e n t e f f ic ie n c y  may be 

due, in  p a r t  b u t n o t t o t a l l y ,  to  a  re d u c tio n  in  th e  c o n c e n tra t io n  

o f  e f f lu e n t  a lg a e .  I t  i s  recommended th a t  tw o -c e l l  ponds be 

f u r th e r  in v e s t ig a te d  in  o rd e r  to  a s c e r t a in  th e  in f lu e n c e  o f de

s ig n  on e v a p o ra tio n a l  lo s s e s  and th a t  such s tu d ie s  be  expanded

to  in c lu d e  an e v a lu a tio n  o f m onom olecular f ilm s  on c o n t ro l l in g  

e v a p o ra tio n .
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APPENDIX

TABULATED DATA—RESUI-TS OF BOD, COD, ORGANIC NITROGEN 
AND EVAPORATIONAL LOSSES DURING THE INVESTIGATION
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TABLE 8

MEAN CONCENTRATION AND STANDARD DEVIATION OF INFLUENT 
AND EFFLUENT BOD AND COD DURING THE 

1 5 - lb  LOADING RATE

I n f lu e n t
mg/1

E f f lu e n t ,  mg/1 
U n it 1 U n it 2 U nit 3

X ----- 37 36 38

C en trifu g ed s ----- 2 .2 2 .8 1 .7

n —  — 4 4 4
BOD

X 282 126 127 69

U n cen trifu g ed s 40 6 .2 5 .1 3 .6

n 4 4 4 4

X —  — 58 58 57

C e n trifu g e d s ----- 3 .6 7 .3 7 .5

n —  — 7 7 7
COD

X 921 474 471 329

U n cen trifu g ed s 18 124 120 78

n 8 8 8 8

X = Mean

s = S tandard  d e v ia t io n  

n  = Number o f o b s e rv a tio n s
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TABLE 9

MEAN CONCENTRATION AND STANDARD DEVIATION OF INFLUENT 
AND EFFLUENT BOD AND COD DURING THE 

4 5 -lb  LOADING RATE

In f lu e n t
m g/I

E f f lu e n t , mg/1
U n it 1 U n it 2 U n it 3

X ----- 66 81 65

C e n trifu g e d s — — 15 14 19

n — — 8 8 8
BOD

X 321 103 117 100

U n cen trifu g ed s 32 14 12 15

n 8 8 8 8

X — — 155 159 138

C e n trifu g e d s --- 6 .6 14 8 .8

n — — 8 8 8
COD

X 834 378 358 299

U n cen trifu g ed s 241 33 16 43

n 9 7 7 7
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TABLE 10

MEAN CONCENTRATION AND STANDARD DEVIATION OF INFLUENT 
AND EFFLUENT BOD, COD AND ORGANIC NITROGEN

DURING THE 30--lb  LOADING RATE

I n f lu e n t
mg/1

E f f lu e n t ,  mg/1
U n it 1 U n it 2 U nit 3

X --- 11 42 5 .8

C e n tr ifu g e d s --- 6 .3 15 3 .0

n --- 10 9 .0 8 .0
BOD

X 296.3 4 1 .2 80 .0 25.4

U n cen trifu g ed s 70 .0 10 .2 14 .3 15.6

n 27 30 30 30

C en trifu g ed

X

s

--- --- —

---

COD
n

X 1314 344 380 403
U n cen trifu g ed s 1065 82 215 92

n 13 19 19 22

X --- 38 .0 37.5 26.4

C en tr ifu g ed s --- 5 .3 5 .8 6 .0

n —  — 13 12 12
O rganic

N itro g en
X 62.3 43.59 38.94 33.4 :

U n cen trifu g ed s 2 .8 4 .5 2 .7 4 .1

n 11 15 10 17
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TABLE 11

MEAN AND STANDARD DEVIATION OF EVAPORATIONAL LOSSES

X In c h e s /d a y 0.255

C o n tro l Tank s 0.127

n 60

X In c h e s /d a y 0.178

U n it 1 s 0 .070

n 93

X In c h e s /d a y 0.039

U n it 2 s 0 .028

n 87

X 45.7

R e la t iv e  H um idity s 11.1

n 97


