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In a continuing study of pollution in the Indian R ive r -Banana  River  
Complex (1), it was  of i n t e r e s t  to de te rmine  the dis t r ibut ion of s e v e r a l  
pollutants in the su r face  w a t e r s  of a la rge  segment  of the lagoonal sys t em.  
Numbers  of co l i fo rms  were  c o r r e l a t e d  with concur ren t  s tudies  of the 
leve ls  of n i t ra te ,  phosphate,  d isso lved  oxygen and sal ini ty along a 70 mi le  
segment  of the Indian River ,  and along the ent i re  length of the un re s t r i c t ed  
pa r t  of the Banana Rive r .  * 

METHODS AND. MATERIALS 

Surface wa te r  s am p l e s  we re  col lected in clean bot t les  f r o m  
predes igna ted  points in the r i v e r s .  In the Banana River  the 10 sample  
points were  approx ima te ly  3 mi les  distant  f r o m  each other .  In the 
Indian R ive r  24 s am p l e s  we re  col lected,  each at a se lec ted  channel 
m a r k e r  or  o ther  eas i ly  identified location as  desc r ibed  in another  
publication (2). 

100 ml  of each wa te r  sample ,  and a sui table dilution thereof ,  
we re  f i l te red  through p r e s t e r i l i z e d  mi l l ipore  f i l t e r s .  The f i l ter  
w a f e r s  were  then placed on f i l te r  pads contained in mi l l ipore  cul ture  
d ishes ,  and sa tu ra ted  with EndoTs medium (Difco) (3). The dilutions 
were  p r e p a r e d  in 100 ml  s t e r i l e ,  de- ionized w a t e r  blanks.  After  
sui table incubation, co l i fo rm colonies were  counted. Fo r  pu rposes  of 
this presenta t ion ,  as  was done p rev ious ly  (1), all  of the lac tose  ferment ing ,  
g r a m  negat ive baci l l i  which grew on this med ium w e r e  cons idered  to be 
co l i fo rms .  

Dissolved oxygen was de te rmined  by the A l s t e r b e r g  (4) 
modificat ion of the Winkler  Method except  that phenyla r sene  oxide was 
subst i tuted for  sodium thiosulfate .  N i t r a t e -Ni t r i t e  was e s t ima ted  
co lo r ime t r i c a l l y  with a lpha-napthol  and sulfanic acid (5), and 
phosphate ,  by the fo rmat ion  of phosphomolybdie acid (5). Salinity was 
de te rmined  po ten t iomet r ica l ly  as  desc r ibed  by McCall (2). 

E XPERIME NTAL 

The co l i fo rm populations a re  re la ted  to sa l t  levels  in the Indian 
River  in F igure  1, in which is  indicated i n c r e a s e d  number s  of co l i fo rms  
in a r e a s  of d e c r e a s e d  sal ini ty.  

*KSC l imi t s  ent ry  into that pa r t  of the Banana River  north of the NASA 
Causeway.  
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Figure 1. Relationship between Salinity and Coliforms in the 
Indian River. 

This inverse  relationship appeared in a smal l  area of the southern river 
at Sebastian Creek; and in a substantial area beginning at a point about 
5 miles  south of, and extending to about 20 mi les  north of, the Eau Gallie 
Causeway. Both areas  include non-sal ine  waterways which empty 
into the lagoon. In addition to "fresh" water,  several  of these  
waterways carry effluents from large sewage treatment plants.  

The relationship between salinity and col i form populations in the 
Banana River are depicted in Figure 2. This l e s ser  lagoon originates  
at the Eau Gallie Causeway and proceeds north for about 35 mi les ,  about 
30 of which are open for boating. 
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Figure 2. Relationship between Salintiy and 
Coliforms in the Banana River.  
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The Coliform population was consistently low during the f i rs t  10 mi les ,  
but spiked sharply during the next 5. Progressing northward from the 
Merri t t  Island Causeway (S.Ro 520), both salinity and numbers of 
coliforms increase,  the latter ra ther  sharply. In the area of the 
Bennett Causeway, about 5 miles north of Merri t t  Island Causeway, are 
located locks which control the water flow from Port  Canaveral,and the 
Barge Canal. The contributions that these features might make to salinity 
and coliform populations in the northern part  of the lagoon is not clear.  
They are ,  however, the only significant s t ructures  in this part of the waterway 
other than the Bennett and NASA Causeways. 

With respect  to the chemical and physical parameters  investi-  
gated, dissolved oxygen remained at near saturation except for one point 
in  the Indian River near the Merrit t  Island Causeway where it decreased 
by 10 micrograms per ml. There was no apparent relationship between 
dissolved oxygen levels and the other factors measured. 

The relationship between phosphate and nitrate levels in the 
Indian River is shown in Figure 3. 
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Figure 3. Distribution of Nitrates and Phosphates in the 
Indian River. 

The phosphate level appeared highest in the area  of Sebastian Creek, 
whereas the nitrate level was only moderately increased.  Sebastian 
Creek drains a substantially agricultural area  which is fert i l ized 
regularly.  Proceeding northward, the curves for both ions dropped 
rapidlythen ran essentially parallel  for about 10 miles. At this point, 
about 6 miles south of the Eau Gallie Causeway (0 on the Abcissa), and 
associated with an increase in coliforms (Figure 1), there began a sharp 
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drop in the phosphate level  and a tua jor  r i s e  in the n i t ra te  level .  These  
conditions spanned the 6 mi le  in te rva l  in which a r e  located the outfal ls  
of 2 fa i r ly  l a rge ,  and s e v e r a l  smal l  sewage t r e a t m e n t  plants .  

A second phosphate peak occu r r ed  concurren t ly  with a n i t ra te  
peak  at a location 17 mi les  north of the Eau Gallie Causeway.  This  
is  a lso  an a r e a  of c i t rus  f a rming  with at tendant chemica l  fer t i l iza t ion.  
During the next 4 mi l e s  the phosphate level  again dropped sharp ly ,  but 
the n i t ra te  level  continued to i n c r e a s e .  The wa te r  in this 4 mi le  
in te rva l  also r e c e i v e s  sewage t r ea tmen t  plant eff luents .  

Leve ls  of both ions d e c r e a s e d  sharp ly  at the 25 mi le  m a r k  
and r ema ined  low until the 36 mile  m a r k  when the n i t ra te  level  r o se ,  
and peaked at the 40mile  m a r k  in the Ti tusvi l le  a r e a .  It d e c r e a s e d  
to a modera t e  level  at the 45 mi le  m a r k  than i nc rea sed  sharp ly  near  the 
north end of the lagoon. The concur ren t  phosphate leve ls  we re  low, 
and fluctuated only within nar row l imi ts .  

F igure  4 depicts  the n i t r a te -phospha te  re la t ionship  in the 
Banana River .  
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Figure  4. Distr ibution of Ni t ra tes  and 
Phosphates  in the Banana River .  

Pa ra l l e l ing  that of the Indian River ,  the phosphate level  dropped sharp ly  
in the f i r s t  12 mi les .  In the same  in terva l ,  the n i t ra te  level  peaked at the 
3 mi le  m a r k  and again at  the 9 mi le  mark .  It then d e c r e a s e d  
modera te ly  and r ema ined  even until the 15 mi le  m a r k  was reached ,  
The a r e a  cove red  by the n i t ra te  peak e n c o m p a s s e s  s e v e r a l  l a rge  
res ident ia l  a r e a s ,  P a t r i c k  Air  F o r c e  Base ,  and Cocoa Beach with 
the i r  at tendant sewage t r e a t m e n t  plants .  In addition, Sykes Creek  
(New Found Harbor)  has  i t s  southern t e rminus  in this  a r ea .  The re  
o c c u r r e d  also a peak in co l i fo rms  at the 12 mi le  m a r k .  

In the a r e a  of the second phosphate peak, 21 mi les  ner th ,  the 
n i t ra te  level  was modera t e ly  inc reased .  While the phosphate level  
dec reased ,  the n i t ra te  level  r ema ined  mode ra t e  then r o s e  sharp ly  
at the NASA Causeway.  In the a r e a  of the n i t ra te  plateau ther  is  
a sewage t r e a t m e n t  plant a Cape Canavera l ,  and in the a r e a  of 
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sha rp  r i s e  a r e  the Barge  Canal,  Por t  Canavera l ,  NASA Causeway 
and the t e rmina l  point for  un re s t r i c t ed  boating.  In the t e rmina l  
a r e a  the re  a lso  o c c u r r e d  a sha rp  i n c r e a s e  in the number  of co l i fo rms ,  

In cons ider ing  these  data,  ce r ta in  r e - i n t e r p r e t a t i o n s  of the 
n i t r a t e -phospha te  re la t ionship  a r e  poss ib le ,  Fo r  example ,  high 
leve ls  of phosphate s e e m  to occur  in a r e a s  of agr icu l tu ra l  act ivi ty;  
runoff of that  used  in soil  enr ichment .  A s i m i l a r  s i tuat ion in the 
Cochin Backwater  was  desc r ibed  by Sankaranarayanan  and Qas im (6). 
High n i t ra te  l eve l s  can be a s soc ia t ed  with high densi ty population a r e a s  
and the effluents f r o m  sewage t r ea tmen t  fac i l i t ies .  When leve ls  of 
both ions a r e  i n c r e a s e d  a combinat ion of agr icu l tu re  and hi~.h 
population is  usual ly demons t rab le .  However ,  the pathways by which 
these  ions a r e  ut i l ized in the r i v e r  a r e  not yet  c l e a r .  

It  i s  a lso  of some signif icance that l a rge  number s  of 
co l i fo rms  were  not found at  any sample  s i te  at which the n i t ra te  
level  exceeded 35 m i c r o g r a m s  per  ml  or  the sal ini ty exceeded 25 
mg pe r  ml.  That  there  w e r e  re la t ive ly  few co l i fo rms  found in 
a r e a s  rece iv ing  the effluents f r o m  la rge  sewage t r e a t m e n t  plants  
p robably  r e f l ec t s  eff icient  chlor inat ion of those effluents.  
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