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E F F E C T S O F W A S T E W A T E R E F F L U E N T C H L O R I N A T I O N 
O N B A C T E R I A L D E N S I T I E S I N R E C E I V I N G W A T E R 

S . D . L i n 

I N T R O D U C T I O N 

In the s u m m e r of 1 9 8 4 , the W a t e r Q u a l i t y S e c t i o n of the 
I l l i n o i s S t a t e W a t e r S u r v e y c o n d u c t e d a s t u d y t o a s s e s s the 
i m p a c t s o f the G r e a t e r P e o r i a S a n i t a r y D i s t r i c t C G P S D ) a m m o n i a 
d i s c h a r g e s on the I l l i n o i s R i v e r . As a p a r t of t h i s s t u d y , 

 b a c t e r i a l s a m p l e s w e r e c o l l e c t e d - for e n u m e r a t i o n of. f e c a l 
c o l i f o r m ( F C ) , total col i f o r m ( T C ) , a n d f e c a l s t r e p t o c o c c u s C F S ) . 

T h e p u r p o s e o f the b a c t e r i a l e n u m e r a t i o n s w a s t o e v a l u a t e 
the e f f e c t s o f w a s t e w a t e r e f f l u e n t c h l o r i n a t i o n o n the b a c t e r i a l 
d e n s i t i e s i n the r e c e i v i n g w a t e r . 

A c k n o w l e d g m e n t s 

M a n y I l l i n o i s S t a t e W a ter S u r v e y p e r s o n n e l c o l l e c t e d s a m p l e s 
for b a c t e r i a l a n a l y s e s . D r . R a m a n K . R a m a n r e v i e w e d the r e p o r t , 
G a i l T a y l o r e d i t e d the final r e p o r t , L i n d a J o h n s o n t y p e d the 
m a n u s c r i p t , a n d W i l l i a m M o t h e r w a y , J r . , p r e p a r e d the 
i l l u s t r a t i o n s . 

T h e G r e a t e r P e o r i a S a n i t a r y D i s t r i c t p r o v i d e d f u n d s for 
p u b l i c a t i o n o f this r e p o r t . 

I N D I C A T O R B A C T E R I A 

B a c t e r i a , p r o t o z o a n c y s t s , and v i r u s e s a r e n o r m a l 
i n h a b i t a n t s o f w a t e r , s o i l , h u m a n a n d a n i m a l gut and s k i n , p l a n t 
s u r f a c e s , a n d i n d e e d a l m o s t e v e r y l o c a t i o n o n e a r t h . P o l l u t e d 
w a t e r i s h a z a r d o u s b e c a u s e d i s e a s e s s u c h a s c h o l e r a , d y s e n t e r y , 
t y p h o i d , g i a r d i a s i s , s c h i s t o s o m i a s i s , and h e p a t i t i s a r e 
t r a n s m i t t e d v i a the o r a l - f e c a l r o u t e . 

In d e t e r m i n a t i o n s of m i c r o b i o l o g i c a l w a t e r q u a l i t y , a n u m b e r 
o f b a c t e r i a l i n d i c a t o r s a r e e n u m e r a t e d t o d e t e r m i n e the p o s s i b l e 
p r e s e n c e o f d i s e a s e - c a u s i n g o r g a n i s m s d e r i v e d f r o m f e c a l 
p o l l u t i o n . I n d i c a t o r o r g a n i s m s , s u c h a s T C , F C , and F S , a r e u s e d 
b e c a u s e t h e y i n d i c a t e the p r e s e n c e o f f e c a l c o n t a m i n a t i o n a n d 
i d e a l l y a r e c o r r e l a t e d w i t h the n u m b e r o f p a t h o g e n s i n w a t e r . 
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E n u m e r a t i o n o f b a c t e r i a l i n d i c a t o r s i s u s e d i n s t e a d o f i s o l a t i o n 
and i d e n t i f i c a t i o n o f p a t h o g e n s b e c a u s e b a c t e r i a l i n d i c a t o r s a r e 
e a s i e r a n d less e x p e n s i v e t o i s o l a t e a n d e n u m e r a t e t h a n 
p a t h o g e n s . A l s o , w a t e r c o n t a m i n a t e d b y h u m a n w a s t e w i l l 
t y p i c a l l y c o n t a i n m a n y m o r e o f t h e s e i n d i c a t o r o r g a n i s m s t h a n 
p a t h o g e n s . I n d i c a t o r b a c t e r i a a r e p r e s e n t a t r e l a t i v e l y h i g h 
c o n c e n t r a t i o n s and a r e s h e d a t all t i m e s . 

A l t h o u g h no o r g a n i s m or g r o u p of o r g a n i s m s is a p e r f e c t 
i n d i c a t o r , total c o l i f o r m h a s b e e n u s e d as a m e a s u r e of the f e c a l 
c o n t a m i n a t i o n o f d r i n k i n g w a t e r and s u r f a c e w a t e r s for m o r e t h a n 
s e v e n d e c a d e s . For d r i n k i n g w a t e r q u a l i t y , the s t a n d a r d i s o n e 
( 1 ) c o l i f o r m c o l o n y per 100 m L o f w a t e r . T h e total c o l i f o r m 
i n c l u d e s a g r o u p o f h e t e r o t r o p h i c b a c t e r i a , m a n y o f w h i c h h a v e 
l i t t l e i n c o m m o n w i t h e a c h o t h e r e x c e p t that t h e y a r e a l w a y s 
p r e s e n t i n the i n t e s t i n a l tract o f h u m a n s and o t h e r w a r m - b l o o d e d 
a n i m a l s . T h u s , the o c c u r r e n c e and d e n s i t i e s o f T C h a v e b e e n 
u s e f u l i n a s s e s s i n g the s a n i t a r y c o n d i t i o n s o f w a t e r . T h e 
l i t e r a t u r e i n d i c a t e s that the a b s e n c e o f T C o r o t h e r i n d i c a t o r s 
is e v i d e n c e of a b a c t e r i o l o g i c a l l y s a f e w a t e r , t h o u g h not o n e 
that i s n e c e s s a r i l y s a f e f r o m v i r u s e s . 

S e v e r a l s t r a i n s o f T C d o not o r i g i n a t e f r o m fecal m a t t e r but 
i n s t e a d o r i g i n a t e in the s o i l . T h i s c o n f u s e s the use of TC as a 
w a t e r q u a l i t y i n d i c a t o r . For m o r e t h a n t w o d e c a d e s , f e c a l 
c o l i f o r m , a s u b g r o u p of total c o l i f o r m , h a s b e e n u s e d as an 
i n d i c a t o r of p o l l u t i o n f r o m w a r m - b l o o d e d a n i m a l f e c e s : FC is a 
m o r e p r e c i s e b a c t e r i o l o g i c a l i n d i c a t o r than T C for a s s e s s i n g 
w a t e r q u a l i t y . The I l l i n o i s P o l l u t i o n C o n t r o l B o a r d ( 1 9 8 2 ) h a s 
a d o p t e d r u l e s l i m i t i n g the d e n s i t y o f F C i n w a t e r s . 

O n e of the s h o r t c o m i n g s of u s i n g FC is the i n a b i l i t y to 
d i f f e r e n t i a t e b e t w e e n h u m a n and o t h e r w a r m - b l o o d e d f e c a l 
c o n t a m i n a t i o n s . I n 1 9 6 4 , G e l d r e i c h e t a l . f i r s t p r o p o s e d the 
u s e of an FC to FS r a t i o as a m o r e v a l u a b l e tool for a s s e s s i n g 
p o l l u t i o n s o u r c e s than the s o l e use o f F C c o n c e n t r a t i o n s . T h e i r 
f i n d i n g s ( G e l d r e i c h , 1 9 6 7 ; G e l d r e i c h e t a l . , 1 9 6 4 ; G e l d r e i c h a n d 
K e n n e r , 1 9 6 9 ) s h o w e d that the F C : F S r a t i o i n h u m a n f e c e s a n d i n 
w a t e r p o l l u t e d w i t h h u m a n w a s t e i s a l w a y s g r e a t e r than 4 . 0 , w h i l e 
the r a t i o s p e r t a i n i n g t o f a r m a n i m a l s , c a t s , d o g s , and r o d e n t s 
a n d t o s e p a r a t e s t o r m w a t e r s and f a r m l a n d d r a i n a g e are less t h a n 
0 . 7 . 

T h e a p p l i c a t i o n o f t h e s e f i n d i n g s , w i t h i n l i m i t s , p e r m i t s 
the u s e of FS d e n s i t i e s as a m e t h o d for d i f f e r e n t i a t i n g the 
s o u r c e o f b a c t e r i a l p o l l u t i o n i n s u r f a c e w a t e r s . T h e u s e o f the 
F C : F S r a t i o for s t r e a m s a m p l e s w o u l d b e v a l i d o n l y d u r i n g the 
i n i t i a l 2 4 - h o u r t r a v e l d o w n s t r e a m f r o m the p o i n t o f p o l l u t i o n 
d i s c h a r g e into the r e c e i v i n g s t r e a m . 

F e c a l s t r e p t o c o c c u s t e s t s a r e c o m m o n l y u s e d i n the s a n i t a r y 
a n a l y s i s o f w a t e r s u p p l i e s i n E u r o p e a n c o u n t r i e s . I n t h e U n i t e d 
S t a t e s , T C , F C , and F S h a v e all b e e n u s e d a s p o l l u t i o n i n d i c a t o r s 
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a t v a r i o u s t i m e s C K a b l e r , 1 9 6 8 ; A P H A e t al., 1 9 8 0 ) . T h e 
c o r r e l a t i o n b e t w e e n col i f o r m s a n d p a t h o g e n s h a s b e e n s t u d i e d b y 
m a n y i n v e s t i g a t o r s . U n f o r t u n a t e l y , b a c t e r i a l i n d i c a t o r s a r e 
g e n e r a l l y not r e l i a b l e i n d e x e s for v i r u s e s . The a b s e n c e o f 
i n d i c a t o r s d o e s not a s s u r e that v i r u s e s a r e a l s o a b s e n t . M a n y 
i n v e s t i g a t o r s a r e l o o k i n g for i m p r o v e d i n d i c a t o r r e c o v e r y m e t h o d s 
and for o t h e r o r g a n i s m s w h i c h can b e u s e d a s n e w i n d i c a t o r s . 
U n t i l a g o o d a l t e r n a t i v e is d i s c o v e r e d , it is v a l i d to u s e TC as 
an i n d i c a t o r of e n t e r i c p o l l u t i o n in w a t e r s u p p l i e s a n d FC and FS 
a s i n d i c a t o r s for s e w a g e and s t r e a m s a n i t a t i o n . 

B a c t e r i a l S t a n d a r d s 

O n O c t o b e r 2 6 , 1 9 8 2 , the I l l i n o i s P o l l u t i o n C o n t r o l B o a r d 
r e p e a l e d and a m e n d e d the b a c t e r i a l s t a n d a r d s c o n t a i n e d i n 
S e c t i o n s 3 0 2 . 2 0 9 , 3 0 2 . 4 0 6 , and 3 0 4 . 1 2 1 o f its R u l e s a n d 
R e g u l a t i o n s ( I P C B , 1 9 8 2 ) . H o w e v e r , a F i r s t D i s t r i c t A p p e l l a t e 
C o u r t o r d e r , d a t e d F e b r u a r y 1 , 1 9 8 3 , s t a y e d the e f f e c t o f t h e 
r e p e a l and a m e n d m e n t u n t i l f u r t h e r o r d e r o f the c o u r t . T h a t 
m e a n s that the r u l e s f r o m b e f o r e the r e p e a l a r e s t i l l i n e f f e c t . 
T h e y a r e : 

S e c t i o n 3 0 2 . 2 0 9 F e c a l C o l i f o r m [for g e n e r a l w a t e r use] 

B a s e d o n a m i n i m u m o f f i v e s a m p l e s t a k e n o v e r not m o r e t h a n 
a t h i r t y day p e r i o d , fecal c o l i f o r m ( S T O R E T n u m b e r 3 1 6 1 6 ) 
s h a l l not e x c e e d a g e o m e t r i c m e a n of 2 0 0 per 100 m L , nor 
s h a l l m o r e than 1 0 % o f the s a m p l e s d u r i n g a n y t h i r t y d a y 
p e r i o d e x c e e d 4 0 0 per 100 m L . 

S e c t i o n 3 0 2 . 4 0 6 F e c a l C o l i f o r m [for s e c o n d a r y c o n t e n t and 
i n d i g e n o u s a q u a t i c l i f e ] 

B a s e d on a m i n i m u m of f i v e s a m p l e s t a k e n o v e r not m o r e 
than a t h i r t y day p e r i o d , f e c a l c o l i f o r m ( S T O R E T n u m b e r 
3 1 6 1 6 ) s h a l l not e x c e e d a g e o m e t r i c m e a n of 1,000 per 100 
mL , nor s h a l l m o r e than 1 0 % of the s a m p l e s d u r i n g a n y 
t h i r t y day p e r i o d e x c e e d 2 , 0 0 0 per 100 m L . 

S e c t i o n 3 0 4 . 1 2 1 B a c t e r i a [for g e n e r a l e f f l u e n t ] 

N o e f f l u e n t g o v e r n e d b y t h i s P a r t s h a l l e x c e e d 4 0 0 f e c a l 
c o l i f o r m per l O O m L . 

S e c t i o n 3 0 2 . 2 0 9 a p p l i e s t o the I l l i n o i s W a t e r w a y ( I l l i n o i s 
R i v e r ) w h i l e S e c t i o n 3 0 4 . 1 2 1 i s a p p l i c a b l e t o the w a s t e w a t e r 
e f f l u e n t f r o m the G P S D . 
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T H E P R E S E N T S T U D Y 

S t u d y A r e a 

T h e G P S D w a s t e w a t e r t r e a t m e n t f a c i l i t y i s a h i g h r a t e 
a c t i v a t e d s l u d g e p l a n t u s i n g the K r a u s p r o c e s s o f r e t u r n i n g 
d i g e s t e r s u p e r n a t a n t t o the c o n t a c t t a n k s . The s e c o n d a r y 
e f f l u e n t i s p a s s e d t h r o u g h 8 4 r o t a t i n g b i o l o g i c a l c o n t a c t o r s for 
a m m o n i a r e m o v a l . D e e p t e r t i a r y s t a b i l i z a t i o n p o n d s a r e u t i l i z e d 
t o r e m o v e total s u s p e n d e d s o l i d s and s o m e 5 - d a y b i o c h e m i c a l 
o x y g e n d e m a n d ( B O D 5 ) . T h e p l a n t e f f l u e n t i s c h l o r i n a t e d . 

T h e d e s i g n c a p a c i t y o f the w a s t e w a t e r p l a n t i s 3 7 m i l l i o n 
g a l l o n s per d a y ( m g d ) . The a v e r a g e a n n u a l d r y w e a t h e r f l o w i s 
a b o u t 2 5 m g d . T h e m a j o r i n d u s t r i a l w a s t e l o a d s a r e c o n t r i b u t e d 
b y the A r c h e r D a n i e l s M i d l a n d C o m p a n y and B e m i s B a g C o m p a n y . 

T h e G P S D w a s t e w a t e r t r e a t m e n t p l a n t i s l o c a t e d i n the 
s o u t h e r n p a r t o f P e o r i a ( f i g u r e 1 ) . T h e p l a n t ' s o v e r l a n d 
d i s c h a r g e f a n s into four d i s c r e t e c h a n n e l f l o w s e n t e r i n g the 
I l l i n o i s W a t e r w a y a t r i v e r m i l e ( R M ) 1 6 0 . 0 8 t o R M 1 5 9 . 9 3 ( f i g u r e 
2 ) . U n d e r n o r m a l e f f l u e n t - f l o w c o n d i t i o n s , the e f f l u e n t i s 
d i s c h a r g e d t h r o u g h c h a n n e l s A, B, and C ( f i g u r e 2) into the 
r i v e r . T h e f l o w d i s t r i b u t i o n s i n t h e s e c h a n n e l s a r e g e n e r a l l y i n 
the r a t i o o f 4 : 1 : 2 . W h e n the e f f l u e n t f l o w i s g r e a t e r than 4 0 
m g d , t h e d i s c h a r g e o c c u r s t h r o u g h all four c h a n n e l s . 

T h e s t u d y a r e a w i t h i n the I l l i n o i s R i v e r s t r e t c h e s f r o m 
a p p r o x i m a t e l y 1 m i l e a b o v e the o u t f a l l a r e a c o m m e n c i n g at RM 
1 6 0 . 9 5 to a b o u t 2 m i l e s b e l o w the o u t f a l l a r e a , t e r m i n a t i n g at RM 
1 5 8 . 0 1 . 

T h e I l l i n o i s S t a t e W a t e r S u r v e y h a s l o n g - t e r m d a t a o n 
b a c t e r i a l q u a l i t y at RM 1 6 1 . 6 0 . T h i s l o c a t i o n is a b o u t 1.5 m i l e s 
u p s t r e a m o f the G P S D o u t f a l l . T h e g e o m e t r i c m e a n , r a n g e , and 
g e o m e t r i c s t a n d a r d d e v i a t i o n o f T C , F C , a n d F S v a l u e s for e a c h o f 
the m o n t h s J u l y t h r o u g h O c t o b e r f r o m 1971 t h r o u g h 1984 a r e 
s u m m a r i z e d in t a b l e 1. 

M e t h o d s and P r o c e d u r e s 

R i v e r s a m p l e s w e r e c o l l e c t e d for b a c t e r i a l a n a l y s e s o n ten 
d i f f e r e n t d a t e s d u r i n g the p e r i o d f r o m J u l y 2 4 t h r o u g h O c t o b e r 
2 5 , 1 9 8 4 . 

O n four o f the s a m p l i n g d a t e s t r e a t m e n t p l a n t d i s c h a r g e s 
w e r e c h l o r i n a t e d , o n f i v e s a m p l i n g d a t e s they w e r e u n c h l o r i n a t e d , 
a n d o n o n e o c c a s i o n t h e r e w a s n o p l a n t d i s c h a r g e ( t a b l e 2 D . 
S a m p l e s w e r e c o l l e c t e d b y m e a n s o f a b a t t e r y o p e r a t e d p u m p 
s a m p l i n g s y s t e m d i s c u s s e d i n d e t a i l b y B u t t s e t a l . ( 1 9 8 5 ) . T h e 
t r a n s e c t l o c a t i o n , d i s t a n c e f r o m the s h o r e l i n e , and d e p t h a t 
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Figure 1. Study area 
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Figure 2. Effluent outfall area 
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Table 1. Summary of Indicator Bacterial Densities 
in the Illinois River at RM 161.6 

1 9 7 1 
t h r o u g h 

G e o m e t r i c m e a n , 
p e r 1 0 0 mL R a n g e , p e r 100 mL 

G e o m e t r i c s t a n d a r d 
d e v i a t i o n 

1 9 8 4 FC 

530 

TC 

3 , 0 0 0 

FS 

1 3 0 

FC TC FS 

2 1 -
1 , 3 0 0 

FC 

3 . 3 

TC 

5 . 4 

F S 

J u l y 

FC 

530 

TC 

3 , 0 0 0 

FS 

1 3 0 2 0 -
8 , 3 0 0 

1 3 0 -
6 7 0 , 0 0 0 

FS 

2 1 -
1 , 3 0 0 

FC 

3 . 3 

TC 

5 . 4 2 . 5 

A u g u s t 4 3 0 3 , 2 0 0 1 5 0 4 8 -
1 3 , 0 0 0 

1 5 0 -
4 0 0 , 0 0 0 

3 0 -
700 

3 . 1 4 . 3 2 . 2 

S e p t e m b e r 4 9 0 3 , 3 0 0 1 7 0 3 2 -
1 6 , 0 0 0 

1 5 0 -
1 2 0 , 0 0 0 

24- 
2 , 7 0 0 

3 . 4 4 . 3 2 . 6 

O c t o b e r 3 9 0 3 , 0 0 0 1 6 0 4 7 -
6 , 8 0 0 

4 7 0 -
8 8 , 0 0 0 

1 0 -
2 , 2 0 0 

2 . 8 3 . 2 2 . 9 

Table 2. Physical and Hydraulic Conditions on Sampling Dates 

Discharge  
s t a g e , 

msl 

Dam o p e r a t i o n Water temper a t u r e , °C 
GPSD*, 

mgd 
R i v e r , 

c f s 

Pool 
s t a g e , 

msl 
Wicke t s 

down 
Va lves 

open 
Need le s 

in 
GPSD River                  R i v e r 

Date 
GPSD*, 

mgd 
R i v e r , 

c f s 

Pool 
s t a g e , 

msl 
Wicke t s 

down 
Va lves 

open 
Need le s 

in Begin End Begin End 

1984 

GPSD*, 
mgd 

R i v e r , 
c f s 

Pool 
s t a g e , 

msl 
Wicke t s 

down 
Va lves 

open Begin End Begin 

7 /24 2 5 , C 8,840 440 .35 0 6 0 25 .0 2 9 . 5 3 0 . 0 

8 /20 0 8,117 440.04 0 6 0 2 6 . 0 2 5 . 5 2 6 . 0 
8 / 2 1 35 7 ,848 439.68 0 6 0 2 4 . 1 25 .0 2 5 . 5 2 6 . 0 
8 /28 45 6 ,088 439.47 0 0 5 1 2 4 . 1 2 6 . 1 25 .7 2 5 . 8 
8 /30 2 1 , C 6,857 440 .08 0 0 107 2 6 . 0 2 7 . 0 2 7 . 0 

9 / 1 1 55 7,572 440 .41 0 0 0 23 .0 24 .0 2 2 . 5 2 4 . 5 
9 / 1 3 2 1 , C 5,525 440. 11 0 0 6 3 2 4 . 0 2 4 . 0 2 4 . 0 
9 / 1 8 50 5,224 440.56 0 0 6 3 2 2 . 0 22 .5 2 0 . 0 2 1 . 0 

10 /23 30 8,837 440 .43 6 6 40 1 9 . 8 21 .0 1 5 . 0 1 5 . 0 
10 /25 2 3 , C 8,257 440.20 6 6 2 8 2 5 . 0 1 3 . 0 1 4 . 5 

*C = effluent was chlorinated; l mgd = 1.547 cfs 

w h i c h b a c t e r i a l s a m p l e s w e r e c o l l e c t e d d i f f e r e d for e a c h o f the 
s a m p l i n g d a t e s , p r i m a r i l y a s a r e s u l t o f the n e e d s o f the m i x i n g 
z o n e s t u d y , w h i c h i s d i s c u s s e d i n d e t a i l e l s e w h e r e ( i b i d ) . T h e 
l o c a t i o n s o f the s a m p l i n g p o i n t s a r e i n d i c a t e d i n the f i g u r e s 
s h o w i n g the r e s u l t s o f t h i s i n v e s t i g a t i o n and i n the r a w d a t a 
i n c l u d e d i n the a p p e n d i x . O n J u l y 2 4 , 1 9 8 4 , s u r f a c e , 3 - f o o t 
d e p t h , m i d - d e p t h , a n d n e a r b o t t o m s a m p l e s w e r e c o l l e c t e d a t 
s e l e c t e d t r a n s e c t s c o v e r i n g the e n t i r e s t r e t c h o f the s t u d y a r e a 
a s c o n d i t i o n s p e r m i t t e d . O n O c t o b e r 2 3 , 1 9 8 4 and a g a i n o n 
O c t o b e r 2 5 , 1 9 8 4 o n l y s u r f a c e , m i d - d e p t h , and n e a r b o t t o m s a m p l e s 
w e r e c o l l e c t e d a t s e l e c t e d t r a n s e c t s e x t e n d i n g t o a b o u t 1 0 0 0 f e e t 
d o w n s t r e a m o f the o u t f a l l . O t h e r w i s e o n l y o n e s a m p l e w a s 
c o l l e c t e d a t a n y v e r t i c a l o n a r i v e r t r a n s e c t . T h e s a m p l e s w e r e 
i c e - c o o l e d i n the f i e l d and kept r e f r i g e r a t e d u n t i l e x a m i n e d . 
C u l t u r i n g o f the b a c t e r i a l s a m p l e s i n the s p e c i f i c m e d i a w a s 
b e g u n o n the d a y o f c o l l e c t i o n a n d c o m p l e t e d the f o l l o w i n g d a y . 

7 



T h e m e m b r a n e f i l t e r t e c h n i q u e s r e c o m m e n d e d i n S t a n d a r d 
M e t h o d s C A P H A e t a l . , 1 9 8 0 ) w e r e u s e d for the b a c t e r i a l 
a n a l y s e s . F e c a l c o l i f o r m c o u n t s w e r e m a d e w i t h the M - F C a g a r 
s t a n d a r d m e t h o d ( A P H A e t a l . , 1 9 8 0 ) and the t w o - s t e p e n r i c h m e n t 
m e t h o d ( L i n , 1 9 7 6 ) . For total c o l i f o r m and fecal s t r e p t o c o c c u s 
e n u m e r a t i o n s , the M - E n d o agar L E S t w o - s t e p m e t h o d and 
K F - s t r e p t o c o c c u s agar m e t h o d , r e s p e c t i v e l y , w e r e u s e d . For 
b a c t e r i a l c u l t u r i n g , t h r e e d i f f e r e n t s u b - s a m p l e v o l u m e s o f e a c h 
s a m p l e w e r e f i l t e r e d t h r o u g h 0 . 4 5 - µ m m e m b r a n e f i l t e r s . 

R E S U L T S A N D D I S C U S S I O N 

T h e d a t e s and p h y s i c a l c o n d i t i o n s u n d e r w h i c h s a m p l e s w e r e 
c o l l e c t e d a r e s u m m a r i z e d i n t a b l e 2 . A s i n d i c a t e d p r e v i o u s l y , the 
ten r u n s i n c l u d e d four w h e n e f f l u e n t d i s c h a r g e s w e r e b e i n g 
c h l o r i n a t e d , f i v e w h e n the d i s c h a r g e s had n o c h l o r i n a t i o n , a n d 
one w h e n t h e r e w a s n o e f f l u e n t d i s c h a r g e a t a l l . 

T h e e f f l u e n t f l o w f r o m the G P S D p l a n t c o n t r i b u t e s m i n i m a l l y 
t o the I l l i n o i s R i v e r f l o w s , g e n e r a l l y less than 1.5 p e r c e n t . 
D u r i n g the s t u d y p e r i o d , the river f l o w w a s low t o m o d e r a t e . 

F e c a l C o l i f o r m 

J u l y 2 4 R u n . The July 2 4 , 1984 s a m p l i n g w a s p l a n n e d t o 
i n v e s t i g a t e w h e t h e r b a c t e r i a l c o u n t s v a r i e d w i t h d e p t h . D e p t h 
s a m p l e s w e r e t a k e n at s e v e n l o c a t i o n s in four r i v e r t r a n s e c t s . 
The o b s e r v e d FC c o u n t s for d i f f e r e n t d e p t h s in the four t r a n s e c t s 
are d e p i c t e d in f i g u r e 3. G e n e r a l l y , FC d e n s i t i e s in the w a t e r 
c o l u m n w e r e d i f f e r e n t w i t h d e p t h ( f i g u r e 3 ) , e s p e c i a l l y a t the 
e f f l u e n t o u t f a l l a r e a ( f i g u r e 3 b ) . H o w e v e r , t h e r e w a s n o 
d i s c e r n i b l e p a t t e r n . 

S a m p l e s for RM 1 6 0 . 7 1 u p s t r e a m of the o u t f a l l can be used as 
r e f e r e n c e o r b a s e l i n e c o n d i t i o n s . A t this t r a n s e c t , F C d e n s i t i e s 
in the w a t e r c o l u m n 100 feet f r o m s h o r e w e r e f o u n d to be 
s i g n i f i c a n t l y h i g h e r than t h o s e for the s a m p l e s taken at 
m i d - c h a n n e l ( 5 5 0 feet o f f s h o r e , f i g u r e 3 a ) . F C c o u n t s a t 
m i d - c h a n n e l w e r e b e l o w 2 0 0 F C / 1 0 0 m L , w h i l e all four o b s e r v a t i o n s 
for the l o c a t i o n 100 feet o f f s h o r e w e r e a b o v e 2 0 0 F C / 1 0 0 m L . 
W a s t e w a t e r e f f l u e n t w a s c h l o r i n a t e d o n this d a t e . The river 
w a t e r t e m p e r a t u r e ( 3 0 ° C ) w a s s i g n i f i c a n t l y h i g h e r than the 
e f f l u e n t t e m p e r a t u r e ( 2 5 ° C ) . T h e F C c o u n t i n the c h l o r i n a t e d 
e f f l u e n t w a s not d e t e r m i n e d . 

F i g u r e 3b r e v e a l s that six of the e i g h t s a m p l e s f r o m s t a t i o n 
( S t . ) 5 + 0 0 (RM 1 6 0 . 0 1 ) s h o w e d F C d e n s i t i e s h i g h e r than 2 0 0 
c o u n t s / 1 0 0 m L . O n this d a t e , s u r f a c e s a m p l e s w e r e c o l l e c t e d a t 
S t . 2 5 + 0 0 ( 2 0 0 feet o f f s h o r e ) and a t S t . 3 2 + 0 0 (50 feet 
o f f s h o r e ) . T h e s e s a m p l e s had c o u n t s o f 2 8 0 F C / 1 0 0 m L and 2 7 0 
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Figure 3. Profiles of FC densities, July 24 (effluent chlorinated) 
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F C / 1 0 0 m L , r e s p e c t i v e l y . I n the t r a n s e c t s f r o m s t a t i o n s 2 5 + 0 0 t o 
1 0 4 + 0 0 , d e n s i t i e s w e r e f o u n d t o b e less than 4 0 0 F C / 1 0 0 m L 
( a p p e n d i x ) . 

A u a u s t 20 and 21 R u n s . In o r d e r to p r o v i d e the d e s i r e d 
e f f l u e n t f l o w rate for the m i x i n g zone dye s t u d y b e l o w the 
o u t f a l l , for s o m e r u n s , the G P S D had to s t o r e its e f f l u e n t in the 
d e e p t e r t i a r y p o n d s for a few d a y s p r i o r to e a c h a c t u a l d a y of 
the d y e s t u d y . The p l a n t did not d i s c h a r g e its e f f l u e n t to the 
river on A u g u s t 2 0 , so it w a s a g o p d o p p o r t u n i t y for d e t e r m i n i n g 
the b a s e l i n e c o n d i t i o n s d o w n s t r e a m o f the o u t f a l l . O n A u g u s t 2 0 , 
1984 all the s a m p l e s had FC c o u n t s less than 2 0 0 per mL ( f i g u r e 
4 ) . O n t h i s and the n e x t e i g h t s a m p l i n g r u n s , o n l y b o t t o m s a m p l e s 
w e r e c o l l e c t e d a t s t a t i o n s f r o m 0 + 5 0 t o 4 3 + 0 0 , and o n l y m i d - d e p t h 
s a m p l e s w e r e taken a t o t h e r d o w n s t r e a m s t a t i o n s . F i g u r e 4 s h o w s 

DISTANCE FROM LEFT SHORELINE LOOKING UPSTREAM, feet 

Figure 4. Longis??udinal profiles of FC density, 
August 20 (no effluent discharged) and August 21 (effluent non-chlorinated) 
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the l o n g i t u d i n a l p r o f i l e of FC d e n s i t i e s for A u g u s t 20 and 2 1 , 
1 9 8 4 . The b o t t o m a b s c i s s a r e p r e s e n t s the s a m p l i n g t r a n s e c t 
d e s i g n a t i o n s . The top a b s c i s s a s h o w s b o t h d i s t a n c e f r o m the 
s h o r e and the d e p t h at w h i c h a s a m p l e w a s c o l l e c t e d . S a m p l i n g 
l o c a t i o n s c o i n c i d e d w i t h the l o c a t i o n s of the h i g h e s t d y e 
c o n c e n t r a t i o n s o b s e r v e d a t the c h o s e n t r a n s e c t s d u r i n g the 
p r e v i o u s dye run. H o w e v e r , the l o c a t i o n s of the h i g h e s t d y e 
c o n c e n t r a t i o n s d i f f e r e d for e a c h r u n . 

O n A u g u s t 2 1 , 1 9 8 4 , the G P S D e f f l u e n t w a s d i s c h a r g e d w i t h o u t 
c h l o r i n a t i o n . O n this d a t e , the e f f l u e n t t e m p e r a t u r e w a s lower 
than the river w a t e r t e m p e r a t u r e ( t a b l e 2 ) . A s e x p e c t e d , F C 
c o u n t s a t S t . 2 + 0 0 C 1 0 0 feet o f f s h o r e , s a m p l e f r o m 7-foot d e p t h ) 
i n c r e a s e d f r o m 6 1 0 / 1 0 0 mL at S t . 0 + 5 0 ( 1 0 0 feet u p s t r e a m of the 
o u t f a l l ) t o 9 2 0 0 / 1 0 0 m L ( f i g u r e 4 ) . F i g u r e 4 a l s o i n d i c a t e s that 
FC d e n s i t y d e c r e a s e d r a p i d l y to 3 0 0 0 / 1 0 0 mL at St. 5 + 0 0 and then 
d e c r e a s e d g r a d u a l l y d o w n s t r e a m t o 6 0 0 F C / 1 0 0 m L a t S t . 7 0 + 0 0 ( 2 0 0 
feet o f f s h o r e , m i d - d e p t h s a m p l e ) . B e t w e e n s t a t i o n s 7 5 + 0 0 a n d 
1 0 4 + 0 0 , F C d e n s i t i e s w e r e f a i r l y c o n s t a n t b e l o w 4 0 0 per 100 m L 
and w e r e less than that at the r e f e r e n c e s t a t i o n 0 + 5 0 ( 6 1 0 F C / 1 0 0 
m L ) . It a p p e a r s that the impact of the G P S D ' s d i s c h a r g e on the 
r i v e r b a c t e r i a l q u a l i t y e x t e n d e d u p t o S t . 7 0 + 0 0 o n this d a t e . 

A u g u s t 2 8 and 3 0 R u n s . T h e r e w a s n o e f f l u e n t d i s c h a r g e o n 
A u g u s t 2 7 , 1 9 8 4 . The G P S D d i s c h a r g e d at the r a t e of 45 m g d on 
A u g u s t 2 8 , 1984 w i t h o u t any c h l o r i n a t i o n . A g a i n , the e f f l u e n t 
t e m p e r a t u r e (24.1 C ) w a s lower than the river t e m p e r a t u r e 
( 2 5 . 7 C ) . T h e e f f l u e n t FC c o u n t s at the b e g i n n i n g and end of the 
s a m p l i n g run w e r e 3 1 , 0 0 0 and 2 9 , 0 0 0 per 100 m L , r e s p e c t i v e l y . 

T h e l o n g i t u d i n a l FC d e n s i t y p r o f i l e for A u g u s t 28 is s h o w n 
in f i g u r e 5. An u n e x p e c t e d l y high c o u n t of 2 0 , 0 0 0 F C / 1 0 0 mL w a s 
o b s e r v e d at 100 feet a b o v e the o u t f a l l c h a n n e l A (St. 0 + 5 0 ) . T h i s 
w a s m a i n l y due to the b a c k f l o w of the t r e a t m e n t p l a n t d i s c h a r g e 
in the r i v e r . A c c o r d i n g to B u t t s et a l . ( 1 9 8 5 ) , the d a m 
o p e r a t i o n s , the river flow and e f f l u e n t d i s c h a r g e r a t e s , and the 
t e m p e r a t u r e s of b o t h the e f f l u e n t and river w a t e r p l a y e d 
i m p o r t a n t r o l e s in the m i x i n g p a t t e r n s . N e v e r t h e l e s s , the r i v e r 
F C d e n s i t i e s d e c r e a s e d r a p i d l y w i t h i n 1000 feet d o w n s t r e a m , e v e n 
t h o u g h the e f f l u e n t w a s p a r t l y d i s c h a r g e d at d i t c h D (St. 9 + 0 0 ) , 
and then g r a d u a l l y d e c r e a s e d to less than 400 per 100 mL at S t . 
4 6 + 0 0 . T h e FC v a l u e s r e a c h e d a f a i r l y c o n s t a n t level t h e r e a f t e r . 

If the FC d e n s i t i e s o b s e r v e d at s t a t i o n s b e y o n d 4 6 + 0 0 can be 
c o n s i d e r e d as b a c k g r o u n d l e v e l s , then the impact of the e f f l u e n t 
on the b a c t e r i a l q u a l i t y of the river w a t e r e x t e n d e d to a 
d i s t a n c e of a b o u t 4 5 0 0 feet b e l o w the o u t f a l l . 

T h e t r e a t m e n t p l a n t o p e r a t i o n o n A u g u s t 3 0 , 1984 w a s t y p i c a l 
of dry w e a t h e r , w i t h a 2 1 - m g d d i s c h a r g e r a t e . The e f f l u e n t w a s 
c h l o r i n a t e d on this d a t e . T h e r e s u l t s are p l o t t e d in f i g u r e 5. 
The u p s t r e a m r e f e r e n c e p o i n t ( S t . 0 + 5 0 ) had 9 0 0 F C / 1 0 0 m L . N o 
fecal c o l i f o r m w a s d e t e c t e d in e i t h e r c h l o r i n a t e d e f f l u e n t or in 
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DISTANCE FROM LEFT SHORELINE LOOKING UPSTREAM, feet 

Figure 5. Longitudinal profiles of FC density, 
August 28 (effluent non-chlorinated) and August 50 (effluent chlorinated) 

the s a m p l e c o l l e c t e d a t S t . 2 + 0 0 . For o t h e r d o w n s t r e a m s t a t i o n s , 
w i t h the e x c e p t i o n o f S t . 1 0 4 + 0 0 C810 F C / 1 0 0 m L ) , the F C v a l u e s 
r a n g e d f r o m 180 to 3 3 0 per 100 m L . O n l y four s t a t i o n s s h o w e d FC 
d e n s i t i e s less than or equal to 2 0 0 F C / 1 0 0 m L . T h i s is p r o b a b l y 
due to the h i g h b a c k g r o u n d FC l e v e l s in the river w a t e r . 

S e p t e m b e r 11 and 13 R u n s . D u r i n g the p e r i o d of t h e s e two 
r u n s , the t e m p e r a t u r e s of the e f f l u e n t and the river w a t e r w e r e 
s i m i l a r ( t a b l e 2 ) 

On S e p t e m b e r 11, 1 9 8 4 , a g a i n for the p u r p o s e of the d y e 
s t u d y , the plant d i s c h a r g e d its e f f l u e n t w i t h o u t c h l o r i n a t i o n . 
T h e e f f l u e n t d i s c h a r g e r a t e w a s the h i g h e s t a t 5 5 m g d . H i g h F C 
c o u n t s ( 1 3 , 0 0 0 per 100 mL) w e r e o b s e r v e d at the r e f e r e n c e p o i n t 
St. 0 + 5 0 , as a r e s u l t of the h i g h r a t e of d i s c h a r g e of 
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DISTANCE FROM LEFT SHORELINE LOOKING UPSTREAM, feet 

Figure 6. Longitudinal profiles of FC density, 
September 11 (effluent non-chlorinated) and September 13 (effluent chlorinated) 

unchlor i nated effluent. The FC concentration for wastewater 
effluent and for St. 2+00 were both 180,000 per 100 mL. Figure 6 
shows that there was a significant FC reduction from St. 10+00 
through St. 42+00. The river reach between St. 46+00 and St. 
104+00 had steady FC concentrations of 2200 to 2800 per 100 mL. 
For this run, the impact of unchlorinated effluent on the river 
extended to about 4500 feet downstream if this steady rate is 
considered as the background level. 

On September 13, 1984, both the effluent flow and river flow 
were low (table 2D. The chlorinated effluent had 12 FC/100 mL. 
The two-step enriched method (Lin, 19761 was used for FC 
enumeration on the September 13 chlorinated samples. 

Figure 6 indicates that the FC values for stations 0+50 and 
2+00 were respectively 650 and 310 per 100 m L . FC counts 

13 



DISTANCE FROM LEFT SHORELINE LOOKING UPSTREAM, feet 

Figure 7. Longitudinal profiles of FC density, 
September 13 (effluent non-chlorinated) 

i n c r e a s e d t o 1 7 0 0 p e r 1 0 0 m L a t S t . 5 + 0 0 a n d s t a y e d h i g h i n the 
s t u d y r e a c h d o w n s t r e a m . G e n e r a l l y , the t w o - s t e p m e t h o d p r o d u c e s 
h i g h e r F C c o u n t s t h a n the s t a n d a r d o n e - s t e p m e t h o d , e s p e c i a l l y 
for c h l o r i n a t e d w a s t e w a t e r . T h e r e s u l t s o f the S e p t e m b e r 1 3 r u n 
a p p e a r t o s h o w that the c h l o r i n a t i o n o f w a s t e w a t e r e f f l u e n t d i d 
not r e s u l t i n m e e t i n g the r e q u i r e d r i v e r b a c t e r i a l s t a n d a r d . 

S e p t e m b e r 18 R u n It c a n be s e e n f r o m t a b l e 2 that d u r i n g 
t h i s run the e f f l u e n t d i s c h a r g e w a s h i g h ( 5 0 m g d ) a n d the r i v e r 
f l o w w a s l o w . T h e e f f l u e n t t e m p e r a t u r e w a s s l i g h t l y g r e a t e r t h a n 
the r i v e r t e m p e r a t u r e . T h e e f f l u e n t w a s not c h l o r i n a t e d o n t h i s 
d a t e . 

T h e e f f l u e n t g r a b s a m p l e had 6 , 0 0 0 F C / 1 0 0 m L . F i g u r e 7 
i n d i c a t e s that t h e u p p e r r e a c h o f the s t u d y a r e a h a d h i g h F C 
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DISTANCE FROM LEFT SHORELINE LOOKING UPSTREAM, feet 

Figure 8. Longitudinal profilees of FC density, 
October 23 (effluent non-chlorinated) 

c o u n t s . H o w e v e r , S t . 3 + 5 0 had r e l a t i v e l y low F C d e n s i t y . 
T h r o u g h an e r r o r , the s a m p l e for this t r a n s e c t w a s c o l l e c t e d at a 
p o i n t 2 0 0 feet o f f s h o r e o u t s i d e of the m i x i n g z o n e i n s t e a d of at 
a p o i n t 100 feet o f f s h o r e . T h e FC d e n s i t i e s at s a m p l i n g 
l o c a t i o n s in the lower r e a c h b e l o w s t a t i o n s 3 5 + 0 0 w e r e f o u n d to 
be f a i r l y c o n s t a n t in the r a n g e of 160 to 3 2 0 F C / 1 0 0 m L . T h e 
impact of the u n c h l o r i n a t e d e f f l u e n t a p p e a r s to h a v e e x t e n d e d to 
a d i s t a n c e of a b o u t 2 6 0 0 feet from the o u t f a l l . 

O c t o b e r 2 3 and 2 5 R u n s . S u r f a c e , m i d - d e p t h , and near b o t t o m 
w a t e r s a m p l e s w e r e c o l l e c t e d for s e l e c t e d s t a t i o n s f r o m 2 + 0 0 
t h r o u g h 1 0 + 0 0 . For t h e s e s a m p l i n g s t a t i o n s , the w a t e r d e p t h s 
i n d i c a t e d in f i g u r e s 8 and 9 ( t o p a b s c i s s a ) are the d e p t h s at 
w h i c h near b o t t o m s a m p l e s w e r e t a k e n . 
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DISTANCE FROM LEFT SHORELINE LOOKING UPSTREAM, feet 

Figure 9. Longitudinal profiles of FC density, 
October 25 (effluent chlorinated) 

O n O c t o b e r 2 3 , 1 9 8 4 , F C d e n s i t y for the n o n - c h l o r i n a t e d 
e f f l u e n t w a s 1 4 0 , 0 0 0 F C / 1 0 0 m L . S t a t i o n 0 + 5 0 had 2 2 0 0 F C / 1 0 0 
m L . It can be s e e n f r o m f i g u r e 8 that the b a c t e r i a l d e n s i t i e s 
for the s u r f a c e , m i d - d e p t h , a n d n e a r b o t t o m s a m p l e s w e r e 
d i f f e r e n t . F C c o u n t s for the s u r f a c e w a t e r s w e r e f o u n d t o b e 
s i g n i f i c a n t l y h i g h e r than t h o s e for the m i d - d e p t h and b o t t o m 
w a t e r s . O n this d a t e the e f f l u e n t t e m p e r a t u r e ( 2 0 - 2 1 C D w a s m u c h 
g r e a t e r than the r i v e r w a t e r t e m p e r a t u r e ( 1 5 ° C ) . T h e t r e a t m e n t 
p l a n t d i s c h a r g e w a s p r o b a b l y c o n f i n e d t o the u p p e r p o r t i o n o f the 
river f l o w due t o d e n s i t y d i f f e r e n c e s . P o o r m i x i n g o f the 
e f f l u e n t and r i v e r w a t e r w a s e x p e r i e n c e d . T h i s o b s e r v a t i o n 
s u g g e s t s that it is d i f f i c u l t to a s s e s s b a c t e r i a l q u a l i t y in a 
s t r e a m b e l o w an o u t f a l l b a s e d on o n e s a m p l e in a t r a n s e c t . M o r e 
i n f o r m a t i o n is n e e d e d to e s t a b l i s h g u i d e l i n e s for s t r e a m 
s a n i t a t i o n . 

16 



It is p r o b a b l e that t h i s s t r a t i f i c a t i o n in b a c t e r i a l q u a l i t y 
o c c u r r e d m u c h f a r t h e r than a t S t . 1 0 + 0 0 . U n f o r t u n a t e l y , o n l y 
m i d - d e p t h s a m p l e s w e r e c o l l e c t e d f r o m the lower r e a c h . F C c o u n t s 
w e r e less than 4 0 0 / 1 0 0 m L i n m i d - d e p t h s a m p l e s t a k e n a t s t a t i o n s 
b e y o n d S t . 4 7 + 0 0 . 

On O c t o b e r 25 t h e r e w a s a n o r m a l low f l o w o p e r a t i o n w i t h 
c h l o r i n a t e d e f f l u e n t d i s c h a r g e f r o m the G P S D p l a n t . F e c a l 
c o l i f o r m d e n s i t i e s for St. 0 + 5 0 and for the c h l o r i n a t e d e f f l u e n t 
w e r e 4 0 a n d 120 per 100 m L , r e s p e c t i v e l y . T h e e f f l u e n t 
t e m p e r a t u r e (25 C ) w a s s u b s t a n t i a l l y h i g h e r than r i v e r w a t e r 
t e m p e r a t u r e ( 1 3 - 1 4 . 5 C ) . A s o n O c t o b e r 2 3 , the m i x i n g o f the 
e f f l u e n t d i s c h a r g e and the river w a t e r w a s p r o b a b l y c o n f i n e d 
m o s t l y to the u p p e r s t r a t u m on this d a t e . 

F i g u r e 9 r e v e a l s that the c h l o r i n a t e d e f f l u e n t had m a x i m u m 
impact o n o n l y four s t a t i o n s ( S t . 2 + 0 0 t o S t . 8 + 0 0 ) . T h e s u r f a c e 
layer in this r e a c h had lower FC c o u n t s than the o t h e r two 
l a y e r s . A t St. 1 0 + 0 0 , F C c o u n t s for the t h r e e d e p t h s a m p l e s w e r e 
e s s e n t i a l l y i d e n t i c a l . The r e a s o n for the h i g h FC c o u n t at St. 
27 + 00 is not k n o w n . 

TC and F C / T C Values 
Lin and E v a n s ( 1 9 8 0 ) r e p o r t e d that d u r i n g the 5 - y e a r p e r i o d 

f r o m J u n e 1971 t h r o u g h M a y 1 9 7 6 , the F C / T C v a l u e s for the 
I l l i n o i s R i v e r a t P e o r i a (RM 1 6 1 . 6 ) , a b o u t 1.4 m i l e s u p s t r e a m o f 
the e f f l u e n t f r o m the G P S D p l a n t , r a n g e d f r o m 0 . 0 0 0 t o 0 . 5 3 3 , 
w i t h a 5 - y e a r a v e r a g e of 0 . 0 7 1 . T h i s m e a n s that 7.1 p e r c e n t of 
the total c o l i f o r m c o n s i s t e d of fecal c o l i f o r m . On the b a s i s of 
m o n t h l y a v e r a g e s of the 5 - y e a r d a t a , the F C / T C r a t i o s w e r e low in 
w i n t e r and i n s p r i n g ( D e c e m b e r t h r o u g h M a y ) w h i l e h i g h v a l u e s 
o c c u r r e d i n J u n e ( 0 . 1 1 7 ) , July ( 0 . 1 4 7 ) , and S e p t e m b e r ( 0 . 1 1 4 ) . 
The a v e r a g e for A u g u s t w a s c l o s e to the 5 - y e a r a v e r a g e , and the 
m e a n F C / T C v a l u e s for O c t o b e r and N o v e m b e r w e r e a b o v e the 5 - y e a r 
a v e r a g e . 

B a c t e r i a l d e n s i t i e s for the e f f l u e n t o f the G P S D f a c i l i t i e s 
w e r e d e t e r m i n e d o n and a f t e r A u g u s t 2 8 , 1 9 8 4 . For the 
n o n - c h l o r i n a t e d e f f l u e n t t a k e n on S e p t e m b e r 11 and 13 and O c t o b e r 
2 3 , the F C / T C v a l u e s w e r e r e l a t i v e l y s t e a d y b e t w e e n 0.12 and 0 . 1 7 
( a p p e n d i x ) . T h e s e v a l u e s' w e r e s i m i l a r to t h o s e for the I l l i n o i s 
R i v e r at P e o r i a . For the c h l o r i n a t e d e f f l u e n t , a w i d e r a n g e of 
F C / T C v a l u e s ( 0 . 0 0 t o 0 . 1 3 ) w a s o b s e r v e d . S t r o b e l ( 1 9 6 8 ) f o u n d 
that the r e l a t i o n s h i p of FC and TC v a r i e d w i t h the s o u r c e of 
p o l l u t a n t , level of w a s t e w a t e r t r e a t m e n t , c h a r a c t e r i s t i c s of the 
r e c e i v i n g w a t e r s , and p r e c i p i t a t i o n i n the w a t e r s h e d . 

J u l y 24 R u n . D a t a in the a p p e n d i x ( 7 / 2 4 / 8 4 ) for the 
b a c k g r o u n d s t a t i o n at RM 1 6 0 . 7 1 i n d i c a t e that TC d e n s i t i e s in the 
w a t e r c o l u m n 100 feet f r o m the s h o r e l i n e w e r e s u b s t a n t i a l l y 
h i g h e r than t h o s e a t m i d - c h a n n e l ( 5 5 0 feet o f f s h o r e ) . S a m p l e s 
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c o l l e c t e d from the two w a t e r c o l u m n s at S t . 5 + 0 0 had s i m i l a r TC 
d e n s i t i e s to t h o s e f r o m RM 1 6 0 . 7 1 , 100 feet o f f s h o r e . In 
c o n t r a s t to FC d e n s i t i e s , TC d e n s i t i e s in the s t u d y reach 
d e c r e a s e d w i t h s t r e a m f l o w . 

F C / T C v a l u e s v a r i e d f r o m 0 . 0 0 9 to 0 . 3 1 0 . The low v a l u e s in 
the r a n g e are d u e to e i t h e r low FC c o u n t s , high TC c o u n t s , or a 
c o m b i n a t i o n of b o t h . T h e r e is no d i s c e r n i b l e p a t t e r n for F C / T C 
v a l u e s for this d a t e . 

A u g u s t 2 0 and 2 1 R u n s . T h e r e w a s n o w a s t e w a t e r e f f l u e n t 
d i s c h a r g e d to the river on A u g u s t 2 0 , 1 9 8 4 . The TC c o u n t s in the 
I l l i n o i s R i v e r w a t e r in the s t u d y r e a c h w e r e e x t r e m e l y low, w i t h 
d e n s i t i e s of 100 to 8 2 0 per 100 mL ( a p p e n d i x ) . The r e a s o n is 
u n k n o w n . H o w e v e r , the FC d e n s i t i e s w e r e found to be at normal 
l e v e l s . T h e s e g a v e h i g h F C / T C v a l u e s ; i.e., a b o u t 23 to 85 
p e r c e n t of the total col i f o r m w a s fecal c o l i f o r m . 

On A u g u s t 2 1 , 1 9 8 4 , 35 m g d of e f f l u e n t w a s d i s c h a r g e d to the 
I l l i n o i s R i v e r w i t h o u t c h l o r i n a t i o n . In a p a t t e r n s i m i l a r to 
that for FC d e n s i t i e s , the TC c o u n t s i n c r e a s e d s u b s t a n t i a l l y to 
5 8 , 0 0 0 per 100 mL at St. 2 + 0 0 , d e c r e a s e d r a p i d l y to 3 1 , 0 0 0 per 
100 mL at St. 5 + 0 0 , and then r e d u c e d g r a d u a l l y to 1 4 , 0 0 0 per 100 
mL at S t . 2 7 + 0 0 . In this s t r e t c h of the r i v e r , the F C / T C v a l u e s 
r a n g e d f r o m 0.16 d o w n t o 0 . 0 6 . The river r e a c h e s b e t w e e n St. 
3 5 + 0 0 and St. 7 0 + 0 0 and b e t w e e n St. 7 5 + 0 0 and S t . 1 0 4 + 0 0 b o t h had 
f a i r l y c o n s t a n t T C c o u n t s ( a p p e n d i x , 8 / 2 1 / 1 9 8 4 ) . I n t h e s e two 
s e c t i o n s of the r i v e r , the F C / T C v a l u e s v a r i e d f r o m 0.14 to 0 . 2 5 . 

A u g u s t 2 8 and 3 0 R u n s . O n A u g u s t 2 8 , 1984 the u n c h l o r i n a t e d 
e f f l u e n t d i s c h a r g e w a s 45 m g d . The TC c o u n t s in the e f f l u e n t at 
the b e g i n n i n g and at the end of river s a m p l e c o l l e c t i o n s on this 
d a t e w e r e r e s p e c t i v e l y 3 2 0 , 0 0 0 and 1 6 0 , 0 0 0 per 100 m L . The 
l o n g i t u d i n a l p r o f i l e of TC d e n s i t i e s w a s found to be s i m i l a r to 
the F C p a t t e r n ( a p p e n d i x ) . T h e T C c o u n t s r a p i d l y d e c r e a s e d from 
1 8 0 , 0 0 0 per 100 mL at S t . 2 + 0 0 to 2 9 0 0 per 100 mL at S t . 4 6 + 0 0 . 
The TC d e n s i t i e s w e r e g e n e r a l l y low in the lower r e a c h of the 
s t u d y a r e a . T h e F C / T C v a l u e s in the upper r e a c h ( S t . 2 + 0 0 
t h r o u g h St. 2 7 + 0 0 ) w e r e g e n e r a l l y low ( b e l o w 0 . 1 0 ) w h i l e the 
r a t i o s for the lower r e a c h w e r e g e n e r a l l y h i g h e r . 

The c h l o r i n a t e d e f f l u e n t d i s c h a r g e d to the I l l i n o i s R i v e r on 
A u g u s t 3 0 , 1984 c o n t a i n e d o n l y 6 0 T C / 1 0 0 m L . O n this d a t e St. 
2 + 0 0 had 100 T C / 1 0 0 m L . The w a t e r s a m p l e a t this s t a t i o n 
c o n t a i n e d m o s t l y c h l o r i n a t e d s e w a g e e f f l u e n t . The d a t a p r e s e n t e d 
in the a p p e n d i x ( 8 / 3 0 / 8 4 ) reveal that TC v a l u e s i n c r e a s e d from 
1600 per 100 mL at St. 5 + 0 0 to 2 6 0 0 per 100 mL at S t . 2 2 + 0 0 and 
then d e c r e a s e d at the d o w n s t r e a m s t a t i o n s t h e r e a f t e r e x c e p t at 
St. 1 0 4 + 0 0 . The r e a s o n for the s u r g e in the l e v e l s of the three 
i n d i c a t o r b a c t e r i a at S t . 1 0 4 + 0 0 is u n k n o w n . The F C / T C r a t i o s 
for all the s a m p l i n g s t a t i o n s w i t h the e x c e p t i o n s of St. 0 + 5 0 and 
St. 2 + 0 0 w e r e b e t w e e n 0 . 1 0 and 0 . 3 2 . 
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S e p t e m b e r 11 R u n . The TC d e n s i t y in the u n c h l o r i n a t e d 
e f f l u e n t w a s 1 , 1 0 0 , 0 0 0 per 100 m L . At St. 2 + 0 0 , u n l i k e the 
p a t t e r n for FC d e n s i t y , the TC c o n c e n t r a t i o n d e c r e a s e d to 7 0 0 , 0 0 0 
per 100 m L . S t . 10 + 00 still had a h i g h TC count ( 6 6 0 , 0 0 0 / 1 0 0 mL ) 
b e c a u s e the e f f l u e n t w a s a l s o b e i n g d i s c h a r g e d t h r o u g h d i t c h D at 
St. 9 + 0 0 C f i g u r e 2 ) . The F C / T C v a l u e s for the e f f l u e n t d i s c h a r g e 
area (St. 2 + 0 0 to St. 1 0 + 0 0 ) w e r e b e t w e e n 0.22 to 0 . 2 6 . 

It can be seen f r o m the a p p e n d i x ( 9 / 1 1 / 8 4 ) that there w a s a 
s u b s t a n t i a l r e d u c t i o n of TC d e n s i t i e s b e t w e e n St. 10+00 and S t . 
1 6 + 0 0 ( 5 7 , 0 0 0 T C / 1 0 0 mL ) . T h i s r e s u l t e d in a high F C / T C v a l u e 
( 0 . 3 2 ) at St. 1 6 + 0 0 . TC d e n s i t i e s d e c r e a s e d from 8 4 , 0 0 0 to 4 1 , 0 0 0 
per 100 mL in the river r e a c h f r o m St. 2 2 + 0 0 t h r o u g h St. 4 2 + 0 0 . 
The r e a c h b e t w e e n St. 4 6 + 0 0 and St. 8 9 + 0 0 had d e n s i t i e s of 1 6 , 0 0 0 
to 3 2 , 0 0 0 T C / 1 0 0 m L . At S t . 9 5 + 0 0 and St. 1 0 4 + 0 0 , TC d e n s i t i e s 
i n c r e a s e d s i g n i f i c a n t l y . This m i g h t have been due to the 
a f t e r g r o w t h o f A e r o b a c t e r a e r o g e n s ( S t r o b e l , 1 9 6 8 ) . The F C / T C 
ratio d e c r e a s e d to about 0.10 or less for d o w n s t r e a m s t a t i o n s 
b e l o w St. 27 + 0 0 . 

S e p t e m b e r 13 R u n . The c h l o r i n a t e d e f f l u e n t c o n t a i n e d 92 
T C / 1 0 0 m L . D a t a in the a p p e n d i x ( 9 / 1 3 / 8 4 ) s h o w that, a f t e r the 
m i x i n g of c h l o r i n a t e d e f f l u e n t w i t h the river w a t e r , the TC 
levels in the study area i n c r e a s e d w i t h d o w n s t r e a m d i s t a n c e to a 
m a x i m u m of 1 6 , 0 0 0 T C / 1 0 0 mL at St. 2 2 + 0 0 and s t a y e d f a i r l y s t e a d y 
( 1 2 , 0 0 0 to 1 5 , 0 0 0 per 100 m L ) t h r o u g h S t . 7 6 + 0 0 . The TC d e n s i t i e s 
d e c r e a s e d t h e r e a f t e r . 

H i g h F C / T C v a l u e s w e r e g e n e r a l l y o b s e r v e d a r o u n d the 
c h l o r i n a t e d e f f l u e n t d i s c h a r g e a r e a s (St. 2+00 and St. 5 + 0 0 ) . For 
o t h e r s a m p l i n g l o c a t i o n s , F C / T C v a l u e s r a n g e d from 0.11 to 0 . 3 0 , 
and m o s t w e r e less than 0 . 2 0 . 

S e p t e m b e r 18 R u n . On this d a t e , the n o n - c h l o r i n a t e d e f f l u e n t 
grab s a m p l e c o n t a i n e d a low TC c o n c e n t r a t i o n ( 5 0 , 0 0 0 per 100 
m L ) . T h e a p p e n d i x ( 9 / 1 8 / 8 4 ) i n d i c a t e s that w i t h the e x c e p t i o n o f 
St. 3 + 5 0 , the TC d e n s i t i e s in the river w a t e r s c o n t i n u o u s l y 
d e c r e a s e d from 3 1 , 0 0 0 per 100 mL at St. 2 + 0 0 to 1 8 , 0 0 0 per 100 mL 
at St. 2 7 + 0 0 . On the b a s i s of the o b s e r v e d TC d a t a , it a p p e a r s 
that the impact of the n o n - c h l o r i n a t e d e f f l u e n t d i s c h a r g e to the 
river e x t e n d e d up to St. 2 7 + 0 0 . A s i m i l a r c o n c l u s i o n can also be 
m a d e on the b a s i s of FC c o u n t s . The d o w n s t r e a m s t r e t c h ( S t . 
3 5 + 0 0 to St. 1 0 4 + 0 0 ) of the study area had 1800 - 5 0 0 0 T C / 1 0 0 
mL . 

The F C / T C r a t i o s at all s t a t i o n s w e r e found to be low, in 
most c a s e s less than 0 . 1 0 . They showed no g e n e r a l trend. 

O c t o b e r 23 R u n . The a p p e n d i x ( 1 0 / 2 3 / 8 4 ) i n d i c a t e s that the 
u n c h l o r i n a t e d grab s a m p l e c o n t a i n e d 8 4 0 , 0 0 0 T C / 1 0 0 m L . A s w i t h 
the FC d e n s i t i e s , TC d e n s i t i e s a l s o s h o w e d s t r a t i f i c a t i o n in the 
study a r e a , w i t h h i g h e r c o u n t s for the s u r f a c e w a t e r s . A 
s u b s t a n t i a l r e d u c t i o n of TC c o n c e n t r a t i o n o c c u r r e d at St. 1 6 + 0 0 . 
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D o w n s t r e a m of this s t a t i o n t h e r e w e r e no s i g n i f i c a n t c h a n g e s in 
T C d e n s i t i e s a m o n g the s a m p l i n g s t a t i o n s . 

A3 s h o w n in the a p p e n d i x , the F C / T C v a l u e s c a l c u l a t e d for 
the s a m p l e s c o l l e c t e d o n O c t o b e r 2 3 , 1984 w e r e g e n e r a l l y less 
than 0 . 1 0 e x c e p t for s o m e u p s t r e a m s t a t i o n s . T h e r e w a s n o trend 
of F C / T C v a l u e s for the s a m p l e s at t h r e e d i f f e r e n t d e p t h s . 

O c t o b e r 2 5 R u n . The c h l o r i n a t e d e f f l u e n t g r a b s a m p l e 
c o l l e c t e d o n O c t o b e r 2 5 , 1984 had 2 6 0 0 T C / 1 0 0 m L . A s p r e v i o u s l y 
s t a t e d , due t o the t e m p e r a t u r e d i f f e r e n c e b e t w e e n the e f f l u e n t 
(25 C) and the river w a t e r C13 - 14.5 C ) , the m i x i n g of t h e s e two 
w a t e r s w a s l i m i t e d to the u p p e r s t r a t u m . It can be seen f r o m the 
a p p e n d i x ( 1 0 / 2 5 / 8 4 ) that for St. 2 + 0 0 t h r o u g h St. 1 0 + 0 0 the TC 
d e n s i t i e s for the s u r f a c e w a t e r s w e r e lower than t h o s e for o t h e r 
d e p t h s . It s e e m s that the c h l o r i n a t e d e f f l u e n t t e n d e d to r e m a i n 
in the u p p e r s t r a t u m of the river f l o w . T h e TC c o u n t s for St. 
1 6 + 0 0 t h r o u g h S t . 4 5 + 0 0 w e r e h i g h ( > 7 3 0 0 per 100 m L ) . 

T h e F C / T C v a l u e s for the river s a m p l e s c o l l e c t e d d o w n s t r e a m 
of the c h l o r i n a t e d e f f l u e n t d i s c h a r g e w e r e f o u n d to be very low 
( 0 . 0 1 4 - 0 . 0 4 2 ) due to the low FC c o u n t s in c o m b i n a t i o n w i t h h i g h 
TC d e n s i t i e s . FC a p p e a r s to be less r e s i s t a n t to c h l o r i n a t i o n 
than T C and F S . 

F S and F C / F S V a l u e s 

A u g u s t 20 R u n . FS c o n c e n t r a t i o n s for the river w a t e r s a m p l e s 
c o l l e c t e d on A u g u s t 2 0 , 1984 r a n g e d f r o m 16 per 100 mL at S t . 
80 + 00 to 3 7 0 per 100 mL at St., 10 + 00 ( a p p e n d i x ) , w i t h a g e o m e t r i c 
m e a n of 69 per 100 m L . T h e s e v a l u e s r e p r e s e n t the b a c k g r o u n d FS 
d e n s i t i e s , s i n c e t h e r e w a s n o w a s t e w a t e r e f f l u e n t d i s c h a r g e from 
the G P S D f a c i l i t i e s . The FS c o u n t s v a r i e d from s t a t i o n to 
s t a t i o n w i t h n o d i s c e r n i b l e t r e n d . 

On this d a t e , the F C / F S v a l u e s v a r i e d f r o m 0.27 at S t . 6 5 + 0 0 
to 4.17 at S t . 3 5 + 0 0 ( a p p e n d i x ) . Only one s a m p l i n g l o c a t i o n had 
F C / F S v a l u e s g r e a t e r than 4 . 0 , and m o s t of the s t a t i o n s had 
v a l u e s less than 2 . 0 . 

A u g u s t 28 and 30 R u n s . The FS d e n s i t y in the n o n - c h l o r i n a t e d 
e f f l u e n t d i s c h a r g e w a s very low ( 5 0 0 per 100 m L ) on A u g u s t 2 8 , 
1 9 8 4 . FS c o u n t s v a r i e d on this d a t e from 80 to 2 1 0 per 100 mL 
b e t w e e n the o u t f a l l and S t . 2 2 + 0 0 . The FS c o u n t s w e r e less than 
80 per 100 mL for the o t h e r d o w n s t r e a m s t a t i o n s . The F C / F S 
v a l u e s for all s t a t i o n s w e r e g r e a t e r than 6.0 in the case of 
n o n - c h l o r i n a t e d e f f l u e n t d i s c h a r g e . T h e s e d a t a s h o w that F S 
d e n s i t y is not a g o o d i n d i c a t o r for e v a l u a t i o n of the impact of 
s e w a g e t r e a t m e n t p l a n t e f f l u e n t o n r e c e i v i n g w a t e r s . 

On A u g u s t 3 0 , 1 9 8 4 , t h e r e w a s no FS d e t e c t e d in the s a m p l e s 
of the c h l o r i n a t e d e f f l u e n t or at St. 2 + 0 0 . T h e FS d e n s i t i e s for 
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the o t h e r s t a t i o n s w i t h the e x c e p t i o n o f S t . 1 0 4 + 0 0 r a n g e d f r o m 
30 to 74 per 100 mL C a p p e n d i x ) . T h e F C / F S v a l u e s r a n g e d from 2.6 
to 7 . 3 , w h i c h m o s t l i k e l y r e p r e s e n t s the b a c k g r o u n d l e v e l s for 
the I l l i n o i s R i v e r w a t e r . 

S e p t e m b e r 11 R u n . As s h o w n in the a p p e n d i x ( 9 / 1 1 / 8 4 ) , the FS 
d e n s i t i e s in the u n c h l o r i n a t e d e f f l u e n t and at St. 2 + 00 w e r e 2 7 0 0 
and 1 7 0 0 per 100 m L , r e s p e c t i v e l y . A s w a t e r t r a v e l l e d d o w n s t r e a m 
the FS d e n s i t i e s d e c r e a s e d to 170 c o u n t s per 100 mL at S t . 4 2 + 0 0 . 
D o w n s t r e a m of this s t a t i o n , w i t h the e x c e p t i o n of St. 1 0 4 + 0 0 , the 
FS v a l u e s in the lower r e a c h of the s a m p l i n g s t a t i o n s w e r e 
b e t w e e n 130 and 210 per 100 m L . 

T h e F C / F S v a l u e s in the a r e a s of n o n - c h l o r i n a t e d e f f l u e n t 
d i s c h a r g e s ( S t . 2 + 00 to S t . 10 + 0 0 ) w e r e e x t r e m e l y high ( > 1 0 0 ) . As 
can be seen in the a p p e n d i x ( 9 / 1 1 / 8 4 ) , the r a t i o s d e c r e a s e d 
s i g n i f i c a n t l y a t the d o w n s t r e a m s t a t i o n s . H o w e v e r , t h e r e w a s n o 
l o c a t i o n w h i c h had F C / F S less than 4 . 0 . It is clear that h u m a n 
w a s t e s w e r e the p o l l u t i o n s o u r c e for the s t u d y a r e a on t h i s 
d a t e . 

S e p t e m b e r 13 R u n . T h e r e w a s no FS d e t e c t e d in the 
c h l o r i n a t e d e f f l u e n t and in the s a m p l e c o l l e c t e d at S t . 2 + 0 0 . 
I n s p e c t i o n of the a p p e n d i x ( 9 / 1 3 / 8 4 ) for the river r e a c h b e t w e e n 
St. 5 + 0 0 and S t . 4 2 + 0 0 i n d i c a t e s that F S c o u n t s w e r e less than 
100 per 100 m L . The FS d e n s i t i e s i n c r e a s e d in the lower reach of 
t h e s t u d y a r e a . 

T h e F C / F S v a l u e s w e r e f o u n d to be h i g h e r for s t a t i o n s f r o m 
St. 5 + 0 0 t h r o u g h St. 4 2 + 0 0 , due to low FS c o u n t s . O n l y two 
l o c a t i o n s (St. 9 5 + 0 0 and St. 1 0 4 + 0 0 ) had F C / F S v a l u e s less than 
4.0. 

S e p t e m b e r 18 R u n . It can be seen f r o m the a p p e n d i x ( 9 / 1 8 / 8 4 ) 
that the FS c o u n t in the n o n - c h l o r i n a t e d e f f l u e n t was low ( 2 0 / 1 0 0 
m L ) , w h i c h w a s the lowest F S d e n s i t y o b s e r v e d for all the s a m p l e s 
c o l l e c t e d on S e p t e m b e r 1 8 , 1 9 8 4 . The g r a b s a m p l e of 
n o n - c h l o r i n a t e d e f f l u e n t had a high F C / F S v a l u e of 3 0 0 . The FS 
d e n s i t i e s for the river s t a t i o n s v a r i e d from 35 to 140 per 100 mL 
w i t h o u t any g e n e r a l p a t t e r n . H o w e v e r , for the u p p e r r e a c h 
i m p a c t e d b y n o n - c h l o r i n a t e d e f f l u e n t d i s c h a r g e (up t o S t . 2 7 + 0 0 ) , 
the F C / F S v a l u e s w e r e g e n e r a l l y high w h i l e the v a l u e s w e r e lower 
for the lower r e a c h of the s t u d y a r e a . 

O c t o b e r 2 3 R u n . The g r a b s a m p l e o f n o n - c h l o r i n a t e d e f f l u e n t 
c o n t a i n e d a h i g h c o n c e n t r a t i o n o f F S ( 1 0 , 0 0 0 / 1 0 0 m L ) . H o w e v e r , 
the FS c o n c e n t r a t i o n s d e c r e a s e d as the e f f l u e n t m i x e d w i t h the 
river w a t e r . Near the n o n - c h l o r i n a t e d e f f l u e n t d i s c h a r g e p o i n t s 
(St. 2 + 0 0 t h r o u g h St. 5 + 0 0 ) , the FS d e n s i t i e s for the s u r f a c e 
w a t e r s w e r e g r e a t e r than those for m i d - d e p t h and b o t t o m w a t e r s 
( a p p e n d i x , 1 0 / 2 3 / 8 4 ) . The a p p e n d i x a l s o r e v e a l s that the F S 
d e n s i t i e s for S t . 8 + 0 0 and d o w n s t r e a m s t a t i o n s on this d a t e 
v a r i e d f r o m 3 7 0 to 960 per 100 m L . The F C / F S v a l u e s w e r e h i g h 
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( > 8 . 0 ) from the o u t f a l l to S t . 5 + 0 0 . T h e r e m a i n d e r of the river 
s a m p l e s g e n e r a l l y had v e r y low F C / F S v a l u e s ( < 2 . 1 ) . 

O c t o b e r 2 5 R u n . T h e c h l o r i n a t e d e f f l u e n t g r a b s a m p l e had 
o n l y 8 F S / 1 0 0 m L . T h e a p p e n d i x ( 1 0 / 2 5 / 8 4 D i n d i c a t e s that the F S 
d e n s i t i e s for s a m p l e s a t d i f f e r e n t d e p t h s and d i f f e r e n t s t a t i o n s 
s h o w e d t r e n d s s i m i l a r to the d e n s i t y t r e n d s for b o t h TC and F C . 
T h e F S c o u n t s for the s t a t i o n s b e l o w the c h l o r i n a t e d e f f l u e n t 
d i s c h a r g e r a n g e d f r o m 60 to 4 6 0 per 100 m L . 

T h e F C / F S v a l u e s for the river s a m p l e s w e r e g e n e r a l l y v e r y 
low d u e t o low F C d e n s i t i e s a f t e r c h l o r i n a t i o n . The v a l u e s w e r e 
b e l o w 4.0 e x c e p t a t S t . 2 7 + 0 0 . 

S U M M A R Y A N D C O N C L U S I O N S 

F e c a l col i f o r m , total c o l i f o r m , and fecal s t r e p t o c o c c u s 
c o n c e n t r a t i o n s i n the s t u d y a r e a v a r i e d w i t h w a t e r d e p t h , 
t r a n s v e r s e l o c a t i o n , river m i l e , and d a t e . 

T h e goal in the s e l e c t i o n of s a m p l i n g p o i n t s for the c h o s e n 
t r a n s e c t s w a s t o o b t a i n the m a x i m u m F C c o u n t s . T h i s w a s a 
d i f f i c u l t goal to r e a c h . 

T h e r e s u l t s of this s t u d y s h o w that the impact of 
n o n - c h l o r i n a t e d e f f l u e n t d i s c h a r g e s e x t e n d e d b e t w e e n 2 6 0 0 and 
6 9 0 0 feet d o w n s t r e a m of the o u t f a l l . T h e impact of the e f f l u e n t 
d i s c h a r g e i n the t r a n s v e r s e d i r e c t i o n w a s not d e t e r m i n e d . 
S t a t i o n 0 + 5 0 , 100 feet u p s t r e a m o f the o u t f a l l c h a n n e l s , s h o w e d 
h i g h F C d e n s i t y w h e n u n c h l o r i n a t e d e f f l u e n t w a s d i s c h a r g e d a t 
h i g h e r than a v e r a g e r a t e s . 

• C h l o r i n a t e d e f f l u e n t s had v e r y low or n o n d e t e c t a b l e F C s . 
H o w e v e r , w i t h c h l o r i n a t e d e f f l u e n t d i s c h a r g e s , o n l y a few river 
s t a t i o n s had FC c o u n t s less than 2 0 0 per 100 m L . In fact a b o u t 
80 p e r c e n t of the s a m p l e s in the river d o w n s t r e a m of the 
c h l o r i n a t e d e f f l u e n t s e x c e e d e d 200 F C / 1 0 0 m L . 

• The t e m p e r a t u r e d i f f e r e n c e b e t w e e n the e f f l u e n t and river 
w a t e r w a s f o u n d to be an i m p o r t a n t f a c t o r in a s s e s s i n g the river 
b a c t e r i a l q u a l i t y . 

• In o r d e r to o b t a i n a c o m p l e t e p i c t u r e , of c h l o r i n a t i o n 
e f f e c t s o n river F C d e n s i t i e s , w a t e r s a m p l e s s h o u l d b e c o l l e c t e d 
f r o m s e v e r a l d e p t h s in a s u f f i c i e n t n u m b e r of w a t e r c o l u m n s in a 
t r a n s e c t . It is n e e d l e s s to p o i n t out that w i t h a l a r g e r n u m b e r 
o f s a m p l i n g t r a n s e c t s b e l o w the o u t f a l l , the r i v e r b a c t e r i a l 
q u a l i t y c o u l d h a v e b e e n b e t t e r d e f i n e d . 

A m o n g the t h r e e i n d i c a t o r b a c t e r i a , FC is the b e s t i n d i c a t o r 
for e v a l u a t i n g the i m p a c t s of c h l o r i n a t i o n of t r e a t e d w a s t e w a t e r 
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e f f l u e n t . For s o m e o c c a s i o n s , the p a t t e r n o f T C d e n s i t i e s a m o n g 
s t a t i o n s w a s f o u n d to be s i m i l a r to that of FC d e n s i t i e s . 

T h e m a j o r i t y o f F C / T C v a l u e s w e r e f o u n d t o b e b e t w e e n 0.01 
and 0 . 3 5 . T h e v a l u e s w e r e ' e x t r e m e l y low o n O c t o b e r 2 5 , 1 9 8 4 . I n 
g e n e r a l , the v a l u e s w e r e low in the u p p e r r e a c h e s of the r i v e r 
w h e n t h e s e r e a c h e s w e r e r e c e i v i n g c h l o r i n a t e d e f f l u e n t s . 

F S d e n s i t i e s i n the e f f l u e n t and the river w a t e r w e r e 
g e n e r a l l y low, e v e n in n o n - c h l o r i n a t e d e f f l u e n t . FS is t h e r e f o r e 
not s u i t e d for a s s e s s i n g the impact of s e w a g e e f f l u e n t 
d i s c h a r g e s . 

F C / F S r a t i o v a l u e s i n the u p p e r r e a c h e s w e r e e x t r e m e l y h i g h 
w h e n t h e s e r e a c h e s w e r e r e c e i v i n g u n c h l o r i n a t e d t r e a t m e n t p l a n t 
d i s c h a r g e s . For the e v a l u a t i o n o f m u n i c i p a l w a s t e w a t e r e f f l u e n t 
i n r e c e i v i n g w a t e r s , F C / F S v a l u e s s e r v e very l i t t l e p u r p o s e . 
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Appendix . Bacteria Densities 

Station Bacteria density, 

Date Transect 
Ft. from 
shore 

Ft. from 
surface 

per 100 mL 
TC FC FC/TC 

7/24/84 RM 160.71 100 0 4,400 370 .084 
3 5,700 410 .072 
2 6,800 300 .044 
4 9,000 580 .064 

RM 160.71 550 0 900 12 .013 
3 350 20 .057 
8 300 93 .310 
17 300 33 .154 

5+00 100 0 3,400 540 .159 
3 1,600     - 
5 4,200 130 .031 
9 6,800 410 .060 

5+00 400 0 5,200 330 .063 
3 12,000 110 .009 
9 10,000 500 .050 
16 5,000 400 .080 

25+00 200 0 3,100 280 .090 

32+00 50 0 4,200 270 .064 
3 3,200 380 .119 

104+00 100 0 1,500 210 .140 
3 2,600 180 .069 
7 1,700 260 .153 

14 2,100 310 .148 

104+00 400 0 1,600 300 .188 
3 1,600 110 .069 
9 5,200 110 .021 
18 1,300 350 .269 
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Appendix . (Continued) 

Station Bacteria density, 
Ft. from Ft. from per 100 mL 

Date Transect shore surface TC FC FS FC/TC FC/FS 

8/20/84 0+50 100 6 380 110 57 .289 1.9 

2+00 100 7 820 170 - .207         - 
5+00 100 8 100 60 98 .600 .6 

10+00 100 7 200 120 370 .600 .3 
16+00 100 6 200 120 130 .600 .9 

22+00 200 10 300 90 49 .300 1.8 
28+00 200 7 200 170 130 .850 1.3 
35+00 200 11 300 150 36 .500 4.2 
43+00 200 7 240 120 45 .500 2.7 

50+00 200 7 170 68 54 .400 1.3 
57+00 200 10 100 77 50 .770 1.5 
65+00 200 11 150 60 220 .400 0.3 
73+00 200 10 150 52 35 .349 1.5 

80+00 400 12 160 60 16 .375 3.8 
88+00 400 13 130 30 60 .231 0.5 
96+00 400 10 180 64 58 .355 1.1 

104+00 400 9 130 62 80 .477 0.8 



Appendix. (Continued) 

Station Bacteria density, 
Ft. from Ft. from per 100 mL 

Date Transect shore surface TC FC FC/TC 

8/21/84 0+50 100 6 3,500 610 .174 

2+00 100 7 58,000 9,200 .159 

5+00 100 10 31,000 3,000 .097 

10+00 100 0 25,000 2,300 .092 

16+00 100 6 20,000 1,700 .085 

22+00 200 10 16,000 1,600 .100 

27+00 200 7 14,000 900 .064 

35+00 200 11 4,000 1,000 .250 

44+00 200 8 5,500 1,100 .200 

48+00 200 6 7,600 1,000 .132 

63+00 200 12 4,400 800 .182 

70+00 200 10 3,100 600 .194 

75+00 200 10 1,700 350 .206 

82+00 300 12 1,400 350 .250 

89+00 300 13 2,500 350 .140 

95+00 300 10 1,700 250 .147 

104+00 350 8.5 1,200 220 .183 
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Appendix . (Continued) 

Station Bacteria density, 
Ft. from Ft. from per 100 mL 

Date Transect shore surface TC FC FS FC/TC FC/FS 

8/28/84 Effluent 1 320,000 31,000 500 .097 62.0 

0+50 100 0 91,000 20,000 290 .220 69.0 
2+00 100 7 180,000 17,000 210 .094 81.0 

5+00 100 8 130,000 10,000 150 .077 .66.7 

10+00 200 9.6 67,000 2,500 80 .037 31.3 
16+00 200 12 61,000 2,100 150 .034 14.0 

22+00 200 11 13,000 1,300 60 .100 21.7 
27+00 200 12 9,800 850 80 .087 10.6 

35+00 200 7 4,500 690 56 .153 12.3 
42+00 200 8 25,000 560 40 .022 14.0 

46+00 200 5 2,900 390 50 .134 7.8 
65+00 200 12 1,100 390 52 .355 7.5 

70+00 200 10 3,300 610 60 .185 10.2 
76+00 200 10 -          -        -       -             -

82+00 300 12 14,000 440 46 .031 9.6 
89+00 300 13 2,400 440 74 .183 6.0 

94+00 300 11 2,100 460 35 .219 13.1 
104+00 350 8 2,100 400 42 .190 9.5 

Effluent 2 160,000 21,000 - .181            - 



Appendix . (Continued) 

Station Bacteria density, 
Ft. from Ft. from per 100 mL 

Date Transect shore surface TC FC FS FC/TC FC/FS 

8/30/84 0+50 100 0 1,700 900 72 .529 12.5 

Eff Ts = 26°C 60 <1 <1 0           - 

2+00 100 7 100 <1 <1 0           - 
5+00 100 8 1,600 330 67 .206 4.9 

10+00 200 9 1,700 310 60 .182 5.2. 

16+00 200 11 1,300 220 48 .169 4.6 
22+00 200 11 2,600 270 59 .104 4.6 
27+00 200 12 2,200 280 45 .127 6.2 
35+00 200 9 1,200 190 74 .158 2.6 
42+00 200 8 1,100 200 62 .182 3.2 

46+00 200 5 1,100 210 60 .191 3.5 
65+00 200 12 1,200 310 52 .258 6.0 

70+00 200 10 1,100 260 76 .236 3.4 
76+00 200 10 800 220 30 .275 7.3 

82+00 300 12 620 200 61 .323 3.3 
89+00 300 13 720 180 37 .250 4.9 

94+00 300 11 860 210 64 .244 3.3 
104+00 350 8 3,800 810 110 .213 7.4 



Appendix . (Continued) 

Station Bacteria density, 
Ft. from Ft. from per 100 mL 

Date Transect shore surface TC FC FS FC/TC FC/FS 

9/11/84 0+50 100 0 79,000 13,000 320 .165 40.6 

Eff. 1,100,000 180,000 2,700 .164 66.7 

2+00 100 8 700,000 180,000 1,700 .257 105.9 

5+00 100 10 450,000 97,000 830 .215 116.9 
10+00 200 10 660,000 150,000 820 .227 182.9 

16+00 200 12 57,000 18,000 510 .316 35.3 
22+00 200 13 84,000 16,000 430 .191 37.2 

27+00 200 9 85,000 9,700 190 .114 51.1 
35+00 200 10 52,000 5,400 300 .104 18.0 

42+00 200 10 41,000 3,100 170 .076 18.2 
46+00 200 4 28,000 2,200 170 .079 12.9 

54+00 200 12 27,000 2,200 160 .081 13.8 
70+00 200 10 27,000 2,200 210 .081 10.5 

76+00 200 10 32,000 2,300 140 .072 16.4 
82+00 200 13 23,000 2,400 180 .104 13.3 

89+00 300 13 16,000 2,400 130 .150 18.5 
95+00 300 12 55,000 2,800 180 .051 15.6 

104+00 350 11 44,000 2,400 370 .055 6.5 



Appendix. (Continued) 

Station Bacteria density, 
Ft. from Ft. from per 100 mL 

Date Transect shore surface TC FC FS FC/TC FC/FS 

9/13/84 0+50 100 0 7,500 650 100 .087 6.5 

Eff. 92 12 <1 .130         - 

2+00 100 8 870 310 <1 .356         - 
5+00 100 10 7,600 1,700 57 .224 29.8 

10+00 200 10 8,200 1,300 55 .159 23.6 
16+00 200 12 12,000 1,400 67 .117 20.9 

22+00 200 13 16,000 1,800 94 .113 19.2 
27+00 200 9 15,000 1,800 55 .120 32.7 
35+00 200 10 11,000 3,300 92 .300 35.9 
42+00 200 10 9,300 2,000 60 .215 33.3 

46+00 200 4 15,000 1,800 130 .120 13.9 
54+00 200 12 12,000 3,100 320 .258 9.7 

70+00 200 10 14,000 2,600 260 .186 10.0 
76+00 200 10 12,000 2,100 78 .175 26.9 

82+00 300 13 8,100 1,500 230 .185 6.5 
89+00 300 13 5,500 1,300 170 .235 7.7 

95+00 300 12 5,300 680 320 .128 2.1 
104+00 350 11 8,700 1,300 490 .149 2.7 



Appendix . (Continued) 

Station Bacteria density, 
Ft. from Ft. from per 100 mL 

Date Transect shore surface TC FC FS FC/TC FC/FS 

9/18/84 0+50 100 0 31,000 2,300 100 .074 23.0 

Eff. 50,000 6,000 20 .120 300.0 

2+00         100             6 31,000 4,700 140 .152 33.6 
3+50 200 11 5,000 300 85 .060 3.5 
5+00 100 9 25,000 3,400 100 .136 34.0 

10+00 200 10 20,000       -       85         -           - 
16+00 200 14 15,000 830 130 .055 6.4 

22+00 200 13 19,000 780 75 .041 10.4 
27+00 200 11 18,000 970 100 .054 9.7 

35+00 200 11 3,200 250 80 .078 3.1 
41+00 200 11 4,000 170 35 .043 4.9 
44+00 200 4 2,600 320 72 .123 4.4 

61+00 200 12 3,100 230 76 .074 3.0 
70+00 200 10 2,300 230 62 .100 3.7 

78+00 200 10 5,000 230 45 .046 5.1 
82+00 300 13 2,900 300 96 .103 3.1 

89+00 300 14 2,500 200 60 .080 3.3 
95+00 300 10 2,300 160 55 .070 2.9 

106+00 350 9 1,800 190 77 .106 2.5 



Appendix . (Continued) 

Station Bacteria density, 
Ft. from Ft. from per 100 mL 

Date Transect shore surface TC FC FS FC/TC FC/FS 

10/23/84 0+50 100 0 78,000 2,200 690 0.028 3.2 

Eff. 840,000 140,000 10,000 0.167 14.0 

2+00 100 0 780,000 120,000 2,500 0.153 48.0 
5 12,000 770 1,000 0.064 0.8 
9 34,000 790 1,500 0.023 0.5 

3+50 100 0 110,000 27,000 860 0.245' 31.4 
4 23,000 830 600 0.036 1.4 
8 14,000 590 700 0.042 0.8 

5+00 100 0 210,000 13,000 1,500 0.062 8.7 
5 80,000 9,000 970 0.113 9.3 
9 39,000 2,000 940 0.051 2.1 

8+00 150 0 25,000 1,400 410 0.056 3.4 
4 13,000 900 480 0.069 1.9 
7 14,000 1,000 630 0.070 1.6 

10+00 200 0 69,000 15,000 720 0.217 20.8 
5 13,000 1,000 960 0.077 1.0 
10 24,000 900 790 0.038 1.1 

16+00 200 7 8.400 490 540 0.058 0.9 

22+00 200 6 4,800 260 380 0.054 0.7 

27+00 200 5 8,500 570 590 0.067 1.0 

35+00 200 5 4,600 230 600 0.050 0.4 

47+00 200 6 11,000 550 420 0.050 1.3 

84+00 350 14 4,200 220 520 0.052 0.4 

104+00 350 8 5,800 260 370 0.045 0.7 
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Station Bacteria density, 
Ft. from Ft. from per 100 mL 

Date Transect shore surface TC FC FS FC/TC FC/FS 

10/25/84 0+50 100 0 800 40 12 0.050 3.3 

Eff. 2,600 120 8 0.046 15.0 

2+00 100 0 4,800 120 60 0.025 2.0 
5 22,000 290 460 0.013 0.6 
9 9,400 220 130 0.023 1.7 

3+50 100 0 13,000 230 190 0.018 1.2 
4 13,000 290 250 0.022 1.2 
8 17,000 470 150 0.028 3.1 

5+00 100 0 15,000 210 230 0.014 0.9 
5 21,000 390 250 0.019 1.6 
9 20,000 460 190 0.023 2.4 

8+00 100 0 9,800 230 220 0.023 1.1 
4 11,000 230 210 0.021 1.1 
7 11,000 280 250 0.025 1.1 

10+00 200 0 12,000 230 230 0.019 1.0 
5 13,000 220 380 0.017 0.6 

10 33,000 240 260 0.007 0.9 

16+00 200 7 12,000 270 320 0.023 0.8 
22+00 200 6 8,400 150 140. 0.018 1.1 

27+00 200 5 25,000 930 190 0.037 4.9 
35+00 200 5 8,700 220 110 0.025 2.0 

45+00 350 6 7,300 100 83 0.014 1.2 

84+00 350 14 2,400 100 120 0.042 0.8 

104+00 350 8 3,300 100 90 0.030 1.1 
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