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AN A S S E S S M E N T OF INDIAN C R E E K B O T T O M S E D I M E N T S 
IN THE V I C I N I T Y OF C O M B I N E D SEWER O V E R F L O W 25 

IN A U R O R A , ILLI NO IS 

b y T h o m a s A . B u t t s 

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

Indian C r e e k , a t r i b u t a r y to the Fox R i v e r , is a small 
creek running t h r o u g h r e s i d e n t i a l , i n d u s t r i a l , and 
c o m m e r c i a l areas of A u r o r a , I l l i n o i s . The Indian Creek 
i n t e r c e p t o r s e w e r , a segment of the A u r o r a S a n i t a r y 
D i s t r i c t ' s c o m b i n e d sewer s y s t e m , runs p a r a l l e l to the 
c r e e k . D u r i n g wet w e a t h e r , the h y d r a u l i c c a p a c i t y of the 
i n t e r c e p t o r is e x c e e d e d , and e x c e s s i v e flow is d i s c h a r g e d to 
Indian Creek at a point a p p r o x i m a t e l y 5600 feet a b o v e the 
c o n f l u e n c e of the creek w i t h the Fox R i v e r . The o v e r f l o w 
has been d e s i g n a t e d c o m b i n e d sewer o v e r f l o w ( C S O ) 2 5 , and 
its location is shown on f i g u r e 1. The 7-day, 10-year low 
flow is zero at all l o c a t i o n s along the creek (Singh and 
S t a l l , 1 9 7 3 ) . 

The A u r o r a S a n i t a r y D i s t r i c t needs i n f o r m a t i o n to 
a s s e s s the l o n g - t e r m or c h r o n i c e f f e c t s the C S O has on 
b e n t h i c sediment and b e n t h o s c o n d i t i o n s d o w n s t r e a m of the 
C S O . This study p r o v i d e d the m i n i m u m amount of i n f o r m a t i o n 
n e e d e d to m a k e this a s s e s s m e n t to s a t i s f y the r e q u i r e m e n t s 
of the C S O R u l e s and R e g u l a t i o n s set forth in S e c t i o n 
3 0 6 . 3 6 1 ( b ) of S u b t i t l e C of C h a p t e r 1 of the I l l i n o i s 
P o l l u t i o n Control B o a r d ' s ( I P C B ) R u l e s and R e g u l a t i o n s 
( 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 6 ) . 

Study Plan 

S e d i m e n t and b e n t h o s ( b o t t o m m a c r o i n v e r t e b r a t e ) 
c o n d i t i o n s w e r e e v a l u a t e d at four l o c a t i o n s in the creek in 
A u g u s t 1 9 8 6 . S a m p l i n g s t a t i o n s w e r e located a p p r o x i m a t e l y 
150 feet a b o v e the o u t f a l l , at the immediate outfall p o i n t , 
2 5 0 feet b e l o w the o u t f a l l , and at a point a p p r o x i m a t e l y 
2 6 4 0 feet d o w n s t r e a m of the o u t f a l l ( f i g u r e 1 ) . T h e s e four 
p o i n t s a p p e a r e d to be a d e q u a t e for a s s e s s i n g the e f f e c t s of 
c o m b i n e d s e w a g e o v e r f l o w on Indian C r e e k b o t t o m s e d i m e n t s . 
A p h o t o g r a p h of o v e r f l o w 25 is shown as f i g u r e 2, and a 
p h o t o g r a p h i c v i e w of the creek in the v i c i n i t y of the 
o v e r f l o w is shown as f i g u r e 3. 

O n - s i t e sediment o x y g e n demand ( S O D ) d e t e r m i n a t i o n s 
w e r e m a d e by using the m e t h o d s and p r o c e d u r e s d e v e l o p e d and 
e m p l o y e d by 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 ( B u t t s , 1 9 7 4 ; 
B u t t s and E v a n s , 1 9 7 7 ; B u t t s and E v a n s , 1978; B u t t s et at., 
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1 9 8 2 ; B u t t s , 1 9 8 6 ) . D i r e c t m e a s u r e m e n t s o f total and 
c a r b o n a c e o u s S O D w e r e m a d e , and f r o m t h e s e r e s u l t s , the 
n i t r o g e n o u s f r a c t i o n w a s a s c e r t a i n e d . 

T h r e e b e n t h i c b i o l o g i c a l ( b e n t h o s ) s a m p l e s w e r e taken 
at e a c h s t a t i o n w i t h a P e t i t e Ponar s e d i m e n t d r e d g e . The 
s a m p l e s w e r e s i e v e d and the r e s i d u e w a s p r e s e r v e d for 
l a b o r a t o r y use for e n u m e r a t i n g and i d e n t i f y i n g the b e n t h o s . 

B e n t h i c s e d i m e n t s a m p l e s w e r e c o l l e c t e d w i t h the P e t i t e 
Ponar d r e d g e . The s a m p l e s w e r e c h a r a c t e r i z e d and d e s c r i b e d 
in the field as to their g e n e r a l m a k e u p . A p o r t i o n of the 
top 1 to 2 i n c h e s of each d r e d g e s a m p l e w a s r e t a i n e d and 
r e t u r n e d to the l a b o r a t o r y to d e t e r m i n e the c o n s i s t e n c y of 
the s e d i m e n t ( p e r c e n t m o i s t u r e c o n t e n t ) and the o r g a n i c 
c o n t e n t ( p e r c e n t v o l a t i l e s o l i d s ) . 

P l a n k t o n ( a l g a e ) s a m p l e s w e r e c o l l e c t e d and p r e s e r v e d . 
The a l g a e w e r e e n u m e r a t e d and i d e n t i f i e d in the l a b o r a t o r y . 
B l a c k - b o t t l e i n c u b a t i o n s o f a m b i e n t w a t e r s a m p l e s w e r e 
c a r r i e d out in the field c o m m e n s u r a t e w i t h m e a s u r i n g the 
S O D s s o that d i s s o l v e d B O D and s u s p e n d e d a l g a e r e s p i r a t i o n 
c o u l d be i s o l a t e d f r o m r e s p i r a t i o n d u e s t r i c t l y to b o t t o m 
s e d i m e n t s and p e r i p h y t o n . 

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

T h i s s t u d y w a s s p o n s o r e d and f u n d e d by a grant f r o m the 
A u r o r a S a n i t a r y D i s t r i c t . T h a n k s a r e e x t e n d e d t o Ajit S i n g h 
B h a m r a h o f W a l t e r E . D e u c h l e r A s s o c i a t e s w h o p r o v i d e d 
g u i d a n c e d u r i n g the s t u d y . The w o r k w a s p e r f o r m e d under the 
g e n e r a l s u p e r v i s i o n of the C h i e f 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 , R i c h a r d S e m o n i n . Peter B e r g a s s i s t e d in the f i e l d 
w o r k . Jud W i l l i a m s p i c k e d the b e n t h o s , and T o m Hill 
i d e n t i f i e d and e n u m e r a t e d the o r g a n i s m s . T h e i l l u s t r a t i o n s 
w e r e p r e p a r e d b y Jud W i l l i a m s ; L i n d a J o h n s o n p r e p a r e d the 
o r i g i n a l m a n u s c r i p t ; and Gail T a y l o r e d i t e d the r e p o r t . 

S A M P L I N G E Q U I P M E N T A N D P R O C E D U R E S 

S e d i m e n t o x y g e n d e m a n d can be d e f i n e d b r o a d l y as the 
u s a g e of d i s s o l v e d o x y g e n in the o v e r l y i n g w a t e r by b e n t h i c 
o r g a n i s m s . In s o m e i n s t a n c e s , it can i n c l u d e or result f r o m 
i n o r g a n i c c h e m i c a l o x i d a t i o n r e a c t i o n s . H o w e v e r , under 
a e r o b i c c o n d i t i o n s it is p r i n c i p a l l y the result of the 
b i o c h e m i c a l o x y g e n d e m a n d s o f m i c r o - and m a c r o o r g a n i s m s . 
The m a j o r m i c r o d e m a n d is due to b a c t e r i a ; h o w e v e r , d i a t o m s , 
p r o t o z o a , and a q u a t i c fungi r e s p i r a t i o n can b e s i g n i f i c a n t 
at t i m e s . M a c r o d e m a n d is c a u s e d by a u f w u c h c o m m u n i t i e s 
( s u r f a c e - I i v i n g o r g a n i s m s ) and b u r r o w i n g f a u n a . W o r m s , 
insect larvae and n y m p h s , l e a c h e s , and m u s s e l s are the 
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p r i n c i p a l b u r r o w i n g t y p e s . P e r i p h y t o n , o r o r g a n i s m s w h i c h 
are a t t a c h e d to u n d e r w a t e r s u b s t r a t e s , r e p r e s e n t an 
i m p o r t a n t s o u r c e of S O D in s o m e s t r e a m s , in some deep a r e a s 
of some clear l a k e s , and in the l i t t o r a l z o n e s of m o s t 
l a k e s . 

Sampling Eauipmen t 

T h e S O D m e a s u r e m e n t e q u i p m e n t and p r o c e d u r e s used for 
this s t u d y are a d a p t a t i o n s and m o d i f i c a t i o n s of t h o s e 
o r i g i n a l l y d e v e l o p e d by the W a t e r Q u a l i t y S e c t i o n of the 
S t a t e W a t e r S u r v e y for d e t e r m i n i n g the i n f l u e n c e of 
s e d i m e n t s on the d i s s o l v e d o x y g e n b a l a n c e a l o n g the u p p e r 
r e a c h e s o f the I l l i n o i s W a t e r w a y ( B u t t s , 1 9 7 4 ) . B o w m a n and 
D e l f i n o ( 1 9 7 8 ) h a v e c o m p i l e d an e x c e l l e n t r e v i e w of the 
s t a t e of the art of m e a s u r i n g S O D in the l a b o r a t o r y and in 
the f i e l d . T h e s e a u t h o r s p l a c e S O D m e t h o d o l o g i e s into five 
c l a s s e s . O n e is d e s i g n a t e d as the b a t c h s y s t e m , and it is 
the b a s i s a r o u n d w h i c h S t a t e W a t e r S u r v e y e q u i p m e n t and 
o p e r a t i n g p r o c e d u r e s h a v e b e e n d e s i g n e d . 

T h e s o - c a l l e d b a t c h s y s t e m , a s e m p l o y e d b y the W a t e r 
S u r v e y , e n t a i l s the use of a c h a m b e r r e s p i r o m e t e r e q u i p p e d 
w i t h a m e a n s of i n t e r n a l l y c i r c u l a t i n g w a t e r . Its o p e r a t i o n 
c o n s i s t s e s s e n t i a l l y of c o n t a i n i n g a k n o w n v o l u m e of w a t e r 
over a g i v e n b o t t o m a r e a u s i n g e i t h e r a b e l l , b o x , or 
p y r a m i d a I-domed c h a m b e r , and m e a s u r i n g the DO drop w i t h a 
g a l v a n i c cell o x y g e n p r o b e i m p l a n t e d i n t e r n a l l y . For this 
s t u d y , a small b o x - t y p e s a m p l e r , w h i c h had p r o d u c e d 
e x c e l l e n t r e s u l t s for n u m e r o u s s h a l l o w s t r e a m s and lakes 
w i t h i n I l l i n o i s , w a s u s e d . The d e t a i l e d d e s i g n o f the 
s a m p l e r is g i v e n by B u t t s and E v a n s ( 1 9 7 8 ) . 

T h e s a m p l e r is 12 inches long, 7 i n c h e s w i d e , and 7 
inches d e e p to the top of the s e a t i n g f l a n g e . It is 
f a b r i c a t e d of 3 / 1 6 - i n c h steel p l a t e w e l d e d all a r o u n d . T h e 
s e a t i n g f l a n g e s are 3 / 1 6 - i n c h steel p l a t e e x t e n d i n g 1-1/2 
inches f r o m the o u t s i d e f a c e s of the box s i d e s ; a 2 - i n c h 
s e a t i n g d e p t h i s p r o v i d e d . R e m o v a b l e w a t e r - p r o o f e d p l y w o o d 
e x t e n s i o n f l a n g e s can be b o l t e d to the steel f l a n g e s w h e n 
n e e d e d . 

T h i s s a m p l e r w a s d e s i g n e d t o a c c o m m o d a t e t h r e e m e t h o d s 
of internal w a t e r c i r c u l a t i o n or m o v e m e n t : two d i f f e r e n t 
p u m p i n g s y s t e m s and a n e l e c t r i c a l s t i r r i n g m e c h a n i s m . T h e 
p u m p i n g can be a c c o m p l i s h e d by u s i n g e i t h e r a s u b m e r s i b l e or 
n o n s u b m e r s i b I e p u m p . For this s t u d y , the s t i r r i n g s y s t e m 
w a s u s e d . T h e s t i r r i n g m e c h a n i s m is a t t a c h e d to a large 
split c o l l a r that has b e e n a d a p t e d to fit YSI 5 7 9 5 A and YSI 
5 6 9 5 s u b m e r s i b l e s t i r r e r s . T h e D O - t e m p e r a t u r e p r o b e i s 
h o u s e d w i t h i n the s t i r r e r . T h e s t i r r e r s o p e r a t e on s i z e D 
f l a s h l i g h t b a t t e r i e s . A YSI M o d e l 58 D O - t e m p e r a t u r e m e t e r 
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f i t t e d w i t h a YSI 5 6 9 5 A s t i r r e r w a s u s e d , and the r e s u l t s 
w e r e m a n u a l l y r e c o r d e d for e a c h i n c r e m e n t a l time l a p s e . 

B e n t h o s and s e d i m e n t s a m p l e s w e r e c o l l e c t e d w i t h a 
6 - i n c h - s q u a r e P e t i t e P o n a r d r e d g e , a h a n d - h e l d c l a m - s h e l l 
type d r e d g e s u i t a b l e for s m a l l - s t r e a m b i o l o g i c a l and 
s e d i m e n t w o r k . B e n t h o s s a m p l e s w e r e w a s h e d t h r o u g h a W i l d c o 
M o d e l 1 9 0 - E 2 0 p l a s t i c b u c k e t e q u i p p e d w i t h a N o . 30 s i e v e to 
r e t a i n all m a c r o i n v e r t e b r a t e s . 

Samplino P r o c e d u r e s 

R u n s w e r e i n i t i a t e d b y c a l i b r a t i n g the 0 0 p r o b e 
a c c o r d i n g t o the s t a n d a r d w e t - c h e m i s t r y W i n k l e r m e t h o d 
( A m e r i c a n P u b l i c H e a l t h A s s o c i a t i o n e t a l . , 1 9 8 5 ) . T w o D O 
b o t t l e s w e r e then f i l l e d w i t h c r e e k w a t e r and i n c u b a t e d in 
the c r e e k u n d e r dark c o n d i t i o n s for the d u r a t i o n of a run to 
c h e c k for algal r e s p i r a t i o n . T h e c a l i b r a t e d p r o b e w a s 
f i t t e d into the S O D c h a m b e r , and the unit w a s s e a l e d in the 
s e d i m e n t up to the s i d e f l a n g e s . At all four l o c a t i o n s , the 
s t r e a m b o t t o m s w e r e r o c k y and h a r d ; c o n s e q u e n t l y , the 
p l y w o o d e x t e n s i o n f l a n g e s w e r e u s e d , and the seal w a s 
s e c u r e d b y s a n d b a g g i n g o n and a r o u n d t h e s e f l a n g e s ( f i g u r e 
4) . 

D i s s o l v e d o x y g e n a n d t e m p e r a t u r e r e a d i n g s w e r e t a k e n a t 
5 - m i n u t e i n t e r v a l s . T h e runs w e r e t e r m i n a t e d w h e n the 
d e m a n d c u r v e a p p e a r e d to s t a b i l i z e l i n e a r l y . If the c u r v e 
l e v e l e d off a b r u p t l y , this s i g n a l l e d a leak and the c h a m b e r 
w a s p u l l e d up and reset in a n o t h e r n e a r b y a r e a . 

T w o t y p e s of S O D s w e r e a s c e r t a i n e d d u r i n g a g i v e n r u n : 
the total s e d i m e n t o x y g e n d e m a n d and the total d e m a n d m i n u s 
that c a u s e d b y n i t r i f i c a t i o n . T h e total S O D m i n u s that 
c a u s e d by n i t r i f i c a t i o n w a s i s o l a t e d f r o m the total S O D by 
a d d i n g a n i t r i f y i n g i n h i b i t o r to the c h a m b e r a f t e r a total 
( u n i n h i b i t e d ) run w a s c o m p l e t e d . T h i s i n h i b i t o r , 
2 - c h l o r o - 6 - ( t r i c h I o r o m e t h y I ) p y r i d i n e , i s the s a m e c h e m i c a l , 
N - s e r v e , that is u s e d by f a r m e r s to s t a b i l i z e fall 
a p p l i c a t i o n s of a n h y d r o u s a m m o n i a . N i t r i f i c a t i o n is the 
p r o c e s s b y w h i c h s p e c i a l i z e d b a c t e r i a , t h r i v i n g i n the w a t e r 
or in b o t t o m s e d i m e n t s , o x i d i z e d i s s o l v e d a m m o n i a ( N H 3 ) in 
w a t e r o r b e n t h i c ( b o t t o m ) s e d i m e n t s . 

A p p r o x i m a t e l y 1.6 g r a m s of i n h i b i t o r w a s a d d e d to the 
c h a m b e r . T h i s w a s d o n e b y d e l i v e r i n g 3 2 H a c h d i s p e n s e r cap 
i n j e c t i o n s into the c h a m b e r ; this d i s p e n s e r is d e s i g n e d to 
i n o c u l a t e a s t a n d a r d B O D b o t t l e w i t h 0.05 g r a m s of 
i n h i b i t o r , and the v o l u m e of the S O D s a m p l e r is e q u i v a l e n t 
to a b o u t 32 B O D b o t t l e s . A f t e r an i n h i b i t e d run w a s 
c o m p l e t e d , the i n s i d e o f the c h a m b e r w a s t h o r o u g h l y s c r u b b e d 
w i t h a c i d - d e t e r g e n t w a s h i n g s o l u t i o n to r e m o v e all t r a c e s of 
the i n h i b i t o r to e l i m i n a t e the p o s s i b i l i t y of any r e s i d u a l 
e f f e c t s during- the next u n i n h i b i t e d run. 
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T h r e e Ponar d r e d g e s a m p l e s w e r e c o l l e c t e d , and f r o m 
t h e s e , 65 to 75 g r a m s of s e d i m e n t w e r e r e t a i n e d for 
l a b o r a t o r y a n a l y s e s for w a t e r c o n t e n t and v o l a t i l e s o l i d s . 
The r e m a i n d e r w a s s i e v e d , and the s i e v e d r e s i d u e w a s 
p r e s e r v e d w i t h a l c o h o l in p l a s t i c b o t t l e s for the 
d e t e r m i n a t i o n o f b o t t o m d w e l l i n g m a c r o i n v e r t e b r a t e 
p o p u l a t i o n s ( b e n t h o s ) . P h y s i c a l d e s c r i p t i o n s o f b o t h 
u n s i e v e d and s i e v e d s e d i m e n t s w e r e r e c o r d e d . A p p r o x i m a t e l y 
400 ml of w a t e r w a s c o l l e c t e d and p r e s e r v e d w i t h f o r m a l i n 
for use in algal i d e n t i f i c a t i o n and e n u m e r a t i o n in the 
l a b o r a t o r y . 

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

C u r v e s s h o w i n g D O used v e r s u s time w e r e d r a w n and used 
to a g r e a t e x t e n t in a n a l y z i n g and i n t e r p r e t i n g the S O D 
d a t a . I n t e r p r e t a t i o n of t h e s e t y p e s of c u r v e s can at times 
b e s u b j e c t i v e . H o w e v e r , k n o w l e d g e o f the c h e m i c a l , 
p h y s i c a l , and b i o l o g i c a l c o n d i t i o n s e x i s t i n g d u r i n g the 
s a m p l i n g p e r i o d can g r e a t l y aid in i n t e r p r e t i n g c a u s e s and 
e f f e c t s . 

T h e S O D r a t e s as t a k e n f r o m the c u r v e s a r e in u n i t s of 
m i l l i g r a m s per liter per m i n u t e ( m g / l / m i n ) o f d i s s o l v e d 
o x y g e n u s a g e and m u s t b e c o n v e r t e d into g r a m s per s q u a r e 
m e t e r per day ( g / m / d a y ) for p r a c t i c a l a p p l i c a t i o n s . T h e 
g e n e r a l c o n v e r s i o n f o r m u l a is: 

w h e r e 

S O D = s e d i m e n t o x y g e n d e m a n d , g/m 2 /day 
S = s l o p e of s t a b i l i z e d p o r t i o n of the c u r v e , 

m g / I / m i n 
V = v o l u m e of s a m p l e r , l i t e r s . 
A = b o t t o m a r e a of s a m p l e r , m2 

T h e s p e c i f i c f o r m u l a for the box s a m p l e r and the 
s t i r r e r c o m b i n a t i o n w h e n s e a t e d up to the f l a n g e s in 
sed imen t is: 

S O D = 2 0 5 . 5 S (2) 

G e n e r a l l y , e q u a t i o n 2 is a p p l i e d to the p o r t i o n of a 
c u r v e w h i c h is linear or w h i c h a p p r o a c h e s l i n e a r i t y . M a n y 
c u r v e s , e s p e c i a l l y t h o s e g e n e r a t e d for p o l l u t e d s e d i m e n t s , 
e v o l v e into a s t r a i g h t line a f t e r the e f f e c t s of initial 
b o t t o m d i s t u r b a n c e s h a v e s u b s i d e d . O f t e n this e v o l u t i o n i s 
clear and d i s t i n c t , but at o t h e r t i m e s it is n o t . D e f i n i n g 
S O D c u r v e f o r m s or t r e n d s can be a v a l u a b l e aid in d a t a 
i n t e r p r e t a t i o n . 
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The in situ SOD m e a s u r e m e n t s taken at a m b i e n t w a t e r 
t e m p e r a t u r e s w e r e c o r r e c t e d to 20 C and 25 C for c o m p a r a t i v e 
p u r p o s e s by the e q u a t i o n : 

S O D T = S O D 2 0 (1. 0 4 7 T - 2 0 )   (3) 

w h e r e 

S O D T = SOD rate at any t e m p e r a t u r e , T°C 
S O D 2 0 = SOD rate at 2 0 ° C 

T h i s e q u a t i o n is a form of the A r r h e n i u s model w i d e l y 
used in w a t e r q u a l i t y s t u d i e s i n v o l v i n g the s t a b i l i z a t i o n of 
c a r b o n a c e o u s m a t e r i a l s in a q u e o u s e n v i r o n m e n t s ( B u t t s et 
al . , 1 9 7 3 ) . 

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

S a m p l i n g w a s c o m p l e t e d at s t a t i o n 1 d u r i n g the 
a f t e r n o o n of A u g u s t 18, at s t a t i o n 2 d u r i n g the m o r n i n g of 
A u g u s t 19, at s t a t i o n 3 d u r i n g the a f t e r n o o n of A u g u s t 19, 
and at s t a t i o n 4 d u r i n g the m o r n i n g of A u g u s t 2 0 . A l t h o u g h 
the study w a s limited in s c o p e , the r e s u l t s a p p e a r to be 
i n t e r e s t i n g and i n f o r m a t i v e . 

D u r i n g the p e r i o d w h e n the field m e a s u r e m e n t s and 
s a m p l e s w e r e t a k e n , Indian C r e e k flow w a s very low. The 
s t r e a m c o n s i s t e d o f w e l l - d e f i n e d r i f f l e s and s h a l l o w p o o l s . 
The SOD m e a s u r e m e n t s and b e n t h o s s a m p l e s w e r e taken in 
s h a l l o w p o o l s a b o u t 14 inches deep at s t a t i o n s 1, 3, and 4. 
At s t a t i o n 2, a h o l e , about 6 feet d e e p , has been e r o d e d 
a r o u n d the o u t f a l l . The s t a t i o n 2 m e a s u r e m e n t s and s a m p l e s 
w e r e taken in a b o u t 3 feet of w a t e r on the d o w n s t r e a m e d g e 
of this p o o l . P h o t o g r a p h s of the s t a t i o n 1, 2, 3, and 4 
l o c a t i o n s are s h o w n as f i g u r e s 4, 5, 6, and 7, r e s p e c t i v e l y . 
The s t r e a m is s h r o u d e d in a c a n o p y of trees and b u s h e s 
( f i g u r e 3) to a p o i n t about 500 feet b e l o w the H i g h S t r e e t 
o v e r p a s s . The w a t e r w a s crystal clear w h e n u n d i s t u r b e d . 
H o w e v e r , in the a r e a of s t a t i o n 3, w a l k i n g in the s t r e a m 
c a u s e d the w a t e r to b e c o m e g r a y - b l a c k and s e p t i c l o o k i n g 
b e c a u s e o f c h u r n e d - u p s e d i m e n t s . 

R e s u l t s 

The d a t a on a c c u m u l a t e d DO used in terms of mg/l v e r s u s 
e l a p s e d time in m i n u t e s , as d e r i v e d from field n o t e s , are 
p r e s e n t e d in A p p e n d i x A. P l o t s r e p r e s e n t i n g these data in 
the form of S O D c u r v e s are p r e s e n t e d as f i g u r e s 8 t h r o u g h 
11. S p e c i f i c SOD r a t e s , d e r i v e d by u s i n g e q u a t i o n 2 in 
c o n j u n c t i o n w i t h the i n f o r m a t i o n c o n t a i n e d in A p p e n d i x A and 
the SOD c u r v e s , are p r e s e n t e d in A p p e n d i x B. The 
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i n c r e m e n t a l d i f f e r e n c e s r e p r e s e n t v a r i o u s s l o p e d i f f e r e n c e s 
e x h i b i t e d by the c u r v e s o v e r the d u r a t i o n of e a c h run w i t h 
a p p r o p r i a t e c o r r e c t i o n s m a d e for algal r e s p i r a t i o n . The 
u n d e r l i n e d v a l u e s in A p p e n d i x B r e p r e s e n t the s t a b i l i z e d 
linear p o r t i o n s of the c u r v e s w h i c h a p p e a r e d to p r o v i d e the 
best e s t i m a t e of the r a t e s at g i v e n l o c a t i o n s . The o v e r a l l 
r e s u l t s are s u m m a r i z e d in t a b l e 1. T h e n i t r o g e n o u s r a t e , as 
p r e s e n t e d in table. 1, e q u a l s the total rate m i n u s the 
i n h i b i t e d r a t e . 

T h e s u p p l e m e n t a l p h y s i c a l and b i o l o g i c a l d a t a and 
i n f o r m a t i o n c o l l e c t e d in c o n j u n c t i o n w i t h e a c h SOD run are 
s u m m a r i z e d i n t a b l e 2 . D e t a i l e d b e n t h i c m a c r o i n v e r t e b r a t e 
and a l g a e d a t a are c o n t a i n e d in A p p e n d i c e s C and D, 
r e s p e c t i v e l y . The t e r m b e n t h o s in t a b l e 2 r e f e r s to b e n t h i c 
o r b o t t o m - d w e l l i n g m a c r o i n v e r t e b r a t e o r g a n i s m s . The p e r c e n t 
s o l i d s p a r a m e t e r s e r v e s as a g e n e r a l i n d i c a t o r of 
c o n s i s t e n c y ( i . e . , the d e g r e e of l i q u i d i t y of the 
s e d i m e n t s ) , w h i l e the p e r c e n t v o l a t i l e s o l i d s ( V . S . ) o r 
I o s s - o n - i g n i t i o n p a r a m e t e r s e r v e s as a g e n e r a l i n d i c a t o r of 
o r g a n i c c o n t e n t . T h e D O v a l u e s r e p r e s e n t v a l u e s o b t a i n e d a t 
the b e g i n n i n g of an S O D r u n . 

D i s c u s s i o n 

T h e s e d i m e n t c l a s s i f i c a t i o n s listed in t a b l e 1 are 
t h o s e p r e s e n t e d b y B u t t s and E v a n s (19783) ( t a b l e 3 ) . T h e y 
are a p p r o p r i a t e for use o n l y w h e n s e d i m e n t s c o n t a i n low 
m a c r o i n v e r t e b r a t e n u m b e r s or w h e n large n u m b e r s of 
pol I u t i o n - t o I e r a n t o r g a n i s m s exist in the a b s e n c e of 
d i v e r s i t y . V e r y h i g h S O D s can exist in s e d i m e n t s w h i c h are 
h i g h l y p o p u l a t e d w i t h o r g a n i s m s i n t o l e r a n t t o o r g a n i c , 
o x y g e n - c o n s u m i n g w a s t e s . 

B u t t s e t a l . ( 1 9 8 2 ) found that M i s s i s s i p p i R i v e r m u d s 
c o n t a i n i n g o v e r 4 8 , 0 0 0 o r g a n i s m s per s q u a r e m e t e r o f 
i n t o l e r a n t m a c r o i n v e r t e b r a t e s p r o d u c e d an S O D rate of 5.47 
g / m 2 / d a y . In this c a s e , c l a s s i f i c a t i o n a c c o r d i n g to t a b l e 3 
is not a p p r o p r i a t e , a l t h o u g h this v a l u e is m u c h h i g h e r than 
any of the four r a t e s m e a s u r e d in Indian C r e e k . W h a t 
d i f f e r e n t i a t e s the I n d i a n C r e e k r a t e s f r o m the M i s s i s s i p p i 
R i v e r v a l u e is the fact that the m a c r o o r g a n i s m s in I n d i a n 
C r e e k are r e l a t i v e l y low in n u m b e r s , and the o r g a n i s m s that 
are p r e s e n t are m o s t l y m o d e r a t e l y p o l l u t i o n - 1 o I e r a n t 
m i d g e - f l y l a r v a e and h i g h l y p o l l u t i o n - t o I e r a n t s l u d g e w o r m s 
( A p p e n d i x C ) . 

T h e p o l l u t i o n t o l e r a n c e v a l u e s for i n d i v i d u a l o r g a n i s m s 
and the b i o t i c index v a l u e s p r e s e n t e d in A p p e n d i x C w e r e 
d e r i v e d f r o m i n f o r m a t i o n c o n t a i n e d in the I E P A ' s F i e l d 
M e t h o d s M a n u a l - B i o l o g i c a l M o n i t o r i n g ( 1 9 8 0 ) . The b i o t i c 
index is m e r e l y the w e i g h t e d a v e r a g e ( b a s e d on n u m b e r s ) of 
i n d i v i d u a l o r g a n i s m t o l e r a n c e v a l u e s . T h e t o l e r a n c e v a l u e s 
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r a n g e from 0 for h i g h l y i n t o l e r a n t o r g a n i s m s to 11 for 
h i g h l y t o l e r a n t o n e s . P o l l u t i o n t o l e r a n c e in this c a s e 
r e f e r s t o t o l e r a n c e t o o r g a n i c , o x y g e n - c o n s u m i n g w a s t e s . 

The a m b i e n t SOD rates are r e l a t i v e l y low at all four 
s t a t i o n s ; h o w e v e r , a s i g n i f i c a n t d i f f e r e n c e d o e s o c c u r 
b e t w e e n the upper three s t a t i o n s and s t a t i o n 4 w h e n the 
m e a s u r e d r a t e s are c o r r e c t e d to c o m m o n t e m p e r a t u r e s of 20 C 
and 25 C. The h i g h e r rate at s t a t i o n 4 can p r o b a b l y be 
a t t r i b u t e d to a great e x t e n t to the l u x u r i a n t p e r i p h y t o n i c 
g r o w t h of d i a t o m s and iron b a c t e r i a p r o m i n e n t in this 
s t r e t c h of the c r e e k . A l t h o u g h s t a t i o n 1 w a s a b o v e the C S O , 
it e x h i b i t e d a h i g h e r SOD rate than s t a t i o n 2 at the o u t f a l l 
and s t a t i o n 3 located 2 5 0 feet b e l o w it. This can be 
e x p l a i n e d by the fact that the s t r e a m a r e a a b o v e the o u t f a l l 
w a s c o v e r e d w i t h p e r i p h y t i c a l g a e , w h e r e a s the a r e a s a r o u n d 
s t a t i o n s 2 and 3 w e r e e s s e n t i a l l y d e v o i d of p e r i p h y t o n i c 
g r o w t h s . The S O D rates at s t a t i o n s 2 and 3 p r o b a b l y 
r e p r e s e n t true sed imen t o x y g e n d e m a n d rates and are p r o b a b l y 
good i n d i c a t o r s of the c h r o n i c or l a s t i n g e f f e c t s o v e r f l o w s 
f r o m C S O 25 h a v e on the s t r e a m b o t t o m . 

T a b l e 4 lists s o m e S O D r a t e s m e a s u r e d in 
c o m p a r a b l e - s i z e d s t r e a m s i n n o r t h e r n I l l i n o i s . B l a c k b e r r y 
C r e e k , t r i b u t a r y to the Fox R i v e r , is a s e m i - r u r a l s t r e a m 
l o c a t e d in the A u r o r a a r e a ; F l i n t C r e e k is a s e m i - r u r a l 
s t r e a m t r i b u t a r y to the Fox R i v e r and r e c e i v e s some t r e a t e d 
s e w a g e from the B a r r i n g t o n a r e a ; W o o d s C r e e k is t r i b u t a r y to 
the K i s w a u k e e River and r e c e i v e s t r e a t e d s e w a g e from C r y s t a l 
L a k e ; and C e d a r C r e e k is a rural s t r e a m e v e n t u a l l y t r i b u t a r y 
to the M i s s i s s i p p i R i v e r -- its h e a d w a t e r s r e c e i v e C S O and 
t r e a t e d s e w a g e from G a l e s b u r g . N o t e that the Indian C r e e k 
total S O D s are c o m p a r a b l e to t h o s e m e a s u r e d at the 
B l a c k b e r r y C r e e k , F l i n t C r e e k ( S t a t i o n 2 ) , and W o o d s C r e e k 
s t a t i o n s . H o w e v e r , the Indian C r e e k v a l u e s are m u c h lower 
than those m e a s u r e d b e l o w G a l e s b u r g o n C e d a r C r e e k . T h i s 
c r e e k p e r i o d i c a l l y r e c e i v e s c o m b i n e d sewer o v e r f l o w f r o m the 
r e l a t i v e l y large c o m m u n i t y of G a l e s b u r g , and it c o n t i n u a l l y 
r e c e i v e s t r e a t e d e f f l u e n t from the G a l e s b u r g S a n i t a r y 
D i s t r i c t ' s s e w a g e t r e a t m e n t p l a n t . 

T h i s is the s e c o n d in situ S O D s t u d y c o n d u c t e d by the 
W a t e r Q u a l i t y S e c t i o n of the S t a t e W a t e r S u r v e y in w h i c h an 
a t t e m p t w a s m a d e to i s o l a t e the n i t r o g e n o u s SOD f r o m the 
g r o s s or total r a t e . T h i s a t t e m p t a p p e a r s to h a v e b e e n 
f a i r l y s u c c e s s f u l as e v i d e n c e d by the r e s u l t s in t a b l e 1. 
The C e d a r C r e e k study ( B u t t s , 1 9 8 6 ) w a s the first a t t e m p t 
m a d e a t i s o l a t i n g the n i t r o g e n o u s S O D f r a c t i o n . 

N o t e in table 4 that a p p r o x i m a t e l y 91 p e r c e n t of the 
S O D w a s n i t r o g e n o u s in C e d a r C r e e k at s t a t i o n 2 l o c a t e d 
a b o u t 3 0 0 feet d o w n s t r e a m of the G a l e s b u r g s e w a g e t r e a t m e n t 
p l a n t o u t f a l l . S i m i l a r l y , as s h o w n in table 1, the h i g h e s t 
n i t r o g e n o u s p e r c e n t a g e in Indian C r e e k o c c u r r e d in the 
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immediate area of the d i s c h a r g e point of o v e r f l o w 2 5 . About 
t w o - t h i r d s of the SOD at s t a t i o n 2 on Indian Creek w a s due 
to a m m o n i a o x i d a t i o n . At the other two d o w n s t r e a m s t a t i o n s , 
the n i t r o g e n o u s p e r c e n t a g e c o m p o s i t i o n s w e r e s i g n i f i c a n t l y 
less. The u p s t r e a m control station 1 e x h i b i t e d no 
n i t r o g e n o u s d e m a n d . In fact, the SOD rate increased after 
the inhibitor was added (see A p p e n d i x B ) . 

The creek bed w a s w a l k e d b e t w e e n the outfall and 
H i g h w a y 2 5 . No e x t e n s i v e sludge d e p o s i t s w e r e found, but 
some small localized d e p o s i t i o n s w e r e o b s e r v e d . For about 
600 feet b e l o w the o u t f a l l , w a l k i n g in the s t r e a m d i s t u r b e d 
b o t t o m s e d i m e n t s w h i c h caused the clear s t r e a m w a t e r to turn 
g r a y - b l a c k . Farther d o w n s t r e a m , the b o t t o m rocks and other 
s u b s t r a t e s w e r e c o v e r e d w i t h thick, s l i p p e r y m a t s of d i a t o m 
and iron bacterial g r o w t h s . The r e l a t i v e l y low DO of 4.4 
mg/l o b s e r v e d at station 4 (table 2) during the m o r n i n g of 
August 2 0 , 1986 can p r o b a b l y be a t t r i b u t e d to n o c t u r n a l 
r e s p i r a t i o n of this p e r i p h y t o n i c g r o w t h . E x t e n s i v e a r e a s of 
the b o t t o m appear r u s t - c o l o r e d . About 200 feet b e l o w 
s t a t i o n 4, a small patch of septic s l u d g e was o b s e r v e d along 
the w a t e r e d g e . The creek did not appear to c o n t a i n a 
s i g n i f i c a n t a c c u m u l a t i o n of rags and other types of d e b r i s 
n o r m a l l y a s s o c i a t e d w i t h c h r o n i c , large c o m b i n e d sewer 
o v e r f l o w s . H o w e v e r , the creek w a s littered w i t h the 
h a r d w a r e type of trash often seen in urban s t r e a m s . 

C O N C L U S I O N S 

1. Indian Creek b e l o w o v e r f l o w 25 e x h i b i t s some b e n t h i c 
s e d i m e n t d e g r a d a t i o n . This d e g r a d a t i o n is r e l a t i v e l y 
m i n o r and is in line w i t h that of other s t r e a m s 
r e c e i v i n g i n t e r m i t t e n t c o m b i n e d sewage o v e r f l o w s or a 
s t e a d y flow of w e l l - t r e a t e d s e w a g e . The s e d i m e n t 
o x y g e n demand rates fall into the s l i g h t l y d e g r a d e d to 
m o d e r a t e l y p o l l u t e d c a t e g o r i e s . 

2. B e n t h o s and p h y t o p l a n k t o n p r o d u c t i v i t y is low both up-
s t r e a m and d o w n s t r e a m of the o u t f a l l . B e n t h o s n u m b e r s 
and d i v e r s i t y are s m a l l . S u s p e n d e d algae p r o d u c t i o n is 
very low t h r o u g h o u t the reach s t u d i e d . The IEPA 
M a c r o i n v e r t e b r a t e B i o t a Index i n d i c a t e s a slight 
d e g r a d a t i o n in s t r e a m b e d b i o l o g y in the d o w n s t r e a m 
d i r e c t i o n . S t a t i o n 3, w h i c h had loose septic 
s e d i m e n t s , had a r e l a t i v e l y high d e n s i t y of 
p o l l u t i o n - t o l e r a n t O l i g o c h a e t a (sludge w o r m s ) and 
m o d e r a t e l y p o l l u t i o n - t o l e r a n t C h i r o n o m i d a e (midge fly 
l a r v a e ) . 

3. The s t r e a m s u p p o r t s lush and e x t e n s i v e per iphvton 
q r o w t h . Most of the m e a s u r e d SOD at s t a t i o n 1 above 
the outfall is p r o b a b l y due to the r e s p i r a t i o n of 
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b o t t o m d w e l l i n g d i a t o m s , w h i l e m u c h of that at s t a t i o n 
4 is p r o b a b l y due to a c o m b i n a t i o n of d i a t o m and iron 
b a c t e r i a r e s p i r a t i o n . T h e S O D r a t e s at s t a t i o n s 2 and 
3 are r e l a t i v e l y free of the i n f l u e n c e of p e r i p h y t i c 
respi rat ion. 

4 . N i t r o g e n o u s s e d i m e n t o x y g e n d e m a n d is s i g n i f i c a n t in 
the i m m e d i a t e a r e a of the o u t f a l l . A l m o s t t w o - t h i r d s 
of the S O D in the o u t f a l l a r e a w a s a t t r i b u t a b l e to 
a m m o n i a o x i d a t i o n , w h e r e a s n o n e w a s a t t r i b u t a b l e to it 
a b o v e the o u t f a l l and 20 p e r c e n t or less w a s 
a t t r i b u t a b l e to it at the o t h e r two s t a t i o n s b e l o w the 
o u t f a l l . 

5 . G r o s s v i s u a l and a e s t h e t i c p o l l u t i o n due t o d i s c h a r g e s 
f r o m o v e r f l o w 2 5 w a s not e v i d e n t . The s t r e a m c h a n n e l 
did not c o n t a i n r a g s , p a p e r , and o t h e r t y p e s of d e b r i s 
w h i c h o f t e n b e c o m e r e s i d u a l after recent c o m b i n e d 
s e w e r o v e r f l o w s . T h e d e e p h o l e e r o d e d a t the o u t f a l l 
c o n t a i n e d s o m e h a r d w a r e trash o f o v e r l a n d o r i g i n , but 
o t h e r w i s e it w a s c l e a n and c o n t a i n e d small b l u e g i l l s 
and large s c h o o l s of m i n n o w s . 

6 . A r e d u c t i o n in the f r e q u e n c y and q u a n t i t y of the o v e r ­
f l o w p r o b a b l y w o u l d e n h a n c e d o w n s t r e a m c o n d i t i o n s t o 
s o m e d e g r e e . R e t a i n m e n t of m o s t of the s e t t l e a b l e 
s o l i d s w o u l d p r o b a b l y c o m p l e t e l y e l i m i n a t e the small 
p a t c h e s o f s l u d g e o b s e r v e d . O v e r a l l e n h a n c e m e n t 
p r o b a b l y c o u l d be a c h i e v e d by e l i m i n a t i n g 50 to 60 
p e r c e n t of the l i q u i d f l o w . A t t e n d a n t upon this w o u l d 
be the need to s t r a i n out all f l o a t i n g d e b r i s s i n c e the 
p r e s e n t l y h i g h o v e r f l o w r a t e s a p p e a r t o p r e v e n t rags 
and paper f r o m a c c u m u l a t i n g in the i m m e d i a t e a r e a of 
the o u t f a l l . 
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Figure 8. Sediment oxygen demand curve at station 1 



Figure 9. Sediment oxygen demand curve at station 2 



Figure 10. Sediment oxygen demand curve at station 3 



Figure 11. Sediment oxygen demand curve at station 4 



T a b l e 1. Best E s t i m a t e SOD R a t e s , 
P e r c e n t a g e N i t r o g e n o u s C o m p o s i t i o n , and S e d i m e n t C l a s s i f i c a t i o n 



Table 3. G e n e r a l i z e d B e n t h i c Sediment C o n d i t i o n s 
in N o r t h e a s t e r n Illinois S t r e a m s 

as C h a r a c t e r i z e d by SOD Rates 

G e n e r a l i z e d Benthic SOD Range at 
Sed iment Condi t ion 25 C ( g / m 2 / d a y ) 

Clean 0-0.5 
M o d e r a t e l y Clean 0.5-1.0 
Slightly D e g r a d e d 1.0-2.0 
M o d e r a t e l y Polluted 2.0-3.0 
Polluted 3.0-5.0 
G r o s s l y Polluted 5.0-10.0 
S e w a g e S l u d g e - l i k e >10.0 
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Table 4. Comparative Stream Results (Butts 
and E v a n s , 1978) (Butts, 1986) 
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A p p e n d i x A . 

F i e l d - R e c o r d e d T o t a l (T) and I n h i b i t e d (I) DO U s a g e in mg/l 
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Appendix B. 
Ambient and Temperature-Corrected Total (t) 

And Inhibited (i) SOD Rates 

Time 
Temp Internal SOD (q/m2/day) at 

Sta. Date T (°C) (min) T°C 25°C 20°C 
1t 8/18/86 24.2 0-13 1.91 1.99 1.58 

24.1 13-63 1 .48 1 .54 1 .22 
1i 24.0 63-113 1 .60 1.68 1 .33 

2t 8/19/86 20.4 0-8 4.96 6.13 4.87 
20.5 8-113 1.11 1.36 1.08 

2i 20.6 113-118 3.98 4.88 3.88 
20.7 118-133 0.00 0.00 0.00 
21.0 133-178 0.38 0.45 0.36 

3t 8/19/86 23.7 0-18 1.48 1.58 1.25 
23.7 18-28 4.36 4.63 3.68 
23.7 28-48 0.87 0.92 0.73 

3t reset 23.9 0-33 3.04 3.20 2.54 
23.8 33-83 1 .03 1.09 0.87 

3i 23.8 0-50 0.87 0.91 0.73 

4t 8/20/86 15.9 0-15 3.62 5.51 4.38 
16.0 15-65 1.69 2.55 2.03 

4 i 16.0 65-80 1.15 1.74 1.38 
16.1 80-130 1.36 2.04 1.62 

Note: The underlined values represent the stabilized linear 
portions of the curves which appeared to provide the 
best estimate of the rates at given locations. 
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Appendix C. 

Benthic M a c r o i n v e r t e b r a t e Numbers and Tolerance Values 



Appendix D . 

P h y t o p l a n k t o n (Suspended A l g a e ) C o u n t s in 
Terms of O r g a n i s m s per ml 
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