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SUMMARY AND CONCLUSIONS 

A t  t h e  seven s t a t i o n s  sampled on t h e  North Branch of t h e  

Chicago River (NBCR) i n  1981, t he  t o t a l  col i form counts  ranged 

from 1.2 x 103 t o  5.0 x 105 per  100 m i l l i l i t e r s ,  t h e  f e c a l  co- 

l i fo rm counts  ranged from 8.5 x 101 t o  3.3 x 1 0 4  pe r  100 m i l l i -  

l i t e r s ,  and t h e  feca l -  s t rep tococcus  counts ranged from 4.6 x 101 

t o  5.7 x 103 per  100 mi l l i l i te rs .  The "General Usen c r i t e r i a  of 

200 f e c a l  col i form per 100 mi l l i l i t e r s ,  based on a minimum of 

f i v e  samples taken over no t  more than a 30-day per iod,  es tab-  

l i s h e d  by t h e  I l l i n o i s  Po l lu t ion  Control  Board (IPCB), was n o t  

met on any of t h e  four  d a t e s  on which t h e  NBCR was sampled. 

Standard p l a t e  counts  ranged from 5.2 x 103 t o  2.0 x 105 

pe r  mi l l i l i t e r .  These counts  were comparable t o  those  found i n  

t h e  a r t i f i c i a l  deep-draft waterways i n  metropol i tan Chicago i n  

1975, 1976, and 1977. 

The counts  f o r  mudom- ~ e r u a i n o s a  ranged from 2.7 X 103 

t o  4.6 x 103 per  100 mi l l i l i t e r s  and t h e  counts f o r  w o n e l l a  

ranged from 1.5 x 10-1 t o  4.2 x 10-1 per  100 mi l l i l i t e r s .  

~ h v t o n  

A 10 pe rcen t  reduct ion i n  t h e  average number of periphyton 

s p e c i e s  occurred between t h e  NBCVDempster S t r e e t  and NBCWNorth 

Cent ra l  Park Avenue s t a t i o n s .  The number of p e r s i s t e n t  spec i e s  

( spec ie s  occur r ing  i n  one-half or  more of t h e  samples c o l l e c t e d )  

dec l ined  by 35 pe rcen t  between these  same s t a t i o n s ,  which ind i -  
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ca ted  t h a t  t h e  number of hard ie r  periphyton spec ie s  was being 

reduced between t h e s e  s t a t i o n s .  

The average periphyton concentra t ion decreased from 165,000 

organisms per square  centimeter a t  t h e  N~CR/Glenview Road s t a -  

t i o n  t o  70,000 organisms per  square  cent imeter  a t  t h e  NBCR/ 

Dempster S t r e e t  s t a t i o n ,  a reduct ion of 58 percent .  

Chlorophyll  a concent ra t ions  followed t h e  p a t t e r n  exh ib i t ed  

by t h e  populat ion of p e r s i s t e n t  spec i e s  and t h e  average periphy- 

ton  populat ion,  dec l in ing  from 1.237 micrograms per  square  cen- 

t ime te r  a t  t h e  ~~CR/Glenview Road s t a t i o n  t o  0.413 micrograms 

per square  cent imeter  a t  t h e  ~ B C ~ / ~ e m p s t e r  S t r e e t  s t a t i o n ,  a 

reduct ion of 67 percent .  

The au to t rophic  index devised by Weber is a r a t i o  of t h e  

organic  mat ter  concentra t ion t o  the  chlorophyl l  a concentra t ion.  

Using a r e l a t i v e l y  c l ean  stream a s  a base l ine ,  Weber determined 

t h a t  t h e  au to t roph ic  index values  above 100 ind ica t ed  degrada- 

t i o n  of t h e  water by organic  wastes such as sewage. The values  

c a l c u l a t e d  f o r  each s t a t i o n  sampled on t h e  NBCR ranged from 1 1 2  

t o  770. 

E q u i t a b i l i t y ,  t h e  measure of spec ie s  d i s t r i b u t i o n  within  a 

community, compared t o  an expected d i s t r i b u t i o n  based on t h e  

Shannon-Weaver spec ie s  d i v e r s i t y  index, was ca l cu la t ed  f o r  t h e  

per iphyton community a t  each s t a t i o n .  According t o  Weber, val-  

ues  l e s s  than 0.50 i n d i c a t e  degraded water qua l i t y .  A l l  values  

c a l c u l a t e d  f o r  t h e  NBCR were l e s s  than 0.50, ranging from 0.02 

t o  0.10, showing poor water q u a l i t y  cond i t ions  i n  t h e  NBCR s tudy  

a rea .  
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The d e c l i n e  i n  t h e  number of periphyton spec ies ,  p e r s i s t e n t  

periphyton s p e c i e s ,  periphyton d e n s i t i e s ,  and chlorophyl l  a con- 

c e n t r a t i o n s  between upstream and downstream s t a t i o n s  on t h e  

NBCR, a l l  supported t h e  conclusion t h a t  t h e  NBCR was rece iv ing  

s i g n i f i c a n t  amounts of p o l l u t a n t s  from t h e  numerous combined 

sewer overflows ( CSOs) and nonpoint p o l l u t i o n a l  sources  i n  t h e  

s tudy  area. 

This  conclusion is f u r t h e r  supported by t h e  der ived para- 

meters of au to t roph ic  index and e q u i t a b i l i t y .  Based upon these  

parameters,  t h e  o v e r a l l  water q u a l i t y  of t h e  NBCR i n  t h e  s tudy 

a r e a  was r e l a t i v e l y  poor. 

Fish 

A t o t a l  of 1 2  s p e c i e s  of f i s h  and f i s h  hybrids were col-  

l e c t e d  from t e n  s t a t i o n s  loca ted  on t h e  NBCR i n  Cook and Lake 

Counties. Based on t h e  numbers of s p e c i e s  of f i s h  c o l l e c t e d ,  

t h e  Middle Fork of t h e  NBCR and t h e  Skokie River had a g r e a t e r  

d i v e r s i t y  of s p e c i e s  (11 each) than t h e  West Fork of t h e  NBCR 

( s i x  s p e c i e s )  o r  t h e  downstream s t a t i o n s ,  from Glenview Road t o  

Albany Avenue ( e i g h t  s p e c i e s ) ,  and t h e r e f o r e ,  had a b e t t e r  water 

q u a l i t y  than t h e  l a t t e r  two sec t ions .  However, t h e  abundance of 

i nd iv idua l  f i s h  c o l l e c t e d  was r e l a t i v e l y  cons tan t  i n  terms of 

ca t ch  per  1 0  minutes e l e c t r o f i s h i n g  with  an average of 11 f i s h  

per  10 minutes i n  t h e  West Fork, 2 1  i n  t h e  Middle Fork, 13 i n  

t h e  Skokie River,  and 14 i n  t h e  downstream sec t ion .  As  i n  1980, 

t h e  lowest number of spec ie s  (one spec ie s )  and t h e  lowest  c a t c h  

per u n i t  e f f o r t  ( four  f i s h  per  1 0  minutes e l e c t r o f i s h i n g )  oc- 



cur red  a t  t h e  Albany Avenue s t a t i o n  which is t h e  f a r t h e s t  down- 

stream s t a t i o n  on the. NBCR. 

The green sun f i sh ,  which is t o l e r a n t  of a wide range of 

eco log ica l  condi t ions ,  was t h e  most numerous spec ie s  i n  a l l  

t h r e e  f o r k s  of t h e  NBCR a s  wel l  a s  a t  t h e  downstream loca t ions .  

The assemblage of s p e c i e s  c o l l e c t e d  from a l l  NBCR s t a t i o n s  was 

l a r g e l y  composed of s p e c i e s  with a t o l e rance  t o  a wide range of 

eco log ica l  condi t ions .  This  suggested t h a t  t h e  water q u a l i t y  

cond i t ions  were stressful t o  f i s h  throughout t h e  NBCR. This  

s i t u a t i o n  is due t o  t h e  l a r g e  number of combined sewer o u t f a l l s  

and sources  of nonpoint p o l l u t i o n  i n  t h e  s tudy  area .  

When compared wi th  seven o the r  streams of s i m i l a r  drainage 

a r e a  i n  t h e  Chicagoland region,  t h e  NBCR was low i n  average and 

maximum s p e c i e s  per  sample and i n  abundance of f i s h .  Based on 

f i s h  d a t a ,  t h e  NBCR appears t o  be s i m i l a r  i n  water q u a l i t y  t o  

t h e  L i t t l e  Calumet River and t o  S a l t  Creek. 



INTRODUCTION 

The Metropoli tan San i t a ry  D i s t r i c t  of Greater  Chicago 

( D i s t r i c t )  is respons ib le  f o r  t h e  q u a l i t y  of t h e  water i n  t h e  

s t reams and t h e  cana l s  wi thin  i ts j u r i s d i c t i o n .  The D i s t r i c t  

e s t a b l i s h e d  its Ecosystematic Study Program i n  1975, t o  monitor 

t h e s e  waterways. The a c t i v i t i e s  under t h i s  monitoring program 

are provided by t h e  Research and Development Department's 

Biology Sect ion.  The f i e l d  monitoring a c t i v i t i e s  a r e  handled by 

t h e  following groups within  t h e  Biology Section:  Analy t ica l  

Microbiology, Aquatic Ecology, and F i she r i e s .  

From 1975-1977, t h e  deep-draft  waterways (Chicago and 

Calumet systems) were s tud ied  (1, 2,  3 ) .  The monitoring e f f o r t s  

dur ing  1978 and 1979 were concentra ted i n  t h a t  po r t ion  of t h e  

Des P la ines  River wi thin  Cook County ( 4 ,  5 ) .  I n  1980 and 1981, 

t h a t  po r t ion  of t h e  North Branch of t h e  Chicago River (NBCR) 

wi th in  Cook County, and above i ts  confluence with  t h e  North 

Shore Channel (NSC) was monitored ( 6 ) .  

According t o  t h e  1973 Water Q u a l i t y  Standards adopted by 

t h e  I l l i n o i s  P o l l u t i o n  Control  Board (IPCB), t h e  waters  of t h e  

NBCR were designated f o r  "General Use." This means t h a t  t h e  

waters  m u s t  meet t h e  General Standards which are designed t o  

p r o t e c t  t h e  s t a t e ' s  water, "...for aqua t i c  l i f e ,  a g r i c u l t u r a l  

use,  primary and secondary con tac t  use, and most i n d u s t r i a l  

u ses ,  and ensure  t h e  a e s t h e t i c  q u a l i t y  of t h e  S t a t e ' s  a q u a t i c  

environment. " 



The objectives of this study were to determine the bac- 

terial, periphytic algae, and fish populations in the NBCR. 

Evaluation of the existing biological community structure in a 

waterway is useful in detecting pollution and in quantifying the 

intensity of its effects. When a waterway is stressed due to 

pollutant additions the more pollutant-tolerant organisms will 

increase in abundance and the less tolerant ones will decrease. 

Effects of stress can be detected by examining population 

density estimates, species composition, and species diversity of 

the aquatic community. The District's Biology Section monitored 

the bacteria, periphyton, and fish communities of the NBCR dur- 

ing 1981 in order to establish the water quality conditions of 

this waterway. 
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DESCRIPTION OF THE NORTH BRANCH OF THE CHICAGO RIVER 

The Wisconsinian g l a c i e r  l e f t  behind a system of lake- 

border  moraines p a r a l l e l i n g  t h e  western shore  of L a k e  Michigan 

(12) .  From t h e  s ags  formed between t h e s e  moraines arose t h e  

West Fork of t h e  NBCR, t h e  Middle Fork of t h e  NBCR, and t h e  

Skokie River.  The flow of t h e  NBCR is southward u n t i l  about 

four  mi les  sou th  of t h e  t i p  of t h e  Dee r f i e ld  moraine (Touhy 

Avenue) where t h e  NBCR t u r n s  southeastward toward Lake Michigan. 

The NBCR is in t e r cep ted  by t h e  NSC and d i v e r t e d  i n t o  t h e  re- 

versed flow of t h e  Chicago River i n  downtown Chicago ( 7 ) .  

The dra inage  a r e a  of t h e  e n t i r e  NBCR system is 113 square  

miles (292 square  k i lome te r s ) ;  52.3 square  miles o r  46 percen t  

l i e s  o u t s i d e  t h e  j u r i s d i c t i o n  of t h e  District ( 8 ) .  Within t h e  

D i s t r i c t  j u r i s d i c t i o n  a r e  41 combined sewer o u t f a l l s  d i scharg ing  

t o  t h e  NBCR ( 9 ) .  

The West Fork of t h e  NBCR a t  Dundee Road is a t  an e l e v a t i o n  

of 637.98 f e e t  (194.456 meters) wi th  an average d i scha rge  over 

28 years  of 12.2 cub ic  f e e t  per second (0.346 cub ic  meters per 

second) (10)  . The maximum d ischarge  occurred J u l y  13,  1957, 

wi th  930 cub ic  f e e t  per second (26.3 cub ic  meters per second) 

(10) . 
The Middle Fork of t h e  NBCR a t  Lake-Cook Road is a t  an ele- 

va t ion  of 638.88 f e e t  (194.731 meters) wi th  an average d i scha rge  

over 28 years  of 14.2 cub ic  f e e t  per second (0.402 cub ic  meters 

per  second) ( 1 0 ) .  The maximum discharge  occurred March 5,  1976, 

wi th  550 cubic  f e e t  per  second (15.6 cub ic  meters pe r  second) 



(10) .  There were times when no flow was observed i n  e i t h e r  t h e  

West Fork or  t h e  Middle Fork of t h e  NBCR (10) .  

The Skokie ~ i v e r  a t  Clavey Road is a t  an e l e v a t i o n  of 

622.83 f e e t  (189.839 meters) wi th  an average d ischarge  over 1 3  

years  of 22.3 cubic  f e e t  per  second (0.632 cub ic  meters pe r  

second) (10 ) .  The maximum discharge occurred August 26, 1972, 

wi th  570 cubic  f e e t  per second (16.1 cub ic  meters per second) 

(10) .  The minimum discharge occurred October 13 ,  14,  29, 1979, 

with 0.78 c u b i c f e e t  per  second (0.022 cubic  meters pe r  second) 

(10) .  

Fiaure o u t l i n e s  t h e  pa th  of flow of t h e  NBCR and i t s  

fo rks ,  and i ts  p o s i t i o n  r e l a t i v e  t o  Lake Michigan. The po r t ion  

of t h e  NBCR included i n  t h i s  s tudy was t h e  segment west and 

nor th  of t h e  confluence with  t h e  NSC. The s t a t i o n s  from which 

samples were taken a r e  marked and designated according t o  type 

of sample co l l ec t ed .  
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THE METROPOLITAN SANITARY DISTRICT OF GREATER CHICAGO 

Figure 1 

BACTERIA, PERIPHYTON AND FISH SAMPLING STATIONS ON THE 
NORTH BRANCH OF THE CHICAGO RIVER 1981 

- 



DESCRIPTION OF THE BIOLOGICAL CHARACTERISTICS USED 
TO DETERMINE THE WATER QUALITY OF THE 

NORTH BRANCH OF THE CHICAGO RIVER 

B a c t e r i a  

INDICATOR BACTERIA 

B a c t e r i a l  ana lyses  such a s  t o t a l  col i form ( T C ) ,  f e c a l  c o l i -  

form (FC) , and f e c a l  s t rep tococcus  (FS) t e s t s  a r e  used exten- 

s i v e l y  by t h e  D i s t r i c t  t o  i n d i c a t e  t h e  s a n i t a r y  q u a l i t y  of 

water. 

STANDARD PLATE COUNT (SPC) 

An empir ica l  procedure which g ives  an e s t ima te  of t h e  t o t a l  

b a c t e r i a l  populat ion.  

PSEUDOMONAS AERUGINOSA 

This  ubiqui tous  organism is a causa t ive  agent  of o u t e r  and 

middle e a r  i n f e c t i o n s ,  chronic  u l c e r a t i o n s  of t h e  s k i n ,  and many 

burn and wound in fec t ions .  

SALMONELLA 

The genus Salmonella con ta ins  a v a r i e t y  of spec ie s  a l l  of 

which are pathogenic f o r  man or animals and usua l ly  f o r  both. 

They a r e  a l l  f a c u l t a t i v e  i n t e s t i n a l  p a r a s i t e s .  

hvton 

PERIPHYTON POPULATION ANALYSIS 

Algae a r e  t h e  base of a l l  aqua t i c  food cha ins  by v i r t u e  of 

t h e i r  a b i l i t y  t o  convert  inorganic  substances  t o  organic  sub- 



s t a n c e s  through t h e  process  of photosynthes i s  which is dependent 

on t h e  a v a i l a b i l i t y  of l i g h t  ( t u r b i d i t y )  and t h e  presence 6f 

ch lorophyl l .  

Periphyton are g e n e r a l l y  def ined  as m i c r o f l o r a l  growth on a 

s u b s t r a t e .  This  d e f i n i t i o n  inc ludes  a v a r i e t y  of zoogleal  and 

f i l amentous  b a c t e r i a ,  protozoans,  r o t i f e r s ,  a l g a e ,  and assoc i -  

a t e d  t rapped  organisms (11). I n  t h i s  s tudy ,  on ly  t h e  a l g a l  

f r a c t i o n  was analyzed. The p e r i p h y t i c  a l g a e  were p r e f e r e n t i a l l y  

sampled and analyzed because they  a r e  t h e  most numerous under 

t h e  cond i t i ons  where t h e  l i t t o r a l  zone approximates t h e  s u r f a c e  

a r e a  such as i n  streams o r  r i v e r s .  They a r e  s t a t i o n a r y ,  t he re -  

f o r e ,  exposed t o  a l l  t h e  v a r i a t i o n s  i n  concen t r a t i on  l e v e l s  of 

c o n s t i t u e n t s  i n  t h e  s u r f a c e  water .  

Because of t h e i r  s h o r t  genera t ion  times, per iphyton a l g a e  

a r e  very responsive t o  t h e i r  environment. A c l ean ,  undis turbed 

water environment produces a g r e a t  v a r i e t y  of per iphyton a l g a l  

s p e c i e s  wi th  none dominant i n  terms of dens i ty .  An environment 

r i c h  i n  t h e  major n u t r i e n t s  (n i t rogen ,  phosphorus, and potas-  

s ium),  carbon d iox ide ,  and t r a c e  elements produces a high den- 

s i t y  populat ion of per iphyton a l g a e  wi th  one t o  s e v e r a l  dominant 

spec i e s .  Toxic l e v e l s  of compounds i n  an environment t end  t o  

reduce both t h e  d e n s i t y  of per iphyton organisms and t h e  number 

of spec i e s .  

CHLOROPHYLL a 

The concen t r a t i ons  of ch lo rophy l l  a are a measure of 

photosynthe t ic  p o t e n t i a l  and biomass of chlorophyl lous  organ- 

7



i s m s .  According t o  Weber (12 )  t h e  ch lorophyl l  con ten t  of t h e  

biomass grown i n  r e l a t i v e l y  c l ean  waters  is one t o  two percen t .  

ORGANIC MATTER 

The organic  mat te r  con ten t  of a  sample is a  measure of t h e  

t o t a l  biomass. This  biomass may be made up of ch lorophyl lous  

and nonchlorophyllous organisms and t h e  l a t t e r  may be s i g n i f i -  

c an t  i n  water degraded by d i s so lved  o r  p a r t i c u l a t e  o rgan ic  en- 

richment ( 1 2 ) .  

Fish 

Fish  c o l l e c t i o n s  and ana lyses  g ive  t h e  most meaningful 

index of water q u a l i t y  t o  t h e  pub l i c  and have been performed on 

t h e  District waterways s i n c e  1974 (1,2,3,4,5,6) . Fish  occupy 

t h e  upper l e v e l s  of t h e  aqua t i c  food cha ins  a s  t h e  u l t ima te  

aqua t i c  consumer. Therefore ,  changes i n  water  q u a l i t y  t h a t  

s i g n i f i c a n t l y  a f f e c t  t h e  o the r  kinds of organisms wi th in  t h e  

a q u a t i c  community w i l l  a l s o  a f f e c t  t h e  s p e c i e s  composition and 

abundance of t h e  f i s h  populat ion.  

A knowledge of t h e  assemblage of f i s h  s p e c i e s  i n  a  s t ream 

and t h e  numerical r e l a t i o n s h i p s  of t he se  s p e c i e s  provides  an 

e x c e l l e n t  b i o l o g i c a l  p i c t u r e  of t h e  watercourse and i ts  w e l l  

being. When such information is a v a i l a b l e  over a  long per iod  of 

time, f i s h e s  can be one of t h e  most s e n s i t i v e  i n d i c a t o r s  of t h e  

q u a l i t y  of t h e  a q u a t i c  environment (13) .  

o- Freauencv of S- 

Seven sampling s t a t i o n s  were chosen f o r  t h e  c o l l e c t i o n  of 
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b a c t e r i a ,  per iphyton,  and f i s h .  Eigure  1 shows t h e  l o c a t i o n  of 

t h e s e  s t a t i o n s .  W 1 e  1 g ives  a d e s c r i p t i o n  of t h e  l o c a t i o n  of 

t h e  b a c t e r i a l  and periphyton c o l l e c t i o n  s t a t i o n s  and m 1 e  2 

gives  a d e s c r i p t i o n  of t h e  f i s h  c o l l e c t i o n  s i t e s .  

Samples f o r  b a c t e r i a l  ana lyses  were c o l l e c t e d  dur ing  May, 

J u l y ,  October, and November. Periphyton samples were c o l l e c t e d  

biweekly beginning February 25,  and ending December 16. F i sh  

samples were c o l l e c t e d  i n  June,  J u l y ,  and November. 
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THE METROPOLITAN SANITARY D I S T R I C T  OF GREATER CHICAGO 

TABLE 1 
/ 

SAMPLING S I T E S  ON THE NORTH-BRANCH OF THE CHICAGO 
RIVER (NBCR)- FOR BACTERIA AND PERIPHYTON* 

S t a t i o n  
N u m b e r  L o c a t i o n s  

West F o r k  NBCR and L a k e - C o o k  R o a d  

M i d d l e  F o r k  NBCR and L a k e - C o o k  
R o a d  

S k o k i e  R i v e r  and L a k e  C o o k  R o a d  

S k o k i e  R i v e r  and W e s t  F r o n t a g e  
R o a d  t o  E d e n s  E x p r e s s w a y  

NBCR and G l e n v i e w  R o a d  

NBCR and D e m p s t e r  Street 

NBCR a n d  N o r t h  C e n t r a l  P a r k  
A v e n u e  ( P e r i p h y t o n - o n  l y ) .  

NBCR a n d  A l b a n y  A v e n u e  a n d  
W i n o n a  Street ( B a c t e r i a - o n l y )  

* F i g u r e  1 for  m a p  of s t a t i o n  loca t ions  
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THE METROPOLITAN SANITARY D I S T R I C T  OF GREATER CHICAGO 

TABLE 2  
- .  

L I S T  OF F I S H  SAYPLING STATIONS* ON THE N04TH BRANCH OF 
THE CHICAGO RIVER (NBCR) 

S t a t i o n  N u m b e r  L o c a t i o n s  

C o o k  C o u n t v  

W e s t  F o r k ,  NBCR, R i v e r  M i l e  2 7 . 2 ,  u p -  
s t r e a m  and d o w n s t r e a m  of D u n d e e  R o a d ,  
T42N/R12E/S9..NE, N o r t h b r o o k  

Middle F o r k ,  NBCR, R i v e r  M i l e  2 8 . 6  
u p s t r e a m  of L a k e - C o o k  R o a d ,  T43N/R12E/  
S34SW, D e e r f i e l d  and d o w n s t r e a m  of 
L a k e - C o o k  R o a d ,  T42N/R12E/S3NE,  
N o r t h b r o o k  

S k o k i e  R i v e r ,  ~ i v e r  X i  l e  2 9 . 7 ,  d o w n -  
s t r e a m  of L a k e - C o o k  R o a d ,  i n  d ive r s ion  
c h a n n e l ,  T42N/R12E/S2NE,  H i g h l a n d  P a r k  

S k o k i e  R i v e r ,  R i v e r  M i l e  2 3 . 9 ,  d o w n -  
stream of West F r o n t a g e  R o a d  T42N/  
R13E/S30NE,  N o r t h f i e l d  

NBCR, R i v e r  M i l e  2 1 . 5 ,  d o w n s t r e a m  of 
G l e n v i e w  R o a d ,  T 4 2 N / R 1 2 E / S 3 6 S E ,  
G l e n v i e w  

NBCR, R i v e r  M i l e  18 .3 ,  u p s t r e a m  of 
D e m p s t e r  S t . , ,  T 4 1 N / R 1 2 ~ / ! 3 1 8 S E ,  M o r t o n  
G r o v e  

NBCR, R i v e r  M i l e  7 . 6 ,  1 0 0  m e t e r s  up- 
stream of j u n c t i o n  w i t h  N o r t h  Shore 
C h a n n e l ,  a d j a c e n t  t o  A l b a n y  A v e n u e  
T40N/R13E/S12SW, C h i c a g o  

T a b l e  c o n t i n u e d  o n  f o l l o w i n g  page. 



THE IWTROPOLITAN SANITARY D I S T R I C T  OF GREATER CHICAGO 

TABLE 2  ( . c o n t i n u e d ) ~  
- .  

L I S T  OF F I S H  SAMPLING STATIONS* ON THE NORTH BRANCH OF 
THE CHICAGO RIVER (NBCR) 

S t a t i o n  N u m b e r  L o c a t i o n s  

L a k e  C o u n t y  

2  89 West Fork ,  NBCR, R i v e r  M i l e  3 2 . 2 - 3 2 . 8 ,  
d o w n s t r e a m  of H a l f  D a y  R o a d ,  T 4 3 N / R l l E /  
S 1 3 S E ,  L i n c o l n s h i r e  

Middle F o r k ,  NBCR, R i v e r  M i l e  3 2 . 7 ,  
downstream of H a l f  D a y  R o a d ,  T43N/R12E/  
S 1 7 S E ,  H i g h l a n d  P a r k  

S k o k i e  R i v e r ,  R i v e r  M i l e  3 3 . 4 ,  u p s t r e a m  
and d o w n s t r e a m  of H a l f  D a y  R o a d ,  T 4 3 N /  
~ 1 2 E / s 1 5 S W ,  H i g h l a n d  P a r k  

" ~ i a u r e  1 for  loca t ion  of f i s h  s a m ~ l i n q  s t a t i o n s .  



METHODS OF BIOLOGICAL ANALYSES OF WATERWAYS SAMPLES 

Water samples f o r  b a c t e r i a l  ana lyses  were c o l l e c t e d  i n  

s t e r i l e  one ga l lon  con ta ine r s  wi th  enough sodium t h i o s u l f a t e  t o  

n e u t r a l i z e  1 5  mil l igrams pe r  l i t e r  ch lo r ine .  A l l  samples were 

taken  a t  t h e  stream s u r f a c e  i n  t h e  cen te r  of t h e  waterway on t h e  

upstream s i d e  of t h e  bridge.  The samples were t r anspor t ed  on 

ice t o  t h e  Research and Development Laboratory i n  St ickney,  

I l l i n o i s .  Analyses were begun approximately s i x  hours a f t e r  

c o l l e c t i o n  of t h e  f i r s t  sample and wi th in  two hours of co l l ec -  

t i o n  of t h e  l a s t  sample. 

INDICATOR BACTERIA (TC, FC, AND FS) 

To ta l  col i form,  FC, and FS ana lyses  were performed accord- 

ing t o  Standard (11). Typical  and a t y p i c a l  co lon ie s  

were confirmed. Typical  co lon ie s  f o r  TC were red wi th  a green- 

i s h  m e t a l l i c  sheen, a t y p i c a l  colonies .  va r i ed  i n  c o l o r ,  shape,  o r  

s i z e  of t h e  co lon ies .  Typical  co lon ie s  f o r  FC were blue ,  a t y p i -  

c a l  co lon ie s  va r i ed  i n  c o l o r ,  shape, o r  s i z e .  Typical  c o l o n i e s  

f o r  FS were salmon t o  red i n  c o l o r ,  a t y p i c a l  co lon ie s  v a r i e d  i n  

c o l o r ,  shape,  o r  s i z e .  

STANDARD PLATE COUNT (SPC) 

Standard p l a t e  counts  were performed according t o  Standard 

Methods (11). 

PSEUDOMONAS AERUGINOSA 

pseu- aeru- ana lyses  were performed and con- 



firmed according t o  a most probable  number (MPN) procedure 

descr ibed i n  Standard Me- (11). 

SALMONELLA 

Salmonella were es t imated  using a modi f ica t ion  of t h e  MPN 

technique descr ibed  by Kenner and Clark ( 1 4 ) .  Presumptive 

Salmonella were i d e n t i f i e d  biochemically us ing t h e  Ana ly t i ca l  

P r o f i l e  Index (API-20 ) system f o r  i d e n t i f i c a t i o n  of Entero- 

bac te r iaceae .  Confirmation of i s o l a t e s  was performed wi th  

po lyva len t  Salmonella "0" a n t i s e r a .  V e r i f i c a t i o n  and f u r t h e r  

se ro typ ing  of t h e  i s o l a t e s  were performed by t h e  ~ l l i n o i s  

Department of Pub l i c  Health and t o  i nc rease  confidence i n  t h e  

r e s u l t s  s e v e r a l  i s o l a t e s  were submitted i n  d u p l i c a t e  and t r i p -  

l i c a t e  t o  a s s e s s  t h e  accuracy of t h e  se ro typ ing .  

hvton 

Samplers f o r  per iphyton cons i s t ed  of a p l a s t i c  cage con- 

t a i n i n g  e i g h t  microscope s l i d e s ,  held  i n  a v e r t i c a l  p o s i t i o n  t o  

p revent  sedimentat ion of suspended s o l i d s .  The cage was kept  

suspended one cen t imeter  below t h e  s u r f a c e  of t h e  water by 

f l o a t s .  These samplers were anchored i n  p l ace  wi th  a l e a d  l i n e  

a t t ached  t o  a s t a t i o n a r y  o b j e c t  on t h e  r i v e r  bank. Periphyton 

were allowed t o  develop on t h e  g l a s s  s l i d e s  f o r  a per iod  of two 

weeks .  After t h i s  per iod of growth, t h e  e n t i r e  cage was re- 

placed and t h e  s l i d e s  were wrapped i n  aluminum f o i l  and kept  

i ced  u n t i l  de l ive red  t o  t h e  labora tory .  In  t h e  l a b o r a t o r y  t h e  

s l i d e s  were removed from t h e  cages and randomly segrega ted  f o r  

each ana lys i s .  General ly ,  two s l i d e s  each were used f o r  t h e  
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diatom, nondiatom, ch lorophyl l  a ,  and biomass de te rmina t ions  t o  

i n s u r e  proper  r e p r e s e n t a t i o n  of specimens and ma te r i a l .  

PER1 PHYTON POPULATION ANALYSIS 
I 

A f t e r  d i g e s t i o n ,  sample a l i q u o t s  were mounted a s  appropr i -  

a t e  f o r  diatom a n a l y s i s  (12) and examined m i c r o s c o ~ i c a l l y  (x800) 

f o r  i d e n t i f i c a t i o n  and enumeration of t h e  organisms. 

Af t e r  t h e  nondiatoms were f i x e d  by g lu ta ra ldehyde  and con- 

c e n t r a t e d  by sedimentat ion,  a volume of 0.1 mi l l i l i t e r s  was 

mounted on a slide. These organisms were i d e n t i f i e d  and enumer- 

a t e d  a t  a t o t a l  magni f ica t ion  of 640.  The convention f o r  count- 

i ng  both  diatoms and nondiatoms was t o  count 300 microscopic  

f i e l d s  o r  500 organisms ( s h o r t  c o u n t ) ,  whichever came f i r s t .  

T o t a l  counts ,  diatoms p l u s  nondiatoms, were c a l c u l a t e d  and ex- 

p ressed  a s  organisms per square  cen t imete r  of developed s l i d e  

a r ea .  

Popula t ions  f o r  i nd iv idua l  species were determined and t h e  

Shannon-Weaver species d i v e r s i t y  index computed ( 1 2 ) .  Using 

t h i s  index and t h e  number of species, t h e  e q u i t a b i l i t y  of t h e  

sample was c a l c u l a t e d  us ing t h e  t a b l e s  devised by Lloyd and 

Ghela rd i  ( 1 2 ) .  

CHLOROPHYLL A 

The e x t r a c t s  were cen t r i fuged  a t  over 500 x g f o r  approxi-  

mately 20 minutes t o  remove t u r b i d i t y  and t h e  supe rna t an t  

scanned i n  a Beckman DK-2A Spectrophotometer (bandpass s i x  

nanometers a t  663 nanometers) from 750 t o  600 nanometers. The 

United Nations Educat ional ,  S c i e n t i f i c ,  aild C u l t u r a l  Organi- 
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z a t i o n  (UNESCO) equa t ions  f o r  ch lo rophy l l  a ( t r i c h r o m a t i c  

method) were used t o  determine ch lorophyl l  a concen t r a t i ons  i n  

t h e  e x t r a c t  and ex t r apo la t ed  t o  t h e  o r i g i n a l  sample (12 ) .  

ORGANIC MATTER 

S l i d e s  d r i e d  a t  1050C were cooled i n  a d e s i c c a t o r  and 

weighed. They were then ashed i n  a muffle fu rnace  a t  550 t o  

6000C f o r  one-half hour, cooled,  and weighed again.  The d i f -  

fe rence  i n  w-eight ( t h e  ash-free dry  weight) is, by d e f i n i t i o n ,  

t h e  organic  matter. The y i e l d s  of o r g a n i c , m a t t e r  were s t an -  

hdardized t o  weight of o rgan ic  mat te r  per  square  cen t imeter  of 

developed microscope s l i d e .  

The au to t roph ic  index ( A I ) ,  r e l a t i n g  t h e  organic  matter 

conten t  t o  t h e  ch lorophyl l  a con ten t ,  was c a l c u l a t e d  us ing  

Weberls equa t ions  (12 )  as follows: 

Autotrophic Index = Ash - free W e i  2) 
Chlorophyll%2) 

eish 

During 1981, a l l  f i s h  were c o l l e c t e d  by use of a 1 2  v o l t  

d i r e c t  c u r r e n t  backpack e l e c t r o f  i s h e r ,  o f t e n  followed by a 15  

f o o t ,  3/16 inch  mesh minnow se ine .  The stunned f i s h  were co l -  

l e c t e d  wi th  d i p  ne t s .  General ly ,  a 40 meter s e c t i o n  of stream 

was marked o f f  by use of an o p t i c a l  range f i n d e r  and f i s h  were 

shocked on both s i d e s  of t h e  s t ream along a t o t a l  of 80 meters 

of sho re l ine .  When t h e  s t ream was narrow, an 80 meter s e c t i o n  

on on ly  one s i d e  was sampled (as a t  s i t e  number 284). I n  some 



cases  an add i t iona l  length  of stream was included. Electro- 

f i s h i n g  time was noted f o r  a l l  samples. 

Large f i s h  were i d e n t i f i e d  t o  species ,  weighed t o  t h e  

nea res t  gram or  por t ion  of a pound and measured f o r  s tandard and 

t o t a l  length  t o  the  nea res t  mil l imeter .  They were then returned 

t o  t h e  stream of capture.  Small f i s h  were preserved i n  10-15 

percent  formalin and i d e n t i f i e d ,  weighed, and measured i n  t h e  

laboratory.  



RESULTS 

Bacteria 

Sampling runs f o r  b a c t e r i a l  analyses  were performed on May 

5, J u l y  7 ,  October 6 ,  and November 4, 1981. Geometric means of 

the  r e s u l t a n t  da ta  a r e  presented i n  Table. 

INDICATOR BACTERIA 

To ta l  ColfPEm. The t h r e e  forks  of t h e  NBCR a t  Lake Cook 

Road d i f f e r  i n  TC counts with geometric means of 1.2 x 103 TC 

per  100 mill i l i ters  i n  t h e  Skokie River, 1.1 x 1 0 4  TC per  100 

mil l i l i ters  i n  t h e  Middle Fork NBCR, and 8.7 x 1 0 4  TC per .  100 

mil l i l i ters  i n  t h e  West Fork NBCR. The Skokie River TC counts 

increased t o  a geometric mean of 1.0 x 104 TC per  100  m i l l i -  

l i t e r s  a t  .West Frontage Road. There was no increase  i n  t h e  

geometric mean of TC counts a f t e r  t h e  confluence of t h e  Skokie 

River with t h e  Middle Fork NBCR a t  Glenview Road. After t h e  

confluence of t h i s  combined stream with t h e  West Fork NBCR above 

Dempster S t r e e t ,  t h e r e  was an increase  i n  TC counts  t o  5.0 x 105 

TC per 100 m i l l i l i t e r s .  A decrease i n  TC counts  occurred be- 

tween Dempster S t r e e t  and Albany Avenue and Winona Street where 

t h e  counts were 1.5 x 104 TC per  100 m i l l i l i t e r s  ( m e  2 ) .  

The confirmation r a t e  f o r  TC ( m e  4) during t h i s  study f o r  

typ ica l  colonies  was 62.8 percent. A normal range f o r  confirma- 

t i o n  r a t e s  is 60 t o  70 percent  f o r  co lonies  presumed t o  be TC. 

Fecal Coliform. Each of t h e  th ree  forks  of t h e  NBCR a t  

Lake-Cook Road d i f f e r e d  i n  FC counts. A geometric mean of 8.5 x 

101 FC per  100 mil l i l i ters  was found i n  t h e  Skokie River. A t  
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THE METROPOLITAN SANITARY DISTRICT OF GREATER CHICAGO 

TABLE 3 

GEOMETRIC MEAN OF BACTERIAL COUNTS FOR THE NORTH BRANCH OF THE CHICAGO RIVER (NBCR) 1 9 8 1  

S t a t i o n  Number 
( F i g u r e  1 )  P . a e r u g i n o s a  5 

- S a l m o n e l l a  

Lake-Cook Road ( 1 )  
West Fork  NBCR 

Lake-Cook Road (,2) 
Middle  Fork  NBCR 

Lake-Cook Road ( 3 )  
S k o k i e  R i v e r  

W e s t  F r o n t a g e  Road t o  
Edens  Expressway ( 4 )  
S k o k i e  R i v e r  1 . 0 ~ 1 0  4 

Glenv iew Road ( 5 )  
N o r t h  Branch o f  
C h i c a g o  R i v e r  

Dempster  S t r e e t  ( 6 )  
N o r t h  Branch o f  
C h i c a g o  R i v e r  

Albany Avenue and  Winona 
S t r e e t  ( 8 )  N o r t h  Branch  
o f  C h i i c a g o  R i v e r  1 .5x104  

'TC = T o t a l  C o l i f o r m ,  2~~ = F e c a l  C o l i f o r m ,  3~~ = F e c a l  S t r e p t o c o c c u s ,  4~~~ = S t a n d a r d  P l a n t  C o u n t ,  

5 ~ .  - a e r u g i n o s a  = Pseudomonas a e r u g i n o s a  

* V a l u e s  shown a r e  t h e  g e o m e t r i c  a v e r a g e  o f  f o u r  s a m p l e s  t a k e n  Nay 5 ,  J u l y  7 ,  O c t o b e r  6 ,  and November 4 ,  
1 9 8 1  and a r e  g i v e n  a s  c o u n t s  p e r  100 mi l l i l i t e rs  e x c e p t  f o r  SPC which is g i v e n  a s  c o u n t s  p e r  m i l l i l i t e r .  



THE METROPOLITAN SANITARY DISTRICT OF GREATER CHICAGO 

TABLE 4 

TOTAL COLIFORM (TC) , FECAL COLIFORY (FC) , AND FECAL STREPTOCOCCUS (FS) 
COLONY CONFIRMATIONS IN THE NORTH BRANCH OF THE CHICAGO RIVER 

DURING 1981 

TC FC FS 
. . Typical* Atypical**Typical Atypical Typical Atypical , 

Colonies Colonies Colonies Colonies Colonies Colonies 

Number of Colonies Confirmed 

Number of Colonies Tested 

Percent Confirmed 

*Typical Colonies - TC, red with greenish metallic sheen; FC, blue; FS, salmon to red. 
**Atypical Colonies - Variations in color, size, or shape of typical colonies. 



t h e  Middle Fork NBCR t h e  geometric mean of t h e  FC counts  was 1.0 

x 103 per  100 mil l i l i ters ,  while a t  t h e  West Fork NBCR t h e  geo- 

metric mean of t h e  FC counts was 1.3 x 1 0 4  per  100 mill i l i ters  

( W l e  3 ) .  There was an increase i n  t h e  geometric means of t h e  

FC counts i n  t h e  Skokie River t o  2.7 x 103 pe r  100 mil l i l i ters  

a t  West Frontage Road. There was no change i n  t h e  geometric 

means of t h e  FC counts when t h e  Skokie River combined with t h e  

Middle Fork NBCR a t  Glenview Road, but t h e  geometric means of 

t h e  FC counts increased with t h e  confluence of t h e  West Fork 

NBCR t o  3.3 x 104 FC per  100 mil l i l i ters  a t  Dempster S t r e e t .  No 

change i n  t h e  geometric means of FC counts occurred over t h e  

following t e n  mile reach t o  the  confluence with t h e  NSC. 

The confirmation rate f o r  t y p i c a l  FC colonies  (Table 4) 

t e s t e d  during t h i s  study was 90.2 percent  as compared t o  94.9 

percent i n  1980. The normal range of FC confirmations was 90 t o  

95 percent (15).  

F e c a l t o c o c c u s .  The s t a t i o n  loca ted  on Lake-Cook Road 

and t h e  Skokie River with a geometric mean FS count of 4.6 x 101 

per 100 mi l l i l i t e r s  d i f f e r e d  by an order of magnitude from t h e  

7.5 x 102 FS per 100 mi l l i l i t e r s  a t  Middle Fork NBCR and two 

orders  of magnitude from t h e  2.2 x 103 FS per  100 mill i l i ters  a t  

West Fork NBCR. The l a t t e r  two s t a t i o n s  exhib i ted  l i t t l e  d i f -  

ference between them. The geometric mean of t h e  FS counts i n  

t h e  Skokie River a t  Lake-Cook Road increased t o  8.1 x 102 FS pe r  

100 mi l l i l i t e r s  a t  West Frontage Road. No f u r t h e r  change oc- 

curred i n  t h e  FS counts i n  t h e  NBCR t o  its confluence with t h e  

NSC (Table) 



The confirmation rate for the identification of typical and 

atypical colonies presumed to be FS in this study was 96.5 

( m l e  4) compared to 96.5 percent in 1980. The normal range of 

confirmation rates for FS is 90 to 100 percent (15). 

STANDARD PLATE COUNTS 

The SPC geometric means varied from a low of 5.2 x 103 to 

a high of 2.0 x 105 per milliliter in the NBCR and its forks. 

The low SPC geometric mean of 5.2 x 103 per milliliter occurred 

at Lake-Cook Road and the Skokie River which differed signif- 

icantly from the 7.2 x 104 SPC per milliliter at Lake-Cook Road 

and the West Fork NBCR and the 2.0 x 105 SPC per milliliter at 

Dempster Street after confluence of the NBCR with the West Fork 

NBCR. Counts at the remaining stations varied only slightly 

PSEUDOMONAS AERUGINOSA 

The densities of p. den- at all stations, given as 

geometric means, ranged from 2.5 x 102 to 4.6 x 103 per 100 

milliliters ( w e  3). 

SALMONELLA 

No significant variation in Salmonella counts was observed, 

the counts at all stations of the NBCR being on the order of 

10-1 per 100 milliliters ( m e  2 ) .  

Geldreich (16) reported that Salmonella occurred in less 

than 27.6 percent of fresh water samples when the FC concentra- 

tion was 200 or less per 100 milliliters. In this study m- 



monella were recovered i n  one of two samples which con ta ined  

less than  200 FC per 100 mi l l i l i te rs .  

Geldre ich  a l s o  repor ted  t h a t  t h e  f requency of Salmonella 

rose  t o  85.2 percen t  when FC counts  were i n  t h e  range of 200 t o  

2,000 per 100 mil l i l i ters .  For t h i s  range of  FC i n  t h e  NBCR 

du r ing  1981, on ly  s i x  of 26 samples (26.1 pe rcen t )  were found t o  

con ta in  Salmonella, cons iderab ly  fewer p o s i t i v e s  than  p r e d i c t e d  

by Geldreich.  

Serotyping of t h e  Salmonella m. i s o l a t e d  produced t h e  

s p e c i e s  d a t a  p resen ted  i n  W l e  5. A l l  of t h e  species l i s t e d  

are r o u t i n e l y  i s o l a t e d  i n  c l i n i c a l  l a b o r a t o r i e s  i n  t h e  metro- 

p o l i t a n  Chicago a rea ;  

Per iphyton samples were c o l l e c t e d  on a biweekly b a s i s  be- 

g inning February 25 and ending December 16 .  A t o t a l  of 20 sam- 

p l i n g  runs  were made du r ing  1981. Of a p o s s i b l e  140 samples, 

117 were c o l l e c t e d  and analyzed (85 pe rcen t  sampler recovery) 

f o r  per iphyton popula t ion  d e n s i t i e s  and s p e c i e s  composit ion,  

ch lo rophy l l  a  concen t r a t i on ,  and organ ic  matter concen t ra t ion .  

PERIPHYTON POPULATION ANALYSIS 

For t h e  s t a t i o n s  sampled i n  t h e  NBCR and its fo rks ,  t h e  

average per iphyton concen t r a t i on  ranged from 61,000 organisms 

per squa re  cen t imete r  a t  North C e n t r a l  Park  Avenue, t h e  f a r t h e s t  

downstream s t a t i o n  i n  t h e  NBCR s tudy  area, t o  294,000 organisms 

per square  cen t imete r  a t  Lake-Cook Road i n  t h e  West Fork NBCR 
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THE METROPOLITAN SANITARY D I S T R I C T  OF GREATER CHICAGO 

TABLE 5 

SALMONELLA SEROTYPES ISOLATED FROM THE NORTH BRANCH OF THE 
CHICAGO RIVER (NBCR) DURING 1 9 8 1  

D a t e  S t a t i o n *  Serotype N u m b e r  Isolated 

W e s t  F o r k  NBCR and L a k e - C o o k  R o a d .  

Skokie  R i v e r  a n d  L a k e - C o o k  R o a d  
NBCR and D e m p s t e r  Street 

S. m i s s i s s i p p i  - 
S. a n a t u m  - 
S. t y p h i m u r i u m  - 
S. agona - 
S. a n a t u m  - 
S. heidelbers - - 

W e s t  Fork NBCR and L a k e - C o o k  R o a d  - S. e n t e r i t i d i s  
NBCR and A l b a n y  and Winona - S. t y p h i m u r i u m  

S. o ran ienbura  - - - - -. . 

West Fork NBCR and L a k e - C o o k  R o a d  g. t y  h l m u r i u r n  
NBCR and D e m p s t e r  Street - S. - + c ester 

" D e s c r i p t i o n  of s t a t i o n s  i n  T a b l e  1 and locations i n  F i g u r e  1. 



( W i l ) ,  one of t h e  f a r t h e s t  upstream s t a t i o n s  ( w e  1). AS 

shown i n  W 1 e  6 ,  t h e  average per iphyton popula t ion  d e n s i t i e s  

gene ra l ly  decreased wi th  d i s t a n c e  downstream. 

The average number of species p e r  s t a t i o n  ( W l e  6)  v a r i e d  

i n  t h e  f o r k s  of t h e  NBCR from 33.3 a t  Lake-Cook Road i n  t h e  West 

Fork NBCR t o  38.8 a t  Lake-Cook Road i n  t h e  Skokie River.  The 

average number of species i n  t h e  Skokie River  increased  t o  43.7 

a t  West Frontage Road. The average number of s p e c i e s  remained 

approximately t h e  same i n  t h e  NBCR a f t e r  conf luence wi th  t h e  

Middle and West Forks of t h e  NBCR a t  Glenview Road and Dempster 

Street, r e spec t ive ly .  Over t h e  t e n  mile reach between Dempster 

Street and North Cen t r a l  Park Avenue, i n  t h e  NBCR, t h e  average 

number of s p e c i e s  decreased t o  34.3. 

The spec i e s  appear ing i n  one-half o r  more of t h e  samples 

c o l l e c t e d  a t  each s t a t i o n  were def ined  a s  p e r s i s t e n t  s p e c i e s  and 

t h e i r  number per s t a t i o n  is presented i n  m1e Z. Those up- 

stream s t a t i o n s  l oca t ed  on t h e  f o r k s  of t h e  NBCR on Lake-Cook 

Road contained 25 t o  28 of t h e s e  p e r s i s t e n t  spec i e s .  The number 

of p e r s i s t e n t  s p e c i e s  increased  i n  t h e  Skokie River  t o  38 a t  

West Frontage Road and remained a t  38, a f t e r  conf luence of t h e  

Skokie River wi th  t h e  Middle Fork of t h e  NBCR, a t  Glenview Road. 

However, a f t e r  confluence of t h e  NBCR wi th  t h e  West Fork of t h e  

NBCR, t h e  number of p e r s i s t e n t  s p e c i e s  decreased t o  34 a t  

Dempster Street i n  t h e  NBCR and t e n  miles f a r t h e r  downstream t o  

22 s p e c i e s  a t  t h e  North Cen t r a l  Park Avenue s t a t i o n .  
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THE METROPOLITAN SANITARY DISTRICT OF GREATER CHICAGO 

TABLE 7 

SUMMARY OF ALGAL SPECIES DATA, BY STATION, WLATED TO FREQUENCY OF APPEARANCE 
AND THE PRESENCE OF POLLUTANT-TOLERANT SPECIES I N  THE NORTH BRANCH 

OF THE CHICAGO RIVER DURING 1981  

Name o f  S t a t i o n  
W e s t  Middle  S k o k i e  F r o n t a g e  Glenview Dempster Nor th  C e n t r a l  
Fork Fork R i v e r  Road Road S t r e e t  Pa rk  Avenue 

Number o f  S t a t i o n *  1 2 3 4 5  6  7  

Number o f  Samples  
h) 
4 

Number of  S p e c i e s * *  

Ku!nber o f  P o l l u t a n t - T o l e r a n t  Spec ies***  

P e r c e n t  P o l l u t a n t - T o l e r a n t  S p e c i e s  40.0 55 .6  50 . O  4 7 . 4  50.0 55.9 59 .1  

*F igu re  1 f o r  s t a t i o n  l o c a t i o n s .  
**Number o f  s p e c i e s  a p p e a r i n g  a t  a  f r e q u e n c y  50 p e r c e n t  o f  t h e  s amp le s  c o l l e c t e d  a t  e a c h  s t a t i o n  ( P e r s i s t e n t  S p e c i e s ) .  

* * * P o l l u t a n t  t o l e r a n t  s p e c i e s  a s  l i s t e d  by Pa lmer  ( 1 7 ) .  



The number of p e r s i s t e n t  spec i e s  were f u r t h e r  subdivided by 

segrega t ing  those  organisms def ined by Palmer (17) as p o l l u t a n t -  

t o l e r a n t .  The r e s u l t s  of t h i s  s eg rega t ion  a r e  p resen ted  i n  

mle 7.  The number of p o l l u t a n t - t o l e r a n t  s p e c i e s  found a t  t h e ,  

upstream s t a t i o n s ,  l oca t ed  on t h e  f o r k s  of t h e  NBCR a t  Lake-Cook 

Road, ranged from 10 t o  1 5  spec i e s .  A t  West Frontage Road i n  

t h e  Skokie River ,  t h e  number of p o l l u t a n t - t o l e r a n t  s p e c i e s  in-  

creased t o  18 ,  a t  Glenview Road, a f t e r  confluence of t h e  Skokie 

River and t h e  Middle Fork of t h e  NBCR, t h e  number of p o l l u t a n t -  

t o l e r a n t  spec i e s  increased  t o  19 and a t  Dempster S t r e e t ,  a f t e r  

confluence of t h e  NBCR wi th  t h e  West Fork NBCR, t h e  number of 

p o l l u t a n t - t o l e r a n t  s p e c i e s  was 19. A decrease  i n  t h e  number of 

p o l l u t a n t - t o l e r a n t  s p e c i e s  was observed a t  North Cen t r a l  Park 

Avenue i n  t h e  NBCR t o  1 3  spec i e s .  

CHLOROPHYLL a 

The r e s u l t s  of per iphyton ch lorophyl l  a  ana lyses  a r e  re- 

por ted  i n  m1e 6 as averages f o r  each s t a t i o n  sampled on t h e  

NBCR and i ts forks .  Chlorophyll  a is one t o  two pe rcen t  of t h e  

t o t a l  periphyton biomass grown i n  s u r f a c e  waters  r e l a t i v e l y  f r e e  

of o rgan ic  contamination ( 1 2 )  and consequently is an e s t ima te  of 

t h e  biomass. 

ORGANIC MATTER 

A s  wi th  ch lorophyl l  a  t h e  ash-free  dry  weight is a measure 

of t h e  organic  mat ter  con ten t  o r  biomass of a sample. The aver-  

28



age organic matter content for each station is presented in 

T a b l e a  

AUTOTROPHIC INDEX 

The autotrophic index is the ratio of the organic matter 

concentration to the chlorophyll a concentration (12). When the 

ratio exceeds ,100 the presumption is that there is soluble or 

particulate organic contamination present resulting in the 

growth of excess nonchlorophyllous microorganisms. The auto- 

trophic index results are presented in W 1 e  6 for each station 

on the NBCR. 

EQUITABILITY AND DIVERSITY INDEX 

Equitability is a measure of the evenness of the distri- 

bution of species within a population compared to a theoretical 

distribution based on the Shannon-Weaver species diversity index 

(12). The diversity index and equitability were calculated for 

each station and are presented in Table 6. Equitabilities nor- 

mally range from zero to one (12) except in the unusual circum- 

stance where the actual distribution is more even than the theo- 

retical model of a natural distribution (12). Values of equita- 

bility of 0.5 indicate slight organic contamination and values 

' from 0.3 to zero indicate moderate to severe organic contamina- 

tion. During 1981, all samples collected from the NBCR had 

equitability values less than 0.3 as shown in Tab-. 

Fish 

The catch of fish per 10 minutes electrofishing for the 

Cook County and Lake County collections are presented in Tables 



and 2, r e spec t ive ly .  The t o t a l  number of s p e c i e s  and t h e  

average number and weight of f i s h  per  10 minutes e l e c t r o f i s h i n g  

a r e  presented i n  -1e 10 f o r  t h e  fo rks  of t h e  NBCR and col-  

l e c t i v e l y  f o r  t h e  s t a t i o n s  f a r t h e r  downstream. W e  11 pre- 

s e n t s  t h e  percen t  composition by number and weight of f i s h  

c o l l e c t e d  per  1 0  minutes e l e c t r o f i s h i n g  f o r  t h e  f o r k s  of t h e  

NBCR and c o l l e c t i v e l y  f o r  t h e  s t a t i o n s  f a r t h e r  downstream. 

Comparisons of t h e  f i s h  c o l l e c t i o n s  from t h e  NBCR and o t h e r  

waterways of the Chicagoland a r e a  a r e  presented i n  m u .  
Complete d a t a  on t h e  1981 f i s h  c o l l e c t i o n s  from t h e  NBCR and its 

f o r k s  a r e  l i s t e d  i n  ~ p p e n d i x  W e s  A I - 1  through A I - 6 .  
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THE METROPOLITAN SANITARY DISTRICT OF GREATER CHICAGO 

TABLE 8 
NUMBER OF FISH TAKEN PER TEN MINUTES ELECTROFISHING 

FROM THE NORTH BRANCH OF THE CHICAGO RIVER (NBCR) 
AND ITS  FORKS I N  COOK COUNTY DURING 1 9 8 1  

F i s h  S p e c i e s  . 

S t a t i o n  Number a n d  L o c a t i o n *  
W e s t  F o r k  M i d d l e  F o r k  S k o k i e  S k o k i e  

NBCR NBCR 
5 1 282 

Dundee Lake-Cook 
Road Road 

R i v e r  R i v e r  
2  8  4  3  3  

Lake-Cook W .  F r o n t a g e  
Road Road 

NBCR 
285 

Glenv iew 
Road 

NBCR NBCR 
2 86 287 

Demps ter A l b a n y  
S t r e e t  Avenue 

..................... Number o f  F i s h  P e r  Ten M i n u t e s  Electrofishing--------------------- 

G o l d f i s h  
C a r p  
C a r p  x G o l d f i s h  
H y b r i d  
Golden s h i n e r  
F a t h e a d  minnow 7 . 3 8  
W h i t e  s u c k e r  0 . 1 9  
B l a c k  b u l l h e a d  1 . 0 1  
B l a c k  b u l l h e a d  

(young-of - t h e - y e a r )  4 2 . 8 8  
Green  s u n f i s h  7 . 9 9  3 .44  1 2 . 2 7  1 0 . 7 1  
Pumpkinseed  0 . 1 9  0 . 4 6  0 . 3 0  
O r a n g e s p o t t e d  s u n f i s h  0 . 3 7  0 . 4 6  
B l u e g i l l  0 .46  1 . 3 5  0 . 6 4  0 . 2 3  4 .03  

T a b l e  c o n t i n u e d  o n  f o l l o w i n g  p a g e .  



THE METROPOLITAN SANITARY DISTRICT OF GREATER CHICAGO 

TABLE 8 ( c o n t i n u e d )  

NUMBER OF FISH TAKEN PER TEN MINUTES ELECTROFISHING 
FROM THE NORTH BRANCH OF THE CHICAGO RIVER (NBCR) 

AND ITS FORKS I N  COOK COUNTY DURING 1 9 8 1  

F i s h  S p e c i e s  

S t a t i o n  Number and  L o c a t i o n *  
W e s t  F o r k  M i d d l e  F o r k  S k o k i e  S k o k i e  

NBCR NBCR R i v e r  R i v e r  NBCR NBCR NBCR 
5 1 282 284 3 3  285 286 387 

Dundee Lake-Cook Lake-Cook W. F r o n t a g e  Glenview Dempster  A l b a n y  
Road Road Road Road Road S t r e e t  Avenue 

B l u e g i l l  (young-of-  
t h e  y e a r )  

Green x B l u e g i l l  h y b r i d  
Largemouth b a s s  
B l a c k  c r a p p i e  

T o t a l  Number P e r  
Ten M i n u t e s  

---,------- -----.----- -Number o f  F i s h  P e r  Ten M i n u t e s  Electrofishing------------------ 

* S t a t i o n  numbers  and  l o c a t i o n s  k e y e d  t o  F i g u r e  1. 
* * T o t a l  is 24.03 f i s h  p e r  t e n  m i n u t e s  w i t h o u t  b l a c k  b u l l h e a d  youn-of - the-year .  

***Total  i s  1 8 . 4 1  f i s h  p e r  t e n  m i n u t e s  w i t h o u t  b l u e g i l l  young-of - the-year .  
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'THE METROPOLITAN SANITARY DISTRICT OF GREATER CHICAGO 

TABLE 10 

TOTAL NUMBER OF FISH SPECIES COLLECTED AND AVERAGE NU-YBER AND WEIGHT OF FISH 
TAKEN PER 100 MINUTES ELECTROFISHING I N  THE FORKS AND THE DOWNSTREAitl 

STATIONS OF THE NORTH BRANCH OF THE CHICAGO RIVER DURING 1981  

Para ineter  

W e s t l  
Fork 
NBCR 

Middle 
Fork2 
NBCR 

Skokie  
River  

Downstream 
S t a t i o n s  

NBCR 

T o t a l  N u m b e r  o f  
S p e c i e s  (Hybr ids  
N o t  I n c l u d e d )  

Average Number o f  
F i s h  P e r  10 
Minutes  E l e c t r o f i s h i n g  

Average w e i g h t  o f  
F i s h  (-in grams)- p e r  
1 0  Minutes  
~ l e c t r o f i s h i n q  

' s t a t i o n s  5 1  and 289, F i g u r e  1. 

2 ~ t a t i o n s  281 and 282, F i g u r e  1. 

3 ~ t a t i o n s  53 ,  283, and 284, F i g u r e  1. 

4 ~ t a t i o n s  285, 286, and 297, F i g u r e  1. 

'young-of - y e a r  b u l l h e a d s  from t h e  J u l y  c o l l e c t i o n  a t  W e s t  F ron tage  Road ( S t a t i o n  53) 
n o t  i n c l u d e d .  

'young-of -yea r  b l u e g i l l  from t h e  J u l y  c o l l e c t i o n  a t  Dernpster S t r e e t  ( S t a t i o n  286) n o t  
i n c l u d e d .  

Odona
Rectangle



THE T TROPOLITAN SANITARY DISTRICT OF GREATER CHICAGO 

1 TABLE 11 

PERCEN~AGE COMPOSITION BY NUMBER ( %  N )  AND BY WEIGHT (%wT) 1 
OF FjSH COLLECTED FROM THE NORTH BRANCH OF THE CHICAGO 

I 
RIVER DURING 1981 

I 

F i s h  S p e c i e s  

W e s t  Fork Middle Fork Skokie Riv r f North Branch 
Lower Channel 

% N % W t  % N % W t  % N  % Y t  % N % W t  

G o l d f i s h  
c a r p  
Carp x Go ld f i sh  h y b r i d  
Golden s h i n e r  
Fathead minnow 

W 
White sucke r  

VI Black b u l l h e a d  
Green s u n f i s h  
Pumpkinseed 
Orangespot ted  s u n f i s h  
B l u e g i l l  
Green x B l u e g i l l  h y b r i d  
Largemouth b a s s  
Black c r a p p i e  

T o t a l  Number of  Spec ie s  
(Hybr ids  N o t  I nc luded)  

g I 

Skokie  River ;  because  o n l y  ode swarm was s i q h t e d ,  t h e  d i s t r i b u t i o n  w a s  ex t remely  p f t c h y .  
**Does n o t  i n c l u d e  22 b l u e g i l l  young-of-the-year from J u l y  c o l l e c t i o n  a t  S t a t i o n  286 Dempster S t r e e t ,  North 

Branch Chicago R i v e r ,  becausd t h e s e  young were s o  s m a l l  t h a t  most escaped through be mesh of  t h e  c o l l e c t i o n  
n e t s .  To coun t  t h e  young re a i n e d  would b i a s  t h e  d a t a .  Y .  I 



THE METROPOLITAN SANITARY D I S T R I C T  O F  GREATER CHICAGO 

TABLE 1 2  

AVERAGE CATCH PER 1 0  MINUTES ELECTROFISHING FOR BACKPACK/SEINE 
COLLECTIONS FROM THE CHICAGO WATERWAYS 1 I 2  

W a t e r w a y  
N u m b e r  of 

Y e a r  C o l l e c t i o n s  

D r a i n a g e  N u m b e r  of S p e c i e s  
A r e  a P e r  C o l l e c t i o n  

(Square M i l e s )  A v e r a g e  Max imum 

A v e r a g e  F i s h  
P e r  1 0  M i n u t e s  
E l e c t r o f  i s h i n g  

N u m b e r  W e i g h t  ( g )  

J a c k s o n  C r e e k  3 

M i l l  C r e e k  3 

H i c k o r y  C r e e k  3 

N o r t h  B r a n c h  C h i c a g o  R i v e r  

N o r t h  B r a n c h  C h i c a g o  R i v e r  

N o r t h  B r a n c h  C h i c a g o  R i v e r  

S a l t  C r e e k  3 

N i p p e r s i n k  C r e e k  
4  

L i t t l e  C a l u m e t  R i v e r  

D u P a g e  R i v e r  3 

'~11 1 9 7 6  da ta  f r o m  R e f e r e n c e  2  ( D e n n i s o n ,  1 9 7 8 ) .  

2~11 1 9 8 0 .  d a t a  f r o m  R e f e r e n c e  3. 

' ~ r i b u t a r ~  t o  D e s  P l a i n e s  R i v e r .  

4 ~ r i b u t a r y  t o  F o x  R i v e r .  



DISCUSSION 

B a c t e r h  

INDICATOR BACTERIA 

T o t a l  Coliform. The TC counts  increased  s i g n i f i c a n t l y  from 

Lake-Cook Road t o  West Frontage Road, on t h e  Skokie River ,  from 

1 .2  x 103 t o  1.0 x 1 0 4  per  100 m i l l i l i t e r s ,  Table  3. No change 

i n  TC counts  was noted a t  t h e  confluence of t h e  Skokie River  

wi th  t h e  Middle Fork NBCR t o  form t h e  NBCR above Glenview Road. 

The TC counts  i n  t h e  Middle Fork NBCR a t  Lake-Cook Road were 1.1 

x 1 0 4  per  1 0 0  m i l l i l i t e r s  and a f t e r  t h e  confluence wi th  t h e  

Skokie River  t h e  TC coun t s  a t  Glenview Road were 1.3 x 104 p e r  

100 m i l l i l i t e r s  (Table 3 ) .  The TC coun t s  d id  i n c r e a s e  a f t e r  

confluence of t h e  NBCR wi th  t h e  West Fork NBCR a t  Dempster 

S t r e e t .  The West Fork NBCR a t  Lake-Cook Road had TC coun t s  of 

8.7 x 104 pe r  100 m i l l i l i t e r s  and a f t e r  t h e  conf luence wi th  t h e  

NBCR, t h e  TC counts  increased  t o  5.0 x 105 pe r  100 m i l l i l i t e r s  . 
a t  Dempster S t r e e t  ( W l e  3 ) .  A s i g n i f i c a n t  reduc t ion  i n  TC oc- 

cu r r ed  over t h e  10 mile. reach t o  t h e  confluence of t h e  NBCR wi th  

t h e  NSC. The TC counts  i n  t h e  NBCR a t  Albany Avenue and Winona 

S t r e e t  were 1.5 x 104 pe r  1 0 0  m i l l i l i t e r s  (Table  3) j u s t  above 

t h e  conf luence of t h e  NBCR wi th  t h e  NSC. 

Feca l  C o u o r m .  The FC counts  increased  s i g n i f i c a n t l y  i n  

t h e  Skokie River from Lake-Cook Road (8.5 x 1 0 1  p e r  1 0 0  m i l l i -  

l i t e r s )  t o  West Frontage Road (2.7 x 103 p e r  1 0 0  mi l l i l i t e rs ) .  

Confluence of t h e  Skokie River wi th  t h e  Middle Fork NBCR showed 

no change i n  FC counts .  The FC counts  i n  t h e  Middle Fork NBCR 

a t  Lake-Cook Road were 1 .0  x 103 p e r  100 m i l l i l i t e r s  and t h e  FC 
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counts  i n  t h e  NBCR a t  Glenview Road, a f t e r  confluence wi th  t h e  

Skokie River ,  were 2.4 x 103 pe r  100 m i l l i l i t e r s  ( W l e  a). The 

conf luence of t h e  NBCR wi th  t h e  West Fork NBCR r e s u l t e d  i n  a 

s i g n i f i c a n t  i n c r e a s e  of FC a t  Dempster S t r e e t  i n  t h e  NBCR. The 

West Fork NBCR a t  Lake-Cook Road had FC coun t s  of 1.3 x 104 p e r  

100 m i l l i l i t e r s  and below t h e  confluence wi th  t h e  NBCR a t  

Dempster S t r e e t  t h e  FC counts  i n  t h e  NBCR were 3.3 x 104 p e r  100 

m i l l i l i t e r s .  During t h e  flow of t h e  NBCR over  t h e  next  ten-mile 

reach,  t o  t h e  confluence wi th  t h e  NSC, t h e  FC coun t s  were re- 

duced t o  4.1 x 103 pe r  100 m i l l i l i t e r s  a t  Albany Avenue and 

Winona S t r e e t  . 
The "General Usen c r i t e r i a  set by t h e  IPCB sets a l i m i t  of 

200 FC colony forming u n i t s  per 100 m i l l i l i t e r s  a s  a geometric 

average of no l e s s  than f i v e  samples c o l l e c t e d  over  a 30-day 

per iod.  The geometric average of t h e  s t a t i o n s  do n o t  apply and 

cannot be compared on t h e  b a s i s  of t h i s  c r i t e r i o n  s i n c e  on ly  

four  samples were c o l l e c t e d  over a per iod of 183 days. On t h e  

b a s i s  t h a t  seven samples were c o l l e c t e d  each d a t e ,  and t h a t  f o r  

each d a t e  t h e  geometric average exceeded t h e  IPCB l i m i t  of 200 

FC per  100 m i l l i l i t e r s ,  it can be s a i d  t h a t  t h e  NBCR and i ts  

f o r k s  con ta in  water  of degraded q u a l i t y .  

Feca l  S t r e ~ t o c o c c u s .  The FS counts  i n  t h e  Skokie River  in- 

creased from 4.6 x 101 per  100 m i l l i l i t e r s  a t  Lake-Cook Road t o  

8.1 x 102 p e r  100 m i l l i l i t e r s  a t  West Frontage Road ( W l e  2 ) .  

The confluence of t h e  Skokie River wi th  t h e  Middle Fork NBCR 

produced no change i n  FS counts.  The FS counts  i n  t h e  Middle 

Fork NBCR a t  Lake-Cook Road were 7.5 x l o 2  p e r  100 milliliters, 



and a t  Glenview Road i n  t h e  NBCR, a f t e r  t h e  conf luence of t h e  

Skokie River and t h e  Middle Fork NBCR, t h e  FS counts  were 7.4 x 

103 pe r  100 mi l l i l i te rs .  There was an increased  FS count  from 

7.4 x 102 per  100 mi l l i l i t e r s  a t  Glenview Road t o  5.7 x 103 p e r  

100 mi l l i l i ters  a t  Dempster S t r e e t  a f t e r  conf luence of t h e  NBCR 

with  t h e  West Fork NBCR. The West Fork NBCR, a t  Lake-Cook Road, 

had an FS count  of 2.2 x 103 per  100 mi l l i l i t e r s  (-1e 3 and 

-1). A s l i g h t  decrease  i n  FS counts  occurred dur ing  t h e  

ten-mile reach between Dempster S t r e e t  (5.7 x 103 FS pe r  100 

mi l l i l i t e r s )  and Albany Avenue and Winona S t r e e t  (1.2 x 103 FS 

per  100 mi l l i l i t e r s )  i n  t h e  NBCR above t h e  confluence wi th  t h e  

NSC. 

STANDARD PLATE COUNTS 

The SPC were an estimate of t h e  t o t a l  b a c t e r i a l  popula t ion  

p re sen t  i n  t h e  system. The SPC increased  i n  t h e  Skokie River 

from Lake-Cook Road (5.2 x 103 per  mi l l i l i t e r )  t o  West Frontage 

Road (1.7 x 1 0 4  pe r  m i l l i l i t e r )  W l e  3. Confluence of t h e  

Skokie River wi th  t h e  Middle Fork NBCR showed no increased  SPC 

a t  Glenview Road i n  t h e  NBCR. The SPC i n  t h e  Middle Fork NBCR 

a t  Lake-Cook Road'was 2.9 x 104 pe r  m i l l i l i t e r  and a f t e r  con- 

f l uence  wi th  t h e  Skokie River t h e  SPC i n  t h e  NBCR a t  Glenview 

Road was 3.9 x 104 per  mi l l i l i t e r  (-1e 2 ) .  The SPC i n  t h e  

West Fork NBCR a t  Lake-Cook Road was 7.2 x 104 pe r  mi l l i l i t e r  

and a f t e r  confluence wi th  t h e  NBCR t h e  SPC counts  a t  Dempster 

S t r e e t  i n  t h e  NBCR was 2.0 x 105 per  mi l l i l i t e r  ( m e  3) .  

During t h e  ten-mile reach between Dempster S t r e e t  and Albany 
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Avenue and Winona S t r e e t  i n  t h e  NBCR t h e  SPC were reduced t o  2.8 

x 1 0 4  per  m i l l i l i t e r  p r i o r  t o  t h e  conf luence of t h e  NBCR wi th  

t h e  NSC ( W l e  3 ) .  

The l e v e l s  of SPC were comparable t o  t hose  found i n  

Chicago's deep-draft  waterways (1,2,3) . 
PSEUDOMONAS AERUGINOSA 

No changes i n  1. g e r u a u  were noted i n  t h e  Skokie River  

from Lake-Cook Road (2.7 x 1 0 2  per  m i l l i l i t e r )  t o  West Frontage 

Road (2.5 x 1 0 2  per  m i l l i l i t e r  ) Table 3. Confluence of t h e  

Skokie River wi th  t h e  Middle Fork NBCR showed no inc rease  i n  2. 

aeruainosa a t  Glenview Road i n  t h e  NBCR below t h i s  confluence.  

The p. aeru- counts  i n  t h e  Middle Fork NBCR a t  Lake-Cook 

Road were 3.1 x 102 per  m i l l i l i t e r  and t h e  P. ~ e r u w  coun t s  

a t  Glenview Road i n  t h e  NBCR were 4.7 x l o 2  pe r  m i l l i l i t e r  

(mle 3 ) .  Confluence of t h e  NBCR wi th  t h e  West Fork NBCR 

r e s u l t e d  i n  an increased  concent ra t ion  of P. aeruainosa a t  

Dempster S t r e e t  i n  t h e  NBCR. The 2. a e r u w  counts  a t  

2 Lake-Cook Road i n  t h e  West Fork NBCR were 6.0 x 1 0  pe r  m i l l i -  

l i t e r  and t h e  2. geru- counts  a t  Dempster S t r e e t  i n  t h e  

NBCR were 4.6 x 103 pe r  m i l l i l i t e r  ( W l e  3) .  During t h e  

fol lowing t e n  mile reach t o  Albany Avenue and Winona S t r e e t ,  

j u s t  p r i o r  t o  t h e  confluence of t h e  NBCR wi th  t h e  NSC, t h e  

number of p. aeruainosa were reduced t o  4.1 x 1 0 2  ( W l e  3 ) .  
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SALMONELLA 

A l l  of t h e  Salmonella r e s u l t s  were repor ted  a t  t h e  detec-  

t i o n  l i m i t  o r  less. The range of va lues  was from l e s s  than  1.5 

X 10-1 t o  less than 4.2 x 10-1 p e r  100 m i l l i l i t e r s  ( W l e  2) 

i n d i c a t i n g  no r e a l  d i f f e r e n c e s  between t h e  s t a t i o n s  sampled on 

t h e  NBCR and its fo rks .  

PERIPHYTON POPULATION ANALYSIS 

In  t h e  Skokie River from Lake-Cook Road t o  West Frontage 

Road, t h e  average per iphyton d e n s i t y  decreased from 237,000 

organisms pe r  square  cen t imeter  t o  209,000 organisms per  square  

cen t imeter ,  a decrease  of t e n  percen t  ( W l e  6 ) .  The average 

number of s p e c i e s  increased  i n  t h e  Skokie River from Lake-Cook 

Road t o  West Frontage Road from 39 t o  4 4  s p e c i e s ,  an i nc rease  of 

about 13  pe rcen t  W 1 e  6.  Because some s t a t i o n s  a r e  more l i k e l y  

than o t h e r s  t o  con ta in  ephemeral, o p p o r t u n i s t i c ,  a c c i d e n t a l ,  o r  

r a r e  s p e c i e s ,  it was decided t o  a l s o  look a t  those  spec i e s  t h a t  

p e r s i s t e d  i n  t h e  environment sampled. These p e r s i s t e n t  s p e c i e s  

were def ined  a s  t hose  t h a t  appeared wi th  a frequency of 50 per- 

cen t  or  more a t  each s t a t i o n .  The number of p e r s i s t e n t  s p e c i e s  

increased  i n  t h e  Skokie River from Lake-Cook Road t o  West 

Frontage Road, from 28 t o  38 s p e c i e s ,  an i nc rease  of 36 pe rcen t  

( m l e  7 ) .  A subse t  of t he se  p e r s i s t e n t  s p e c i e s  were t h o s e  

s p e c i e s  def ined  by Palmer (17) a s  being p o l l u t a n t - t o l e r a n t .  

These p o l l u t a n t - t o l e r a n t  s p e c i e s  increased  i n  t h e  Skokie River 



from Lake-Cook Road ( 1 4  s p e c i e s )  t o  West Frontage Road (18 

s p e c i e s ) ,  an inc rease  of 29 pe rcen t  ( W l e  Z). Thus, t h e  r a t e  

of p o l l u t a n t - t o l e r a n t  spec i e s  i nc rease  (29 pe rcen t )  was lower 

than t h e  r a t e  of p e r s i s t e n t  spec i e s  i nc rease  (36 percen t )  in-  

d i c a t i n g  a d e s i r a b l e  t r e n d  i n  water  q u a l i t y .  The water q u a l i t y  

was s t i l l  considered poor, however, when t h e  number of p o l l u t -  

an t - to l e r an t  s p e c i e s  among t h e  p e r s i s t e n t  s p e c i e s  was examined. 

On t h e  Skokie River a t  Lake-Cook Road, 50 pe rcen t  of t h e  per- 

s i s t e n t  s p e c i e s  were p o l l u t a n t - t o l e r a n t  and a t  West Frontage 

Road 47.4 pe rcen t  of t h e  p e r s i s t e n t  spec i e s  were po l lu t an t -  

t o l e r a n t .  

Confluence of t h e  Skokie River wi th  t h e  Middle Fork of t h e  

NBCR, r e s u l t s  i n  t h e  formation of t h e  NBCR. The average pe r i -  

phyton d e n s i t y  i n  t h e  Middle Fork of t h e  NBCR-at Lake-Cook Road 

was 148,000 organisms per  square  cen t imeter  and was composed of 

an average of 38 s p e c i e s  ( W l e  6). The average number of per- 

s i s t e n t  s p e c i e s  was 27, of which 15,  o r  55.6 pe rcen t ,  were 

p o l l u t a n t - t o l e r a n t  s p e c i e s  ( W l e  7 ) .  A t  Glenview Road i n  t h e  

NBCR, a f t e r  t h e  confluence of t h e  Middle Fork NBCR wi th  t h e  

Skokie River ,  t h e  average periphyton d e n s i t y  was 164,000 or- 

ganisms per  square  cent imeter  ( W l e  61. This  was approximately 

t h e  average of t h e  periphyton d e n s i t i e s  found a t  West Frontage 

Road i n  t h e  Skokie River and Lake Cook Road i n  t h e  Middle Fork 

NBCR. The average number of s p e c i e s  a t  Glenview Road i n  t h e  

NBCR was 4 2  (-1e 6 ) .  This  was t h e  average of t h e  average 

number of s p e c i e s  a t  West Frontage Road i n  t h e  Skokie River (44 

spec i e s )  and Lake-Cook Road i n  t h e  ~ i d d l e ' F o r k  NBCR (39 spe- 
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c i e s ) .   his ind ica t ed  t h a t  t h e  s p e c i e s  composition i n  t h e  two 

s t reams  was s i m i l a r .  This  was borne ou t  by t h e  fact t h a t  t h e  

average number of p e r s i s t e n t  spec i e s  found a t  Glenview Road i n  

t h e  NBCR (38 s p e c i e s )  was t h e  same a s  t h a t  found a t  West Front- 

age Road i n  t h e  Skokie River and included a l l  of t h e  27 per- 

s i s t e n t  s p e c i e s  found a t  Lake-Cook Road i n  t h e  Middle Fork NBCR 

(Table  Z). F i f t y  percen t  of t h e  p e r s i s t e n t  s p e c i e s  found a t  

Glenview Road i n  t h e  NBCR were found t o  be p o l l u t a n t - t o l e r a n t  

(Table) 

Confluence of t h e  NBCR with  t h e  West Fork NBCR occurred 

above t h e  sampling s t a t i o n  a t  Dempster S t r e e t  i n  t h e  NBCR. The 

periphyton d e n s i t y  a t  Lake-Cook Road i n  t h e  West Fork NBCR was 

294,000 organisms per  square  cen t imeter  ( t h e  h ighes t  per iphyton 

d e n s i t y  r epo r t ed ) .  This populat ion was composed of 33 s p e c i e s  

on t h e  average (w 6 )  . The average number of p e r s i s t e n t  

s p e c i e s  a t  Lake-Cook Road i n  t h e  West Fork NBCR was 25 s p e c i e s  

of which 40 pe rcen t  were p o l l u t a n t - t o l e r a n t  s p e c i e s  (mle 7 ) .  

A t  Dempster S t r e e t  i n  t h e  NBCR, below t h e  conf luence of t h e  West 

Fork NBCR and t h e  NBCR, t h e  periphyton d e n s i t y  was 70,800 organ- 

isms per  square  cent imeter .  The average number of s p e c i e s  found 

a t  Dempster S t r e e t  i n  t h e  NBCR was 42 s p e c i e s ,  h igher  than t h e  

33 s p e c i e s  found i n  t h e  West Fork NBCR a t  Lake-Cook Road and 

about t h e  same a s  t h e  42 s p e c i e s  found a t  Glenview Road i n  t h e  

NBCR ( W l e  6). This i nd i ca t ed  t h a t  t h e  s p e c i e s  found i n  t h e  

West Fork NBCR were represented among t h e  s p e c i e s  found a t  

Glenview Road i n  t h e  NBCR. The number of p e r s i s t e n t  s p e c i e s  

found a t  Dempster S t r e e t  i n  t h e  NBCR was'34 s p e c i e s ,  a l o s s  of 
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four  among p e r s i s t e n t  s p e c i e s  found a t  Glenview Road i n  t h e  NBCR 

( W l e  7 ) .  The number of p o l l u t a n t - t o l e r a n t  s p e c i e s  found a t  

Dempster S t r e e t  and a t  Glenview Road on t h e  NBCR was 19. The 

l o s s  of 10.5 pe rcen t  of t h e  p e r s i s t e n t  spec i e s  from Glenview 

Road i n  t h e  NBCR t o  Dempster S t r e e t  i n  t h e  NBCR was no t  due t o  

any l o s s  of p o l l u t a n t - t o l e r a n t  spec i e s ,  bu t  t o  a l o s s  of pol- 

l u t a n t - i n t o l e r a n t  spec ies .  T h i s  suggested t h a t  a s i g n i f i c a n t  

a d d i t i o n  of p o l l u t a n t s  may have occurred e i t h e r  i n  t h e  NBCR 

between Glenview Road and Dempster S t r e e t ,  or  i n  t h e  West Fork 

NBCR between Lake-Cook Road and i ts  confluence wi th  t h e  NBCR. 

These p o l l u t a n t  a d d i t i o n s  come from t h e  numerous combined sewer 

overflows i n  t h e  a r ea .  

Af t e r  Dempster S t r e e t  i n  t h e  NBCR, t h e  NBCR f lows t e n  miles 

t o  i ts  confluence wi th  t h e  NSC. The f i n a l  per iphyton sampling 

s t a t i o n  was loca t ed  approximately one mile  upstream of t h e  

confluence of t h e  NBCR w i t h  t h e  NSC i n  t h e  NBCR a t  North Cen t r a l  

Park Avenue. The average periphyton d e n s i t y  a t  North Cen t r a l  

Park Avenue i n  t h e  NBCR was 60,700 organisms per square  c e n t i -  

meter, a decrease  of 14 pe rcen t  of t h e  per iphyton d e n s i t y  found 

a t  Dempster S t r e e t  i n  t h e  NBCR ( W l e  6 ) .  The average number of 

s p e c i e s  found a t  North Cen t r a l  Park Avenue i n  t h e  NBCR was 34 

s p e c i e s ,  a decrease  of 19 percen t  from t h e  number of s p e c i e s  

found a t  Dempster S t r e e t  i n  t h e  NBCR. The average number of 

p e r s i s t e n t  spec i e s  found a t  North Cen t r a l  Park Avenue i n  t h e  

NBCR was 22, a decrease  of 35 percen t  from t h e  number of 

p e r s i s t e n t  spec i e s  found a t  Dempster S t r e e t  i n  t h e  NBCR (Table 

1). The number of p o l l u t a n t - t o l e r a n t  s p e c i e s  found a t  North 



Cent ra l  Park Avenue was 13 ,  a decrease  of 32 pe rcen t  from t h e  

number of p o l l u t a n t - t o l e r a n t  s p e c i e s  found a t  Dempster S t r e e t  i n  

t h e  NBCR ( m l e  7 ) .  

A l l  of t h e  per iphyton populat ion d a t a  was shown t o  be lower 

a t  North Cen t r a l  Park Avenue i n  t h e  NBCR compared t o  Dempster 

S t r e e t  i n  t h e  NBCR, i n d i c a t i n g  s t r e s s  i n  t h e  a q u a t i c  environment 

a t  t h i s  s t a t i o n .  It should be noted t h a t  a t  Dempster S t r e e t  i n  

t h e  NBCR t h a t  t h e  per iphyton d e n s i t y  and t h e  average number of 

p e r s i s t e n t  spec i e s  had a l r eady  been reduced from t h e  va lues  

found upstream. These d a t a  i nd i ca t ed  t h a t  a  s i g n i f i c a n t  addi- 

t i o n  of p o l l u t a n t s  occurred i n  t h e  NBCR between Dempster S t r e e t  

and North Cen t r a l  Park Avenue of such a n a t u r e  and concen t r a t i on  

a s  t o  reduce t h e  number of p o l l u t a n t - t o l e r a n t  s p e c i e s  by 32 

percen t .  Again, t h e s e  p o l l u t a n t  a d d i t i o n s  come from t h e  numer- 

ous combined sewer o u t f a l l s  i n  t h i s  a r ea .  

CHLOROPHYLL a 

There was a  c l o s e  correspondence i n  t h e  t r e n d s  of periphy- 

t on  popula t ion  d e n s i t y  and ch lorophyl l  a  concen t r a t i ons  (w 
2 ) .  The o n l y  except ion occurred a t  Lake-Cook Road i n  t h e  Skokie 

River where a high periphyton populat ion (237,000 organisms pe r  

square  cen t imeter )  r e s u l t e d  i n  a  low ch lorophyl l  a  concen t r a t i on  

(1 -344 micrograms per square  cen t imeter )  . One explana t ion  is 

t h a t  t h e  periphyton counted a t  t h i s  s t a t i o n  were dead and empty 

of e x t r a c t a b l e  ch lorophyl l .  As  s t a t e d  i n  Standard M e t h o u  (11) 

". . .periphyton o f t e n  a c t s  a s  a  graveyard f o r  dead diatoms of 

p lankton ic ,  a s  wel l  a s  p e r i p h y t i c  o r ig in . "  Therefore ,  t h e  pe r i -  
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phyton population, as given in Table 6, for this station was 

actually much lower in density, probably on the order of 

170,000-180,000 organisms per square centimeter. 

The close correspondence of the periphyton populations and 

chlorophyll a concentrations confirmed the magnitude and trends 

given for the periphyton populations in W 1 e  6. 

ORGANIC MATTER 

The correspondence of organic matter concentrations with 

periphyton populations was not as clear as it was for chloro- 

phyll a ana the periphyton populations (Fiaure 2). The trend of 

organic matter concentrations followed the trend of the chloro- 

phyll a concentrations, except at North Central Park Avenue 

where an increase in organic matter concentration was shown 

while the chlorophyll a concentrations and periphyton popula- 

tions both showed a decrease ( m u r e  2). One explanation would 

be that heterotrophic organisms accumulated along with nonchlor- 

ophyllous debris at this station. This would indicate degrada- 

tion of the NBCR between Dempster Street and North Central Park 

Avenue by the addition of significant amounts of organic matter 

from the numerous combined sewer outfalls in the area. 

The accumulation of empty diatom frustules at Lake-Cook 

Road in the Skokie River was confirmed by the decrease in the 

organic matter concentration ( m e  2). As noted previously, 

the lower chlorophyll a concentrations at this station had al- 

ready led to the supposition that the dead organisms counted 

inflated the periphyton population. The.decrease in the organic 
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mat te r  concen t r a t i on  shows t h a t  t h e  dead norganismsn counted 

were no t  composed of o rgan ic  matter. Since diatoms a r e  enclosed 

i n  s i l i ca  f r u s t u l e s  they  were most l i k e l y  r e spons ib l e  f o r  t h e  

i n f l a t e d  counts.  

The r e l a t i v e l y  high organic  mat te r  concen t r a t i on  a t  West 

Frontage Road (631 micrograms per square  cen t imeter )  suggested 

t h a t  o rgan ic  d e b r i s  and a l a r g e  he t e ro t roph ic  popula t ion  had ac- 

cumulated. This i nd i ca t ed  t h e  s i g n i f i c a n t  a d d i t i o n  of o rgan ic  

mat te r  t o  t h e  Skokie River between Lake-Cook Road and West 

Frontage Road, aga in ,  undoubtedly due t o  t h e  combined sewer out- 

f a l l s  i n  t h e  s tudy  a rea .  

AUTOTROPHIC I N D E X  

The au to t roph ic  index (Wle 6 ) ,  c a l c u l a t e d  f o r  each sample 

and then averaged f o r  each s t a t i o n  (12) , i nd i ca t ed  t h a t  t h e  NBCR 

is po l lu t ed  throughout t h e  s tudy a r e a  s i n c e  a l l  va lues  exceeded 

t h e  l i m i t  of 100 which may i n d i c a t e  o rganic  p o l l u t i o n  (12 ) .  

This  number was based on t h e  empi r ica l  observa t ion  t h a t  ch lor -  

ophyl l  a  made up one t o  two percen t  of t h e  biomass grown i n  a 

r e l a t i v e l y  c lean  s t ream (12) . When t h e  r a t i o  of o rgan ic  mat te r  

t o  ch lorophyl l  a  exceeds 100  it is due t o  growth of nonchloro- 

phyl lous  organisms which may be encouraged by t h e  i n t r o d u c t i o n  

of o rgan ic  mat ter .  The po l lu t ed  condi t ion  of t h e  NBCR is  due t o  

t h e  numerous combined sewer o u t f a l l s  and nonpoint sources  of 

p o l l u t i o n  i n  t h e  s tudy a rea .  

EQUITABILITY 

This  index is der ived  from t h e  d i s t r i b u t i o n  of s p e c i e s  



with in  a community based upon p r e d i c t i o n s ,  us ing t h e  Shannon- 

Weaver spec i e s  d i v e r s i t y  index, on a t h e o r e t i c a l  populat ion.  

The va lues  f o r  t h e  NBCR dur ing  1981 ( W l e  6 )  were c a l c u l a t e d  
a 

from t h e  average Shannon-Weaver s p e c i e s  d i v e r s i t y  index f o r  each 

s t a t i o n  (Table 6)  and t h e  t o t a l  number of per iphyton s p e c i e s  

found a t  t h a t  s t a t i o n  ( 1 2 ) .  According t o  Weber ( 1 2 ) ,  s l i g h t  

concent ra t ions  of p o l l u t a n t s  in t roduced i n t o  waters were d e t e c t -  

ed a t  an index value of 0.5, whi le  moderate t o  s eve re  concentra-  

t i o n s  of p o l l u t a n t s  were de t ec t ed  a t  index va lues  less than  0.3. 

A s  seen i n  W 1 e  6, a l l  of t h e  e q u i t a b i l i t y  va lues  c a l c u l a t e d  

f o r  t h e  NBCR sampling s t a t i o n s  i n  1981 were a t  or below 0.1. 

These d a t a  i nd i ca t ed  t h a t  t h e  NBCR, dur ing  1981, was s e v e r e l y  

p o l l u t e d  a t  a l l  s t a t i o n s  sampled. Again, t h i s  water q u a l i t y  

condi t ion  is due t o  t h e  numerous combined sewer o u t f a l l s  and 

nonpoint sources  of p o l l u t i o n  i n  t h e  NBCR s tudy  a rea .  

on of Racter  a1 and P e a h v t o n  Po 

The "General Useu s t ream s tandard  f o r  FC of 200 colony 

forming u n i t s  per 100 m i l l i l i t e r s ,  based on a minimum of f i v e  

samples f o r  a per iod of time n o t  exceeding 30 days,  was n o t  met 

on any . of t h e  days samples were c o l l e c t e d  from t h e  NBCR and i ts  

forks .  This  is due t o  t h e  f a c t  t h a t  t h e  NBCR r ece ives  combined 

sewer overflows and nonpoint sources  conta in ing  domestic wastes.  

I n  genera l ,  t h e  waters  of t h e  Skokie River a t  Lake-Cook 

Road were b a c t e r i o l o g i c a l l y  c l eane r  than t h e  waters  a t  any o t h e r  

s t a t i o n  sampled ( W l e  3 ) .  On t h e  average,  t h e  wate rs  of t h e  

Skokie River a t  Lake-Cook Road contained 1 .2  x 103 TC p e r  100 



mil l i l i t e r s ,  8.5 x  101 FC p e r  100 mi l l i l i t e r s ,  4.6 x  101 FS p e r  

100 mi l l i l i t e r s ,  5.2 x  103 SPC p e r  m i l l i l i t e r s ,  2.7 x  102 2. 

aeruainosa pe r  100 mi l l i l i t e r s ,  and less than 0.16 Salmonella 

per 100 mi l l i l i ters .  These va lues  f o r  t h e  i n d i c a t o r  b a c t e r i a ,  

TC, FC, and FS, were a t  l e a s t  an o rde r  of magnitude less than  

were found i n  t h e  o t h e r  two f o r k s  of t h e  NBCR a t  Lake-Cook Road 

and a t  t h e  s t a t i o n s  downstream of Lake-Cook Road and t h e  Skokie 

River.  

The waters  a t  Dempster S t r e e t  i n  t h e  NBCR con ta ined  t h e  

h i g h e s t  i n d i c a t o r  b a c t e r i a  counts  (5.0 x  104 TC p e r  100 m i l l i -  

l i t e rs ,  3.3 x  1 0 4  FC p e r  100 mi l l i l i t e r s ,  and 5.7 x  103  p e r  100 

mi l l i l i ters)  sugges t i ng  t h a t  f e c a l  p o l l u t i o n  i n  t h e  NBCR in-  

c r e a s e s  wi th  d i s t a n c e  downstream ( W l e  3 ) .  These t r e n d s  f o r  

t h e  b a c t e r i a  were ev iden t  i n  1980 and of t h e  same o rde r  of mag- 

n i tude .  This  suppor t s  t h e  no t ion  of c o n t i n u i t y  from year  t o  

year .  

During 1981 t h e  per iphyton popula t ion  geometr ic  means were 

on t h e  o rde r  of 105  organisms p e r  square  cen t ime te r  excep t  a t  

t h e  l as t  two downstream s t a t i o n s  on t h e  NBCR a t  Dempster S t r e e t  

and North C e n t r a l  Park Avenue where t h e  per iphyton  popu la t i on  

d e n s i t i e s  were on t h e  o rde r  of 104 organisms pe r  squa re  c e n t i -  

meter ( W l e  6 ) .  Th is  t r e n d  wi th  t h e  concomit tant  l o s s  of 19 

pe rcen t  of t h e  average number of s p e c i e s  between Dempster S t r e e t  

(42 average number of per iphyton s p e c i e s  per  sample) and ~ o r t h  

Cen t r a l  Park Avenue (34 average number of per iphyton  s p e c i e s  pe r  

sample) suggested a d d i t i o n  of p o l l u t a n t s  i n j u r i o u s  t o  periphy- 

ton.  This. t r e n d  was a l s o  shown i n  1980 where a  46 p e r c e n t  



reduc t ion  i n  t h e  average number of per iphyton s p e c i e s  occurred 

between Dempster S t r e e t  (37 s p e c i e s )  and North Cen t r a l  Pa rk  

Avenue (20 s p e c i e s )  (6 )  . Although t h e  per iphyton populat ion 

d e n s i t y  i n  1980 was shown t o  i nc rease ,  it was demonstrated wi th  

t h e  ch lorophyl l  a  and organic  mat te r  d a t a  t h a t  t h e  populat ion 

d e n s i t y  was i n f l a t e d  by dead c e l l s .  

During 1981 t h e r e  was a l o s s  i n  popula t ion  d e n s i t y  between 

Glenview Road (163,577 organisms per square  cen t imeter )  and 

Dempster S t r e e t  (60,747 organism per  square  cen t imeter )  of 63 

percent  wi th  a concomittant  l o s s  of ch lorophyl l  a  of 80 percen t  

( W l e  6 ) .  These d a t a  support  t h e  no t ion  of a l o s s  of chloro- 

phyl lous  organisms i n  t h e  downstream reaches of t h e  NBCR. The 

h ighes t  au to t roph ic  index (770) occurred a t  North Cen t r a l  Park 

Avenue i n d i c a t i n g  a d d i t i o n s  of s o l u b l e  o r  p a r t i c u l a t e  o rgan ic  

mat te r  upstream of t h i s  s t a t i o n .  The average A 1  a t  a l l  s t a t i o n s  

exceeded Webervs l i m i t  of 100 f o r  degradat ion by organic  matter 

(12)  and f i v e  of t h e  seven s t a t i o n s  exceeded Standard M e W d v a  

l i m i t  of 200 f o r  p o l l u t e d  wate rs  (11) i n d i c a t i n g  t h a t  t h e  e n t i r e  

NBCR system had been enr iched by t h e  a d d i t i o n  of o rgan ic  materi- 

a l s  (Table 6 ) .  The e q u i t a b i l i t y  index va lues  were a l l  a t  0.10 

or  l e s s ,  i n d i c a t i n g  degradat ion of t h e  system (Table 6 ) .  Pro- 

p o r t i o n  of p e r s i s t e n t  p o l l u t a n t - t o l e r a n t  s p e c i e s  was g r e a t e s t  a t  

t h e  downstream s t a t i o n s  i n d i c a t i n g  t h a t  t h e  system became de- 

graded wi th  d i s t a n c e  downstream ( m e  7 ) .  

Overa l l ,  t h e  f e c a l  co l i fo rm r e s u l t s  ( W e  3) and t h e  

per iphyton r e s u l t s  (Tables 6 and Z), both  suppor t  t h e  conc lus ion  

t h a t  t h e  NBCR and its f o r k s  a r e  p o l l u t e d  by combined sewer over- 
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flow and nonpoint sources ,  and t h a t  t h e  e f f e c t s  of p o l l u t i o n  

inc rease  wi th  d i s t a n c e  downstream. 

Fish 

Fi sh  were c o l l e c t e d  from seven sampling s t a t i o n s  a long t h e  

NBCR, inc lud ing  its fo rks  i n  Cook County, I l l i n o i s .  The loca-  

t i o n s  of t h e s e  s t a t i o n s  a r e  noted i n  F i au re  l and are descr ibed  

i n  Table. 

Fish  c o l l e c t i o n s  were c a r r i e d  o u t  i n  Cook County twice  dur- 

ing  t h e  year  ( J u l y  and November) a t  s t a t i o n  numbers 51 (Dundee 

Road, West Fork) ,  282 (Lake-Cook Road, Middle Fo rk ) ,  284 (Lake- 

Cook Road, Skokie R ive r ) ,  53 (West Frontage Road, Skokie R i v e r ) ,  

285 (Glenview Road, NBCR), and 286 (Dempster S t r e e t ,  NBCR). 

An except ion t o  t h i s  occurred a t  s t a t i o n  number 287 (Albany 

Avenue, NBCR) where t o r r e n t i a l  flow cond i t i ons  prevented f i s h  

c o l l e c t i o n  i n  Ju ly .  

F i sh  were a l s o  c o l l e c t e d  from t h r e e  l o c a t i o n s  on t h e  f o r k s  

of t h e  North Branch i n  Lake County dur ing  t h e  per iod June 23 

through J u l y  14 ,  1981. These s t a t i o n s  were: numbers 289 (Half 

Day Road, West Fork) ,  281 (Half Day Road, Middle Fork) and 283 

(Half Day Road, Skokie R i v e r ) ,  noted i n  P i au re  1 and descr ibed  

i n  m1e 2. 

F i sh  were most abundant a t  S t a t i o n  53, West Frontage Road, 

Skokie River ,  wi th  67 f i s h  per  10 minutes e l e c t r o f i s h i n g  (Table 

a), 24 f i s h  pe r  1 0  minutes e l e c t r o f i s h i n g  i f  young-of-the- year  

black bul lheads  a r e  excluded) and wi th  n ine  s p e c i e s  of f i s h  

c o l l e c t e d ,  and a t  S t a t i o n  286, Dempster S t r e e t ,  wi th  25 f i s h  p e r  



10 minutes e l e c t r o f i s h i n g  (18 f i s h  pe r  10 minutes e l e c t r o f i s h -  

ing  i f  young-of-the-year b l u e g i l l s  a r e  excluded) and seven spe- 

cies of f i s h  c o l l e c t e d .  

F i sh  were l e a s t  abundant a t  S t a t i o n  284, Lake-Cook Road, 

Skokie River ,  wi th  four  f i s h  pe r  10 minutes e l e c t r o f i s h i n g  and 

t h r e e  s p e c i e s  of f i s h  c o l l e c t e d  ( W l e  8) and a t  S t a t i o n  287, 

Albany Avenue, NBCR, a l s o  wi th  four  f i s h  pe r  10 minutes e l e c t r o -  

f i s h i n g  and one s p e c i e s  of f i s h  c o l l e c t e d .  

There was l i t t l e  d i f f e r e n c e  among t h e  o t h e r  t h r e e  s t a t i o n s ,  

wi th  S t a t i o n  51, Dundee Road, West Fork ( s i x  s p e c i e s  of f i s h ) ,  

S t a t i o n  282, Lake-Cook Road, Middle Fork ( e i g h t  s p e c i e s  of 

f i s h ) ,  and S t a t i o n  286, Dempster S t r e e t  (seven s p e c i e s  of f i s h )  

having 1 4  t o  1 5  f i s h  per  10 minutes e l e c t r o f i s h i n g .  

I n  Lake County (-1e 9 ) ,  f i s h  were most abundant i n  t h e  

Middle Fork a t  Half Day Road ( S t a t i o n  281) ,  w i th  36 f i s h  p e r  10  

minutes e l e c t r o f i s h i n g  and e i g h t  s p e c i e s  c o l l e c t e d .  F i sh  were 

l e s s  numerous a t  Half Day Road on t h e  Skokie River  ( S t a t i o n  283) 

w i th  n ine  f i sh  pe r  1 0  minutes e l e c t r o f i s h i n g  and s i x  s p e c i e s  

c o l l e c t e d ,  and a t  Half Day Road on t h e  West Fork ( S t a t i o n  289) 

wi th  four  f i s h  per  10 minutes e l e c t r o f i s h i n g  and t h r e e  s p e c i e s  

c o l l e c t e d .  

A t o t a l  of 1 2  s p e c i e s  of f i s h  and two f i s h  hybr ids  were 

c o l l e c t e d  from t h e  North Branch of t h e  Chicago River i n  Cook and 

L a k e  Counties. 

Based on numbers of s p e c i e s  of f i s h  c o l l e c t e d  ( W l e  lo), 

t h e  Middle Fork of t h e  North Branch of t h e  Chicago River  and t h e  

Skokie River have a  g r e a t e r  d i v e r s i t y  of s p e c i e s  (11 s p e c i e s  
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each) t han  t h e  West Fork ( s i x  spec i e s )  o r  t h e  downstream s t a -  

t i o n s ,  from Glenview Road t o  Albany ( e i g h t  s p e c i e s )  and presum- 

ab ly  b e t t e r  water q u a l i t y  than t h e  l a t t e r  two sec t ions .  

The number of s p e c i e s  i n  a stream system depends on t h e  

number of r e l a t i v e l y  unmodified h a b i t a t s  a v a i l a b l e  (13) .  

Changes i n  water q u a l i t y  would d i r e c t l y  a f f e c t  t h e  f i s h  i n  i ts  

h a b i t a t  and would be a modi f ica t ion  of t h e  h a b i t a t .  Presumably, 

poor water q u a l i t y  would r e s u l t  i n  a r e l a t i v e l y  smal l  number of 

spec- i e s  of f i s h  a t  any given l o c a t i o n  i n  a stream. Therefore ,  

it would appear t h a t  t h e  downstream s e c t i o n  of t h e  North Branch 

of t h e  Chicago River  has poorer water q u a l i t y  than t h e  upstream 

s e c t  ions .  

From t h e  percentage composition of t h e  c a t c h  from t h e  en- 

t i r e  North Branch of t h e  Chicago River c o l l e c t i o n s  du r ing  1981 

( m l e  u), it can be seen t h a t  t h e  e c o l o g i c a l l y  t o l e r a n t  green 

s u n f i s h  was by f a r  t h e  most numerical ly  abundant s p e c i e s  com- 

p r i s i n g  60 percen t  of t h e  ca t ch  i n  t h e  West Fork, NBCR, 57 

pe rcen t  i n  t h e  Middle Fork NBCR, 51 percen t  i n  t h e  Skokie River ,  

and 66  percen t  a t  t h e  downstream s t a t i o n s .  

The green s u n f i s h  t o l e r a t e s  a wide range of cond i t i ons ,  b u t  

it does b e s t  where few o the r  sun f i shes  occur. It  t o l e r a t e s  ex- 

tremes of t u r b i d i t y ,  d i s so lved  oxygen, temperature ,  and flow 

(18). . The predominance of t h e  environmentally t o l e r a n t  green 

s u n f i s h  throughout t h e  NBCR sugges t s  t h a t  t h e  water q u a l i t y  con- 

d i t i o n s  a r e  such t h a t  on ly  a r e l a t i v e l y  hardy f i s h  s p e c i e s  can 

become abundant. 



Other f i s h  found i n  t h e  NBCR c o l l e c t i o n  which a r e  known t o  

be t o l e r a n t  of a wide range of eco log ica l  cond i t i ons  inc lude  t h e  

g o l d f i s h ,  ca rp ,  golden s h i n e r ,  f a thead  minnow, whi te  sucker ,  

hblack bul lhead,  orangespot ted sun f i sh ,  b l u e g i l l ,  and largemouth 

bass  (18, 19 ,  20) .  The l a t t e r  two s p e c i e s  a r e  i n t o l e r a n t  of 

continuous high t u r b i d i t y  and s i l t a t i o n  ( 4 )  and, t hus ,  would be 

somewhat l e s s  t o l e r a n t  than t h e  former seven s p e c i e s  t o  v a r i a b l e  

environmental  condi t ions .  

This  assemblage of 10 t o  1 2  s p e c i e s  of f i s h  i n  t h e  NBCR 

known t o  be t o l e r a n t  t o  a wide (though v a r i a b l e )  range of ecol-  

o g i c a l  cond i t i ons ,  suggested t h a t  water  q u a l i t y  cond i t i ons  i n  

t h e  NBCR were l i m i t i n g  t h e  f i s h  popula t ions  t o  those  of t h e  

h a r d i e r  spec ies .  This  s i t u a t i o n  is a r e s u l t  of t h e  numerous 

combined sewer ou t f  a l l s  and nonpoint sources  of p o l l u t i o n  i n  t h e  

NBCR s tudy  a rea .  

The o v e r a l l  d e n s i t y  of f i s h ,  a s  we l l  as t h e  d i v e r s i t y  of 

s p e c i e s  p re sen t  i n  t h e  NBCR, was low compared wi th  o t h e r  streams 

i n  t h e  Chicagoland a r e a  wi th  drainage a r e a s  of 52.7 t o  376 

square  miles  i n  s i z e .  The dra inage  a r e a  of t h e  NBCR is  113 

square  miles ( 8 ) .  A comparison of t h e s e  s t reams i n  terms of 

f i s h  c o l l e c t i o n s  gathered by use of backpack e l e c t r o f i s h e r  and 

minnow s e i n e s ,  i n  order  t o  compare d a t a  obta ined by use  of t h e  

same method, was presented i n  W 1 e  U. The 1980 NBCR c o l l e c -  

t i o n s  were gene ra l ly  low i n  average and maximum numbers of spe- 

c i e s  c o l l e c t e d  per  sample and i n  number and weight of f i s h  co l -  

l e c t e d  per  10 minutes e l e c t r o f i s h i n g ,  when compared wi th  t h e  
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o t h e r  Chicago a r e a  streams i n  W w .  Using average number of 

spec ie s  per c o l l e c t i o n  and average number of f i s h  pe r  10 minutes 

e l e c t r o f i s h i n g  as i n d i c a t o r s  of water q u a l i t y ,  wi th  t h e  assump- 
I 

t i o n  t h a t  t h e  g r e a t e r  t h e  number of s p e c i e s  t h e  g r e a t e r  t h e  cap- 

a b i l i t y  of bu i ld ing  and maintaining s t a b l e  popula t ions  with  i m -  
- - - - - p p p 

------- ---- ---- ---- 

proved water q u a l i t y ,  t h e  NBCR appears t o  be r e l a t i v e l y  poor i n  

water q u a l i t y  when compared with  o the r  streams i n  t h e  Chicago 

a r e a  with  drainage a reas  of s i m i l a r  s i z e  (me). The NBCR 

with  an average of 4.3 spec ie s  per c o l l e c t i o n  dur ing 1981 and 1 5  

f i s h  per 10 minutes e l e c t r o f i s h i n g ,  appears t o  be most s i m i l a r  

t o  t h e  L i t t l e  Calumet River ( m u )  with 1.9 s p e c i e s  per  col-  

l e c t i o n  and 15 f i s h  per  10 minutes e l e c t r o f i s h i n g ,  and t o  S a l t  

Creek with  four  s p e c i e s  per c o l l e c t i o n  and 11 f i s h  p e r  10  min- 

u t e s  e l e c t r o f i s h i n g .  

These t h r e e  waterways a r e  much lower i n  water q u a l i t y  than 

Jackson Creek which had good s p e c i e s  d i v e r s i t y  (20) o r ,  espe- 

c i a l l y ,  Hickory Creek which is t h e  outs tanding s t ream i n  t h e  D e s  

P l a i n e s  River system -- (13) .  
---- ---- 

on of Bacter s h  P o ~ U a t l m  

The b a c t e r i a l  d a t a  f o r  t h e  NBCR ind ica t ed  t h a t  t h e  r i v e r  

system received s i g n i f i c a n t  q u a n t i t i e s  of domestic wastes s i n c e  

t h e  IPCB "General Usen st ream s tandard  of 200 FC pe r  100 m i l l i -  

l i t e r s  was exceeded each day t h e  r i v e r  and i ts  f o r k s  were sam- 

p led  (Table) 

The periphyton d a t a  corroborated t h e  b a c t e r i a l  d a t a  as it 

was found t h a t  t h e  l e s s  hardy spec ie s  of p&riphyton decreased 



wi th  d i s t a n c e  downstream i n  t h e  NBCR, i n d i c a t i n g  t h a t  water  of 

poorer q u a l i t y  was encountered i n  t h e  downstream s e c t i o n s ,  and 

t h a t  a d d i t i o n s  of p o l l u t a n t s  t o  t h e  NBCR i n  t h e  s tudy  area were 

occur r ing .  Ca lcu l a t i on  of t h e  Autotrophic  Index f o r  t h e  pe r i -  

phyton community i n  t h e  NBCR s tudy  a r e a  revea led ,  t h a t  a t  a l l  

bu t  two s t a t i o n s ,  Autotrophic Index va lues  exceeded 200, i nd i -  

c a t i n g  poor water  q u a l i t y  throughout t h e  s tudy  reach. Calcu- 

l a t i o n  of t h e  E q u i t a b i l i t y  Index from t h e  periphyton d a t a  re- 

vealed a p i c t u r e  q u i t e  s i m i l a r  t o  t h a t  revealed by t h e  Auto- 

t r o p h i c  Index and ind ica t ed  t h a t  t h e  NBCR i n  t h e  s tudy  a r e a  was 

of poor water q u a l i t y .  

F i sh  popula t ion  d a t a  cor robora ted  t h e  b a c t e r i a l  and pe r i -  

phyton d a t a  and showed t h a t  t h e  NBCR contained f i s h  which were 

t o l e r a n t  of a wide range of water q u a l i t y  c o n d i t i o n s  and t h a t  

t h i s  i nd i ca t ed  t h a t  t h e  NBCR had water of poor q u a l i t y .  I n  a 

similar manner t o  t h a t  found f o r  per iphyton p e r s i s t e n t  and pol- 

l u l t a n t - t o l e r a n t  s p e c i e s ,  it was noted t h a t  two ou t  of t h r e e  of 

t h e  upstream f o r k s  of t h e  NBCR contained more f i s h  s p e c i e s  than 

t h e  downstream s e c t i o n s ,  i n d i c a t i n g  t h a t  s i g n i f i c a n t  q u a n t i t i e s  

of p o l l u t a n t s  were e n t e r i n g  t h e  NBCR. 

Fecal  co l i fo rm l e v e l s  a r e  s p e c i f i e d  by t h e  IPCB and one 

measure of water q u a l i t y .  F i sh  and per iphyton popula t ions  are 

no t  c u r r e n t l y  p a r t  of e i t h e r  s t a t e  o r  f e d e r a l  water  q u a l i t y  

s tandards ,  However, f i s h  and per iphyton d a t a  suppor t  t h e  f e c a l  

col i form d a t a  and a r e  r o u t i n e l y  used throughout t h e  United 

S t a t e s  i n  water  q u a l i t y  assessment. The p o s i t i o n  of f i s h  a t  t h e  

t o p  of t h e  a q u a t i c  food chain  i n  r e l a t i o n ' t o  per iphyton,  bac- 



teria, and invertebrates also helps to provide an integrated 

view of the watershed's environment. Periphyton are a source of 

food for fish and invertebrates and are a direct indication of 

the level of nutrients present in a stream from pollution in- 

puts. Both periphyton and fish data compliment FC data, and all 

three can be reliable indicators of water quality. 
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APPENDIX I 

FISH DATA COLLECTED FROM THE NORTH BRANCH 
OF THE CHICAGO RIVER DURING 1981 



THE METRQPOLITAN SANITARY DISTRICT OF GREATER CHICAGO 

TABLE A I - 1  

ELECTEOFISHING RESULTS (TOTAL NUMBERS AND WEIGHTS9 PERCENTAGES AND CATCH PER 10, MINUTES) FOR F I S H  
C:OLLEC'TED IzROM TI-IE NORTH BRANCH OF' THE: CHICAGO RIVER AND I T S  FORKS DURING 1 9 8 1  

----------------------------------------------------------.----------------------------------------------------- 

ST, 
NO * 

STATION 
' NAME. STREAM* DATE SPECIES .NAME 

NO* NOePER %TOT. TOTAL WT* (9111) XTOT I 

F I S H  10 MIN.  NUMBER WT.(sm) PER 10 MINI WEIGHT 
--------------------.--------------------------------------.----------------------------------------------------- 
2 9 0  HALF DAY RD W.FK*NECR 7 / 2  FATHEAD MINNOW 2 1.94 66.67 0 .41 0.40 17 .01  
2 9 0  HALF UAY R 9  W ,  FK, NBCR 7 / 2  BLUEGILL 1 0 .97  33 + 3 3  2 a 0 0  1 * Y 4  82 t 99 
289 I-IAL!' DAY' ED !d,FK+NBCR 7 / 2  LARGEMOUTH BASS 8 4.16 100,OO 1.41 0 .73  1 0 0 1 0 0  
2!31 HAI-I= LlAY RK1 Ma FIC. NbCR 6 / 2 3  GOLflEN SHINER 2 1 * 8 1  2.94 8 a 0 6  7 .28 1.23 
2 9 1  HALF DAY 'RD ' M .  FlC. NRCR 6 / 2 3  
2133. HFII-F DRY !?!:I M,FK*NRCR 6 / 2 3  
281 HALF DAY RD MeFKeNBCR 6 / 2 3  
2 8 1  I-lALF DAY RD N,FK*NBCR 6 / 2 3  
201 HALF DAY RD M.FK*NBCR 6 / 2 3  
281 HALF T!AY I?D M*FK*NBCR 6 / 2 3  
2 8 1  HALF DAY RD MeFKeNBCR 6 / 2 3  
2 8 1  HALF DAY 9 3  M,FK,NBCR 6 / 2 3  
2131 HALF ~ I R Y  F:D M*FK.NBCR 6 / 2 3  
2 8 1  HALF DAY .RD M*FK*NBCR h / 2 3  
2 8 1  I-IALF KlAY RD M FlC. NBCR 6 / 2 3  
2 5 3  HALF DAY RD SICOKIE I?. 7/3.4 
203 I-!AI,F KIAY RB SKOKTE K, 7 / 1 4  
2 8 3  I?AL!= DAY RD SI(OI(II- R. 7 / 1 4  
2133 !JAI-F X ~ A Y  RD Sl(OlCIE I?, 7 / 1 4  
2 8 3  HALF 9AY RD SICOICIE Re 7 / 1 4  
2 5 3  I-;A!-F KIhY Rt l  SICOI(IE F:, 6 / 2 5  
2 8 3  I-IALF DAY RKI SKOKIE Re 6 / 2 5  
.................................... 
TABLE CONTINUED ON FOLLOWING PAGE. 

FATHEAD MINNOW 3 2 .71  
BLACK BULLHEAD 1 0 490 
GREEN SUNFISH 3 0  ' 27 .10  
BLUEGILI, 3 0  27.10 
G.REEN X ELUEGILL 1 0 .90  
BLACK CRAPPI!Z 1. 0 90 
FATI-IEAD MINNOW 3 2 .09 
GREEN SUNFISH 15 10 .45  
BLUEGILL 3 2 . 0 9  
LARGEMOUTH BASS 2 . 1 .39  
BLACIi CRAPPIl l  1 0.70 
CARP 5 1 .Y2 
FATI-IEAD MINNOW 9 3 .46  
GREEN SUNFISH 1 0  3 .85  
BLUEGILL 1. 0.38 
BI..ACK CRAPPIE 1 0 38 
NO F I S H  0 0 I 0 0  
GOLDEN SHINER 1 1.43 

.----------------------------------- 
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