
T
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M
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orandum
N
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C
H
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O

M
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H
E

A
D

C
A

P
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U
L

E
D

E
F

O
R

M
IT
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S

C
H

IC
A

G
O

A
R

E
A

W
A

T
E

R
W

A
Y

S
Y

S
T

E
M

H
A

B
IT

A
T

R
E

S
T

O
R

A
T

IO
N

E
V

A
L

U
A

T
IO

N
A

N
D

IM
P

R
O

V
E

M
E

N
T

S
T

U
D

Y

P
rep

ared
by

B
aetis

E
nvironm

ental
S

ervices,
Inc.

C
hicago,

Illinois

F
or

L
im

noT
ech,

Inc.

A
nn

A
rbor,

M
ichigan

In
support

of

M
etropolitan

W
ater

R
eclam

ation
D

istrict
of

G
reater

C
hicago

C
hicago,

Illinois

M
arch

2009
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S
u
m

m
ary

an
d

C
onclusion

A
seven-year

m
acroinvertebrate

database
w

as
developed

by
the

M
etropolitan

W
ater

R
eclam

ation

D
istrict

of
G

reater
C

hicago
(D

istrict).
T

he
database

includes
the

percent
of

head
capsule

deform
ities

o
f

larvae
of

the
C

hironom
idae

fam
ily

(m
idges)

of
D

ipera
insects.

D
eform

ities
in

m
idge

larvae
head

capsules
have

been
frequently

observed
in

contam
inated

sedim
ents.

D
eform

ity
is

generally
considered

to
be

a
sublethal,

teratogenic
response

to
contam

ination.

H
erein

w
e

sum
m

arize
the

data
on

chironom
id

larvae
head

capsule
deform

ities
at

sam
pling

stations
throughout

the
C

hicago
A

rea
W

aterw
ay

System
(C

A
W

S).

A
cross

all
177

sam
ples

ofm
idge

larvae
head

capsules
thatw

ere
exam

ined,
10.9%

w
ere

deform
ed

(±2.8%
).

M
ean

rates
of

head
capsule

deform
ities

ranged
from

none
at

A
m

bient
W

ater
Q

uality

M
onitoring

(A
W

Q
M

)
Station

55
(C

alum
et

R
iver

at
130th

Street)
to

30.2%
at

A
W

Q
M

100

(C
hicago

R
iver

at
W

ells
Street).

In
an

analysis
of

variance
test,

w
e

concluded
that

there
is

no

significant
difference

betw
een

m
ean

rates
of

head
capsule

deform
ities

for
those

collected
on

hester-dendy
sam

plers
and

those
collected

in
ponar

dredge
sam

ples
(F=2.89,

p
0
.O

9
ll).

W
e

perform
ed

correlation
analysis

to
exam

ine
the

influence
of

sedim
ent

contam
inants

on
head

capsule
deform

ities.
B

ased
upon

Spearm
an

correlation
coefficients,

the
strengths

of
correlation

w
ere

significant
(p<O

.05)
in

the
hester-dendy

sam
ples

for
am

m
onia-N

(r=
-0.399),

iron
(r0

.3
6
1
),

and
D

D
x

(D
D

T
+

D
D

E
+

D
D

D
)

(r-0
.3

9
6
).

Spearm
an

correlation
coefficients

w
ere

significant

for
the

ponar
sam

ples
for

m
ercury

(r=
0.659),

cadm
ium

(r=
0.339),

copper
(r0

.4
3
9
),

sim
ultaneously

extracted
m

etals
(SE

M
)

(r=
0.455),

SE
M

-acid
volatile

sulfides
(r0

.4
5

4
),

total

PC
B

(r=
0.316)

and
sem

i-volatile
organic

com
pounds

(r0
.3

2
3
).

N
o

contam
inants

displayed

strong
correlations

for
both

collection
m

ethods.
T

his
m

ay
reflect

differences
in

exposure
routes

or
pathw

ays
for

m
acroinvertebrates

in
ponar

sam
ples

and
hester-dendy

sam
ples.

B
ack

g
ro

u
n

d

M
orphological

deform
ities

in
m

idge
larvae

have
been

frequently
observed

in
contam

inated

sedim
ents.

D
eform

ity
form

ation
is

generally
considered

to
be

a
sublethal,

teratogenic
response

to

contam
ination,

and
there

is
a

large
body

of
literature

on
m

idge
head

and
m

outhpart
deform

ities.

T
he

results
o
f

these
studies

suggest
a

relationship
betw

een
increased

incidence
of

head
capsule

deform
ation

w
ith

toxic
stress,

but
substrate

type,
season,

radioactivity,
and

genetic
factors

also

contribute
to

the
rate

of
deform

ation
(H

am
ilton

and
Saether

1971;
Jeyasingham

and
L

ing
2000;

W
illiam

s
et

al.
2001).

W
iederholm

(1984),
studying

Sw
edish

lakes,
found

the
occurrence

of

deform
ed

m
outh

parts
in

recent
and

subfossil
m

aterial
of

m
ostly

C
hironom

us,
M

icropsectra
and

3
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T
anytarsus

species
increased

from
less

than
one

percent
of

the
larvae

at
unpolluted

sites
or

tim
e

periods
to

approxim
ately

five
to

25%
at

strongly
polluted

sites.
C

ushm
an

(1984)
studied

larval

C
hironom

us
decorus

in
experim

ental
ponds

and
found

that
head

capsule
deform

ations
w

ere

significantly
dose-related

to
a

contam
inant,

but
that

the
occurrence

of
deform

ities
appeared

to
be

a
less

sensitive
m

easure
of

pollution
than

changes
in

abundance,
biom

ass,
num

ber
of

taxa,
and

species
diversity

ofbenthic
insects.

U
nder

contract
to

L
im

noT
ech,

Inc.,
B

aetis
E

nvironm
ental

Services,
Inc.

(B
aetis)

has
been

retained
to

analyze
m

acroinvertebrate
data

collected
from

the
C

hicago
A

rea
W

aterw
ay

System

(C
A

W
S)

betw
een

2001
and

2007.
T

he
analysis

supports
the

C
A

W
S

H
abitat

E
valuation

and

Im
provem

ent
Study

sponsored
by

the
M

etropolitan
W

ater
R

eclam
ation

D
istrict

of
G

reater

C
hicago

(M
W

R
D

G
C

).
T

his
technical

m
em

orandum
is

intended
to:

•
R

eview
the

data
characterizing

head
capsule

deform
ities

in
representatives

ofthe
dipteran

fam
ily

C
hironom

idae,
a

group
ofnon-biting

m
idges

•
E

xam
ine

correlations
ofthe

rate
of head

capsule
deform

ities
w

ith
sedim

ent
contam

ination
in

the
C

A
W

S.

M
ethods

an
d

M
aterials

M
acroinvertebrates

w
ere

collected
annually

each
sum

m
er

from
the

C
A

W
S

from
2001-2007

by

M
W

R
D

G
C

,
w

ith
enum

eration,
identification

and
head

capsule
exam

ination
by

E
A

E
ngineering,

Science,
and

T
echnology,

Inc.
(E

A
)

of
D

eerfield,
IL

.
Figure

1
show

s
the

locations
of

m
acroinvertebrate

and
sedim

ent
sam

pling
stations.

M
acroinvertebrate

collection
m

ethods

included
both

hester-dendy
sam

pler
(artificial

substrate)
and

a
ponar

(grab)
sam

pler.
M

ost

m
acroinvertebrates

w
ere

identified
to

genus;
w

here
possible

species-level
identifications

w
ere

com
pleted.

A
detailed

description
of

the
m

ethodology
is

provided
by

E
A

in
their

2006
report

(E
A

2006).
L

im
noT

ech,
Inc.

com
piled

E
A

’s
datasets,

including
head

capsule
deform

ities
data,

into
one

relational
database

for
this

project.

D
escriptive

and
inferential

statistics
w

ere
derived

for
the

200
1-2007

m
acroinvertebrate

database

using
SA

S
softw

are
(V

ers.
9.1,

SA
S

Institute
Inc.

C
ary,

N
C

).
In

all
cases,

data
w

ere
exam

ined

for
norm

ality
using

the
Shapiro-W

ilks
test.

B
ecause

very
little

of
the

m
acroinvertebrate

abundance
data

are
norm

ally
distributed,

nor
could

they
be

transform
ed

to
approxim

ate
a

norm
al

distribution,
w

e
generally

used
nonparam

etric
statistical

m
ethods,

w
hich

are
independent

of
the

population
distribution.

C
orrelation

analyses,
for

exam
ple,

relied
on

Spearm
an

correlation

coefficients
unless

otherw
ise

indicated.
For

all
inference

tests,
conclusions

have
been

based
on

a

significance
level,

a,
of

0.05.

4
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N

L
eg

en
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L
1
_
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L
J

M
ajor

P
um

ping
S

tation
A

A

•
W

R
P

O
utfall

A
l

•0

C
A

W
S

A
W

Q
M

S
tation

_
_

_
_

_

C
hicago

M
unicipal

B
oundary

A
M

7
5

A

49

M
43

N

W
M

4
2

j
R

e
a
c

1
9

S

9
A

’60M
99

—
A

V
A

178
each

t7

4

0
2.5

5
10

K
ilom

eters
I
I

I
I

I
I

1-
-

Figure
1.

L
ocations

ofA
W

Q
M

Stations
in

the
C

hicago
A

rea
W

aterw
ay

System

R
esults

and
D

iscussion

From
2001

through
2007,

E
A

exam
ined

177
C

A
W

S
m

acroinvertebrate
sam

ples
for

chironom
id

head
capsule

deform
ities.

O
verall,

head
capsule

deform
ities

w
ere

observed
in

10.9%
of

5
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chironom
id

sam
ples

(±2.8%
).

Sam
pling

statistics
over

the
seven-year

study
period

are
given

in

T
able

1.
M

ean
rates

of
head

capsule
deform

ities
ranged

from
none

at
A

m
bient

W
ater

Q
uality

M
onitoring

(A
W

Q
M

)
Station

55
(C

alum
et

R
iver

at
130th

Street)
to

30.2%
at

A
W

Q
M

100

(C
hicago

R
iver

at
W

ells
Street).

T
able

1

H
E

A
D

C
A

P
S

U
L

E
D

E
F

O
R

M
IT

Y
S

T
A

T
IS

T
IC

S

S
tatio

n
_

ID
N

M
ean

M
in

im
u

m
M

ax
im

u
m

A
W

Q
M

100
6

30.2
0

100
A

W
Q

M
101

3
7.0

0
13.3

A
W

Q
M

102
8

1.7
0

6.9
A

W
Q

M
108

6
9.8

0.66
27.3

A
W

Q
M

35
7

6.3
0

33.3
A

W
Q

M
36

12
3.3

0
16.7

A
W

Q
M

37
3

23.7
0

52.4
A

W
Q

M
39

4
4.1

0.6
14.3

A
W

Q
M

4O
6

12.8
1.0

33.3
A

W
Q

M
41

15
19.3

0
100

A
W

Q
M

43
8

4.3
0.5

12.5
A

W
Q

M
46

12
23.3

0
100

A
W

Q
M

49
4

7.3
0.7

20.0
A

W
Q

M
55

2
0

0
0

A
W

Q
M

56
10

19.0
1.7

66.7
A

W
Q

M
58

4
7.8

0.4
15.0

A
W

Q
M

59
14

4.5
0

11.1
A

W
Q

M
73

6
8.0

0
40.0

A
W

Q
M

74
10

24.6
0

100
A

W
Q

M
75

8
3.0

0
6.9

A
W

Q
M

76
10

10.1
0

50.0
A

W
Q

M
92

15
4.0

0
16.7

A
W

Q
M

99
4

2.4
1.6

3.4

M
acroinvertebrate

sam
ples

w
ere

collected
using

tw
o

m
ethods,

the
hester-dendy

m
ulti-plate

sam
pler

(H
D

)
and

the
ponar

dredge
(PN

).
T

able
2

displays
the

head
capsule

deform
ity

statistics

by
collection

m
ethod.

T
here

w
ere

107
sam

ples
collected

by
the

hester-dendy
m

ethod
that

w
ere

exam
ined

for
chironom

id
head

capsule
deform

ities;
the

m
ean

rate
w

as
8.9%

.
T

here
w

ere
70

sam
ples

collected
using

the
ponar

dredge
and

the
m

ean
rate

of
deform

ities
w

as
13.9%

.
In

an

A
N

O
V

A
(analysis

of
variance)

test,
w

e
concluded

that
there

is
no

significant
difference

betw
een

m
ean

rates
ofhead

capsule
deform

ities
for

the
tw

o
collection

techniques
(F

2
.8

9
,

p=O
.O

9l1).

6
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D
uring

the
exam

ination
of

chironom
ids

for
head

capsule
deform

ities,
E

A
recorded

the
low

est

taxa.
U

nfortunately
the

taxa
identifier

w
as

inconsistently
recorded,

so
not

all
sam

ples
have

taxa

labels.
T

able
3

sum
m

arizes
the

chironom
id

taxa,
by

the
m

ethod
of

their
collection.

T
w

elve
taxa

w
ere

identified
and

recorded
from

the
hester-dendy

sam
ples.

Six
taxa

w
ere

found
in

the
ponar

sam
ples.

O
ne

group,
C

hironom
us

sp.,
w

as
found

in
sufficient

num
bers

through
both

sam
pling

m
ethods,

and,
w

e
found

the
C

hironom
us

sp.
data

to
be

norm
ally

distributed.
T

his
allow

s
for

another
A

N
O

V
A

testing
of

equal
m

eans
for

the
tw

o
m

ethods,
this

testusing
a

low
est

taxa
group.

T
here

w
ere

7
C

hironom
us

sp.
sam

ples
collected

using
the

hester-dendy
technique

and
the

m
ean

rate
of

deform
ities

w
as

34.3%
.

T
here

w
ere

10
C

hironom
us

sam
ples

collected
using

the
ponar

dredge
and

the
m

ean
rate

of
deform

ities
w

as
31.1%

.
Figure

1
is

a
box

plot
ofthe

C
hironom

us
sp.

data.
A

n
A

N
O

V
A

test
found

no
significant

difference
betw

een
m

ean
rates

of
C

hironom
us

head

capsule
deform

ities
for

the
tw

o
collection

techniques
(F=

0.06, pr=O.8O55).

T
able

3

L
O

W
E

S
T

T
A

X
A

O
F

C
H

IR
O

N
O

M
ID

S

M
eth

o
d

C
ode

L
ow

est
T

ax
a

N
M

ean
M

in
im

u
m

M
axim

um
H

D
C

hironom
us

7
34.3

0
66.6

H
D

D
icrotendipes

fum
idus

2
15.0

10.0
20.0

H
D

D
icrotendipes

lucifer
2

3.2
2.1

4.2
H

D
D

icrotendipes
m

odestus
3

0
0

0
H

D
D

icrotendipes
neom

odestus
3

41.6
4.8

100
H

D
D

icrotendipes
sim

psoni
17

2.4
0

6.6
H

D
G

lyptotendipes
4

3.7
0

12.5
H

D
N

anocladius
distinctus

1
9.1

9.1
9.1

R
D

Parachironom
us

2
23.8

14.3
33.3

H
D

Procladius
1

0
0

0
H

D
Procladius

(H
olotanypus)

1
20.0

20.0
20.0

H
D

X
enochironom

us
xenolabis

1
100

100
100

PN
C

hironom
us

10
31.1

0
75.0

PN
D

icrotendipes
lucifer

1
8.3

8.3
8.3

PN
D

icrotendipes
m

odestus
1

11.1
11.1

11.1
PN

D
icrotendipes

sim
psoni

3
26.0

0.8
50.0

PN
Procladius

13
9.2

0
33.3

PN
P

rocladius
(H

olotanypus)
2

5.8
1.1

10.4

8
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Figure
2.

B
ox

Plot
of

C
hironom

us
sp.

H
ead

C
apsule

D
eform

ities
R

ates,
G

rouped
by

C
ollection

M
ethod.

T
he

A
ppendix

is
SA

S
output

from
the

proc
corr

procedure
and

includes
a

correlation
m

atrix

betw
een

sedim
ent

contam
ination

and
the

percent
head

capsule
deform

ities
in

hester-dendy
and

ponar
sam

ples
(2

6
N

5
3
).

B
ased

upon
Spearm

an
correlation

coefficients,
the

strengths
of

correlation
w

ere
significant(p<O.O5)

in
the

hester-dendy
sam

ples
for

am
m

onia-N
(r-O

.399),

iron
(r=O

.361),
and

D
D

x
(D

D
T

+
D

D
E

+
D

D
D

)
(r-O

.396).
Spearm

an
correlation

coefficients

w
ere

significant
for

the
ponar

sam
ples

for
m

ercury
(r=O

.659),
cadm

ium
(rO

.339),
copper

(r=O
.439),

sim
ultaneously

extracted
m

etals
(SE

M
)

(r=O
.455),

SE
M

-acid
volatile

sulfides

(r=O
.454),

total
PC

B
(rO

.3
16)

and
sem

i-volatile
organic

com
pounds

(rO
.323).

N
o

contam
inants

displayed
strong

correlations
for

both
collection

m
ethods.

T
his

m
ay

reflect
differences

in

exposure
routes

or
pathw

ays
for

m
acroinvertebrates

in
ponar

sam
ples

and
hester-dendy

sam
ples.

80
-

D
istrib

u
tio

n
of

P
er_

d
efo

rm
ed

by
M

ethod_C
ode

60
-

.a)0‘4
-

ci)
•0I

-

ci)
0

40200•

H
D

PN

M
ethod_C

ode

9

Electronic Filing - Received, Clerk's Office, January 6,. 2010 
     * * * * * * PC # 284 * * * * *



R
eferences

C
ushm

an,
R

.M
.

1984.
C

hironom
id

D
eform

ities
as

Indicators
o

f
P

ollution
from

a
S

ynthetic,
C

oal-

derived
O

il.
F

reshw
ater

B
iology

14(2):
179-182.

E
A

E
ngineering,

S
cience

and
T

echnology,
Inc.

(E
A

).
2006.

A
S

tudy
o

f
the

B
enthic

M
acroinvertebrate

C
om

m
unity

in
S

elected
C

hicago
M

etropolitan
A

rea
W

aterw
ays

during

2003
and

2004.
M

etropolitan
W

ater
R

eclam
ation

D
istrict

R
eport

#07-47.

H
am

ilton,
A

.L
.

and
O

.A
.

S
aether.

1971.
T

he
O

ccurrence
o

f
C

haracteristic
D

eform
ities

in
the

C
hironom

id
L

arvae
o

f
S

everal
C

anadian
L

akes.
C

an.
E

nt.
103:363-368.

Jeyasingham
,

K
.

and
N

.
L

ing
2000.

S
easonal

Influence
on

H
ead

C
apsule

D
eform

ities
in

C
hironom

us
zealandicus

(H
udson)

(D
iptera:

C
hironom

idae).
H

ydrobiologia
427:

75-82.

W
iederhoim

,
T.

1984.
Incidence

o
f

D
eform

ed
C

hironom
id

L
arvae

(D
iptera:

C
hironom

idae)
in

S
w

edish
L

akes.
H

ydrobiologia
109:

243-249.

W
illiam

s,
D

.D
.,

A
.I.

N
esterovitch,

A
.F.

T
avares,

and
E

.G
.

M
uzzatti.

2001.
M

orphological

D
eform

ities
O

ccurring
in

B
elarusian

C
hironom

ids
(D

iptera:
C

hironom
idae)

S
ubsequent

to
the

C
hernobyl

N
uclear

D
isaster.

F
reshw

ater
B

iology
46(4):

503-512.

10

Electronic Filing - Received, Clerk's Office, January 6,. 2010 
     * * * * * * PC # 284 * * * * *



A
ppendix

S
IM

P
L

E
S

T
A

T
IS

T
IC

S
A

N
D

C
O

R
R

E
L

A
T

IO
N

A
N

A
L

Y
S

E
S

F
O

R

S
E

D
IM

E
N

T
C

O
N

T
A

M
IN

A
N

T
C

O
N

C
E

N
T

R
A

T
IO

N
S

A
N

D

C
H

IR
O

N
O

M
ID

A
E

H
E

A
D

C
A

P
S

U
L

E
D

E
F

O
R

M
A

T
IO

N

Electronic Filing - Received, Clerk's Office, January 6,. 2010 
     * * * * * * PC # 284 * * * * *



C
o
rrelatio

n
A

nalysis
o
f

%
H

ead
C

apsule
D

eform
ities

an
d

S
edim

ent
C

ontam
ination,

2001-2007
B

y
S

ta
tio

n
_
ID

a
n
d

Y
e
a
r

07:57
M

onday,
F

ebruary
23,

2009

T
he

C
O

R
R

P
rocedure

26
W

ith:
N

H
3_N

T
ot

Phos
C

N
H

g
C

d
C

r
C

u
Fe

N
i

V
ariab

les:
Pb

Z
n

H
v_M

tls
A

g
A

s
A

V
S

SE
M

SE
M

_A
V

S
gravel

sand
silt

clay
H

eptachior_epoxide
T

otal_P
C

B
D

D
x

SV
O

C
-

V
O

C

2
H

D
P

er
deform

ed
PN

P
er

deform
ed

V
ariab

les:

.
S

im
ple

S
tatistics

V
ariab

le
N

M
ean

S
td

D
ev

M
ed

ian
M

in
im

u
m

M
ax

im
u

m

N
H

3_N
80

96.16916
176.16207

43.34971
1.29326

1400

T
ot_P

hos
81

2495
2841

1750
3.70000

19994

C
N

82
1.95096

2.77954
0.87532

0
15.58542

H
g

82
0.85720

1.17186
0.48665

0
6.39700

C
d

-
82

6
65126

13
99237

3
49000

0
20000

121
87000

C
r

ij’
82

86
92561

77
91650

63
95000

12
80000

580
85000

b
k

C
u

82
150.05890

136.72495
101.55000

8.70000
825.40000

F
e

79
22919

9309
21727

3921
51809

N
i

:
-

82
39.14512

28.57443
30.24500

6.60000
204.60000

P
b

t
-

82
256.71061

230.46992
181.70000

21.36000
1255

Z
n

82
563.46110

426.26106
484.26500

64.00000
2427

H
v
M

tls
82

1104
775.57662

951.36725
171.04300

4628

A
g

79
2.55354

5.08267
0.74500

0
34.80000

A
s

81
1.51358

2.15770
0.50000

0
10.30000

A
V

S
63

26.30032
42.10495

8.66000
0.24000

273.40000

S
E

M
65

54.19267
169.83660

10.20000
0.18000

1030

S
E

M
_A

V
S

59
4.87216

12.43565
0.80679

0.01363
88.79310

g
rav

el
64

3.95313
6.67713

1.00000
0

35.80000

san
d

64
64.06875

23.43388
70.00000

7.40000
97.80000

silt
64

22.55312
17.21450

20.70000
0

63.00000

clay
:

64
9.41094

10.19695
4.95000

0.80000
48.00000

Ilep
tach

io
r_

ep
ó
x
id

e
82

6.93639
5.41567

5.36776
2.00000

36.00000

T
o

tal_
P

C
B

82
1763

2664
749.00000

5.37866
13722

D
D

x
82

143.26389
166.20820

103.67282
9.52744

1095

S
V

O
C

78
159341

497970
53291

2868
3652353

V
O

C
81

150.84256
886.52013

39.96004
21.51463

8020

H
D

_P
er_deform

ed
74

7.61331
10.96338

3.90000
0

56.53333

P
N

P
er_

d
efo

rm
ed

55
14.58059

15.44069
7.03333

0
60.00000

Electronic Filing - Received, Clerk's Office, January 6,. 2010 
     * * * * * * PC # 284 * * * * *



C
orrelation

A
nalysis

o
f

%
H

ead
C

apsule
D

eform
ities

an
d

S
edim

ent
C

ontam
ination,

2001-200
7

2
B

y
S

tation_ID
an

d
Y

ear
07:57

M
onday,

F
ebruary

23,
2009

T
he

C
O

R
R

P
rocedure

\
.

P
earson

C
o
rrelatio

n
C

oefficients
//

P
ro

b
>

In
u

n
d

er
H

O
:

R
ho=O

,
N

u
m

b
er

of O
bservations

“

H
D

_P
er_deform

ed
P

N
_P

er_deform
ed

N
H

3_N
-0.24142

0.03515
.

:Lf
0.0816

0.8340
.

53
38

T
ot

P
hos

-0.15525
-0.02509

0.2718
0.8811

.
52

38

C
N

:
-0.13891

-0.07480
,

:
0.3212

0.6554

‘\
53

38

H
g

-
0.0628

1
0.39290

0.6550
0.0147

.

53
38

C
d

0.10557
0.16073

.

0.4519
0.3350

•
:

53
38

C
r

-
0.16002

0.12053
-

0.2524
0.4710

•
.

-
-

53
38

C
u

0.20516
0.51139

.
.-.

0.1406
0.0010

•
53

38

F
e

.
-
.
-

0.22335
-0.25561

0.1079
0.1214

t
’

53
38

N
i

.

0.27805
0.31248

.1
.

0.0438
0.0561

:
53

38

P
b

0.32453
0.25282

0.0177
0.1257

I
53

38

Z
n

‘
:
.

J
-
:
-

-0.02060
-0.01367

.
.

.
0.8836

0.9351
.

53
38

H
v

M
tls

0.19018
0.14445

.

/
0.1726

0.3869

/
53

38

A
g

/
-0.05779

0.09043
/

.
.

-
0.6810

0.5892
!

..-J.:
-

-

53
38

A
s

0.00589
-0.09038

‘
-

0.9666
0.5894

4
L

:-
53

38

A
V

S
-0.18526

-0.24213
0.2

177
0.2237

•
46

27

Electronic Filing - Received, Clerk's Office, January 6,. 2010 
     * * * * * * PC # 284 * * * * *



C
orrelation

A
nalysis

o
f%

H
ead

C
apsule

D
eform

ities
an

d
S

edim
ent

C
ontam

ination,
2001-2007

3
B

y
S

tation_ID
an

d
Y

ear
07:57

M
onday,

F
ebruary

23,
2009

T
he

C
O

R
R

P
rocedure

\
P

earson
C

o
rrelatio

n
C

oefficients
.

P
ro

b
>

In
u

n
d

er
110:

R
ho=

O
.
,
,
‘

\
N

u
m

b
er

of
O

bservations

.
lID

P
er

deform
ed

P
N

P
er

deform
ed

S
E

M
003160

025169
.

0.8330
/

0.1964
\
\

47
/

28

S
E

M
_A

V
S

/
-0.02316

/
0.34413

V
0.8828

0.0852
43

26

gravel
-0.06253

/
-0.10294

/
0.6763

0.6022
47

28

san
d

V
0.03897

0.05337
J
.

0.7948
0.7874

47
28

silt
-0.12267

-0.08985
.

.I
0.4114

0.6493
V

47
28

clay
/

0.15072
0.08766

0.3119
0.6574

47
28

H
eptachior_epoxide

,
-0.04874

0.05794
/

0.7289
0.7225

53
40

T
otal

P
C

B
0.16859

0.11309
0.2275

0.4872

/
53

40

D
D

x
/

-0.19253
-0.00505

.7
.

0.1672
\

0.9753
/

V
V

53
40

S
V

O
C

V
V

V

V

V

0.26487
-0.0

1296
V

V

0.0553
0.9385

•
•
/

V
V

*
.
.
V

53
38

V
O

C
-0.17874

-0.07384
/

V
V

0.2003
0.6507

V
V

’

V

53
40

Electronic Filing - Received, Clerk's Office, January 6,. 2010 
     * * * * * * PC # 284 * * * * *



C
orrelation

A
nalysis

o
f%

H
ead

C
apsule

D
eform

ities
an

d
S

edim
ent

C
ontam

ination,
2001-2007

4
B

y
S

tatio
n

_
ID

an
d

Y
ear

07:57
M

onday,
F

ebruary
23,

2009

T
he

C
O

R
R

P
rocedure

:
S

p
earm

an
C

o
rrelatio

n
C

oefficients
P

ro
b

>
Irju

n
d

erH
&

R
h

o
=

O
N

u
m

b
er

ofO
bservations

.

H
D

_P
er_deform

ed
P

N
P

er_
d

efó
rm

ed

N
113_N

-0.39857
0.19067

.
0.0031

0.2515
V

53
38

T
ot

P
hos

-0.20595
0.22574

0.1430
0.1730

52
38

C
N

-0.15316
0.06071

.
0.2736

0.7173
V

.
53

38

H
g

0.19060
0.65907

V
0.1716

<.0001
53

38

C
d

0.02178
0.33892

0.8770
0.0374

53
38

C
r

0.11819
0.12077

.
V

0.3993
0.470

1
V

V

53
38

C
u

0.08475
0.42869

0.5463
0.0072

53
38

F
e

r
0.36146

-0.26475
V

V

0.0078
0.1082

V

V

53
38

N
i

V

V
0.13759

0.27725
0.3259

0.0920
V

V
53

38

P
b

V
0.06337

0.25314
V

V
V

j
V

0.6521
0.1252

V

V
53

38

Z
n

V
V

V
V

V

-0.05897
0.13720

V
V

0.6749
0.41

14
53

38

H
v_M

tIs
0.07587

0.20887
0.5892

0.2082
V

53
38

A
g

V

V
f
.
V

V
.

-0.25105
0.18532

V

0.0698
0.2653

53
38

A
s

005396
001897

V
V:

V

0.7012
0.9100

V
V

53
38

A
V

S
V

V

-0.00426
-0.27754

V

0.9776
0.1610

.

46
27

Electronic Filing - Received, Clerk's Office, January 6,. 2010 
     * * * * * * PC # 284 * * * * *



C
orrelation

A
nalysis

o
f%

H
ead

C
apsule

D
eform

ities
an

d
S

edim
ent

C
ontam

ination,
2001-2007

5
B

y
S

tation_ID
an

d
Y

ear
07:57

M
onday,

F
ebruary

23,
2009

T
he

C
O

R
R

P
rocedure

S
pearm

an
C

orrelation
C

oefficients
P

ro
b
>

In
under

H
O

:
R

ho=O
•

N
um

ber
ofO

bservations

HD

P
er

deform
ed

P
N

_P
ér_déform

ed

S
E

M
0.21117

0.45512
0.1542

0.0150
47

28

S
E

M
A

V
S

0.22775
0.45416

0.1419
0.0198

,
43

26

g
rav

el
0

17874
0

15412
,

.
.

.

.
0.2293

0.4336
.

.
.

47
28

sand
.
.

0.08875
0.19327

0.5530

0
3
2

4
4

.

47
28

silt
.

-0.13372
-0.11862

.
.

.,
0.3702

0.5477
.
,
-
:
‘

47
28

clay
0.16272

-0.06595
0.2745

0.7388
47

28

H
eptachior_epoxide

-0.21028
0.09130

0.1307
0.5753

53
40

T
otal

P
C

B
0.17543

0.31599
0.2090

0.0470
53

40

D
D

x
-0.39639

0.09506
.

0.0033
0.5596

,
.

53
40

S
V

O
C

.
-0.18769

0.32305
:

0.1784
0.0479

•
53

38

V
O

C
.

-0.18967
-0.03607

.
.

0.1738
0.8251

.
.

.
.

.
.
.

53
40

Electronic Filing - Received, Clerk's Office, January 6,. 2010 
     * * * * * * PC # 284 * * * * *



C
orrelation

A
nalysis

o
f%

H
ead

C
apsule

D
eform

ities
an

d
S

edim
ent

C
ontam

ination,
2001-2007

6
B

y
S

tatio
n
_
ID

an
d

Y
ear

07:5
7

M
onday,

F
ebruary

23,
2009

T
he

C
O

R
R

P
rocedure

—
20000

—
10000

S
taffer

P
lot

M
atrix

H
D

_Per_cleforrnecl

0
10

20
30

40
50

PN
_Pei_clefoirnecl

1000-
N

H
3_N

000-

0-

T
ot_P

uns

1
0
-

C
N

0
-

0
-

H
o

:
-

1
0
0
-

Ccl
-
.

:
so-0

- -11*
,
e
8

no

.r
I

j
L

j°
&

w
8

e
;
o

r0
0

o
0

,
o

t

I
0

0
1

0

j%
o

o

1
:

no
o

4
o

9
L

e
4

L
0

1
a
4

’
e

9e
o
.
t
o
e

a
I

I

0
10

20
30

40
50

‘50

Electronic Filing - Received, Clerk's Office, January 6,. 2010 
     * * * * * * PC # 284 * * * * *



C
hicago

A
rea

W
aterw

ay
System

H
abitatEvaluation

and
Im

provem
entStudy

H
abitat Evaluation

R
eport

January
4, 2010

A
PPE

N
D

IX
C

:

A
N

A
L

Y
SIS

O
F

T
H

E
R

E
L

A
T

IO
N

SH
IP

B
E

T
W

E
E

N
FISH

A
N

D
W

A
T

E
R

Q
U

A
L

IT
Y

IN
T

H
E

C
A

W
S

L
im

noT
ech

Electronic Filing - Received, Clerk's Office, January 6,. 2010 
     * * * * * * PC # 284 * * * * *



a
s
a
a
t
i

R
epaf

Jn
sy

4
ZHO

T
his

page
Is

blank
to

rad
w

ae
double

sided
p

rin
tin

g

U
m

noT
ich

Electronic Filing - Received, Clerk's Office, January 6,. 2010 
     * * * * * * PC # 284 * * * * *



A
nalysis

ofthe
R

elationship
B

etw
een

Fish
and

W
ater

Q
uality

in
the

C
hicago

A
rea

W
aterw

ays
System

D
ecem

ber
8,

2009

Prepared
for:

The
M

etropolitan
W

ater
R

eclam
ation

D
istrictofG

reaterC
hicago

ill
L

im
noT

ech
•

W
aterlEnvironm

entjSciecdistsjEwjineers

Ann
A

rbor,M
ichigan

w
w

w
.lim

no.com

Electronic Filing - Received, Clerk's Office, January 6,. 2010 
     * * * * * * PC # 284 * * * * *



T
his

page
is

blank
to

facilitate
double

sided
printing.

Electronic Filing - Received, Clerk's Office, January 6,. 2010 
     * * * * * * PC # 284 * * * * *



A
nalysis

ofthe
R

elationship
B

etw
een

Fish
and

W
aterQ

uality
in

the
C

hicago
A

rea
W

aterw
ay

System
C

hicago
A

rea
W

aterw
ay

System
H

abitatEvaluation
and

Im
provem

entStudy
D

ecem
ber8,2009

T
A

B
L

E
O

F
C

O
N

T
E

N
T

S

1.
Introduction

1

1.1
O

bjectives
I

1.2
F

ocus
on

D
issolved

O
xygen

I
1.3

D
ata

2
1.3.1

W
ater

Q
uality

D
ata

and
P

aram
eter

S
election

2
1.3.2

Fish
D

ata
4

1.3.3
P

airing
of

F
ish

&
W

ater
Q

uality
D

ata
5

1.4
O

rganization
of

T
his

R
eport

8

2.
C

orrelation
of

F
ish

D
ata

w
ith

D
issolved

O
xygen

C
onditions

9

2.1
S

tatistical
T

ests
C

onducted
9

2.1.1
C

om
parison

of
A

ttainm
ent

and
N

on-A
ttainm

ent
P

opulations
10

2.1.2
R

egression
to

P
ercent

T
im

e
in

C
om

pliance
10

2.1.3
R

egression
to

O
ther

R
epresentations

of
D

issolved
O

xygen
C

oncentrations
11

2.2
C

om
parison

of
A

ttainm
ent

and
N

on-A
ttainm

ent
P

opulations
11

2.2.1
C

urrent
D

issolved
O

xygen
S

tandards
11

2.2.2
P

roposed
D

issolved
O

xygen
S

tandards
13

2.3
R

egression
to

P
ercent

of
T

im
e

in
C

om
pliance

16
2.3.1

C
urrent

D
issolved

O
xygen

S
tandards

16
2.3.2

P
roposed

D
issolved

O
xygen

S
tandards

18
2.4

R
egression

to
O

ther
R

epresentations
of

D
issolved

O
xygen

C
oncentrations

18
2.4.1

P
ercent

of
T

im
e

D
issolved

O
xygen

L
ess

than
5

m
g/I

in
June

through
S

eptem
ber

19
2.4.2

48-H
our

A
verage

A
ntecedent

D
issolved

O
xygen

19
2.4.3

48-H
our

M
inim

um
A

ntecedent
D

issolved
O

xygen
20

2.5
O

bservations
21

3.
C

orrelation
of

F
ish

D
ata

w
ith

T
em

perature
C

onditions
23

3.1
R

E
G

R
E

S
S

IO
N

T
O

P
E

R
C

E
N

T
O

F
T

IM
E

IN
C

O
M

P
L

IA
N

C
E

23
3.1.1

C
urrent

T
em

perature
S

tandards
23

3.1.2
P

roposed
T

em
perature

S
tandards

24
3.2

C
orrelation

of
F

ish
D

ata
w

ith
A

ntecedent
T

em
perature

C
onditions

26
3.2.1

24-H
our

A
ntecedent

A
verage

T
em

perature
26

3.2.2
48-H

our
A

ntecedent
A

verage
T

em
perature

27
3.3

O
bservations

28

4.
F

indings
30

5.
R

eferences
33

L
im

no-T
ech,

Inc.
Page

i

Electronic Filing - Received, Clerk's Office, January 6,. 2010 
     * * * * * * PC # 284 * * * * *



A
nalysis

ofthe
R

elationship
B

etw
een

Fish
and

W
aterQ

uality
in

the
C

hicago
A

rea
W

ateiw
ay

System
C

hicago
A

rea
W

aterw
ay

System
H

abitatEvaluation
and

Im
provem

entStudy
D

ecem
ber

8, 2009

L
IST

O
F

FIG
U

R
E

S
F

igure
1-1.

C
A

W
S

A
m

bient
W

ater
Q

uality
M

onitoring
(A

W
Q

M
)

and
C

ontinuous
D

issolved
O

xygen
M

onitoring
(C

D
O

M
)

L
ocations

7
F

igure
2-1.

E
xam

ple
B

ox
and

W
hisper

P
lot

U
sed

for
C

om
parison

of
P

opulations
.
.
.
.12

F
igure

2-2.
E

xam
ple

S
catter

P
lot

U
sed

for
R

egression
of

F
ish

M
etrics

to
P

ercent
C

om
pliance

17
F

igure
3-1.

E
xam

ple
S

catter
P

lot
S

how
ing

R
egression

of
N

S
U

N
vs.

P
ercent

of
tim

e
proposed

daily
m

axim
um

tem
perature

standard
exceeded

in
preceding

12
m

onths
25

L
IST

O
F

T
A

B
L

E
S

T
able

1-1.
F

ish
M

etrics
U

sed
in

T
his

A
nalysis

5
T

able
1-2.

P
airing

of
A

W
Q

M
and

C
D

O
M

S
tations

6
T

able
2-1.

S
tatistical

C
haracteristics

of
A

ttainm
ent

and
N

onattainm
ent

P
opulations

(E
xisting

S
tandards,

A
ll

D
esignated

U
ses

C
om

bined)
12

T
able

2-2.
S

tatistical
C

haracteristics
of

A
ttainm

ent
and

N
onattainm

ent
P

opulations
(E

xisting
S

tandards,
S

econdary
C

ontact
U

ses)
13

T
able

2-3.
S

tatistical
C

haracteristics
of

A
ttainm

ent
and

N
onattainm

ent
P

opulations
(P

roposed
S

tandards,
A

ll
D

esignated
U

ses
C

om
bined)

14
T

able
2-4.

S
tatistical

C
haracteristics

of
A

ttainm
ent

and
N

onattainm
ent

P
opulations

(P
roposed

S
tandards,

D
esignated

U
se

A
)

15
T

able
2-5.

S
tatistical

C
haracteristics

of
A

ttainm
ent

and
N

onattainm
ent

P
opulations

(P
roposed

S
tandards,

D
esignated

U
se

B
)

16
T

able
2-6.

R
egression

C
haracteristics

of
Fish

M
etrics

vs.
P

ercent
A

ttainm
ent

of
D

issolved
O

xygen
S

tandards,
C

urrent
S

tandards
17

T
able

2-7.
R

egression
C

haracteristics
of

Fish
M

etrics
vs.

P
ercent

A
ttainm

ent
of

D
issolved

O
xygen

S
tandards,

P
roposed

S
tandards

18
T

able
2-8.

R
egression

C
haracteristics

of
Fish

M
etrics

vs.
P

ercent
of

tim
e

dissolved
oxygen

less
than

5
in

June
through

S
eptem

ber
19

T
able

2-9.
R

egression
C

haracteristics
of

Fish
M

etrics
vs.

48
H

our
A

verage
A

ntecedent
D

issolved
O

xygen
20

T
able

2-10.
R

egression
C

haracteristics
of

Fish
M

etrics
vs.

48
H

our
M

inim
um

A
ntecedent

D
issolved

O
xygen

20
T

able
3-1.

R
egression

C
haracteristics

of
F

ish
M

etrics
vs.

P
ercent

of
tim

e
proposed

daily
m

axim
um

tem
perature

standard
exceeded

in
preceding

12
m

onths
....24

T
able

3-2.
R

egression
C

haracteristics
of

Fish
M

etrics
vs.

P
ercent

of
tim

e
proposed

daily
m

axim
um

tem
perature

standard
exceeded

by
greater

than
2°C

in
regulatory

period
26

T
able

3-3.
R

egression
C

haracteristics
of

Fish
M

etrics
vs.

24
H

our
A

verage
A

ntecedent
T

em
perature

27
T

able
3-4.

R
egression

C
haracteristics

of
Fish

M
etrics

vs.
48

H
our

A
verage

A
ntecedent

T
em

perature
27

L
im

no-T
ech,

Inc.
Page

ii

Electronic Filing - Received, Clerk's Office, January 6,. 2010 
     * * * * * * PC # 284 * * * * *



A
nalysis

ofthe
R

elationship
B

etw
een

Fish
and

W
ater Q

uality
in

the
C

hicago
A

rea
W

aterw
ay

System
C

hicago
A

rea
W

aterw
ay

System
H

abitatEvaluation
and

Im
provem

entStudy
D

ecem
ber

8,2009

L
IST

O
F

A
T

T
A

C
H

M
E

N
T

S

A
ttachm

ent
A

: B
ox

P
lots

C
om

paring
A

ttainm
ent

and
N

on-A
ttainm

ent
P

opulations
of

F
ish

A
ttachm

ent
B

:
R

egression
P

lots
C

om
paring

F
ish

w
ith

D
issolved

O
xygen

C
onditions

A
ttachm

ent
C

:
R

egression
P

lots
C

om
paring

Fish
w

ith
T

em
perature

C
onditions

L
im

no-T
ech,

Inc.
Page

iii

Electronic Filing - Received, Clerk's Office, January 6,. 2010 
     * * * * * * PC # 284 * * * * *



A
nalysis

ofthe
R

elationship
B

etw
een

Fish
and

W
aterQ

uality
in

the
C

hicago
A

rea
W

aterw
ay

System
C

hicago
A

rea
W

aterw
ay

System
H

abitatEvaluation
and

Im
provem

entStudy
D

ecem
ber8, 2009

T
his

page
is

blank
to

facilitate
double

sided
printing.

L
im

no-T
ech,

Inc.
Page

iv

Electronic Filing - Received, Clerk's Office, January 6,. 2010 
     * * * * * * PC # 284 * * * * *



A
nalysis

ofthe
R

elationship
B

etw
een

Fish
and

W
aterQ

uality
in

the
C

hicago
A

rea
W

aterw
ay

System
C

hicago
A

rea
W

aterw
ay

System
H

abitatEvaluation
and

Im
provem

entStudy
D

ecem
ber

8,2009

1.
IN

T
R

O
D

U
C

T
IO

N

T
his

report
presents

the
findings

of
a

com
parative

analysis
of

fish
and

w
ater

quality
data

in
the

C
hicago

A
rea

W
aterw

ay
S

ystem
(C

A
W

S
).

L
im

noT
ech

conducted
this

w
ork

as
part

of
the

H
abitat

E
valuation

and
Im

provem
ent

S
tudy

currently
underw

ay
to

develop
a

clearer
understanding

of
the

environm
ental

factors
that

affect
fisheries

in
the

C
A

W
S

,
on

behalf
of

the
M

etropolitan
W

ater
R

eclam
ation

D
istrict

of
G

reater
C

hicago
(the

D
istrict).

1.1
O

B
JE

C
T

IV
E

S

T
he

C
A

W
S

H
abitat

E
valuation

and
Im

provem
ent

S
tudy

is
designed

to
identify

the
physical

habitat
factors

that
are

m
ost

lim
iting

to
aquatic

life
(as

represented
by

fish)
in

the
C

A
W

S
and

w
hat

potential
exists

for
im

provem
ent.

It
is

recognized,
how

ever,
that

w
ater

quality
also

plays
a

critical
role

in
the

health
of

aquatic
ecosystem

s,
so

it
is

im
portant

to
understand

the
relationship

betw
een

fish
and

w
ater

quality
in

the
C

A
W

S
in

order
to

fully
understand

the
conditions

that
favor

or
lim

it
fish.

F
urtherm

ore,
the

regulation
of

w
ater

quality
through

the
C

lean
W

ater
A

ct
rem

ains
the

only
enforceable

m
eans

that
regulatory

agencies
have

for
im

proving
the

health
of

surface
w

aters,
so

an
understanding

of
the

relationship
betw

een
w

ater
quality

standards
attainm

ent
and

fish
success

is
im

portant.

T
his

analysis
w

as
undertaken

to
answ

er
the

follow
ing

question:
w

hat
changes,

if
any,

can
be

expected
solely

from
an

im
provem

ent
in

w
ater

quality
in

the
C

A
W

S
,

if
current

uses
and

physical
habitat

conditions
rem

ain
unchanged?

In
the

analysis
presented

herein,
this

larger
question

w
as

addressed
by

investigating
four

m
ore

focused
questions:

•
D

o
the

data
suggest

a
correlation

betw
een

fish
m

etrics
and

attainm
ent

of
current

w
ater

quality
standards?

•
D

o
the

data
suggest

a
response

betw
een

fish
m

etrics
and

attainm
ent

of
proposed

w
ater

quality
standards?

•
A

re
there

correlations
betw

een
fish

m
etrics

and
other

m
easures

of
dissolved

oxygen?

•
A

re
there

other
fisheries

responses
indicated

by
w

ater
quality

m
etrics

other
than

dissolved
oxygen?

T
o

answ
er

these
questions,

com
parative

analyses
of

fish
and

w
ater

quality
m

etrics
w

ere
perform

ed.
T

he
data

used
for

these
analyses

are
described

below
.

1.2
F

O
C

U
S

O
N

D
IS

S
O

L
V

E
D

O
X

Y
G

E
N

It
w

ill
be

noted
that

the
focus

of
the

analyses
presented

in
this

report
is

on
dissolved

oxygen.
T

here
are

several
reasons

for
this:

L
im

noT
ech
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•
D

issolved
oxygen

is
critical

to
fish.

It
w

ell
know

n
that

dissolved
oxygen

is
a

critical
w

ater
quality

constituent
to

support
healthy

fish
populations.

L
ow

dissolved
oxygen

can
create

chronic
health

im
pacts

on
fish

and
severe

depletion
can

cause
fish

kills.
T

herefore,
an

evaluation
of

fish
and

w
ater

quality
w

ould
be

incom
plete

w
ithout

addressing
dissolved

oxygen.

•
D

issolved
oxygen

has
been

a
long-standing

issue
in

the
C

A
W

S
.

T
here

has
been

a
history

of
dissolved

oxygen
depletion

due
to

pollutant
loading

to
the

C
A

W
S

and
the

issue
has

been
studied

in
the

C
A

W
S

for
decades.

It
w

as
partly

in
response

to
these

dissolved
oxygen

issues
in

the
C

A
W

S
that

the
D

istrict
established

their
continuous

dissolved
oxygen

m
onitoring

program
and

invested
research,

engineering,
and

construction
resources

in
developing

and
building

the
sidestream

elevated
pool

aeration
(SE

PA
)

stations
that

now
exist

in
the

C
A

W
S.

•
A

rich
dissolved

oxygen
dataset

is
available

for
the

C
A

W
S

.
A

s
discussed

below
,

the
D

istricthas
been

collecting
continuous

dissolved
oxygen

data
in

the
C

A
W

S
for

several
years.

T
hese

data
allow

dissolved
oxygen

to
be

param
eterized

in
a

variety
of

w
ays

notpossible
w

ith
event

sam
pling

data.

•
D

issolved
oxygen

has
been

the
focus

of
recent

proposed
changes

to
w

ater
quality

standards.
T

he
Illinois

E
nvironm

ental
Protection

A
gency

(IE
PA

)
has

recently
proposed

changes
to

the
w

ater
quality

standards
for

the
C

A
W

S,
and

these
proposed

changes
focus

on
dissolved

oxygen.

For
these

reasons,
an

em
phasis

on
dissolved

oxygen
is

w
arranted

in
the

analysis.
In

addition
to

dissolved
oxygen,

other
w

ater
quality

param
eters

w
ere

considered,
evaluated

and
are

discussed
in

the
follow

ing
section.

H
ow

ever,
the

im
portance

of
dissolved

oxygen
and

the
availability

of
continuous

data
m

ake
itthe

focal
point

of
this

analysis.

1.3
D

A
T

A

T
he

data
used

in
this

analysis
consisted

of
w

ater
quality

and
fish

data
collected

by
the

M
etropolitan

W
ater

R
eclam

ation
D

istrict
of

G
reater

C
hicago

betw
een

2001
and

2007.
D

etails
of

these
data

are
presented

below
.

1.3.1
W

ater
Q

uality
D

ata
an

d
P

aram
eter

S
electio

n

T
he

D
istrict’s

w
ater

quality
data

collection
program

in
the

C
A

W
S

includes
continuous

m
onitoring

of
certain

param
eters

from
several

locations
in

the
C

A
W

S,
as

w
ell

as
discrete

sam
pling

of
w

ater
quality

as
part

of
their

annual
w

ater
quality

m
onitoring

program
.

T
hese

data
collection

program
s

are
sum

m
arized

below
.

C
ontinuous

M
onitoring

T
he

D
istrict

currently
deploys

continuous
dissolved

oxygen
m

onitors
at

dozens
of

locations
throughout

the
C

A
W

S
and

in
C

hicago
area

w
adeable

stream
s.

T
hese

m
onitors

L
im

n
o
T

ech
Page

2

Electronic Filing - Received, Clerk's Office, January 6,. 2010 
     * * * * * * PC # 284 * * * * *



A
nalysis

ofthe
R

elationship
B

etw
een

Fish
and

W
aterQ

uality
in

the
C

hicago
A

rea
W

aterw
ay

System
C

hicago
A

rea
W

aterw
ay

System
H

abitatEvaluation
and

Im
provem

entStudy
D

ecem
ber

8, 2009

collect
hourly

dissolved
oxygen

readings
and

are
serviced

on
a

w
eekly

schedule.
A

detailed
discussion

of
the

continuous
dissolved

oxygen
m

onitoring
(C

D
O

M
)

program
is

represented
in

M
inarik

et
al.

(2008).
F

or
the

analysis
discussed

in
this

report,
C

D
O

M
data

from
23

stations
in

the
C

A
W

S
,

collected
betw

een
2001

and
2007

w
ere

used.
T

he
locations

of
these

C
D

O
M

stations
are

show
n

in
F

igure
1-1.

In
addition

to
dissolved

oxygen
data,

the
D

istrict’s
C

D
O

M
program

also
collects

continuous
data

on
specific

conductance,
pH

,
and

tem
perature.

T
he

data
for

these
other

param
eters

w
ere

review
ed

to
determ

ine
w

hether
they

should
be

included
in

this
analysis.

S
pecific

conductivity
w

as
not

included
in

this
analysis

because
it

is
not

regulated
by

w
ater

quality
standards.

pH
data

are
lim

ited
in

the
C

A
W

S
,

but
review

of
available

data
show

that
all

m
easurem

ents
are

w
ithin

the
range

of
applicable

w
ater

quality
standards

(i.e.,
betw

een
6.5

and
9.0),

therefore
pH

w
as

not
included

in
this

analysis.

T
em

perature
data

collected
in

the
C

D
O

M
program

betw
een

2001
and

2007
w

ere
review

ed
to

determ
ine

w
hether

tem
perature

should
be

included
in

this
analysis,

w
hich

show
ed

that
tem

perature
conditions

in
the

C
A

W
S

during
this

tim
e

m
ight

have
exceeded

the
proposed

w
ater

quality
standards

for
tem

perature.
B

ased
on

this
review

,
tem

perature
w

as
included

in
this

analysis.

A
nnual

W
ater

Q
uality

M
onitoring

In
addition

to
their

C
D

O
M

program
,

the
D

istrict
also

conducts
an

am
bient

w
ater

quality
m

onitoring
(A

W
Q

M
)

program
.

T
here

are
26

A
W

Q
M

stations
in

the
C

A
W

S
,

as
depicted

in
F

igure
111.

W
ater

quality
is

regularly
sam

pled
at

these
stations

in
accordance

w
ith

the
A

W
Q

M
Q

uality
A

ssurance
P

roject
P

lan
(Q

A
P

P
,

M
W

R
D

G
C

,
2007).

S
am

pling
is

conducted
on

a
m

onthly
basis

for
m

ost
param

eters.
T

he
w

ater
quality

param
eters

sam
pled

for
the

A
W

Q
M

program
include:

•
F

ield-m
easured

param
eters

(dissolved
oxygen,

tem
perature,

pH
,

turbidity);

•
T

otal
phosphorus

and
nitrogen

com
pounds

(nitrate/nitrite,
am

m
onia

nitrogen,
total

K
jeldahl

nitrogen);

•
S

ulfate;

•
T

otal
dissolved

solids,
suspended

solids,
and

volatile
suspended

solids;

•
A

lkalinity,
chloride,

and
fluoride;

•
T

otal
organic

carbon;

•
P

henol;

•
C

yanide;

•
Indicator

bacteria
(fecal

coliform
and

E
.

coli);

F
or

purposes
of

this
analysis,

three
of

the
stations

w
ere

excluded
because

they
are

outside
of

the
portion

of
the

C
A

W
S

addressed
by

the
H

abitat
E

valuation
and

Im
provem

ent
Study.

T
he

excluded
stations

are
A

W
Q

M
49

(C
alum

et
R

iver
near

L
ake

M
ichigan),

A
W

Q
M

55
(m

outh
of

the
L

ake
C

alum
et

connecting
channel),

and
A

W
Q

M
86

(G
rand

C
alum

et
R

iver).

L
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R
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B
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and

W
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C
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A
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W
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W
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System
H
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and

Im
provem

entStudy
D

ecem
ber

8,2009

•
C

hlorophyll;

•
T

otal
and

soluble
m

etals
(arsenic,

barium
,

boron,
cadm

ium
,

calcium
,

chrom
ium

,
iron,

lead,
m

agnesium
,

m
anganese,

m
ercury,

nickel,
selenium

,
silver,

and
zinc);

and

•
V

olatile
organic

com
pounds

(benzene,
toluene,

ethylbenzene,
xylenes).

T
he

A
W

Q
M

w
ater

quality
param

eters
w

ere
first

screened
to

identify
those

for
w

hich
w

ater
quality

standards
did

not
exist.

T
he

rem
aining

param
eters

w
ere

com
piled

and
the

results
for

the
period

of
2001

through
2007

w
ere

com
pared

to
their

respective
w

ater
quality

standards
to

identify
param

eters
that

m
ight

significantly
affect

fish
populations.

F
ecal

coliform
w

as
not

included
in

the
analysis

because
it

is
not

typically
associated

w
ith

im
pacts

to
aquatic

life.
O

f
the

other
A

W
Q

M
param

eters,
the

follow
ing

w
ere

m
easured

in
excess

of
their

respective
w

ater
quality

standards:

•
B

oron
—

T
he

w
ater

quality
standard

for
boron

w
as

exceeded
in

3
of

2,336
w

ater
quality

sam
ples

(0.1%
)

collected
from

2001
through

2007.
A

ll
three

exceedances
occurred

at
one

A
W

Q
M

station.

•
C

hloride
—

T
he

w
ater

quality
standard

for
chloride

w
as

exceeded
in

52
of

2,336
w

ater
quality

sam
ples

(2%
)

collected
from

2001
through

2007.
T

hese
52

sam
ples

exceeded
the

w
ater

quality
standard

for
chloride

(500
m

g/L
)

by
a

relatively
sm

all
level

(136
m

g/L
on

average).

•
F

luoride
—

T
he

w
ater

quality
standard

for
fluoride

w
as

exceeded
in

13
of

2,337
w

ater
quality

sam
ples

(0.6%
)

collected
from

2001
through

2007.
T

hese
13

sam
ples

exceeded
the

w
ater

quality
standard

for
fluoride

(1.4
m

g/L
)

by
a

relatively
sm

all
level

(0
.5

6
m

g/L
on

average).

•
S

ilver
—

T
he

w
ater

quality
standard

for
silver

w
as

exceeded
in

56
of

2,336
w

ater
quality

sam
ples

(2.4%
)

collected
from

2001
through

2007.
T

hese
56

sam
ples

exceeded
the

w
ater

quality
standard

for
silver

(0.005
m

gIL
)

by
0.003

m
gIL

on
average.

D
ue

to
the

extrem
ely

low
frequency

w
hich

w
ith

these
w

ater
quality

param
eters

exceeded
their

respective
w

ater
quality

standards,
they

w
ere

not
included

in
this

analysis.

1.3.2
F

ish
D

ata

T
he

D
istrict

has
been

collecting
fish

data
annually

w
ithin

the
C

A
W

S
since

1974
(w

ith
the

exception
of

1981
and

1982).
D

uring
the

2001-2007
period,

the
D

istrict
collected

fish
data

at
34

stations
w

ithin
the

C
A

W
S

on
a

routine
basis.

T
w

enty-six
of

these
34

stations
are

part
of

the
D

istrict’s
A

W
Q

M
program

.
T

he
total

num
ber

of
sam

ple
events

across
all

stations
and

years
includes

113
sam

ple
events.

T
hese

fish
data

w
ere

analyzed
to

select
a

set
of

tw
elve

representative
fish

m
etrics

for
the

C
A

W
S

.
T

he
process

for
review

and
selection

of
fish

m
etrics

is
docum

ented
in

a
separate

report
(L

im
noT

ech,
2009).

T
he

fish

L
im

noT
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A
nalysis

ofthe
R

elationship
B

etw
een

Fish
and

W
aterQ

uality
in

the
C

hicago
A

rea
W

aterw
ay

System
C

hicago
A

rea
W

aterw
ay

System
H

abitatEvaluation
and

Im
provem

entStudy
D

ecem
ber

8,2009

m
etrics

selected
for

the
C

A
W

S
H

abitat
E

valuation
and

Im
provem

ent
S

tudy,
and

used
in

this
analysis,

are
listed

in
T

able
1-1.

T
able

1-1.
F

ish
M

etrics
used

in
T

his
A

nalysis

v
ia

tio
n

D
escrip

tio
n

%
D

E
L

T
_(n)

%
D

iseased
or

w
ith

eroded
fins,

lesions,
or

tum
ors

C
P

U
E

catch
per

unit
effort

%
L

T
H

PL
_(n)

%
lithophilic

sp
aw

n
ers

by
count

%
IN

S
C

T
(n

)
%

insectivores
by

count

%
T

C
_(w

t)
%

top
carnivores

by
w

eight

P
R

T
O

L
proportion

of
Illinois

tolerant
sp

ecies

L
IT

O
T

IL
ratio

of
non

tolerant
coarse-m

ineral-substrate
spaw

ners

N
M

IN
num

ber
of

IL
native

m
innow

sp
ecies

N
SU

N
num

ber
of

IL
native

sunfish
sp

ecies

G
E

N
IL

ratio
of

generalist
feed

ers

%
IN

T
_(n)

%
intolerant

sp
ecies

by
count

%
M

O
D

_(w
t)

%
m

oderately
intolerant

sp
ecies

by
w

eight

1.3.3
P

airing
of

F
ish

&
W

ater
Q

uality
D

ata

F
or

purposes
of

this
analysis,

it
w

as
necessary

to
pair

fish
sam

pling
locations

w
ith

w
ater

quality
data

locations.
In

the
case

of
the

A
W

Q
M

data,
w

ater
quality

and
fish

sam
ples

are
collected

from
essentially

the
sam

e
location

in
the

system
.

H
ow

ever,
C

D
O

M
stations

are
not

necessarily
collocated

w
ith

the
A

W
Q

M
stations.

B
ecause

of
this,

the
locations

of
the

C
D

O
M

stations
w

ere
evaluated

to
identify

the
nearest

C
D

O
M

station
to

each
A

W
Q

M
station

and
then

to
assess

w
hether

the
C

D
O

M
station

w
as

w
ithin

sufficient
proxim

ity
to

attribute
C

D
O

M
data

to
the

A
W

Q
M

.

In
som

e
cases,

A
W

Q
M

and
C

D
O

M
stations

are
essentially

collocated.
In

other
cases,

a
C

D
O

M
station

is
relatively

close
to

an
A

W
Q

M
,

so
that

the
pairing

of
the

tw
o

w
as

straightforw
ard.

T
here

are,
how

ever,
instances

w
here

the
nearest

C
D

O
M

stations
to

an
A

W
Q

M
station

are
m

iles
aw

ay
or

w
here

an
A

W
Q

M
is

located
approxim

ately
equidistant

betw
een

tw
o

C
D

O
M

stations.
In

these
cases,

the
C

D
O

M
data

upstream
and

dow
nstream

of
the

S
W

Q
M

w
ere

exam
ined

to
ascertain

w
hether

averaging
of

the
upstream

and
dow

nstream
C

D
O

M
w

ould
be

appropriate.
T

he
results

of
this

exercise
are

presented
in

T
able

1-2.

L
im
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A
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ofthe
R

elationship
B

etw
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Fish
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W
aterQ
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C
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A
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W
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C
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A

rea
W

aterw
ay

System
H
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Im
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D

ecem
ber

8, 2009

T
able

1-2.
P

airing
of

A
W

Q
M

and
C

D
O

M
S

tations

A
W

O
M

C
D

O
M

S
tn.

C
D

O
M

S
tn.

S
tatio

n
A

W
Q

M
L

o
catio

n
D

escrip
tio

n
F

or
D

O
F

or
T

em
p.

N
o.

C
om

p.
C

om
p.

99
B

ubbly
C

reek
at

A
rcher

A
ve.

13
13

58
C

al-S
ag

C
hannel

at
A

shland
A

ve.
37

37

59
C

al-S
ag

C
hannel

at
C

icero
A

ve.
39

39

43
C

al-S
ag

C
hannel

at
R

oute
83

20
20

74
C

hicago
R

iver
at

L
ake

S
hore

D
r.

21
21

100
C

hicago
R

iver
at

W
ells

St.
10

10

75
C

hicago
S

an.
and

S
hip

C
anal

at
C

icero
A

ve.
14

14

40
C

hicago
S

an.
and

S
hip

C
anal

at
D

am
en

A
v
e.

2
-

-

41
C

hicago
S

an.
and

S
hip

C
anal

at
H

arlem
A

v
e.

3
-

15

92
C

hicago
S

an.
and

S
hip

C
anal

at
L

ockport
(1

6
t
I

19
19

S
t)
4

42
C

hicago
S

an.
and

S
hip

C
anal

at
R

oute
83

16
16

48
C

hicago
S

an.
and

S
hip

C
anal

at
S

tep
h
en

St.
17

17

76
L

ittle
C

alum
et

R
iver

at
H

aisted
St.

35
35

56
Little

C
alum

et
R

iver
at

Indiana
A

ve.
34

34

73
N

orth
B

ranch
C

hicago
R

iver
at

D
iversey

P
k
w

y
.

5
-

A
V

G
(6,7)

46
N

orth
B

ranch
C

hicago
R

iver
at

G
rand

A
ve.

9
9

37
N

orth
B

ranch
C

hicago
R

iver
at

W
ilson

A
ve.

5
6

35
N

orth
S

hore
C

hannel
at

C
entral

S
t.

6
-

A
V

G
(1

,2),
3

in_‘05
101

N
orth

S
hore

C
hannel

at
F

oster
A

ve.
57

57

102
N

orth
S

hore
C

hannel
at

O
akton

St.
3

3

36
N

orth
S

hore
C

hannel
at

T
ouhy

A
ve.

-
3

108
S

outh
B

ranch
C

hicago
R

iver
at

L
oom

is
St.

12
12

39
S

outh
B

ranch
C

hicago
R

iver
at

M
adison

St.
1

1
1

1

2
A

W
Q

M
40

is
located

dow
nstream

of
B

ubbly
C

reek
and

the
nearest

C
D

O
M

stations
are

in
B

ubbly
C

reek
and

just
upstream

of
B

ubbly
C

reek;
neither

of
these

w
as

deem
ed

representative
of

conditions
at

A
W

Q
M

40.
A

W
Q

M
41

is
located

betw
een

C
D

O
M

stations
14

and
15

and
the

data
show

poor
correlation

betw
een

dissolved
oxygen

at
C

D
O

M
14

and
15,but

good
tem

perature
correlation.

C
D

O
M

15
is

dow
nstream

of
the

S
tickney

W
R

P
and

is
likely

m
ore

representative
of

conditions
at

A
W

Q
M

41.
‘

A
W

Q
M

92
is

located
betw

een
C

D
O

M
18

and
19;

there
is

relatively
good

dissolved
oxygen

correlation
betw

een
these

station
and

good
tem

perature
correlation.

A
W

Q
M

73
is

located
betw

een
C

D
O

M
stations

6
and

7;
the

data
show

poor
correlation

betw
een

dissolved
oxygen

at
C

D
O

M
6

and
7,

but
good

tem
perature

correlation.
6

A
W

Q
M

35
is

located
betw

een
C

D
O

M
stations

1
and

2;
the

data
show

poor
correlation

betw
een

dissolved
oxygen

at
C

D
O

M
1

and
2,

but
good

tem
perature

correlation
betw

een
C

D
O

M
1,2,

and
3.
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rea
W

aterw
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F
igure

1-1.
C

A
W

S
A

m
bient

W
ater

Q
uality

M
onitoring

(A
W

Q
M

)
and

C
ontinuous

D
issolved

O
xygen

M
onitoring

(C
D

O
M

)
L

ocations

L
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noT
ech

Page
7

A
W

Q
I2

I

Electronic Filing - Received, Clerk's Office, January 6,. 2010 
     * * * * * * PC # 284 * * * * *



A
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ofthe
R
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B

etw
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Fish
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W
aterQ
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C
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A
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W

aterw
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C
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A

rea
W

aterw
ay

System
H
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Im
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D

ecem
ber

8,2009

1.4
O

R
G

A
N

IZ
A

T
IO

N
O

F
T

H
IS

R
E

P
O

R
T

T
he

rem
ainder

of
this

report
is

organized
as

follow
s:

•
S

ection
2

presents
the

analysis
of

dissolved
oxygen

as
it

correlates
to

fish
data

in
the

C
A

W
S

.

•
S

ection
3

discusses
the

analysis
of

tem
perature

data
as

it
correlates

to
fish

data
in

the
C

A
W

S
.

•
S

ection
4

sum
m

arizes
the

prim
ary

findings
of

this
investigation.

R
egression

plots
and

sum
m

ary
statistics

are
included

in
A

ttachm
ents

to
this

report.

L
im
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A
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ofthe
R
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B

etw
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W
aterQ
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C
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A
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W
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A
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W

aterw
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H
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Im
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D

ecem
ber8,2009

2.
C

O
R

R
E

L
A

T
IO

N
O

F
FISH

D
A

TA
W

ITH
D

ISSO
L

V
E

D
O

X
Y

G
E

N
C

O
N

D
IT

IO
N

S

A
s

stated
in

the
preceding

section,
three

of
the

key
questions

in
this

analysis
pertain

to
the

relationship
betw

een
fish

and
dissolved

oxygen.
T

he
statistical

tests
conducted

to
address

these
questions

consisted
of:

•
C

om
parison

of
the

sam
ple

populations
of

fish
m

etrics
collected

during:
1)

attainm
ent

and
2)

nonattainm
ent

of
w

ater
quality

standards.

•
R

egression
of

fish
m

etrics
to

the
percent

of
tim

e
that

the
collection

station
w

as
in

attainm
ent

w
ith

applicable
w

ater
quality

standards.

•
R

egression
of

fish
m

etrics
to

other
representations

of
dissolved

oxygen
concentrations

T
he

first
tw

o
sets

of
tests

w
ere

conducted
both

for
the

current
w

ater
quality

standard
as

w
ell

as
the

proposed
standards.

T
ests

w
ere

further
stratified

to
see

if
significant

differences
existed

betw
een

the
different

use
classifications

contained
in

the
standards.

T
his

section
is

divided
into

discussions
of:

•
Statistical

tests
conducted

•
R

esults
of

com
parisons

of
sam

ple
populations

of
fish

data
representing

attainm
ent

and
nonattainm

ent
of

dissolved
oxygen

standards

•
R

esults
of

correlation
of

fish
data

w
ith

attainm
ent

of
current

dissolved
oxygen

standards

•
R

esults
of

correlation
of

fish
data

w
ith

other
dissolved

oxygen
indicators

F
indings

and
observations

are
sum

m
arized

atthe
end

of
this

section.

2.1
S

T
A

T
IS

T
IC

A
L

T
E

S
T

S
C

O
N

D
U

C
T

E
D

A
series

of
statistical

tests
w

ere
conducted

to
estim

ate
the

correlation
betw

een
observed

fish
m

etrics
and

dissolved
oxygen

concentrations
at

different
locations

in
the

C
A

W
S.

T
hree

specific
types

of
tests

w
ere

conducted:

•
C

om
parison

of
the

sam
ple

populations
of

fish
m

etrics
from

observations
collected

during
attainm

ent
and

nonattainm
ent

of
w

ater
quality

standards

•
R

egression
of

fish
m

etrics
to

the
percent

of
tim

e
that

the
collection

station
w

as
in

com
pliance

w
ith

applicable
w

ater
quality

standards

•
R

egression
of

fish
m

etrics
to

observed
dissolved

oxygen
concentrations

L
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A
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R
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B

etw
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W
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C
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A
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W
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C
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A
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W

aterw
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Im
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D
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8, 2009

T
he

first
tw

o
sets

of
tests

w
ere

conducted
both

for
the

current
w

ater
quality

standard
as

w
ell

as
the

proposed
standards.

E
ach

test
is

described
below

.

2.1.1
C

o
m

p
ariso

n
of

A
ttain

m
en

t
an

d
N

on-A
ttainm

ent
P

o
p

u
latio

n
s

T
he

first
set

of
tests

divided
all

paired
fish-dissolved

oxygen
m

easurem
ents

into
one

of
tw

o
sam

ple
populations:

•
In

com
pliance

w
ith

w
ater

quality
standards,

and

•
O

ut
of

com
pliance

w
ith

w
ater

quality
standards.

“C
om

pliance”
w

ith
standards

w
as

defined
as

com
pliance

w
ith

all
representations

(e.g.
absolute

m
inim

um
,

average)
of

the
standard

in
the

period
of

tim
e

im
m

ediately
prior

to
sam

ple
collection.

If
any

representation
of

the
standard

w
as

not
m

et,
the

sam
ple

w
as

deem
ed

not
in

com
pliance.

T
he

non-param
etric

K
ruskal-W

alIis
test

w
as

used
to

com
pare

the
tw

o
populations

because
the

sam
ple

populations
could

not
be

accurately
characterized

w
ith

a
standard

param
etric

distribution.

T
hese

tests
w

ere
conducted

using
different

layers
of

stratification.
Specifically,

independent
investigations

w
ere

conducted
first

using
the

existing
w

ater
quality

standards
to

define
attainm

ent,
follow

ed
by

the
sam

e
test

using
the

proposed
w

ater
quality

standards.
W

ithin
each

category
of

w
ater

quality
standards,

additional
stratification

w
as

considered
for

each
of

the
use

classifications
defined

in
the

respective
standard.

T
he

stratification
by

use
classification

could
not

be
fully

conducted
for

all
classifications,

as
insufficient

quantity
of

data
existed

in
som

e
of

the
classifications

to
allow

rigorous
com

parisons
to

be
conducted.

2.1.2
R

eg
ressio

n
to

P
ercen

t
T

im
e

in
C

o
m

p
lian

ce

T
he

second
set

of
tests

consisted
of

regression
offish

m
etrics

to
the

percent
of

tim
e

that
the

collection
station

w
as

in
com

pliance
w

ith
applicable

w
ater

quality
standards.

T
he

entire
period

of
record

of
dissolved

oxygen
data

w
as

com
pared

to
the

applicable
w

ater
quality

standard
in

order
to

define
a

percent
com

pliance
value

for
each

sam
pling

station.

Standard
param

etric
linear

regression
tests

w
ere

conducted
for

this
analysis,

as
the

deviations
of

errors
around

the
regressions

w
ere

roughly
norm

ally
distributed.

E
xceptions

to
this

are
noted

as
they

occur.

S
im

ilar
to

the
population

com
parisons

discussed
above,

these
regressions

w
ere

conducted
using

different
layers

of
stratification.

Specifically,
independentinvestigations

w
ere

conducted
first

using
the

existing
w

ater
quality

standards
to

define
attainm

ent,
follow

ed
by

the
sam

e
test

using
the

proposed
w

ater
quality

standards.
A

dditional
stratification

considering
the

use
classifications

defined
in

the
respective

standard
w

as
not

conducted,
as

an
insufficient

quantity
of

data
existed

to
allow

rigorous
com

parisons
to

be
conducted.
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W
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2.1.3
R

eg
ressio

n
to

O
th

er
R

ep
resen

tatio
n
s

of
D

isso
lv

ed
O

x
y
g

en
C

o
n
cen

tratio
n
s

T
he

final
setof

tests
consisted

of
linear

regressions
betw

een
all

observed
fish

m
etrics

and
other

representations
of

dissolved
oxygen

concentrations
(i.e.,

different
than

a
strict

interpretation
of

the
w

ater
quality

standard).
A

w
ide

range
ofrepresentations

of
the

dissolved
oxygen

concentrations
w

ere
exam

ined.
R

esults
are

presented
here

for
the

representations
that

show
ed

the
strongest

correlations,
w

hich
consisted

of:

•
percent

of
tim

e
dissolved

oxygen
less

than
5

m
g/i

in
June

through
Septem

ber

•
48

hour
average

antecedent
dissolved

oxygen

•
48

hour
m

inim
um

antecedent
dissolved

oxygen

S
tandard

param
etric

linear
regression

tests
w

ere
conducted

for
this

analysis,
as

the
deviations

of
errors

around
the

regressions
w

ere
roughly

norm
ally

distributed.
E

xceptions
to

this
are

noted
as

they
occur.

2.2
C

O
M

P
A

R
IS

O
N

O
F

A
T

T
A

IN
M

E
N

T
A

N
D

N
O

N
-A

T
T

A
IN

M
E

N
T

P
O

P
U

L
A

T
IO

N
S

T
his

section
presents

the
results

of
the

com
parison

of
fish

m
etrics

betw
een

tw
o

sam
ple

populations:
1)

data
collected

during
attainm

ent
of

w
ater

quality
standards,

and
2)

data
collected

during
non-attainm

ent
of

w
ater

quality
standards.

C
om

parisons
are

provided
both

for
current

and
proposed

w
ater

quality
standards.

In
sum

m
ary,

fish
m

etrics
from

observations
w

here
standards

w
ere

being
attained

w
ere

generally
better

than
fish

m
etrics

w
here

standards
w

ere
not

in
attainm

ent,
but

the
differences

w
ere

not
statistically

significant.
T

his
sam

e
finding

holds
for

both
the

current
and

proposed
standards.

2.2.1
C

u
rren

t
D

isso
lv

ed
O

xygen
S

tan
d

ard
s

A
nalyses

for
current

dissolved
oxygen

standards
w

ere
firstconducted

on
a

global
basis,

by
considering

all
data

irrespective
of

designated
use

classification.
S

ubsequent
analyses

investigated
com

parisons
specific

to
each

designated
use

classification
(to

the
extent

the
quantity

of
data

allow
ed).

A
llD

esignated
U

ses
C

om
bined

S
egregation

of
data

into
the

attainm
ent

and
nonattainm

ent
categories

resulted
in

a
total

of
36

observations
in

the
attainm

ent
category

and
15

observations
in

the
nonattainm

ent
category.

T
able

2-1
provides

a
sum

m
ary

of
the

statistical
characteristics

of
the

sam
ple

populations
for

each
of

the
tw

elve
fish

m
etrics.

B
ox

and
w

hisker
plots

for
each

com
parison

are
provided

in
A

ttachm
ent

A
,

w
ith

an
exam

ple
plot

show
n

in
Figure

2-1.
T

he
results

in
T

able
2-1

indicate
that

fish
m

etrics
from

sites
in

attainm
ent

of
w

ater
quality

standards
are

generally
better

than
the

corresponding

L
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m
etric

from
sites

in
non-attainm

ent,
w

ith
significant

differences
betw

een
the

tw
o

populations
occurring

for
tw

o
m

etrics.
T

he
m

etrics
show

ing
a

significant
(p<O

.10)
difference

are
num

ber
of

native
m

innow
s

and
num

ber
of

native
sunfish.

T
able

2-1.
S

tatistical
C

haracteristics
of

A
ttainm

ent
and

N
onattainm

ent
P

opulations
(E

xisting
S

tandards,A
ll

D
esignated

U
ses

C
om

bined)

M
etric

A
ttain

m
en

t
N

o
n

attain
m

en
t

S
ig

n
ifican

ce*

M
edian

M
edian

%
D

E
L

T
_(n)

3.6
4.70

0.32

%
IN

S
C

T
_(n)

55.9
71.6

0.55
%

IN
T

_(n)
0.0

0.0
0.17

%
L

T
H

PL
_(n)

75.1
75

0.53

%
M

O
D

_(w
t)

0.9
1.40

0.82

%
T

C
_(w

t)
6.1

6.9
0.51

C
P

U
E

11
7

0.24

G
E

N
.81

0.87
0.42

LITO
T

0.0
0.0

0.49

N
M

IN
3.0

2.0
0.003

N
SU

N
4.0

2.0
0.033

P
R

T
O

L
0.75

0.80
0.28

*It
should

be
noted

that
statistical

significance
is

calculated
for

the
aata

distributions,
not

the
m

edian
values.

B
o
x
p
lo

t
o
f

P
R

T
O

L
v
s

C
o
m

p
lian

ce

1.0

0.9

0.8

0.7

0.6

0.5
*C

C
om

phanE
e

F
igure

2-1.
E

xam
ple

B
ox

and
W

hisper
P

lot
U

sed
for

C
om

parison
of

P
opulations

(C
=

d
ata

in
com

pliance
w

ith
D

.O
.
stan

d
ard

;
N

=
d
ata

not
in

com
pliance

w
ith

P
.O

.
stan

d
ard

)
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S
tratification

by
D

esignated
U

se

T
he

S
econdary

C
ontact

use
w

as
the

only
designated

use
w

ith
sufficientdata

to
conduct

a
com

parison
betw

een
attainm

ent
and

nonattainm
entpopulations.

Segregation
of

data
into

the
attainm

ent
and

nonattainm
ent

categories
resulted

in
a

total
of

24
observations

in
the

attainm
ent

category
and

12
observations

in
the

nonattainm
ent

category.
T

able
2-2

provides
a

sum
m

ary
of

the
statistical

characteristics
of

the
sam

ple
populations

for
each

of
the

tw
elve

fish
m

etrics.
T

he
results

in
T

able
2-2

again
indicate

that
fish

m
etrics

from
sites

in
attainm

ent
of

w
ater

quality
standards

are
generally

better
than

the
corresponding

m
etric

from
sites

in
non-attainm

ent.
T

he
stratification

of
the

analysis
to

focus
on

the
S

econdary
C

ontact
use

increased
the

num
ber

of
significant

differences
betw

een
the

populations
(p<O

.10)
from

tw
o

to
four.

In
addition

to
significant

differences
in

num
ber

of
native

sunfish
and

num
ber

of
native

m
innow

s,
additional

significant
differences

w
ere

observed
for

the
num

ber
of

intolerant
species

by
num

ber
and

the
catch

per
unit

effort.

T
able

2-2.
S

tatistical
C

haracteristics
of

A
ttainm

ent
and

N
onattainm

ent
P

opulations
(E

xisting
S

tandards,
S

econdary
C

ontact
U

ses)

M
etric

A
ttain

m
en

t
N

o
n

attain
m

en
t

S
ig

n
ifican

ce*

M
edian

M
edian

%
D

E
L

T
(n

)
3.75

4.3
0.40

%
IN

S
C

T
_(n)

58.9
49.75

0.87

%
IN

T
_(n)

0.0
0.0

0.08

%
L

T
H

P
L

_(n)
74.75

77.75
0.92

%
M

O
D

(w
t)

1.05
1.45

0.81

%
T

C
_(w

t)
6.25

6.5
0.87

C
P

U
E

22.5
8.5

0.09

G
E

N
0.82

0.87
0.29

LITO
T

0.0
0.0

0.35

N
M

IN
3.0

2.0
0.001

N
SU

N
4.0

2.5
0.05

P
R

T
O

L
0.75

0.79
0.33

2.2.2
P

ro
p

o
sed

D
isso

lv
ed

O
xygen

S
tan

d
ard

s

A
nalyses

for
the

proposed
dissolved

oxygen
standards

w
ere

first conducted
on

a
global

basis,
by

considering
all

data
irrespective

of
designated

use
classification.

Subsequent
analyses

investigated
co

m
p
ariso

n
s

specific
to

each
of

the
tw

o
designated

use
classifications.

A
ll D

esignated
U

ses
C

om
bined

S
egregation

of
data

into
the

attainm
ent

and
nonattainm

ent
categories

resulted
in

a
total

of
27

observations
in

the
attainm

ent
category

and
24

observations
in

the
nonattainm

ent

*Jt
should

be
noted

that
statistical

significance
is

calculated
for

the
data

distributions,
not

the
m

edian
values.
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category.
T

able
2-3

provides
a

sum
m

ary
of

the
statistical

characteristics
of

the
sam

ple
populations

for
each

of
the

tw
elve

fish
m

etrics.

B
ox

and
w

hisker
plots

for
each

com
parison

are
provided

in
the

A
ttachm

ent
A

.
T

he
results

in
T

able
2-3

indicate
that

there
are

no
statistically

significant
(p<O

.10)
differences

betw
een

fish
m

etrics
from

sites
in

attainm
ent

of
w

ater
quality

standards
and

fish
m

etrics
from

sites
not

in
attainm

ent.

T
able

2-3.
S

tatistical
C

haracteristics
of

A
ttainm

ent
and

N
onattainm

ent
P

opulations
(P

roposed
S

tandards,
A

ll
D

esignated
U

ses
C

om
bined)

M
etric

A
ttain

m
en

t
N

o
n
attain

m
en

t
S

ignificance*

M
edian

M
edian

%
D

E
L

T
_(n)

3.1
4.7

0.15

%
IN

S
C

T
_(n)

55.85
71.85

0.10

%
IN

T
(n

)
0.0

0.0
0.38

%
L

T
H

P
L

_(n)
77.7

74.7
0.27

%
M

O
D

_(w
t)

0.85
1.45

0.32

%
T

C
_(w

t)
6.0

7.2
0.68

C
P

U
E

8.0
10.5

0.85

G
E

N
0.82

0.85
0.39

LITO
T

0.0
0.0

0.28

N
M

IN
3.0

2.0
0.46

N
SU

N
4.0

3.0
0.19

P
R

T
O

L
0.76

0.77
0.94

S
tratification

by
D

esignated
U

se

T
he

available
data

w
ere

split
approxim

ately
equally

across
the

tw
o

designated
uses

of
the

proposed
standards,

allow
ing

the
analysis

to
be

stratified
into

individual
analyses

for
U

se
C

ategories
A

and
B

.

Segregation
of

data
into

the
attainm

ent
and

nonattainm
ent

categories
resulted

in
a

total
of

13
observations

in
the

attainm
entcategory

and
10

observations
in

the
nonattainm

ent
category

for
D

esignated
U

se
A

.
T

able
2-4

provides
a

sum
m

ary
of

the
statistical

characteristics
of

the
sam

ple
populations

for
each

of
the

tw
elve

fish
m

etrics.

*Itshould
be

noted
that

statistical
significance

is
calculated

for
the

data
distributions,

not
the

m
edian

values.
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T
able

2-4.
S

tatistical
C

haracteristics
of

A
ttainm

ent
and

N
onattainm

ent
P

opulations
(P

roposed
S

tandards,
D

esignated
U

se
A

)

M
etric

A
ttain

m
en

t
N

o
n

attain
m

en
t

S
ig

n
ifican

ce*

M
edian

M
edian

%
D

E
L

T
_(n)

2.8
4.7

0.17

%
IN

S
C

T
_(n)

53.9
76.1

0.09

%
IN

T
_(n)

0.0
0.2

0.66

%
L

T
H

P
L

_(n)
77.7

55.8
0.12

%
M

O
D

(w
t)

0.65
1.3

0.21

%
T

C
_(w

t)
7.35

12.2
0.14

C
P

U
E

9.5
16.0

0.56

G
E

N
0.82

0.79
0.75

LITO
T

0.0
0.0

0.83

N
M

IN
3.0

3.0
0.45

N
SU

N
5.0

4.0
0.61

P
R

T
O

L
0.76

0.68
0.22

B
ox

and
w

hisker
plots

for
each

com
parison

are
provided

in
the

A
ttachm

ent
A

.
T

he
results

in
T

able
2-4

indicate
that

fish
m

etrics
from

sites
in

attainm
ent

of
w

ater
quality

standards
are

generally
better

than
the

corresponding
m

etric
from

sites
in

non-attainm
ent,

w
ith

significant
differences

(p<O
.10)

betw
een

the
tw

o
populations

occurring
for

only
one

m
etric,

the
num

ber
of

insectivores
by

count.

T
he

above
analysis

w
as

also
conducted

for
D

esignated
U

se
B

.
S

egregation
of

data
into

the
attainm

ent
and

nonattainm
ent

categories
resulted

in
a

total
of

14
observations

in
the

attainm
ent

category
and

14
observations

in
the

nonattainm
ent

category.
T

able
2-5

provides
a

sum
m

ary
of

the
statistical

characteristics
of

the
sam

ple
populations

for
each

of
the

tw
elve

fish
m

etrics.

*It
should

be
noted

that
statistical

significance
is

calculated
for

the
data

distributions,
not

the
m

edian
values.
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A
nalysis

ofthe
R

elationship
B

etw
een

Fish
and

W
aterQ

uality
in

the
C

hicago
A

rea
W

aterw
ay

System
C

hicago
A

rea
W

aterw
ay

System
H

abitat Evaluation
and

Im
provem

entStudy
D

ecem
ber 8,2009

T
able

2-5.
S

tatistical
C

haracteristics
of

A
ttainm

ent
and

N
onattainm

ent
P

opulations
(P

roposed
S

tandards,
D

esignated
U

se
B

)

M
etric

A
ttain

m
en

t
N

o
n
attain

m
en

t
S

ignificance*

M
edian

M
edian

%
D

E
L

T
_(n)

4.20
4.7

0.47

%
IN

S
C

T
_(n)

62.0
57.1

0.62

%
IN

T
_(n)

0.0
0.0

0.07

%
L

T
H

P
L

_(n)
75.5

75.0
0.69

%
M

O
D

_(w
t)

1.0
1.9

0.70

%
T

C
_(w

t)
6.0

4.90
0.66

C
P

U
E

8.0
7.0

0.59

G
E

N
0.82

0.87
0.39

LITO
T

0.0
0.0

0.07

N
M

IN
3.0

2.0
0.20

N
SU

N
3.0

2.0
0.44

P
R

T
O

L
0.764

0.778
0.58

*It
should

be
noted

that
statistical

significance
is

calculated
for

the
data

distributions,
not

the
m

edian
values.

B
ox

and
w

hisker
plots

for
each

com
parison

are
provided

in
the

A
ttachm

ent
A

.
T

he
results

in
T

able
2-5

indicate
that

fish
m

etrics
from

sites
in

attainm
ent

of
w

ater
quality

standards
are

slightly
better

than
the

corresponding
m

etric
from

sites
in

non-attainm
ent,

but
that

significant
differences

betw
een

the
tw

o
populations

are
uncom

m
on.

T
he

only
m

etrics
show

ing
a

significant
(p<O

. 10)
difference

are
%

intolerant
species

by
num

ber
and

the
IL

ratio
of

non
tolerant

coarse-m
ineral-substrate

spaw
ners.

C
om

parison
o
f E

xisting
and

P
roposed

S
tandards

Fish
m

etrics
from

observations
w

here
standards

w
ere

being
attained

w
ere

generally
better

than
fish

m
etrics

w
here

standards
w

ere
not

in
attainm

ent,
but

m
ost

differences
w

ere
not

statistically
significant.

T
his

sam
e

finding
holds

for
both

the
current

and
proposed

standards,
although

the
current

standards
show

ed
a

higher
num

ber
of

significant
differences

than
do

the
proposed

standards.
T

his
m

ay
im

ply
that

com
pliance

w
ith

current
standards

is
a

better
predictor

of
fish

health
than

are
the

proposed
standards.

2
3

R
E

G
R

E
S

S
IO

N
T

O
P

E
R

C
E

N
T

O
F

T
IM

E
IN

C
O

M
P

L
IA

N
C

E

T
his

section
presents

the
results

of regression
of

fish
m

etrics
to

the
percent

of
tim

e
that

the
collection

station
w

as
in

com
pliance

w
ith

applicable
w

ater
quality

standards.
C

om
parisons

are
provided

both
for

current
and

proposed
w

ater
quality

standards.

2.3.1
C

u
rren

t
D

isso
lv

ed
O

xygen
S

tan
d
ard

s

T
able

2-6
provides

regression
results

betw
een

all
tw

elve
fish

m
etrics

and
percent

attainm
ent

of
dissolved

oxygen
standards

for
the

current
standards.

A
lso

included
is

a
com

parison
to

a
“com

bined
fish

m
etric”.

T
his

value
represents

the
sum

of
the

L
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A
nalysis

ofthe
R

elationship
B

etw
een

Fish
and

W
aterQ

uality
in

the
C

hicago
A

rea
W

aterw
ay

System
C

hicago
A

rea
W

aterw
ay

System
H

abitatEvaluation
and

Im
provem

entStudy
D

ecem
ber

8,2009

standardized
values

of
the

non-A
C

M
m

etrics
(i.e.,

not including
%

_D
E

L
T

(n)
and

C
PU

E
).

T
his

“com
bined

fish
m

etric”,
or

C
FM

,
is

also
used

to
evaluate

physical
habitat

data
in

the
C

A
W

S.
Scatter

plots
for

each
regression

are
provided

in
the

A
ttachm

ent
B

,
w

ith
a

sam
ple

plot
show

n
in

F
igure

2-2.
T

he
results

in
T

able
2-6

indicate
a

slightpositive
correlation

betw
een

fish
m

etrics
and

percent
attainm

ent
of

w
ater

quality
standards.

S
ignificant

regressions
(i.e.

slope
unequal

to
zero

at
a

significance
level

<
0.10)

are
observed

for
tw

o
m

etrics,
num

ber
of

native
sunfish

species
and

the
percent

top
carnivores.

T
he

percent
m

oderately
intolerant

species
by

w
eight

m
etric

had
a

significance
of

0.10.
R

-squared
values

are
less

than
0.05

for
all

regressions
except

for
the

three
m

entioned
above,

w
hich

range
from

0.16
to

0.21.

T
able

2-6.
R

egression
C

haracteristics
of

F
ish

M
etrics

vs.
P

ercent
A

ttainm
ent

of
D

issolved
O

xygen
S

tandards,
C

u
rren

t
S

tandards

M
etric

r2
S

ignificance
%

D
E

L
T

_(n)
0.03

0.48
%

IN
S

C
T

_(n)
0.0

0.95
%

IN
T

_(n)
0.06

0.35
%

L
T

H
P

L
_(n)

0.02
0.62

%
M

O
D

_(w
t)

0.16
0.10

%
T

C
_(w

t)
0.21

0.06
C

P
U

E
0.0

0.87
G

E
N

0.05
0.40

L
IT

O
T

0.05
0.38

N
M

IN
0.02

0.59
N

SU
N

0.21
0.05

P
R

T
O

L
0.02

0.57
C

om
bined

Fish
M

etric
0.02

0.6

A
v

erag
e

o
f

N
SU

N
765

y=
5
.6

2
2
8
x
-

1.3848
•

•
.

R
=

0
.2

1
4
2

•
•

H
E

’
,

50%
60%

70%
80%

90%
100%

%
C

om
pliance

u
n

d
er

P
roposed

S
tandards

F
igure

2-2.
E

xam
ple

S
catter

P
lot

U
sed

for
R

egression
of

F
ish

M
etrics

to
P

ercent
C

om
pliance
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A
nalysis

ofthe
R

elationship
B

etw
een

Fish
and

W
aterQ

uality
in

the
C

hicago
A

rea
W

aterw
ay

System
C

hicago
A

rea
W

aterw
ay

System
H

abitatEvaluation
and

Im
provem

entStudy
D

ecem
ber

8, 2009

2.3.2
P

ro
p
o
sed

D
issolved

O
xygen

S
tan

d
ard

s

T
able

2-7
provides

regression
results

betw
een

all
tw

elve
fish

m
etrics

and
percent

attainm
entof

dissolved
oxygen

standards
for

the
proposed

standards.
Scatter

plots
for

each
regression

are
provided

in
the

A
ttachm

ent
B

.
T

he
results

in
T

able
2-7

also
indicate

a
positive

correlation
betw

een
fish

m
etrics

and
percent

attainm
ent

of
w

ater
quality

standards.
S

ignificant
regressions

(i.e.
slope

unequal
to

zero
at

a
significance

level
<

0.10)
w

ere
observed

for
only

one
m

etric,
the

num
ber

of
native

sunfish.
T

he
significance

of
the

regression
w

ith
the

percent
top

carnivores
w

as
0.10.

T
able

2-7.
R

egression
C

haracteristics
of

F
ish

M
etrics

vs.
P

ercent
A

ttainm
ent

of
D

issolved
O

xygen
S

tandards,
P

roposed
S

tandards

M
etric

r2
S

ig
n

ifican
ce

%
D

E
L

T
_(n)

0.05
0.37

%
IN

S
C

T
_(n)

0.001
0.91

%
IN

T
_(n)

0.12
0.17

%
L

T
H

P
L

_(n)
0.02

0.56
%

M
O

D
_(w

t)
0.15

0.12
%

T
C

_(w
t)

0.16
0.10

C
P

U
E

0.02
0.61

G
E

N
0.03

0.47
LITO

T
0.10

0.19
N

M
IN

0.0
0.89

N
SU

N
0.30

0.02
P

R
T

O
L

0.08
0.26

C
om

bined
Fish

M
etric

0.07
0.28

C
om

parison
o
f E

xisting
and

P
roposed

S
tandards

T
he

relationships
betw

een
fish

m
etrics

and
attainm

ent
of

standards
are

not
any

stronger
for

the
proposed

standards
than

for
the

existing
standards.

In
fact,

attainm
entof

existing
standards

appears
to

have
a

slightly
better

correlation
to

fish
m

etrics
than

the
proposed

standards.

2.4
R

E
G

R
E

S
S

IO
N

T
O

O
T

H
E

R
R

E
P

R
E

S
E

N
T

A
T

IO
N

S
O

F
D

ISSO
L

V
E

D
O

X
Y

G
E

N
C

O
N

C
E

N
T

R
A

T
IO

N
S

T
he

final
setof

tests
com

pared
all

observed
fish

m
etrics

and
other

(i.e.
different

than
a

strict
interpretation

of
the

w
ater

quality
standard)

representations
of

dissolved
oxygen.

R
esults

for
the

representations
that

show
ed

the
strongest

correlations
to

fish
m

etrics
are

provided
below

,
and

consist
of:

•
percent

of
tim

e
dissolved

oxygen
less

than
5

m
gIL

in
June

through
S

eptem
ber

L
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A
nalysis

of the
R

elationship
B

etw
een

Fish
and

W
aterQ

uality
in

the
C

hicago
A

rea
W

aterw
ay

System
C

hicago
A

rea
W

aterw
ay

System
H

abitatEvaluation
and

Im
provem

entStudy
D

ecem
ber

8,2009

•
48

hour
average

antecedentdissolved
oxygen

•
48

hour
m

inim
um

antecedent
dissolved

oxygen

2.4.1
P

ercen
t

of
T

im
e

D
isso

lv
ed

O
xygen

L
ess

th
an

5
m

g/I
in

Ju
n

e
th

ro
u
g

h
S

ep
tem

b
er

T
able

2-8
provides

regression
results

betw
een

all
tw

elve
fish

m
etrics

and
the

percent
of

tim
e

dissolved
oxygen

concentration
are

less
than

5
m

gll
in

June
through

Septem
ber.

Scatter
plots

for
each

regression
are

provided
in

A
ttachm

ent
B

.
T

he
results

in
T

able
2-8

also
indicate

a
positive

correlation
betw

een
fish

m
etrics

and
percent

attainm
ent

of
w

ater
quality

standards.
S

ignificant
regressions

(i.e.
slope

unequal
to

zero
ata

significance
level

<
0.10)

are
seen

for
over

half
of

the
m

etrics,
w

ith
four

of
these

significant
regressions,

including
the

com
bined

fish
m

etric,
having

significance
levels

less
than

0.001.
D

espite
the

significant
regressions,

r-squared
values

are
still

low
,

w
ith

all
but

three
being

less
than

0.2.

T
able

2-8.
R

egression
C

haracteristics
of

F
ish

M
etrics

vs.
P

ercent
of

T
im

e
D

issolved
O

xygen
L

ess
T

han
5

in
Ju

n
e

through
S

eptem
ber

F
ish

M
etric

r2
S

ig
n

ifican
ce

%
D

E
L

T
_(n)

0.05
0.06

C
P

U
E

0.12
0.004

%
L

T
H

P
L

_(n)
0.005

0.59
%

T
C

_(w
t)

0.02
0.24

P
R

T
O

L
0.26

8.81
E

-06
LITO

T
0.09

0.01
N

M
IN

0.16
6.99E

-04
N

SU
N

0.44
9.31E

-10
G

E
N

0.01
0.55

%
IN

T
_(n)

0.12
0.005

%
M

O
D

_(w
t)

0.01
0.35

%
IN

S
C

T
_(n)

6.50E
-05

0.95
C

om
bined

Fish
M

etric
0.27

5.91
E

-06

2.4.2
48-H

our
A

v
erag

e
A

n
teced

en
t

D
isso

lv
ed

O
xygen

T
able

2-9
provides

regression
results

betw
een

all
tw

elve
fish

m
etrics

and
the

48
hour

average
antecedent

dissolved
oxygen.

Scatter
plots

for
each

regression
are

provided
in

A
ttachm

ent
B

.T
he

results
in

T
able

2-9
also

indicate
a

positive
correlation

betw
een

fish
m

etrics
and

percent
attainm

ent
of

w
ater

quality
standards.

Significant
regressions

(i.e.
slope

unequal
to

zero
at

a
significance

level
<

0.10)
are

seen
for

half
of

the
m

etrics.
D

espite
the

significant
regressions,

the
m

axim
um

observed
r-squared

w
as

0.17.
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A
nalysis

ofthe
R

elationship
B

etw
een

Fish
and

W
aterQ

uality
in

the
C

hicago
A

rea
W

aterw
ay

System
C

hicago
A

rea
W

aterw
ay

System
H

abitatEvaluation
and

Im
provem

entStudy
D

ecem
ber 8,2009

T
able

2-9.
R

egression
C

haracteristics
of

F
ish

M
etrics

vs.
48

H
our

A
verage

A
ntecedent

D
issolved

O
xygen

F
ish

M
etric

r2
S

ig
n
ifican

ce
%

D
E

L
T

_(n)
0.04

0.14
C

P
U

E
0.01

0.38
%

L
T

H
P

L
(n)

0.002
0.75

%
T

C
(w

t)
0.07

0.03
P

R
T

O
L

0.07
0.04

LITO
T

0.04
0.10

N
M

IN
0.08

0.02
N

SU
N

0.17
6.98E

-04
G

E
N

0.01
0.36

%
IN

T
_(n)

0.06
0.06

%
M

O
D

_(w
t)

0.01
0.41

%
IN

S
C

T
_(n)

0.001
0.77

C
om

bined
Fish

M
etric

0.08
0.02

2.4.3
48-H

our
M

inim
um

A
n

teced
en

t
D

isso
lv

ed
O

xygen

T
able

2-10
provides

regression
results

betw
een

all
tw

elve
fish

m
etrics

and
the

48
hour

m
inim

um
antecedent

dissolved
oxygen.

S
catter

plots
for

each
regression

are
provided

in
A

ttachm
ent

B
.

T
he

results
in

T
able

2-10
also

indicate
a

slight
positive

correlation
betw

een
fish

m
etrics

and
dissolved

oxygen.
S

ignificant
regressions

(i.e.
slope

unequal
to

zero
at

a
significance

level
<

0.10)
are

seen
for

four
of

the
m

etrics.
D

espite
the

significant
regressions,

r-squared
values

are
still

low
,

w
ith

all
but

one
being

less
than

0.12.T
able

2-10.
R

egression
C

haracteristics
of

F
ish

M
etrics

vs.48
H

our
M

inim
um

A
ntecedent

D
issolved

O
xygen

F
ish

M
etric

r2
S

ig
n

ifican
ce

%
D

E
L

T
_(n)

0.03
0.15

C
P

U
E

0.002
0.71

%
L

T
H

P
L

_(n)
0.001

0.77
%

T
C

_(w
t)

0.06
0.05

P
R

T
O

L
0.02

0.30
LITO

T
0.04

0.12
N

M
IN

0.08
0.03

N
SU

N
0.12

0.01
G

E
N

0.02
0.32

%
IN

T
_(n)

0.05
0.08

%
M

O
D

(w
t)

0.03
0.22

%
IN

S
C

T
(n

)
2.78E

-04
0.90

C
om

bined
Fish

M
etric

0.05
0.09
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A
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R
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B

etw
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Fish
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W
ater Q

uality
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the
C

hicago
A
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W

aterw
ay

System
C

hicago
A

rea
W

aterw
ay

System
H

abitatEvaluation
and

Im
provem

entStudy
D

ecem
ber8,2009

2.5
O

B
S

E
R

V
A

T
IO

N
S

T
he

statistical
analyses

presented
here

support
the

follow
ing

observations:

•
Fish

m
etrics

from
observations

w
here

standards
w

ere
being

attained
w

ere
slightly

better
than

fish
m

etrics
w

here
standards

w
ere

notin
attainm

ent,
but

m
ost

of
the

differences
w

ere
not

statistically
significant.

T
his

sam
e

finding
holds

for
both

the
current

and
proposed

standards.

•
T

here
is

generally
a

sm
all

positive
correlation

betw
een

observed
fish

m
etrics

and
percent

attainm
ent

of
dissolved

oxygen
standards.

T
hese

correlations
are

also
typically

not
statistically

significant.
T

his
sam

e
finding

holds
for

both
the

current
and

proposed
standards.

•
T

he
relationships

betw
een

fish
m

etrics
and

attainm
ent

of
existing

standards
are

sim
ilar

to
those

betw
een

fish
m

etrics
and

attainm
ent

of
proposed

standards,
giving

no
strong

indication
that

the
proposed

w
ater

quality
standards

w
ill

im
prove

fisheries.

•
T

he
correlation

of
top

carnivores
w

ith
w

ater
quality

standards
is

w
orth

noting.
T

op
carnivores

can
be

an
im

portant
indicator

m
etric,

because
a

robust
top

carnivore
population

indicates
thatfish

species
farther

dow
n

the
food

chain
are

also
thriving.

In
this

analysis
the

percent
top

carnivores
by

w
eight

w
as

one
of

the
m

ost
strongly

correlated
variables

w
ith

the
percent

of
tim

e
existing

w
ater

quality
standards

are
attained

(r2
=

0.21;
p

=
0.06).

H
ow

ever,
although

this
m

etric
w

as
also

correlated
w

ith
the

percent
of

tim
e

proposed
w

ater
quality

standards
w

ould
be

attained,
the

relationship
is

noticeably
w

eaker
(r2

=
0.16;

p
=

0.10).
T

his
indicates

that
the

current
w

ater
quality

standards
are

sufficientto
supporttop

carnivores
and

that
changing

the
w

ater
quality

standard
for

dissolved
oxygen

w
ill

not
necessarily

im
prove

the
percentage

of
top

carnivores.

•
T

here
is

a
statistically

significant
(p<O

. 1)
correlation

betw
een

dissolved
oxygen

concentration
and

several
fish

m
etrics.

H
ow

ever,
the

r-squared
values

for
these

significant
regressions

are
relatively

low
(generally

less
than

0.2,
w

ith
only

three
exceptions

noted),
indicating

that
dissolved

oxygen
concentrations

alone
cannot

serve
as

strong
predictor

of
fish

health.

•
T

he
dissolved

oxygen
m

etric
that

exhibited
the

strongest
correlations

w
ith

fish
m

etrics
w

as
the

percent
of

tim
e

dissolved
oxygen

w
as

less
than

5
m

gIL
betw

een
June

and
S

eptem
ber.

T
hree

fish
m

etrics
had

r-squared
values

greater
than

0.2
for

this
D

.O
.

m
etric

and
one

of
them

(N
SU

N
)

had
an

r-squared
of

0.44
(p<

0.000001),
suggesting

a
significant,relatively

strong
relationship

betw
een

thatfish
m

etric
and

thatD
.O

.
m

etric.
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3.
C

O
R

R
E

L
A

T
IO

N
O

F
FISH

D
A

TA
W

ITH
T

E
M

PE
R

A
T

U
R

E
C

O
N

D
IT

IO
N

S

A
s

discussed
in

Section
1

of
this

report,
w

ater
quality

data
from

the
A

W
Q

M
and

C
D

O
M

program
s

w
ere

review
ed

to
identify

w
ater

quality
param

eters,
in

addition
to

dissolved
oxygen,

that
should

be
included

in
this

analysis.
For

the
reasons

outlined
in

section
1.3.1,

the
only

w
ater

quality
param

eter
other

than
dissolved

oxygen
included

w
as

tem
perature.

F
or

this
analysis,

tem
perature

data
w

ere
param

eterized
to

represent
tw

o
sets

of
conditions:

•
W

ater
quality

standards
for

tem
perature.

•
T

em
perature

conditions
in

the
period

im
m

ediately
preceding

collection
of

fish
sam

ples.

E
ach

of
these

is
discussed

in
detail

below
.

3.1
R

E
G

R
E

S
S

IO
N

T
O

P
E

R
C

E
N

T
O

F
T

IM
E

IN
C

O
M

P
L

IA
N

C
E

T
his

section
presents

the
results

ofregression
of

fish
m

etrics
to

the
percent

of
tim

e
that

the
collection

station
w

as
in

com
pliance

w
ith

applicable
w

ater
quality

standards
relating

to
w

ater
tem

perature.
C

om
parisons

are
provided

both
for

current
and

proposed
w

ater
quality

standards.

3.1.1
C

u
rren

t
T

em
p

eratu
re

S
tan

d
ard

s

T
em

perature
data

collected
from

C
D

O
M

stations
in

the
C

A
W

S
w

ere
review

ed
to

identify
data

events
that

w
ere

not
in

com
pliance

w
ith

w
ater

quality
standards,

as
w

ell
as

the
frequency

and
location

of
these

events.
T

he
follow

ing
observations

w
ere

m
ade

from
this

review
:

•
In

G
eneral

U
se

w
aters,

the
only

exceedances
of

tem
perature

w
ater

quality
standards

occurred
in

2001
and

w
ere

lim
ited

to
tw

o
C

D
O

M
stations.

N
o

exceedances
of

tem
perature

w
ater

quality
standards

w
ere

noted
in

G
eneral

U
se

w
aters

from
2002

through
2007.

•
In

S
econdary

C
ontact

and
Indigenous

A
quatic

L
ife

w
aters,

the
only

events
of

n
o

n
com

pliance
w

ith
current

w
ater

quality
standards

for
tem

perature
occurred

in
2001

and
2005.

A
vailable

data
indicated

full
com

pliance
w

ith
w

ater
quality

standards
in

2002,
2003,

2004,
2006,

and
2007.

F
urtherm

ore,
the

recorded
exceedances

of
the

current
w

ater
quality

standard
for

tem
perature

in
these

w
aters

w
ere

lim
ited

to
one

C
D

O
M

location
on

the
C

hicago
S

anitary
and

S
hip

C
anal,

near
the

M
idw

est
G

eneration
pow

er
plant.
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B
ecause

only
lim

ited
exceedances

of
current

w
ater

quality
standards

for
tem

perature
occurred

from
2001

to
2007,

it
w

as
decided

that
evaluation

of
rate

of
com

pliance
w

ith
the

current
w

ater
quality

standards
w

ould
not

be
useful

in
this

analysis.

3.1.2
P

ro
p
o
sed

T
em

p
eratu

re
S

tan
d

ard
s

T
he

w
ater

quality
standards

proposed
by

the
IE

P
A

include
different

use
assignm

ents
for

w
aters

in
the

C
A

W
S

as
w

ell
as

m
ore

stringent
num

eric
criteria

for
tem

perature.
T

he
C

D
O

M
tem

perature
data

from
2001

through
2007

w
ere

evaluated
to

assess
w

hat
rates

of
com

pliance
w

ould
have

been,
had

the
proposed

standards
been

in
place

during
the

data
period

and
how

that
w

ould
relate

to
fish

in
the

C
A

W
S.

T
he

results
are

presented
below

.

P
ercento

f
T

im
e

D
aily

M
axim

a
E

xceeded
in

P
receding

12
M

onths

T
able

3-1
provides

regression
results

betw
een

all
tw

elve
fish

m
etrics

and
the

percent
of

the
tim

e
the

daily
m

axim
um

tem
perature

exceeded
the

m
axim

um
proposed

w
ater

quality
tem

perature
standard

in
the

tw
elve-m

onth
period

preceding
each

fish
sam

pling
event.

Scatter
plots

for
each

regression
are

provided
in

A
ttachm

ent
C

and
an

exam
ple

is
presented

in
Figure

3-1.
A

lthough
the

results
in

T
able

3-1
indicate

a
positive

correlation
betw

een
fish

m
etrics

and
percent

attainm
ent

of
w

ater
quality

standards,
the

r-squared
values

are
very

low
(all

less
than

0.04).
Furtherm

ore,
only

one
of

the
regressions

(N
SU

N
)

is
statistically

significant
at

the
90%

confidence
level

(i.e.,
significance

<
0.10).

T
able

3-1.
R

egression
C

haracteristics
of

F
ish

M
etrics

vs.
P

ercent
of

T
im

e
P

roposed
D

aily
M

axim
um

T
em

p
eratu

re
S

tan
d

ard
E

xceeded
in

P
receding

12
M

onths

F
ish

M
etric

r2
S

ig
n

ifican
ce

%
D

E
L

T
_(n)

0.003
0.65

C
P

U
E

0.002
0.74

%
L

T
H

P
L

_(n)
0.002

0.71
%

T
C

_(w
t)

0.01
1

0.37
P

R
T

O
L

0.004
0.61

LITO
T

0.007
0.74

N
M

IN
0.002

0.74
N

SU
N

0.038
0.10

G
E

N
0.028

0.16
%

IN
T

_(n)
0.007

0.48
%

M
O

D
_(w

t)
1.44E

-07
1.00

%
IN

S
C

T
_(n)

0.006
0.53

C
om

bined
Fish

M
etric

0.03
0.18
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F
igure

3-1.
E

xam
ple

S
catter

P
lot

S
how

ing
R

egression
of

N
SU

N
vs.

P
ercent

of
T

im
e

P
roposed

D
aily

M
axim

um
T

em
p

eratu
re

S
tan

d
ard

E
xceeded

in
P

receding
12

M
onths

P
ercento

f
T

im
e

P
eriod

M
axim

a
E

xceeded
by

M
ore

than
2°C

T
able

3-2
provides

regression
results

betw
een

fish
m

etrics
and

the
percent

of
the

tim
e

daily
m

axim
um

tem
perature

exceeded
the

m
axim

um
proposed

w
ater

quality
tem

perature
standard

by
greater

than
2°C

w
ithin

a
regulatory

period.
Scatter

plots
for

each
regression

are
provided

in
A

ttachm
ent

C
.

T
he

results
in

T
able

3-2
indicate

a
positive

correlation
betw

een
fish

m
etrics

and
percent

attainm
ent

of
w

ater
quality

standards,
butthe

r-squared
values

are
all

less
than

0.02
and

none
are

statistically
significant

at
a

significance
level

<

0.10.

10

N
um

ber
of

IL
native

su
n

fish
sp

ecies
vs.

%
T

im
e

D
aily

M
ax

E
xceeded

P
rev

io
u
s

12
M

onths

zDU
)

z

987654320

0%
5
%

•A
a

•A
b

A
A

t

•
A

g

O
B

a

•
B

b

—
B

e

D
B

d

10%
15%

2
0

%
2

5
%

%
T

im
e

D
aily

M
ax

E
xceeded

P
revious

12
M

onths
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T
able

3-2.
R

egression
C

haracteristics
of

F
ish

M
etrics

vs.
P

ercent
of

T
im

e
P

roposed
D

aily
M

axim
um

T
em

perature
S

tandard
E

xceeded
by

g
reater

than
2°C

in
R

egulatory
P

eriod

F
ish

M
etric

r2
S

ig
n

ifican
ce

%
D

E
L

T
_(n)

0.009
0.41

C
P

U
E

0.001
0.84

%
L

T
H

PL
_(n)

0.003
0.64

%
T

C
_(w

t)
0.009

0.42
P

R
T

O
L

0.008
0.45

LITO
T

0.002
0.63

N
M

IN
0.003

0.63
N

SU
N

0.014
0.32

G
E

N
0.019

0.25
%

IN
T

_(n)
0.003

0.67
%

M
O

D
_(w

t)
2.22E

-04
0.90

%
IN

S
C

T
_(n)

0.002
0.73

C
om

bined
Fish

M
etric

0.013
0.34

E
xceedance

o
f P

eriod
A

verage
T

em
perature

Station
com

pliance
w

ith
regulatory

period
average

tem
perature

lim
its

w
as

evaluated
for

correlation
w

ith
fish

m
etrics,

but
itw

as
found

that
only

tw
o

fish
surveys

occurred
in

conjunction
w

ith
data

that
w

ould
have

exceeded
the

proposed
w

ater
quality

standards
for

tem
p
eratu

re
7.

B
ecause

of
the

very
low

num
ber

of
fish

sam
pling

events
that

w
ere

concurrent
w

ith
conditions

that
w

ould
have

exceeded
the

proposed
average

tem
perature

standard,
correlation

of
that

standard
w

ith
fish

m
etrics

w
as

not
useful.

3.2
C

O
R

R
E

L
A

T
IO

N
O

F
FISH

D
A

T
A

W
IT

H
A

N
T

E
C

E
D

E
N

T
T

E
M

P
E

R
A

T
U

R
E

C
O

N
D

IT
IO

N
S

Fish
m

etrics
w

ere
also

correlated
w

ith
tem

perature
conditions

antecedent
to

fish
sam

pling
events

to
identify

possible
relationships

to
short-term

tem
perature

conditions.
T

he
results

are
discussed

below
.

3.2.1
24-H

our
A

n
teced

en
t

A
v

erag
e

T
em

p
eratu

re

T
able

3-3
provides

regression
results

betw
een

all
tw

elve
fish

m
etrics

and
the

24-hour
average

antecedent
tem

perature
(°C

).
Scatter

plots
for

each
regression

are
provided

in
A

ttachm
ent

C
.

A
s

w
ith

other
com

parisons
to

tem
perature

m
etrics,

the
results

in
T

able
3-3

indicate
a

positive
correlation

betw
een

fish
m

etrics
and

24-hour
antecedent

average
tem

perature,
but

low
r-squared

values
suggest

relatively
w

eak
relationships.

O
nly

three
of

A
W

Q
M

#75
averaged

32.7°C
in

A
ugust

2005
and

A
W

Q
M

#92
averaged

30.4°C
in

early
Septem

ber
2002,

w
hich

w
ere

both
greater

than
the

average
tem

perature
standard

for
their

respective
regulatory

periods
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the
individual

fish
m

etrics
in

these
regressions

w
ere

found
to

have
statistical

significance
at

the
90%

confidence
level

(significance
level

<
0.10):

L
IT

O
T

,
N

S
U

N
and

%
IN

T
_(n).

T
he

com
bined

fish
m

etric
also

had
a

statistically
significant

r-squared
value.

T
able

3-3.
R

egression
C

haracteristics
of

F
ish

M
etrics

vs.
24

H
our

A
verage

A
ntecedent

T
em

perature

F
ish

M
etric

r2
S

ig
n

ifican
ce

%
D

E
L

T
_(n)

0.02
0.21

C
P

U
E

0.02
0.26

%
L

T
H

PL
_(n)

0.002
0.75

%
T

C
_(w

t)
0.02

0.26
P

R
T

O
L

0.002
0.74

LITO
T

0.04
0.08

N
M

IN
3.40E

-04
0.88

N
SU

N
0.18

2.13E
-04

G
E

N
0.03

0.13
%

IN
T

_(n)
0.05

0.07
%

M
O

D
_(w

t)
0.02

0.23
%

IN
S

C
T

_(n)
0.01

0.51
C

om
bined

Fish
M

etric
0.06

0.04

3.2.2
48-H

our
A

n
teced

en
t

A
v
erag

e
T

em
p

eratu
re

T
able

3-4
provides

regression
results

betw
een

all
tw

elve
fish

m
etrics

and
the

48-hour
average

antecedent
tem

perature
(°C

).
S

catter
plots

for
each

regression
are

provided
in

A
ttachm

ent
C

.
T

hese
results

are
sim

ilar
to

those
for

the
24-hour

antecedent
tem

perature
condition,

w
ith

very
low

r-squared
values,

and
statistically

significant
regressions

only
for

L
IT

O
T

,
N

S
U

N
and

%
IN

T
_(n).

T
able

3-4.
R

egression
C

haracteristics
of

F
ish

M
etrics

vs.
48

H
our

A
verage

A
ntecedent

T
em

perature

F
ish

M
etric

r2
S

ig
n

ifican
ce

%
D

E
L

T
_(n)

0.02
0.28

C
P

U
E

0.03
0.17

%
L

T
H

P
L

_(n)
0.002

0.73
%

T
C

_(w
t)

0.02
0.28

P
R

T
O

L
0.003

0.65
LITO

T
0.06

0.04
N

M
IN

4.56E
-04

0.86
N

SU
N

0.21
9.57E

-05
G

E
N

0.03
0.19

%
IN

T
_(n)

0.06
0.04

%
M

O
D

_(w
t)

0.02
0.25

%
IN

S
C

T
_(n)

0.01
0.44

C
om

bined
Fish

M
etric

0.08
0.02

L
im

noT
ech

Page
27

Electronic Filing - Received, Clerk's Office, January 6,. 2010 
     * * * * * * PC # 284 * * * * *



A
nalysis

ofthe
R

elationship
B

etw
een

Fish
and

W
aterQ

uality
in

the
C

hicago
A

rea
W

aterw
ay

System
C

hicago
A

rea
W

aterw
ay

System
H

abitatEvaluation
and

Im
provem

entStudy
D

ecem
ber8, 2009

3.3
O

B
SE

R
V

A
T

IO
N

S

T
he

statistical
analyses

presented
here

supportthe
follow

ing
observations:

•
A

s
w

ith
com

parison
to

dissolved
oxygen,

there
is

a
slight

positive
correlation

betw
een

observed
fish

m
etrics

and
percent

attainm
ent

of
proposed

tem
perature

standards,
but

correlations
are

rarely
statistically

significant.

•
V

ery
sm

all
positive

correlations
are

also
apparent

betw
een

fish
m

etrics
and

sh
o
rt

term
antecedent

tem
peratures,

but
the

correlations
are

statistically
significantonly

for
three

individual
m

etrics,
LITO

T,N
SU

N
and

%
IN

T
_(n)

and
for

the
com

bined
fish

m
etric.

T
he

very
low

r-squared
values

for
these

significant
regressions

indicate
that

tem
perature

alone
is

not
a

strong
indicator

of
fish

health.
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4.
FIN

D
IN

G
S

T
he

follow
ing

overall
findings

can
be

draw
n

from
this

analysis:

•
F

ish
m

etrics
are

positively
correlated

to
dissolved

oxygen,
but

dissolved
oxygen

is
a

poor
predictor

of
fish

m
etrics.

A
few

fish
m

etrics
show

ed
statistically

significant
correlation

to
observed

dissolved
oxygen

concentration,
w

ith
higher

dissolved
oxygen

concentrations
resulting

in
slightly

better
m

etrics.
T

his
result

does
not

necessarily
indicate

that
oxygen

concentrations
are

the
prim

ary
factor

controlling
fish

health.
T

he
statistical

m
axim

“C
orrelation

does
not

im
ply

causation”
applies

here.
Furtherm

ore,
the

r-squared
values

betw
een

fish
m

etrics
and

dissolved
oxygen

concentration
are

relatively
low

for
the

m
ost

part
(i.e.

generally
less

than
0.2).

ft
should

be
noted

that
this

finding
does

not
necessarily

indicate
that

oxygen
concentrations

are
an

unim
portant

predictor
of

fish
health.

T
he

dissolved
oxygen

concentrations
used

in
these

regressions
do

not
fully

represent
the

historical
exposure

of
the

sam
pled

fish
to

oxygen.
Fish

are
m

obile,
and

m
ay

be
exposed

to
dissolved

oxygen
concentrations

significantly
different

that
the

ones
reflected

at
the

oxygen
m

onitoring
location

during
the

tim
e

of
fish

collection.

•
In

term
s

of
ability

to
explain

fish
data

in
the

C
A

W
S

,
com

pliance
w

ith
new

stan
d

ard
s

is
sim

ilar
to

com
pliance

w
ith

existing
stan

d
ard

s.
Fish

m
etrics

from
observations

w
here

standards
w

ere
being

attained
w

ere
generally

better
than

fish
m

etrics
w

here
standards

w
ere

not
in

attainm
ent,

but
m

ost
differences

w
ere

not
statistically

significant.
In

addition,
fish

m
etrics

show
ed

a
positive

correlation
to

the
percent

of
tim

e
that

standards
w

ere
attained

at
a

station.
T

hese
findings

hold
for

both
the

current
and

proposed
standards,

although
the

current
standards

show
ed

a
higher

num
ber

of
significant

differences
than

do
the

proposed
standards.

T
his

m
ay

im
ply

that
com

pliance
w

ith
current

standards
is

a
better

predictor
of

fish
health

than
are

the
proposed

standards.

•
S

om
e

fish
m

etrics
are

positively
correlated

to
tem

p
eratu

re,
b
u
t

m
ore

poorly
th

an
w

ith
dissolved

oxygen.
R

elatively
few

fish
m

etrics
show

ed
statistically

significant
correlation

to
observed

tem
perature

data.
A

pplying
the

proposed
w

ater
quality

standards
for

tem
perature

to
the

2001
—

2007
C

D
O

M
data

set
does

not
suggest

that
attainm

ent
of

these
proposed

standards
is

a
good

indicator
of

fish
health.

T
hese

findings
indicate

that
w

ater
quality

alone
is

not
a

sufficient
indicator

of
fisheries

in
the

C
A

W
S

and
suggest

that
other

factors
m

ay
also

be
im

portant
to

fish
in

the
system

.
W

ith
respect

to
the

prim
ary

question
stated

in
Section

1
(i.e.,

w
hat

changes,
if

any,
can

be
expected

solely
from

an
im

provem
ent

in
w

ater
quality

in
the

C
A

W
S

,
if

current
uses

and
physical

habitat
conditions

rem
ain

unchanged?),
w

hile
no

definitive
statem

ent
can

be
m

ade
about

causation
from

regression
analysis,

the
w

eak
correlations

betw
een

fish
m

etrics
and

dissolved
oxygen

indicate
that

increm
ental

im
provem

ents
in

w
ater

quality
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alone
m

ay
have,

atbest,
a

sm
all

benefit
to

fish
if

all
other

conditions
affecting

fish
in

the
system

rem
ain

unchanged.
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5.
R

E
F

E
R

E
N

C
E

S

L
im

noT
ech.

R
eview

and
S

election
o

fF
ish

M
etricsfo

r
the

C
hicago

A
rea

W
aterw

ay
System

H
abitat

E
valuation

and
Im

provem
entStudy.

P
repared

for
the

M
etropolitan

W
ater

R
eclam

ation
D

istrict
of

G
reater

C
hicago.

F
ebruary

10,
2009.

M
etropolitan

W
ater

R
eclam

ation
D

istrict
of

G
reater

C
hicago

(M
W

R
D

G
C

).
A

m
bient

W
ater

Q
uality

M
onitoring

Q
uality

A
ssurance

P
roject

P
lan,

R
evision

2.1.
N

ovem
ber

1,
2007.

M
inarik,

T
.A

.,
J.L

.
W

asik,
M

.
S

opcak,
and

S.G
.

D
ennison.

C
ontinuous

D
issolved

O
xygen

M
onitoring

in
the

D
eep

D
raft

C
hicago

W
aterw

ay
System

D
uring

2007.
M

W
R

D
G

C
R

esearch
and

D
evelopm

ent
D

epartm
ent.

A
ugust

2008.
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