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Abstract:  From June 16-23, 2007, 400 volunteers participated in Project AWARE 2007 (A Watershed Awareness 
River Expedition), a weeklong river cleanup on the Middle Raccoon, North Raccoon, and Raccoon rivers in west-
central Iowa.  Project AWARE is a 7-day, 7-night float trip down an Iowa river that allows volunteers to participate 
in a river cleanup, water quality monitoring, and evening educational programs.  An estimated 26 tons of trash were 
removed from the 102 miles of the Middle Raccoon River in Guthrie County, the North Raccoon River in Greene 
and Dallas counties, and the Raccoon River in Dallas and Polk counties.  A total of 85% of the trash was recycled.  
Project AWARE is an initiative of the Iowa Department of Natural Resources IOWATER, Water Trails, and 
Keepers of the Land programs, and 2007 represented the fifth year of the event.   
 
In addition to trash removal, 36 stream sites along the canoe route were monitored for a variety of water quality 
parameters using a combination of IOWATER methods, field meters, and lab analyses.  Lab analyses were 
performed by Des Moines Water Works.  Monitoring occurred during below normal stream flow conditions.  For 
many of the parameters, concentrations were similar to those measured in streams statewide.  Results from the 
Project AWARE sites showed that nitrate-N, chloride, specific conductivity, and dissolved oxygen levels were 
higher for the Project AWARE sites than for streams statewide.  All dissolved oxygen results were greater than the 
5 mg/L water quality standard.  Sulfate concentrations were higher in main stem sites versus tributary sites.  Three 
of the sites monitored were located near industrial and municipal wastewater treatment facilities.  Results from 
these three sites showed the impact of point sources, as some of the highest levels for chloride, sulfate, fluoride, 
specific conductance, and orthophosphorus occurred at these sites.  E. coli bacteria levels exceeded 235 MPN/100 
ml at 14 of the sites.  The highest E. coli bacteria levels occurred at three tributary sites sampled on Friday June 22, 
the day after a rain event. It is unclear what impact the rainfall had on bacteria levels at these locations.  Bacteria 
results for the four sites sampled in the Middle Raccoon River watershed all exceeded 235 MPN/100 ml. 
 
 
This report summarizes the water quality results for sites monitored during Project AWARE 2007.  For more 
information on Project AWARE, go to www.iowaprojectaware.com. 
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Introduction 
 
Project AWARE, which stands for A Watershed Awareness River Expedition, is the Iowa DNR’s weeklong 
volunteer river cleanup event during which hundreds of Iowans spend anywhere from a day to an entire week 
improving Iowa’s waterways by removing trash.  In addition to trash removal, participants on Project AWARE 
learn about water quality, wildlife conservation, recycling, and other topics related to Iowa’s natural resources.  
Project AWARE 2007 represents the 5th year of this annual event, with the previous four years of Project AWARE 
paddling the Maquoketa River in northeast Iowa, Des Moines River in north-central, Little Sioux River in 
northwest, and the Iowa and English rivers in southeast Iowa. 
 
On Day 1 of Project AWARE 2007, participants paddled 15 miles on the Middle Raccoon River, beginning at 
Whiterock Conservancy near Coon Rapids in Guthrie County and continued south to Springbrook State Park 
(Figure 1).  For the remainder of the week, Project AWARE traversed the North Raccoon River, beginning at 
McMahon Access just west of Jefferson in Greene County and ended at Walnut Woods State Park near Des Moines 
in Polk County.  A large thunderstorm the evening of June 22 caused the discharge or flow in the Raccoon River to 
increase dramatically overnight, preventing Project AWARE participants from paddling on June 23 to the trip’s 
original destination, Des Moines Waterworks Park.  On Saturday June 23, participants spent the morning cleaning 
up storm damage in Walnut Woods State Park, therefore no water samples were collected on June 23.   
 
For each day of Project AWARE, a minimum of two people were identified to do water testing.  At least one of the 
two people was IOWATER trained.  Before beginning monitoring for the day, those individuals were trained in the  
sampling procedures, use of the hand-held GPS unit, and proper collection and storage of samples for lab analyses.  
Prior to the event, the author identified potential monitoring sites.  Sites were selected based on starting, half-way, 
and take-out points for each day of Project AWARE; the location of monitoring sites associated with the 
Agriculture’s Clean Water Alliance water monitoring project in the Raccoon River watershed; location of 
IOWATER snapshot sites as part of the North Raccoon River snapshot event; location of major tributaries entering 
the Middle Raccoon or North Raccoon rivers; and other locations of interest (e.g., sites near known point sources or 
proximity to National Pollutant Discharge Elimination System permitted facilities; locations near unsewered 
communities).  A total of 36 sites were sampled (Figure 1), including 20 on the main channel, 14 tributaries, and 2 
sites that represented the outfalls from municipal wastewater treatment facilities (Jefferson and Perry).  One of the 
tributary sites receives wastewater from an industrial treatment facility at Perry.  All three wastewater treatment 
facilities are activated sludge facilities.    
  
For all sites sampled on the Middle Raccoon, North Raccoon, and Raccoon rivers during Project AWARE 2007, 
volunteers collected data using IOWATER field methods. In addition, field meters were also used to measure 
dissolved oxygen, pH, water temperature, specific conductivity, and turbidity.  Field data were recorded both on 
waterproof paper field sheets and in a hand-held GPS with customized software to store the water quality 
information and record the UTM coordinates for each site monitored.  Water samples were collected from each site 
and stored in a cooler on ice until they could be delivered to Des Moines Water Works for the following lab 
analyses:  bromide, chloride, total coliform bacteria, E. coli bacteria, fluoride, nitrite-N, nitrate-N, orthophosphorus, 
sulfate, and turbidity.  This report summarizes the water quality from the Project AWARE 2007 sampling of 36 
sites along the Middle Raccoon (4 sites) and North Raccoon and Raccoon rivers (32 sites) at main stem, tile line, 
and tributary locations (Figure 1), and includes chemical and physical results (Table 1). 
 
Where possible, water quality results from Project AWARE were compared to a network of 75 to 83 streams 
statewide that are monitored on a monthly basis as part of the Iowa Department of Natural Resources (DNR) 
Watershed Monitoring and Assessment Program.  Data from this network have been collected since 2000 and 
provide perspective on what are typical stream concentrations statewide for the various parameters.  In this report, 
this network will be referred to as the DNR statewide stream network. The June 2007 results from this network 
were also compared to Project AWARE results to determine relative concentrations for the same time period. 
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Figure 1. Location of sites sampled as part of Project AWARE 2007 on the Middle Raccoon, North Raccoon, and Raccoon 
rivers. 

 
Precipitation and Stream Flow Conditions 

 
Precipitation and stream flow conditions can directly affect water quality results.  Two rainstorms occurred during 
the week of Project AWARE:  the first was Thursday June 21 in Van Meter and the second on Friday June 22 at 
Walnut Woods State Park in Des Moines.  According to the Iowa Climate Review (Iowa Department of Agriculture 
and Land Stewardship, 2007), the Des Moines Airport received 0.77 inches of rain on June 21 and 1.59 inches of 
rain on June 22.  During the week of Project AWARE, stream flow conditions for the Middle Raccoon, North 
Raccoon, and Raccoon rivers were below the long-term normal for most of the week.  On Sunday, June 17, 
participants paddled the Middle Raccoon River from Whiterock Conservancy southeast of Coon Rapids to 
Springbrook State Park north of Guthrie Center.  Discharge was 265 cubic feet per second (cfs) based on data from 
the U.S. Geological Survey (USGS) gaging station on the Middle Raccoon River near Bayard (37-year record; 
Figure 2).  This discharge was 33% of the long-term normal.  From June 18 through June 21, volunteers paddled 
the North Raccoon River.  Stream flow on the North Raccoon during those days varied from 1,070 to 1,400 cfs and 
was 49 to 61% of the long-term normal (based on data from the USGS gaging station on the North Raccoon River 
at Jefferson – 67-year record; Figure 2).  Most of Project AWARE’s route for Friday June 22 was on the Raccoon 
River.  Discharge on Friday was 2,310 cfs or 70% of the long-term normal for the USGS gaging station on the 
Raccoon River at Van Meter (92-year record).  Stream levels on the Raccoon River rose significantly from Friday 
to Saturday in response to the rainfall from the previous two days.  Water levels increased from 2,310 cfs on Friday 
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June 22 to 6,100 cfs on Saturday June 23, an increase from 70% to 185% of the long-term normal river level. High 
river levels on Saturday presented safety concerns, and participants were kept off the river.  No water samples were 
collected on Saturday.     
 
 
Table 1.  Monitoring results from Project AWARE 2007. 

Percentiles  Unit Method # of 
samples 

Min 
Value 25th 50th 75th Max Value 

Air Temperature degrees F Thermometer - Field 36 70 78 83 87 94 

pH pH units IOWATER test strip 36 7 9 9 9 9 

Dissolved Oxygen mg/L IOWATER field kit 35 6 6 8 8 10 

Orthophosphorus mg/L IOWATER field kit 35 0 0 0 0 10 

Nitrite-N mg/L IOWATER test strip 36 0 0 0 0 0.3 

Nitrate-N mg/L IOWATER test strip 36 0 5 5 10 10 

Chloride mg/L IOWATER test strip 36 <30 30 30 30 570 

Ammonia-N mg/L CHEMetrics field kit 35 0 0 0 0 0 

Transparency centimeters IOWATER transparency tube 36 6 19 29 45 60 

Specific Conductivity µS/cm Field meter 36 400 686 731 748 3,074 

Turbidity NTU Field meter 35 4 11 26 42 207 

pH pH units Field meter 34 7.2 8.1 8.2 8.3 8.7 

Dissolved Oxygen mg/L Field meter 36 6.4 9.1 9.7 10.7 12.1 

Water Temperature Degrees F Field meter 36 61 73 75 77 86 

Bromide mg/L DMWW Lab Analysis 35 <0.1 <0.1 <0.1 <0.1 0.39 

Chloride mg/L DMWW Lab Analysis 35 9.6 21.1 25.9 27.9 772 

Total Coliform 
Bacteria MNP/100 ml DMWW Lab Analysis 35 300 2965 4611 9780 770,000 

E. coli Bacteria MNP/100 ml DMWW Lab Analysis 35 <100 100 200 465 5,570 

Fluoride mg/L DMWW Lab Analysis 35 0.22 0.42 0.49 0.52 1.22 

Nitrite-N mg/L DMWW Lab Analysis 35 <0.1 <0.1 <0.1 <0.1 0.71 

Nitrate-N mg/L DMWW Lab Analysis 35 0.1 13.2 15.8 16.3 21.9 

Orthophosporus mg/L DMWW Lab Analysis 35 <0.1 <0.1 <0.1 <0.1 11.79 

Sulfate mg/L DMWW Lab Analysis 35 8.9 20.5 30.1 33.4 581 

Turbidity NTU DMWW Lab Meter 35 1.92 16.6 31.7 44.5 165 

mg/L = milligrams per liter (or parts per million - ppm) 
MPN/100 ml = Most Probable Number per 100 milliliters of water 
µS/cm = microsiemens per centimeter 
NTU = Nephelometric Turbidity Units 
DMWW = Des Moines Water Works 
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Figure 2.  Discharge for the Middle Raccoon, North Raccoon, and Raccoon rivers for June 2007.  Shaded area represents the 
week of Project AWARE.  Data from http://ia.water.usgs.gov. 
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Chemical and Physical Parameters 
 

Water Temperature 
  
Water temperature affects many of the biological, chemical, and physical processes in a stream, including the 
amount of oxygen gas that can dissolve in water, the rate of photosynthesis by algae and plants, as well as the 
metabolic rate of aquatic animals.   
  
Water temperature was measured at 36 sites during Project AWARE 2007 and varied from 61 to 86 degrees 
Fahrenheit (Table 1; Figure 3).  Temperatures of the main channel sites ranged from 70 to 80 degrees, with cooler 
temperatures in the morning and warmer temperatures mid afternoon.  Two of the cooler water temperatures (61 
and 64 degrees) were recorded at the outfalls associated with the two municipal wastewater treatment facilities 
(Jefferson and Perry) that were sampled.  The warmest water temperature (86 degrees) occurred at a tributary site 
that enters the North Raccoon River upstream of the boat ramp just north of Highway 141.  This tributary stream 
receives outflow from an industrial wastewater treatment facility in Perry. 
 
Figure 4 compares the results of selected parameters from Project AWARE to the DNR statewide stream network.  
Water temperatures for sites monitored on Project AWARE were higher than streams statewide and exhibited a 
greater range. 
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Figure 3. Water temperature (field meter) for sites sampled as part of Project AWARE 2007 on the Middle Raccoon, North 
Raccoon, and Raccoon rivers. 
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Figure 4. Box plots comparing water quality results for sites sampled during Project AWARE to the DNR statewide stream 
network for June 2007  (Note: the following results from Project AWARE sites are not displayed – sulfate value of 581 mg/L 
and chloride value of 772 mg/L.) 
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pH 
  
pH is a measure of water’s acid/base content.  Changes in pH can be caused by atmospheric deposition of acid rain, 
the types of soils and bedrock that the water comes in contact with, wastewater discharges, and acid mine drainage.  
A pH of 7 is neutral; pH values greater than 7 are alkaline or basic, while a pH less than 7 is acidic. 
 
pH levels ranged from 7 to 9 using the IOWATER test strip and ranged from 7.2 to 8.7 using the pH field meter 
(Table 1; Figures 5 and 6).  These levels are similar to those typically measured in streams statewide and were 
similar to those reported in June 2007 for the DNR statewide stream network (Figure 4).  The two lowest pH values 
from Project AWARE were 7.2 and 7.4, and both were measured near the two wastewater facilities at Perry. 
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Figure 5. pH (IOWATER method) for sites sampled as part of Project AWARE 2007 on the Middle Raccoon, North Raccoon, 
and Raccoon rivers. 
 
 
 



 
 

    
9

$T

$T

$T

$T

#S
#S

$T%U

%U %U

$T %U%U
%U

#S

%U %U %U%U#S#S

%U%U

$T
$T

%U$T
%U

%U$T%U$T$T $T #S%U$T$T$T

Br
u shy

 Cr
e ek

So
uth

 R
a cc

oo
n 

R iv
er

Mid dl e R iv er

B
e av er Cr eek

Mo sq uit o C re ek

Ma so n C re ek

S
e ely  C ree k

D
e e

r C
r e

ek

F
ro st

 Cre
ek

No rt
h  Ri ver

W
illo

w  C
re

ek

L
on

g B
ra

nc
h

S
p

ri ng
 B

ran
ch

L
on e Gr ov

e  C re ek

F
ox

 C
re e

k

Sou th
 Fo r

k M id
dle  R

i ver

B
ay 

Br
an

ch

S
o

uth
 B

ea
ve

r C
re

ek

M
idd

le 
Ra

cc
oo

n R
iv

er

E
lk  

Gro
ve

 C re
e k

B
at

tle
 R

un

Tro ub les
om e  Cr ee k

C
ot

ton
wo

od
 C

re
ek

G
r ee nbr ier  C ree k

S
pri n

gb r
oo k

 Cr e
ek

Plu n
ge r C

re ek

Ca ss  Cr ee k

C
ro

oke
d C

ree
k

K
in

gs
 C

ree
k

Tur k
ey  C

ree k

N
or

th 
Br

an
ch 

Tr
ou

ble
so

me
 C

re
ek

J
im  C

ree k

Gre
enb

rier
 Cre

ek

Be
a ve

r  Cr
e ek

No
r th R

ac
c oo

n  Ri
ver

M
o

sq
uit

o C
re

ek

S
lou

gh
 C

re
ek

B
e a

r C
r e

ek

S
ug ar  

Cr ee k

Ra
cco on  R ive r

W
aln u

t Cre e
k

P
a

nth
er

 Cr
ee

k

H
ick

or
y C

re
ek

Joh ns
on  C ree k

Ro ye r C re ek

Fa
n ny

s B ra
n ch

E
lm

 B
ra

nc
h

S
w an  L ake  

B ran ch

D
ra

ina
ge

 D
itc

h 4

Bu cks  B ra nch

W
e st B

ra nc h
 P an

the r C
ree k

B
u lge r C

re ek

D
e s M

oin es  
R ive r

M
idd

le 
Ra

cc
oo

n R
iv

er

F
ox 

Cre
e k

L
itt le W aln ut Cr ee k

F
rog

 Cre
ek

C
o al Cr ee k

E
a

st 
Bra

nc
h 

Pa
nth

er
 C

ree
k

Mil
l S

lo u
gh

Jim  C re ek

Jor da n C re ek

D
ra

in
ag

e D
itc

h 
41

G
re

en
bri

e r 
Cre

e k

Ca
s s C

re ek

So uth
 R ac co on Ri ver

M
u

rph
y 

B r
an

ch

L
itt

le B
e a

ve
r C

re
ek

S
n

a ke
 C

re e
k

N
o rth Ra

cc oo n
 R ive r

Mo
sq

uit
o  C

re
ek

No rth  R acc oo n Riv er

Mo
sq

uit
o C

re
ek

De s M oi n
e s R ive r

L
ittl

e B
ea

ve
r C

re
ek

J

D

S

X

V

H

I

W

L

M

N

U

A

R

T

F

330 th

290 th

110 th

Q

C

270 th

220 th

310 th

120 th

250 th

240 th

G

B

260 th

N
e

ola

150 th

180 th

O

K

280 th

100 th

170 th

E

130 th

P

320 th

E
lm

O
rc

ha
rd

Q
u

ak
er

Q
u

es
t

E
a

ton

210 th

185 th

195 th

340 th

222 nd

245 th

200 th

295 th

225 th

140 th

305 th

337 th

275 th

1
st

300 th

B
re

nt
wo

od

F
a

lco
n

1
44 

D ia
g o

nal

Q
u

int

277 th

230 th

237 th

315 th

265 th

G
ri

mm
e

ll

252 nd

Sta te

243 rd

M
a in

O
a

k

145 th

Vin e

255 th

K
ir

kw
oo

d

Ru ss ell

Ce ntr al

C
e

da
r

2
02 nd

E
m

er
ald

160 th

190 th

125 th

218 th

325 th

267 th

215 th

285 th

318 th

P
io

ne
er

Jay

1
75 th

9
th

2nd

182 nd

F
ore

st

X
a

vie
r

264  T h

177 th

J
or

da
n

F
itz

pa
tri

ck

3
0 8

115 th

I
mp

er
ial

Hig hw ay  3 0

Pa ton

C
o

lon
ial

K
in

gm
an

P
a

rk

L
ak

el
an

d

3
rd

A
v

en
ue 

Y

S
o

me
rs

et

O
ri on

An ye r

167 th

N
e

wb
er

ry

T
a

ft

235 th

L
inw

o
od

321 st

1
65 th

205 th

19
th

C
la

rk

S
h

erw
oo

d

Gr
an

ite

T
er

ra
ce

A
lpi

ne

K
e

nd
ric

k

P
a

rkl
an

d

R
e

dw
oo

d

S

U

K
ir

kw
oo

d

3
00 th

K

150 th

120 th

130 th

Q

T

340 th

260 th

120 th

230 th

290 th

F

150 th

W

H

B

340 th

G

310 th

200 th

220 th

B

K

G

230 th

G

300 th

210 th

190 th

K

E

M

230 th

300 th

170 th

P

I

N

190 th

175 th

290 th

O
rc

ha
rd

210 th

T

205 th

E
a

ton

S

170 th

Q

E

F

P

110 th

1
70 th

3
15 th

235 th

177 th

N

K

320 th

210 th

340 th
120 th

210 th

290 th

A

Q

120 th

200 th

240 th

X

I

C

260 th

P

185 th

Q

O

G

V

F

280 th

222 nd

O
rc

ha
rd

W

P

M

300 th

A

B

I

G

E

A
p

ple

B
re

nt
wo

od

O

140 th

R

130 th

320 th

T

260 th

2
22 nd

230 th

160 th

210 th

T

170 th

185 th

330 th

U

O

V

100 th

180 th
180 th

140 th

280 th

I

1
90 th

L

320 th

G

L 130 th

2
00 th

270 th

200 th

170 th

R
e

dw
oo

d

E

200 th

195 th

250 th

C

J

190 th

Q

1
2 5

th

215 th

270 th

W

340 th

R

A

O

280 th

305 th

K

M P

230 th

C

310 th

Qu
ak

er

B

280 th

305 th

A

A

Sw
ift

140 th

130 th

F
ir

220

310 th

150 th

350 th

O
a

k

Q
u

ail

C
h

es
tnu

t

Sta te

210

C
h

err
y

F
ig

Y
e

llow

260 th

U
to

pi
a

G
ra

nt

F
ro

nt
ier

J
us

tic
e

T
a

lon

200 th

D
o

gw
oo

d

Mo nti eth

V
ic

tor
y

H
ic

ko
ry

R
a

nc
h

W
a

go
n

W
i

nk

R
o

se

W
o

od

160 th

U
n

ion

120 th

190

240 th

295 th

S
ta

te
 Hi

gh
wa

y 2
5

Sta te  Hi gh wa y 4 4

S
ta

te
 Hi

gh
wa

y 4

245

H
o

rn

330 th

I
nd

igo

210 th

S
y

cam
o

re

252

T
a

nk

305  T r

R
e

dw
oo

d

180 th

W
i

llow

L
un

a

Co un ty Ro ad  N 32

110 th

V
o

te

215

270

250 th

Lo
st 

Tr

315 th

J
ag

ua
r T

r

Los t

180 th  Tr

Z
e

nith

J
un

ip
er

M
a

ple

270 th

P
e

ca
n

W
a

x 
Tr

215 th

L
oc

us
t

285 th

340 th

1
75 th

1
90

th

Y
o

rk

H
arv

est
 T r

B
u

rl

260  T r

160

170

280 th

F
ro

st

S
a

ge

320 th

240

5
th

268 th

300 th

225 th

165 th

335 th

V
io

la

290 th

R
i ve

r

7
0

No ma d

S
o

ldie
r 

Tr

I
ris

222

1
st

Z
a

ck

105 th

248 th

T
oy

O
le

an
de

r T
r

P
o

pla
r

2nd

Ze
ph

yr 
Tr

Ma in

U
te

3
rd

G
ro

ve
 T

r

185

K
o

pe
ck

283 rd

325 th

T
u

lip 
Tr

E
lm

K
o

ala

Z
e

ro

H
ig

hw
ay

 2
5

I
ro n

E
v

erg
re

en

7
th

Sta te  Hi gh wa y 1 41

C
la y

2
8 8th

Ee l

10t h

4th

2
65

V
ic

ero
y 

Tr

245 th

Te
ek

Pi
ne

Sta
te Hi

g hw ay
 92 5

Op
al 

Tr

T
i e

Fro nt

6th

B
ir

ch

331 st

168 th

238 th

235 th

170 th

2
55 th

287 th

230 th

153 rd

303 rd

E
n

d

292 nd

No rth

Sc ho ol

275 th

Blu ff

220 th

C
him

ra

N
ic

e

115 th

Q
u

ar r
y

Z
e

bra

272 nd

250

F
ro

st
 Tr

H
er

nd
on

Pra iri e

298 th

B
o

wm
an

Z
ir

con

C
h

ain

A
b

ilen
e

C
o

un
ty 

Hig
hw

a
y N

54

154 th

Ora ng e

T
ra

ce

Ivy

A
m

ar
illo

B
a

ke
r

173 rd

D
e er

R
o

os
t

W
e st  Rv

W
al

nu t 
T r

Co un ty 
R o ad  N7 0

12
th

145 th

L
e o

Q
u

inc
e

D
iam

o
nd

he
ad

A
n d

re
ws

2
48

th
 Tr

293 rd

Ru
ss

ell

155 th

2
53 rd

A
sp

en

R
o

se
R

o
se

150 th

Q
u

ail

N
ic

e

290 th

S
ta

te
 Hi

gh
wa

y 2
5

J
un

ip
er

Sta te  Hi gh wa y 1 41

M
a

ple

315 th

320 th

I
nd

igo
I

nd
igo

O
a

k

V
ic

tor
y

Sta te  Hi gh wa y 4 4

340 th

O
a

k

U
n

ion

180 th

I
nd

igo

F
ro

st
 Tr

110 th

170 th

325 th

M
a

ple

H
o

rn

B
ir

ch

170 th

200 th

160 th

L
os

t T
r

350 th

7
0

2
5 5th

P
o

pla
r

270 th

200 th

Lun a

H
ic

ko
ry

I
nd

igo

110 th

O
a

k

250 th

190 th

330 th

2
50 th

K
o

ala

F
ro

st

160

B
ow

m
an

310 th

Sy
cam

o
re

165 th

170 th

3
00 th

250 th

350 th

M
a

ple

250 th

E
lm

280 th

175 th

2
8 0th

150 th

N
o

ah

O
a

k

220

275 th

H
ic

ko
ry

Y
o

rk

R
e

dw
oo

d

G
ra

nt

F
ir

175 th

165 th

320 th

310 th

D
o

gw
oo

d

P
e

ca
n

300 th

R
e

dw
oo

d

D
o

gw
oo

d

240

2
4 0

K
o

ala

N
ic

e

H
ic

ko
ry

190 th

140 th

G
ra

nt

Y
o

rk

Lo
cu

st

T
a

lon

E
v

erg
re

en

270 th

I
nd

igo

M
a

ple

165 th

120 th

130 th

Lo
cu

st

W
ag

on

2
6 0

th

E
lm

210

170 th

120 th

P
e

ca
n

265

335 th

320 th

280 th

270 th

170 th

J
un

ip
er

210 th

M
a

ple

O
a

k

310 th

330 th

W
a

go
n

P
e

ca
n

330 th

I
nd

igo

A

245 th

H
ic

ko
ry

160 th

2
nd

Q
u

ail

250 th

O
a

k

270

280 th

K
o a

la

H
o

rn

J
us

tic
e

230 th

H

T

I

J

D

F

H

V

I-8 0

E

R

B

N

M

P

S

W

240 th

X

150 th

L

230 th

K

C

360 th

G

180 th

8
th

280 th

U
te

200 th

170 th

270 th

215 th

B
e

au
mo

nt

Sta te  Hi gh wa y 1 41

205 th

210 th

6
0t

h

195 th

1
30 th

160 th

E
l 

Pa
so

Q
u

inl
an

O

Y

U

1
st

A
s hw or th

300 th

260 th

165 th

1
56

th

Be ar Cr ee k

Lin de n

D
e

xfi
eld

Me re dith

O
ld

 P
or

tlan
d

255 th

312 th

H
u

ll

4
th

B
o on ev ille

Wi llis

D
e

lta

14
1  Di

a go
n al

340 th

L
ar

ed
o

Min bu rn

Up
la

nd

Pa lo

Sta te  Hi gh wa y 4 4

Ma
in

W
a

rri
or

X
a

vie
r

220 th

365 th

1
6t

h

Hic km an

U
S

 H
igh

wa
y 

16
9

1
25 th

298 th

Pa rk

Bit
ter

swe
e t140 th

8
8t

h

Un ive rs ity

147 th

Pro sp ec t 6
th

318 th

A
m

ar
illo

310 th

O
sa

ge

292 nd

R
a

ng
er

190 th

Iow a

3
50 th

355 th

347 th

250 th

Otl ey

9
8t

h

S
p

ort
sm

an
's 

Clu
b

F
ilm

o
re

T
a

bo
r

U
ti

ca

J
ew

e
ll

302 nd

15t h

Wa rfo rd

Do ug las

278 th

Pa
nt

he
r C

re
ek

D
e

l R
io

H
o

us
ton

358 th

Pu
cke

rb
ru

sh

320 th

323 rd

2
nd

A
lic

e

155 th

K
n

ox
M
a pl e R id ge

C
a

ny
on

Vis ta

Pa ul

307 th

Ivy

I
nd

ian

M
e

ad
ow

Sta te

135 th

185 th

265 th

3
3 5th

I
da

ho

K
im

b
le

3
3 6

th

Sta
te

 H
igh

wa
y 

17

Luc in da

5
th

7
4t

h

N
o

rth
 10

th

U
n

ite
d S

ta
tes

 H
igh

w
ay 

6

M
a

ple

Zo ok Sp ur

A
b

ilen
e

G
r an d

322 nd

De we y

3
30 th

Bro w n

145 th

A
us

tin

C
o

un
ty 

Hig
hw

a
y P

58

148 th

Ke
nw

o
od

3
3 7th

G
u

thr
ie

C
o dy

E
lk

N
o

me

303 rd

O
d

es
sa

328 th

M
a ffi t La ke

Ols on

Co urt

Ra ilro ad

9th

N
o

rth
cre

st

315 th

Ta ylo r

Da vis

P
u

eb
lo

Sp ruc e

289 th

We
sto wn

W
e

nd
ov

er

363 rd

338 th

C
e

da
r

H
az

el

R
e

no

G
e or ge  M  Mi lls  Ci vic

Su nri se

152 nd

175 th

E
ag le

D
all

as

128 th

3
7 0th

225 th

H
a wt ho rn

N
a pa  V

alle y

123 rd

P
e

co
s

1
62 nd

362 nd

El
lis

68
th

R
iv er  By e

N
o

ble

Gra y

Ho
m es

tea d

W
ils

o n

V
e

rm
illio

n

3
rd

B
ri dg e

F
o x

 C
r ee

k

V
e n

tu ra

We st  1s t

O
a

kw
oo

d

26
th

Z
ip

I
rvi

ng

1
59

th

Elle fs on

Lan ds ha rk

191 st

Du ran go

C
a

de
t

C
o

un
ty 

Hig
hw

a
y 3

0

L
a kev ie w

W
a

co

1
57

th

B
u

rr O
a

k

Om ah a

C
ha

te
au

B
e

ac
hw

oo
d

6
7t

h

C
h

err
y

S
u ns et

275  T h

Wa
lk

S
c en i

c V ie w

Ca rdi na l

Low e ll

W
hi
te tai

l

G
ro

ve

Loc us t

260 th

L

R

Y

1
70

th

2
nd

210 th

R

3
3 5th

L

M

K

365 th

L

160 th

I

250 th

Sta
te

 H
igh

wa
y 

17

3
6 0th

Y

H
u

ll

1
42

nd

D

Me ad ow

320 th

2
10 th

U

290 th

O

347 th

K

U

L

G

1
st

255 th

W
e

nd
ov

er

190 th

I

200 th

1
90 th

3
rd

K

270 th

130 th

L

160 th

I

G
r an d

K

130 th

195 th

1
42

nd

1
30 th

335 th

1
st

I

A
m

ar
illo

250 th

M

1
35 th L

210 th

S

H
o

us
ton

3
1 0th

J

E

130 th

365 th

X

352 nd

De xfi eld

J

F
ilm

o
re

3
23 rd

F
ilm

o
re

Y

G

250 th

265 th

220 th

130 th

L

170 th

O

125 th

Un ite d S ta tes  H igh w ay 6

170 th

U

Un ite d S ta tes  H igh w ay 6

3
1 0th

170 th

E
lk

180 th

260 th

270 th

H
o

us
ton

1
48

th

D

O

155 th

S

150 th

180 th

V

S

N

X

Q
u

inl
a n

L
ar

ed
o

D
el

ta

220 th

I

H
o

us
ton

8
8t

h

J
ew

e
ll

N

S

347 th

Q
u

inl
an

340 th

3
rd

F

X

I
nd

ian

365 th

335 th

U

265 th

I

K

M

L

337 th

280 th

E

L

T

J
ew

e
ll

315 th

250 th

338 th

E

H

260 th

2
60 th

R

U

250 th

160 th

330 th

200 th

W
e

nd
ov

er

I
nd

ian

X

340 th

X
a

vie
r

R

W

160 th

190 th

Q
u

inl
an

230 th

G

U

T

X

Y

L

E

F

I

R

C

H

K

Q

130 th

A

B

V

270 th

W

M

290 th

250 th

P

170 th

310 th

S

D

190 th

260 th

J

120 th

110 th

2
40 th

300 th

N

180 th

8th

320 th

S
ta

te
 Hi

gh
wa

y 1
7

160 th

280 th

195 th

Qu
ill

166 th

Un ite d S ta tes  H igh w ay 30

R
o

se

220 th

C
lo

ve
r

205 th

M
a

gn
oli

a

V
io

let

140 th

7th

230 th

D
e

er

S
to

ry

O

O
w

l

335 th

325 th

2
1 6th

K
a

le

X
l

105 th

210 th

K
iw

i

U
n

ite
d S

ta
tes

 H
igh

w
ay 

16
9

1
st

9th

150 th

Q
m

J
u n

ip
er

16t h

U
n

ico
rn

N
a

tur
e

200 th

340 th

330 th

E
a

gle

1
0t h

14t h

Qf

O
rio

le

1
1t h

Sta te  Hi gh wa y 2 10

D
iv

isi
on

L
ily

3
04 th

315 th

Q
l

252 nd

Q
w

O
p

al

155 th

2
2 2nd

M
a

rio
n

I
ris

18t h

1
1 8th

1
9 8th

2
6 3rd

M
o ing on a

P
e

ac
h

M
on

ta
na

K
e

y

231 st

305 th

100 th

Q
u

art
z

L
e a

f

La
rk

12t h

Pi
lot

115 th

S
a

ge

2
74 th

P
e

on
y

2
24 th

C
o

un
ty 

Hig
hw

a
y R

27

Or
an

ge

S
ta

te

Li
nn

233 rd

Ap
ple

125 th

E
lm

C
ou

nt
y H

ig
hw

ay
 R

21

334
th

2
55

th

188 th

1
9 2n d

M
o

na
rch

172 nd

N
e

cta
r

L
ila

c

Bo on e

Ma mi e
 E is en how e r

E
lk

M
a ple

Pa rk

3rd

T
am

a

O
rc

hi
d

3
33 rd

Lin co ln

285 th

14
4t h

157 th

L
am

b

A
s h

2
08 th

2
6 7th

M
a

lla
rd

Ju
ne

ber
r y

Fiv e M ile

2
n d

Mi
ssi

o n

A
v

en
ue 

Y

2
2n d

4
th

1
93 rd

M
in k

212 th

L
on

gw
o

od

C
o E
5 1

Du ck

M
ar

igo
ld

1
68

t h

217 th

2
28 th

319 th

H
a

wk
ey

e

M
a

ya
pp

le

322 nd

J
oy

S
ta

te
 Hi

gh
wa

y 1
44

2
1 9th

218 th

C
ra

ne

Co un ty

162 nd

O
li

ve

O
a k

2
1s t

W
aln

ut

5
th

M
a

in

M
a

ize

6
th

122 nd

15t h

C
o

al

173 rd

R
ic

e

156 th

Fra n
kl in

M
a

rsh
al

l

P
in

e

J
a d

e

D
e

ri

Pra iri e

C
o

un
ty 

Hig
hw

a
y E

63

L
au

re
l

238 th

2
57 th

M
c

Ph
er

son

A
n

gu
s

Ot
ter

2
3 7

th

2
4t h

178 th

223 rd

2
1 5th

295 th

C
o

tta
ge

296 th

C
ed

ar

20t h

8
th

230 th

J

120 th

S

O

250 th

160 th

B

Sta te  Hi gh wa y 2 10

160 th

270 th

240 th

S

Y

X

166 th

320 th

I

Y

310 th

270 th

105 th

6th

110 th

L

Li
nn

8
th

L

188 th

330 th

U

A

N
a

tur
e

H

S

K

K
a

le

140 th

Q

I

150 th

V

300 th

E

W

210 th

R

J

140 th

210 th

110 th

M

W

O
ri

ole

L

S

F

120 th

210 th

S

200 th

Lea f

1
1 5th

140 th

6th

260 th

155 th

280 th

315 th

150 th

R

325 th

335 th

U

D
e

er

N
a

tur
e

M

P

320 th

200 th

G

280 th

280 th

3
15 th

160 th

D

L

240 th

C

290 th

310 th

150 th

W

X

C

300 th

P
e

ac
h

P

E
a

gle

E

170 th

210 th

160 th

210 th

335 th

8
th

I

1
st

1
8 8th

C

200 th

L

N

305 th

2
2n d

180 th

260 th

S

120 th

U

V

210 th

M
a

gn
oli

a

335 th

I

K

120 th

Jun
ipe r

190 th

240 th

280 th

105 th

W

Sp rin gb ro ok
Sta te  Pa rk

Eu rek a Wo o ds
Sta te  Pr es er ve

Ad kin s Br idg e
Ac ce ss

Be ll

T
u ttle

Da vis

T
ho
m as

 Be
ck

C
a uld er

1
4t

h

8
th

De s M o ine s

POLK
COUNTY

BOONE
COUNTY

DALLAS
COUNTY

GREENE
COUNTY

GUTHRIE
COUNTY

CARROLL
COUNTY

Start - McMahon Access

End - Springbrook State Park

End - Walnut Woods State Park

South Raccoon River

Middle Raccoon River

North Raccoon Rive r
Start - Whiterock Conservancy

Jefferson

Coon Rapids

Carroll

Dawson

Panora

Perry

Dallas Center

Adel

Van Meter

Des Moines

Roads
Cities
South, Middle, and North Raccoon Rivers
County

pH - Field Meter (pH units)
#S 7.2 - 8
%U 8.1 - 8.2
$T 8.3 - 8.7

10 0 10 20 Miles

N

EW

S

 
  
Figure 6. pH (field meter) for sites sampled as part of Project AWARE 2007 on the Middle Raccoon, North Raccoon, and 
Raccoon rivers. 
 
Transparency 
  
Transparency is a measure of water clarity and is affected by the amount of material suspended in water.  As more 
material is suspended in water, less light can pass through the water, making it less transparent (or more turbid).  
These materials include soil, algae, plankton, and microbes.  Transparency ranged from 6 to 60 centimeters (cm) for 
all Project AWARE sites (Table 1; Figure 7).  Transparency varied from 15 to 45 cm for sites on the main stem and 
ranged from 6 to 60 cm for tributary sites.  All three sites associated with the wastewater treatment facilities had 
transparency of 60 cm.  Sites on the main stem of the Middle Raccoon River had low transparency levels, with all 
three sites less than 20 cm.  Transparency was higher in the upper part of the North Raccoon watershed compared 
to the lower part.  Overall, some of the lowest transparency levels were from tributary sites as were some of the 
highest levels.  
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Figure 7. Water transparency (IOWATER method) for sites sampled as part of Project AWARE 2007 on the Middle Raccoon, 
North Raccoon, and Raccoon rivers. 
 
 
 
Dissolved Oxygen 
  
Dissolved oxygen levels in a stream can be affected by a number of variables, including water temperature, season 
of the year, time of day, stream flow, presence of aquatic plants, dissolved or suspended solids, and human 
impacts.  Oxygen enters a stream through diffusion from the surrounding air and as a product of photosynthesis 
from aquatic plants.  Oxygen in a stream can be consumed through respiration by aquatic plants and animals, and 
by the decomposition of organic matter.  Iowa has a water quality standard minimum of 5 mg/L of dissolved 
oxygen for warm water streams. 
 
For Project AWARE sites, dissolved oxygen ranged from 6 to 10 mg/L using the IOWATER method and ranged 
from 6.4 to 12.1 mg/L using the field meter (Table 1; Figures 8 and 9).   Some of the lower dissolved oxygen 
concentrations (6.4 and 7.62 mg/L) were associated with the wastewater treatment facility sites (Figure 9).  Higher 
concentrations occurred in the lower part of the North Raccoon River watershed relative to the upper part.  All 
dissolved oxygen concentrations measured met the water quality standard minimum of 5 mg/L for warm water 
streams.  Dissolved oxygen concentrations were slightly higher than levels measured in streams statewide in June 
2007 (Figure 4). 
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Figure 9. Dissolved oxygen (field meter) for sites sampled as part of Project AWARE 2007 on the Middle Raccoon, North 
Raccoon, and Raccoon rivers. 
 
 
Nitrite-N and Nitrate-N 
  
Nitrogen is a necessary nutrient for plant growth, and includes both nitrite- and nitrate-nitrogen.  Too much 
nitrogen in surface waters, however, can cause nutrient enrichment, increasing aquatic plant growth and changing 
the types of plants and animals that live in a stream.  Sources of nitrogen include soils; human and animal wastes; 
decomposing plants; and fertilizer runoff from golf courses, lawns, and cropland.  Typical nitrate+nitrite-N 
concentrations for Iowa streams range from 2.9 to 8.7 mg/L, with higher concentrations generally occurring in the 
late spring/early summer.  Nitrite-N and nitrate-N are not measured separately as part of the DNR statewide stream 
network, rather it is measured as nitrate+nitrite-N. 
 
Nitrite-N was measured at Project AWARE sites using both the IOWATER method and lab analysis (Table 1; 
Figures 10 and 11).  Six of the 36 sites had measurable levels of nitrite-N of 0.15 or 0.30 mg/L using the 
IOWATER method, while five of those six sites had detectable levels reported through lab analysis.  The two 
highest lab nitrite-N concentrations were 0.71 (near Jefferson) and 0.29 mg/L (near Perry), both associated with 
sites near wastewater treatment facilities.    
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Figure 10. Nitrite-N (IOWATER method) for sites sampled as part of Project AWARE 2007 on the Middle Raccoon, North 
Raccoon, and Raccoon rivers. 
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Figure 11. Nitrite-N (lab method) for sites sampled as part of Project AWARE 2007 on the Middle Raccoon, North Raccoon, 
and Raccoon rivers. 
 
Nitrate-N was measured at Project AWARE sites using both the IOWATER method and lab analysis (Table 1; 
Figures 12 and 13).  Nitrate-N ranged from 0 to 10 mg/L (median of 5 mg/L) using the IOWATER method and 
ranged from 0.1 to 21.9 mg/L based on lab analysis (median 15.8 mg/L).  The lowest nitrate-N concentration was 
0.10 mg/L and occurred at an unnamed tributary to the Raccoon River in southwest Polk County.  The highest 
concentration was 21.92 mg/L and occurred at the site that receives discharge from the industrial wasteawater 
treatment facility near Perry.  
 
Nitrate-N concentrations ranged from 16 to 18 mg/L on the main stem of the Middle Raccoon River, 15 to 17 mg/L 
on the North Raccoon River, and 13 to 15 mg/L on the Raccoon River.      
 
Nitrate-N concentrations from Project AWARE sites were higher relative to the DNR network of streams statewide 
and showed a greater range in values (Figure 4).  The median nitrate-N concentration for Project AWARE sites was 
15.8 mg/L (Table 1) whereas the median concentration in streams statewide for June 2007 was 12 mg/L.   
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Figure 12. Nitrate-N (IOWATER method) for sites sampled as part of Project AWARE 2007 on the Middle Raccoon, North 
Raccoon, and Raccoon rivers. 
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Figure 13. Nitrate-N (lab method) for sites sampled as part of Project AWARE 2007 on the Middle Raccoon, North Raccoon, 
and Raccoon rivers. 
 
 
Ammonia-N 
 
Ammonia-N is another form of nitrogen that can be present in water.  It represents the concentration of ionized and 
unionized ammonia in water, both products of the decomposition of organic matter.  Typical concentrations in Iowa 
streams are <0.1 to 0.6 mg/L. 
 
Ammonia-N was measured with a CHEMetrics field kit (Table 1; Figure 14).  This field kit is being evaluated by 
the IOWATER staff for possible future use with IOWATER volunteers.  There were no detectable concentrations 
of ammonia-N measured at any of the sites.  
 



 
 

    
17

$T

$T

$T

$T

#S
#S

#S #S

#S #S
#S #S#S

#S

#S

#S #S #S#S#S#S

#S#S

#S
#S

#S#S
#S

#S
#S#S#S#S

#S #S#S#S#S #S

Br
u shy

 Cr
e ek

So
uth

 R
a cc

oo
n 

R iv
er

Mid dl e R iv er

B
e av er Cr eek

Mo sq uit o C re ek

Ma so n C re ek

S
e ely  C ree k

D
e e

r C
r e

ek

F
ro st

 Cre
ek

No rt
h  Ri ver

W
illo

w  C
re

ek

L
on

g B
ra

nc
h

S
p

ri ng
 B

ran
ch

L
on e Gr ov

e  C re ek

F
ox

 C
re e

k

Sou th
 Fo r

k M id
dle  R

i ver

B
ay 

Br
an

ch

S
o

uth
 B

ea
ve

r C
re

ek

M
idd

le 
Ra

cc
oo

n R
iv

er

E
lk  

Gro
ve

 C re
e k

B
at

tle
 R

un

Tro ub les
om e  Cr ee k

C
ot

ton
wo

od
 C

re
ek

G
r ee nbr ier  C ree k

S
pri n

gb r
oo k

 Cr e
ek

Plu n
ge r C

re ek

Ca ss  Cr ee k

C
ro

oke
d C

ree
k

K
in

gs
 C

ree
k

Tur k
ey  C

ree k

N
or

th 
Br

an
ch 

Tr
ou

ble
so

me
 C

re
ek

J
im  C

ree k

Gre
enb

rier
 Cre

ek

Be
a ve

r  Cr
e ek

No
r th R

ac
c oo

n  Ri
ver

M
o

sq
uit

o C
re

ek

S
lou

gh
 C

re
ek

B
e a

r C
r e

ek

S
ug ar  

Cr ee k

Ra
cco on  R ive r

W
aln u

t Cre e
k

P
a

nth
er

 Cr
ee

k

H
ick

or
y C

re
ek

Joh ns
on  C ree k

Ro ye r C re ek

Fa
n ny

s B ra
n ch

E
lm

 B
ra

nc
h

S
w an  L ake  

B ran ch

D
ra

ina
ge

 D
itc

h 4

Bu cks  B ra nch

W
e st B

ra nc h
 P an

the r C
ree k

B
u lge r C

re ek

D
e s M

oin es  
R ive r

M
idd

le 
Ra

cc
oo

n R
iv

er

F
ox 

Cre
e k

L
itt le W aln ut Cr ee k

F
rog

 Cre
ek

C
o al Cr ee k

E
a

st 
Bra

nc
h 

Pa
nth

er
 C

ree
k

Mil
l S

lo u
gh

Jim  C re ek

Jor da n C re ek

D
ra

in
ag

e D
itc

h 
41

G
re

en
bri

e r 
Cre

e k

Ca
s s C

re ek

So uth
 R ac co on Ri ver

M
u

rph
y 

B r
an

ch

L
itt

le B
e a

ve
r C

re
ek

S
n

a ke
 C

re e
k

N
o rth Ra

cc oo n
 R ive r

Mo
sq

uit
o  C

re
ek

No rth  R acc oo n Riv er

Mo
sq

uit
o C

re
ek

De s M oi n
e s R ive r

L
ittl

e B
ea

ve
r C

re
ek

J

D

S

X

V

H

I

W

L

M

N

U

A

R

T

F

330 th

290 th

110 th

Q

C

270 th

220 th

310 th

120 th

250 th

240 th

G

B

260 th

N
e

ola

150 th

180 th

O

K

280 th

100 th

170 th

E

130 th

P

320 th

E
lm

O
rc

ha
rd

Q
u

ak
er

Q
u

es
t

E
a

ton

210 th

185 th

195 th

340 th

222 nd

245 th

200 th

295 th

225 th

140 th

305 th

337 th

275 th

1
st

300 th

B
re

nt
wo

od

F
a

lco
n

1
44 

D ia
g o

nal

Q
u

int

277 th

230 th

237 th

315 th

265 th

G
ri

mm
e

ll

252 nd

Sta te

243 rd

M
a in

O
a

k

145 th

Vin e

255 th

K
ir

kw
oo

d

Ru ss ell

Ce ntr al

C
e

da
r

2
02 nd

E
m

er
ald

160 th

190 th

125 th

218 th

325 th

267 th

215 th

285 th

318 th

P
io

ne
er

Jay

1
75 th

9
th

2nd

182 nd

F
ore

st

X
a

vie
r

264  T h

177 th

J
or

da
n

F
itz

pa
tri

ck

3
0 8

115 th

I
mp

er
ial

Hig hw ay  3 0

Pa ton

C
o

lon
ial

K
in

gm
an

P
a

rk

L
ak

el
an

d

3
rd

A
v

en
ue 

Y

S
o

me
rs

et

O
ri on

An ye r

167 th

N
e

wb
er

ry

T
a

ft

235 th

L
inw

o
od

321 st

1
65 th

205 th

19
th

C
la

rk

S
h

erw
oo

d

Gr
an

ite

T
er

ra
ce

A
lpi

ne

K
e

nd
ric

k

P
a

rkl
an

d

R
e

dw
oo

d

S

U

K
ir

kw
oo

d

3
00 th

K

150 th

120 th

130 th

Q

T

340 th

260 th

120 th

230 th

290 th

F

150 th

W

H

B

340 th

G

310 th

200 th

220 th

B

K

G

230 th

G

300 th

210 th

190 th

K

E

M

230 th

300 th

170 th

P

I

N

190 th

175 th

290 th

O
rc

ha
rd

210 th

T

205 th

E
a

ton

S

170 th

Q

E

F

P

110 th

1
70 th

3
15 th

235 th

177 th

N

K

320 th

210 th

340 th
120 th

210 th

290 th

A

Q

120 th

200 th

240 th

X

I

C

260 th

P

185 th

Q

O

G

V

F

280 th

222 nd

O
rc

ha
rd

W

P

M

300 th

A

B

I

G

E

A
p

ple

B
re

nt
wo

od

O

140 th

R

130 th

320 th

T

260 th

2
22 nd

230 th

160 th

210 th

T

170 th

185 th

330 th

U

O

V

100 th

180 th
180 th

140 th

280 th

I

1
90 th

L

320 th

G

L 130 th

2
00 th

270 th

200 th

170 th

R
e

dw
oo

d

E

200 th

195 th

250 th

C

J

190 th

Q

1
2 5

th

215 th

270 th

W

340 th

R

A

O

280 th

305 th

K

M P

230 th

C

310 th

Qu
ak

er

B

280 th

305 th

A

A

Sw
ift

140 th

130 th

F
ir

220

310 th

150 th

350 th

O
a

k

Q
u

ail

C
h

es
tnu

t

Sta te

210

C
h

err
y

F
ig

Y
e

llow

260 th

U
to

pi
a

G
ra

nt

F
ro

nt
ier

J
us

tic
e

T
a

lon

200 th

D
o

gw
oo

d

Mo nti eth

V
ic

tor
y

H
ic

ko
ry

R
a

nc
h

W
a

go
n

W
i

nk

R
o

se

W
o

od

160 th

U
n

ion

120 th

190

240 th

295 th

S
ta

te
 Hi

gh
wa

y 2
5

Sta te  Hi gh wa y 4 4

S
ta

te
 Hi

gh
wa

y 4

245

H
o

rn

330 th

I
nd

igo

210 th

S
y

cam
o

re

252

T
a

nk

305  T r

R
e

dw
oo

d

180 th

W
i

llow

L
un

a

Co un ty Ro ad  N 32

110 th

V
o

te

215

270

250 th

Lo
st 

Tr

315 th

J
ag

ua
r T

r

Los t

180 th  Tr

Z
e

nith

J
un

ip
er

M
a

ple

270 th

P
e

ca
n

W
a

x 
Tr

215 th

L
oc

us
t

285 th

340 th

1
75 th

1
90

th

Y
o

rk

H
arv

est
 T r

B
u

rl

260  T r

160

170

280 th

F
ro

st

S
a

ge

320 th

240

5
th

268 th

300 th

225 th

165 th

335 th

V
io

la

290 th

R
i ve

r

7
0

No ma d

S
o

ldie
r 

Tr

I
ris

222

1
st

Z
a

ck

105 th

248 th

T
oy

O
le

an
de

r T
r

P
o

pla
r

2nd

Ze
ph

yr 
Tr

Ma in

U
te

3
rd

G
ro

ve
 T

r

185

K
o

pe
ck

283 rd

325 th

T
u

lip 
Tr

E
lm

K
o

ala

Z
e

ro

H
ig

hw
ay

 2
5

I
ro n

E
v

erg
re

en

7
th

Sta te  Hi gh wa y 1 41

C
la y

2
8 8th

Ee l

10t h

4th

2
65

V
ic

ero
y 

Tr

245 th

Te
ek

Pi
ne

Sta
te Hi

g hw ay
 92 5

Op
al 

Tr

T
i e

Fro nt

6th

B
ir

ch

331 st

168 th

238 th

235 th

170 th

2
55 th

287 th

230 th

153 rd

303 rd

E
n

d

292 nd

No rth

Sc ho ol

275 th

Blu ff

220 th

C
him

ra

N
ic

e

115 th

Q
u

ar r
y

Z
e

bra

272 nd

250

F
ro

st
 Tr

H
er

nd
on

Pra iri e

298 th

B
o

wm
an

Z
ir

con

C
h

ain

A
b

ilen
e

C
o

un
ty 

Hig
hw

a
y N

54

154 th

Ora ng e

T
ra

ce

Ivy

A
m

ar
illo

B
a

ke
r

173 rd

D
e er

R
o

os
t

W
e st  Rv

W
al

nu t 
T r

Co un ty 
R o ad  N7 0

12
th

145 th

L
e o

Q
u

inc
e

D
iam

o
nd

he
ad

A
n d

re
ws

2
48

th
 Tr

293 rd

Ru
ss

ell

155 th

2
53 rd

A
sp

en

R
o

se
R

o
se

150 th

Q
u

ail

N
ic

e

290 th

S
ta

te
 Hi

gh
wa

y 2
5

J
un

ip
er

Sta te  Hi gh wa y 1 41

M
a

ple

315 th

320 th

I
nd

igo
I

nd
igo

O
a

k

V
ic

tor
y

Sta te  Hi gh wa y 4 4

340 th

O
a

k

U
n

ion

180 th

I
nd

igo

F
ro

st
 Tr

110 th

170 th

325 th

M
a

ple

H
o

rn

B
ir

ch

170 th

200 th

160 th

L
os

t T
r

350 th

7
0

2
5 5th

P
o

pla
r

270 th

200 th

Lun a

H
ic

ko
ry

I
nd

igo

110 th

O
a

k

250 th

190 th

330 th

2
50 th

K
o

ala

F
ro

st

160

B
ow

m
an

310 th

Sy
cam

o
re

165 th

170 th

3
00 th

250 th

350 th

M
a

ple

250 th

E
lm

280 th

175 th

2
8 0th

150 th

N
o

ah

O
a

k

220

275 th

H
ic

ko
ry

Y
o

rk

R
e

dw
oo

d

G
ra

nt

F
ir

175 th

165 th

320 th

310 th

D
o

gw
oo

d

P
e

ca
n

300 th

R
e

dw
oo

d

D
o

gw
oo

d

240

2
4 0

K
o

ala

N
ic

e

H
ic

ko
ry

190 th

140 th

G
ra

nt

Y
o

rk

Lo
cu

st

T
a

lon

E
v

erg
re

en

270 th

I
nd

igo

M
a

ple

165 th

120 th

130 th

Lo
cu

st

W
ag

on

2
6 0

th

E
lm

210

170 th

120 th

P
e

ca
n

265

335 th

320 th

280 th

270 th

170 th

J
un

ip
er

210 th

M
a

ple

O
a

k

310 th

330 th

W
a

go
n

P
e

ca
n

330 th

I
nd

igo

A

245 th

H
ic

ko
ry

160 th

2
nd

Q
u

ail
250 th

O
a

k

270

280 th

K
o a

la

H
o

rn

J
us

tic
e

230 th

H

T

I

J

D

F

H

V

I-8 0

E

R

B

N

M

P

S

W

240 th

X

150 th

L

230 th

K

C

360 th

G

180 th

8
th

280 th

U
te

200 th

170 th

270 th

215 th

B
e

au
mo

nt

Sta te  Hi gh wa y 1 41

205 th

210 th

6
0t

h

195 th

1
30 th

160 th

E
l 

Pa
so

Q
u

inl
an

O

Y

U

1
st

A
s hw or th

300 th

260 th

165 th

1
56

th

Be ar Cr ee k

Lin de n

D
e

xfi
eld

Me re dith

O
ld

 P
or

tlan
d

255 th

312 th

H
u

ll

4
th

B
o on ev ille

Wi llis

D
e

lta

14
1  Di

a go
n al

340 th

L
ar

ed
o

Min bu rn

Up
la

nd

Pa lo

Sta te  Hi gh wa y 4 4

Ma
in

W
a

rri
or

X
a

vie
r

220 th

365 th

1
6t

h

Hic km an

U
S

 H
igh

wa
y 

16
9

1
25 th

298 th

Pa rk

Bit
ter

swe
e t140 th

8
8t

h

Un ive rs ity

147 th

Pro sp ec t 6
th

318 th

A
m

ar
illo

310 th

O
sa

ge

292 nd

R
a

ng
er

190 th

Iow a

3
50 th

355 th

347 th

250 th

Otl ey

9
8t

h

S
p

ort
sm

an
's 

Clu
b

F
ilm

o
re

T
a

bo
r

U
ti

ca

J
ew

e
ll

302 nd

15t h

Wa rfo rd

Do ug las

278 th

Pa
nt

he
r C

re
ek

D
e

l R
io

H
o

us
ton

358 th

Pu
cke

rb
ru

sh

320 th

323 rd

2
nd

A
lic

e

155 th

K
n

ox

M
a pl e R id ge

C
a

ny
on

Vis ta

Pa ul

307 th

Ivy

I
nd

ian

M
e

ad
ow

Sta te

135 th

185 th

265 th

3
3 5th

I
da

ho

K
im

b
le

3
3 6

th

Sta
te

 H
igh

wa
y 

17

Luc in da

5
th

7
4t

h

N
o

rth
 10

th

U
n

ite
d S

ta
tes

 H
igh

w
ay 

6

M
a

ple

Zo ok Sp ur

A
b

ilen
e

G
r an d

322 nd

De we y

3
30 th

Bro w n

145 th

A
us

tin

C
o

un
ty 

Hig
hw

a
y P

58

148 th

Ke
nw

o
od

3
3 7th

G
u

thr
ie

C
o dy

E
lk

N
o

me

303 rd

O
d

es
sa

328 th

M
a ffi t La ke

Ols on

Co urt

Ra ilro ad

9th

N
o

rth
cre

st

315 th

Ta ylo r

Da vis

P
u

eb
lo

Sp ruc e

289 th

We
sto wn

W
e

nd
ov

er

363 rd

338 th

C
e

da
r

H
az

el

R
e

no

G
e or ge  M  Mi lls  Ci vic

Su nri se

152 nd

175 th

E
ag le

D
all

as

128 th

3
7 0th

225 th

H
a wt ho rn

N
a pa  V

alle y

123 rd

P
e

co
s

1
62 nd

362 nd

El
lis

68
th

R
iv er  By e

N
o

ble

Gra y

Ho
m es

tea d

W
ils

o n

V
e

rm
illio

n

3
rd

B
ri dg e

F
o x

 C
r ee

k

V
e n

tu ra

We st  1s t

O
a

kw
oo

d

26
th

Z
ip

I
rvi

ng

1
59

th

Elle fs on

Lan ds ha rk

191 st

Du ran go

C
a

de
t

C
o

un
ty 

Hig
hw

a
y 3

0

L
a kev ie w

W
a

co

1
57

th

B
u

rr O
a

k

Om ah a

C
ha

te
au

B
e

ac
hw

oo
d

6
7t

h

C
h

err
y

S
u ns et

275  T h

Wa
lk

S
c en i

c V ie w

Ca rdi na l

Low e ll

W
hi
te tai

l

G
ro

ve

Loc us t

260 th

L

R

Y

1
70

th

2
nd

210 th

R

3
3 5th

L

M

K

365 th

L

160 th

I

250 th

Sta
te

 H
igh

wa
y 

17

3
6 0th

Y

H
u

ll

1
42

nd

D

Me ad ow

320 th

2
10 th

U

290 th

O

347 th

K

U

L

G

1
st

255 th

W
e

nd
ov

er

190 th

I

200 th

1
90 th

3
rd

K

270 th

130 th

L

160 th

I

G
r an d

K

130 th

195 th

1
42

nd

1
30 th

335 th

1
st

I

A
m

ar
illo

250 th

M

1
35 th L

210 th

S

H
o

us
ton

3
1 0th

J

E

130 th

365 th

X

352 nd

De xfi eld

J

F
ilm

o
re

3
23 rd

F
ilm

o
re

Y

G

250 th

265 th

220 th

130 th

L

170 th

O

125 th

Un ite d S ta tes  H igh w ay 6

170 th

U

Un ite d S ta tes  H igh w ay 6

3
1 0th

170 th

E
lk

180 th

260 th

270 th

H
o

us
ton

1
48

th

D

O

155 th

S

150 th

180 th

V

S

N

X

Q
u

inl
a n

L
ar

ed
o

D
el

ta

220 th

I

H
o

us
ton

8
8t

h

J
ew

e
ll

N

S

347 th

Q
u

inl
an

340 th

3
rd

F

X

I
nd

ian

365 th

335 th

U

265 th

I

K

M

L

337 th

280 th

E

L

T

J
ew

e
ll

315 th

250 th

338 th

E

H

260 th

2
60 th

R

U

250 th

160 th

330 th

200 th

W
e

nd
ov

er

I
nd

ian

X

340 th

X
a

vie
r

R

W

160 th

190 th

Q
u

inl
an

230 th

G

U

T

X

Y

L

E

F

I

R

C

H

K

Q

130 th

A

B

V

270 th

W

M

290 th

250 th

P

170 th

310 th

S

D

190 th

260 th

J

120 th

110 th

2
40 th

300 th

N

180 th

8th

320 th

S
ta

te
 Hi

gh
wa

y 1
7

160 th

280 th

195 th

Qu
ill

166 th

Un ite d S ta tes  H igh w ay 30

R
o

se

220 th

C
lo

ve
r

205 th

M
a

gn
oli

a

V
io

let

140 th

7th

230 th

D
e

er

S
to

ry

O

O
w

l

335 th

325 th

2
1 6th

K
a

le

X
l

105 th

210 th

K
iw

i

U
n

ite
d S

ta
tes

 H
igh

w
ay 

16
9

1
st

9th

150 th

Q
m

J
u n

ip
er

16t h

U
n

ico
rn

N
a

tur
e

200 th

340 th

330 th

E
a

gle

1
0t h

14t h

Qf

O
rio

le

1
1t h

Sta te  Hi gh wa y 2 10

D
iv

isi
on

L
ily

3
04 th

315 th

Q
l

252 nd

Q
w

O
p

al

155 th

2
2 2nd

M
a

rio
n

I
ris

18t h

1
1 8th

1
9 8th

2
6 3rd

M
o ing on a

P
e

ac
h

M
on

ta
na

K
e

y

231 st

305 th

100 th

Q
u

art
z

L
e a

f

La
rk

12t h

Pi
lot

115 th

S
a

ge

2
74 th

P
e

on
y

2
24 th

C
o

un
ty 

Hig
hw

a
y R

27

Or
an

ge

S
ta

te

Li
nn

233 rd

Ap
ple

125 th

E
lm

C
ou

nt
y H

ig
hw

ay
 R

21

334
th

2
55

th

188 th

1
9 2n d

M
o

na
rch

172 nd

N
e

cta
r

L
ila

c

Bo on e

Ma mi e
 E is en how e r

E
lk

M
a ple

Pa rk

3rd

T
am

a

O
rc

hi
d

3
33 rd

Lin co ln

285 th

14
4t h

157 th

L
am

b

A
s h

2
08 th

2
6 7th

M
a

lla
rd

Ju
ne

ber
r y

Fiv e M ile

2
n d

Mi
ssi

o n

A
v

en
ue 

Y

2
2n d

4
th

1
93 rd

M
in k

212 th

L
on

gw
o

od

C
o E
5 1

Du ck

M
ar

igo
ld

1
68

t h

217 th

2
28 th

319 th

H
a

wk
ey

e

M
a

ya
pp

le

322 nd

J
oy

S
ta

te
 Hi

gh
wa

y 1
44

2
1 9th

218 th

C
ra

ne

Co un ty

162 nd

O
li

ve

O
a k

2
1s t

W
aln

ut

5
th

M
a

in

M
a

ize

6
th

122 nd

15t h

C
o

al

173 rd

R
ic

e

156 th

Fra n
kl in

M
a

rsh
al

l

P
in

e

J
a d

e

D
e

ri

Pra iri e

C
o

un
ty 

Hig
hw

a
y E

63

L
au

re
l

238 th

2
57 th

M
c

Ph
er

son

A
n

gu
s

Ot
ter

2
3 7

th

2
4t h

178 th

223 rd

2
1 5th

295 th

C
o

tta
ge

296 th

C
ed

ar

20t h

8
th

230 th

J

120 th

S

O

250 th

160 th

B

Sta te  Hi gh wa y 2 10

160 th

270 th

240 th

S

Y

X

166 th

320 th

I

Y

310 th

270 th

105 th

6th

110 th

L

Li
nn

8
th

L

188 th

330 th

U

A

N
a

tur
e

H

S

K

K
a

le

140 th

Q

I

150 th

V

300 th

E

W

210 th

R

J

140 th

210 th

110 th

M

W

O
ri

ole

L

S

F

120 th

210 th

S

200 th

Lea f

1
1 5th

140 th

6th

260 th

155 th

280 th

315 th

150 th

R

325 th

335 th

U

D
e

er

N
a

tur
e

M

P

320 th

200 th

G

280 th

280 th

3
15 th

160 th

D

L

240 th

C

290 th

310 th

150 th

W

X

C

300 th

P
e

ac
h

P

E
a

gle

E

170 th

210 th

160 th

210 th

335 th

8
th

I

1
st

1
8 8th

C

200 th

L

N

305 th

2
2n d

180 th

260 th

S

120 th

U

V

210 th

M
a

gn
oli

a

335 th

I

K

120 th

Jun
ipe r

190 th

240 th

280 th

105 th

W

Sp rin gb ro ok
Sta te  Pa rk

Eu rek a Wo o ds
Sta te  Pr es er ve

Ad kin s Br idg e
Ac ce ss

Be ll

T
u ttle

Da vis

T
ho
m as

 Be
ck

C
a uld er

1
4t

h

8
th

De s M o ine s

POLK
COUNTY

BOONE
COUNTY

DALLAS
COUNTY

GREENE
COUNTY

GUTHRIE
COUNTY

CARROLL
COUNTY

Start - McMahon Access

End - Springbrook State Park

End - Walnut Woods State Park

South Raccoon River

Middle Raccoon River

North Raccoon Rive r

Start - Whiterock Conservancy

Jefferson

Coon Rapids

Carroll

Dawson

Panora

Perry

Dallas Center

Adel

Van Meter

Des Moines

Roads
Cities
South, Middle, and North Raccoon Rivers
County

Field Kit Ammonia-N (mg/L)
#S 0

10 0 10 20 Miles

N

EW

S

 
Figure 14. Ammonia-N (field kit) for sites sampled as part of Project AWARE 2007 on the Middle Raccoon, North Raccoon, 
and Raccoon rivers. 
 
 
 
Orthophosphorus 
  
Phosphorus is a necessary nutrient for plant growth.  Too much phosphorus in surface waters, however, can cause 
nutrient enrichment, increasing aquatic plant growth, and changing the types of plants and animals that live in a 
stream.  Sources of phosphorus include certain soils and bedrock; human and animal wastes; detergents; 
decomposing plants; and runoff from fertilized lawns and cropland.  Orthophosphorus is the form of phosphorus 
most available for plants to use.  Typical concentrations of orthophosphorus in streams statewide vary from <0.1 to 
0.15 mg/L, with a median of <0.10 mg/L. 
 
For Project AWARE, orthophosphorus was measured using both the IOWATER method and was analyzed in the 
lab.  IOWATER orthophosphorus results ranged from 0 to 10 mg/L, with a median of 0 mg/L, whereas lab results 
ranged from <0.1 to 11.79 mg/L, with a median of <0.1 mg/L (Table 1; Figures 15 and 16).  The three highest 
orthophosphorus values were associated with the three wastewater treatment facility sites.  The site associated with 
the industrial wastewater facility near Perry had a lab orthophosphorus value of 11.79 mg/L and an IOWATER 
result of 10 mg/L, the maximum that can be measured.  Lab results for the other two sites associated with the 
municipal wastewater treatment facilities were 0.55 and 1.53 mg/L.  Aside from any sites associated with point 
source inputs, orthophosphorus concentrations were similar for the main channel versus tributary sites.  
Orthophosphorus concentrations measured at Project AWARE sites were similar to concentrations typical of 
streams statewide. 
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Figure 15. Orthophosphorus (IOWATER method) for sites sampled as part of Project AWARE 2007 on the Middle Raccoon, 
North Raccoon, and Raccoon rivers. 
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Figure 16. Orthophosphorus (lab method) for sites sampled as part of Project AWARE 2007 on the Middle Raccoon, North 
Raccoon, and Raccoon rivers. 
 
Chloride 
  
Chloride is a component of salt and is a measure of human or animal waste inputs to a stream.  Potential sources of 
chloride to a stream include direct input from livestock, septic system inputs, and/or discharge from municipal 
wastewater facilities.  During winter months, elevated chloride levels in streams may occur as a result of road salt 
runoff to nearby streams.  Typical concentrations of chloride in Iowa streams range from 17 to 30 mg/L, with a 
median of 23 mg/L, with higher concentrations during winter months. 
 
For Project AWARE sites, IOWATER chloride concentrations ranged from <30 to 570 mg/L, with a median of 30 
mg/L, whereas lab results varied from 9.6 to 772 mg/L, with a median of 26 mg/L (Table 1; Figures 17 and 18).  
Chloride concentrations tended to be higher at sites on the North Raccoon and Raccoon rivers relative to the Middle 
Raccoon River.  The highest chloride concentrations (64, 163, and 772 mg/L) occurred at the three sites associated 
with wastewater treatment facilities.  If results from these three sites were excluded from calculations, the median 
chloride for the remaining sites would be 23 mg/L, which is the same for streams statewide. 
 
Chloride results from sites sampled on Project AWARE were slightly higher than levels in streams statewide for 
June 2007 (Figure 4).   
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Figure 17. Chloride (IOWATER method) for sites sampled as part of Project AWARE 2007 on the Middle Raccoon, North 
Raccoon, and Raccoon rivers. 
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 Figure 18. Chloride (lab method) for sites sampled as part of Project AWARE 2007 on the Middle Raccoon, North Raccoon, 
and Raccoon rivers. 
 
Specific Conductivity 
 
Specific conductivity is a measure of how well water can conduct an electrical current. Conductivity increases with 
the increasing amount and mobility of ions. These ions, which come from the breakdown of compounds, conduct 
electricity because they are negatively or positively charged when dissolved in water. Therefore, specific 
conductance is an indirect measure of the presence of dissolved solids such as chloride, nitrate, sulfate, phosphate, 
sodium, magnesium, calcium, and iron, and can be used as an indicator of water pollution.  Typical specific 
conductivity levels for streams statewide vary from 510 to 720 µS/cm, with a median of 620.  Higher levels tend to 
occur in northwest Iowa relative to the rest of the state. 
 
On Project AWARE, specific conductivity was measured using a field meter.  Specific conductivity levels at these 
sites ranged from 400 to 3,074 µS/cm, with most results between 686 and 748 (Table 1; Figure 19).  The three 
highest conductivity measurements were 872, 1,970, and 3,072 µS/cm, and all occurred at the sites associated with 
wastewater treatment facilities.  The elevated conductivity readings are not surprising, given that many of the ions 
that were measured were also high for these three sites.  If results for these three sites were excluded, the median 
conductivity would be 723 µS/cm, higher than the median for streams statewide.    
 
Specific conductivity for the mainstem sites on the Middle Raccoon River versus the North Raccoon River were 
similar, averaging 740 µS/cm, compared to 680 µS/cm for the main stem sites on the Raccoon River.  
 
Specific conductivity levels for sites sampled as part of Project AWARE were higher than levels in streams 
statewide for June 2007 (Figure 4).  The median specific conductivity was 731 µS/cm for Project AWARE sites 
and was 625 µS/cm for streams statewide. 
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Figure 19. Specific conductivity (field meter) for sites sampled as part of Project AWARE 2007 on the Middle Raccoon, North 
Raccoon, and Raccoon rivers. 
 
 
Turbidity 
 
Turbidity refers to how turbid or dirty the water is. The greater the amount of total suspended solids or algae in the 
water, the murkier it appears and the higher the measured turbidity.  A major source of turbidity in rivers is 
typically from overland runoff flows, stream bank erosion, re-suspension of bottom sediments, and organic detritus 
from stream and/or wastewater discharges. Dredging operations, channelization, increased flow rates, floods, or 
even too many bottom-feeding fish (such as carp) may stir up bottom sediments and increase the cloudiness of the 
water.  Typical turbidity levels in Iowa streams statewide range from 6 to 43 Nephelometric Turbidity Units (NTU) 
with a median of 17 NTU. 
 
Turbidity was measured using both a field meter and measured in the lab.  Turbidity from the field meter ranged 
from 4 to 207 NTU, with a median of 26, and from 2 to 165 NTU in the lab, with a median of 32 (Table 1; Figures 
20 and 21).  Turbidity tended to be lower in the upper versus the lower part of the North Raccoon watershed.  
Johnson Creek in the southeast part of Dallas County had the highest turbidity reading of 207 NTU.  It is unknown 
if the rainfall the previous day caused this elevated result.  As would be expected, sites with high turbidity levels 
had low transparency readings, and vice versa. 
 
Figure 4 compares the turbidity results from Project AWARE to results from the DNR statewide stream network for 
June 2007 (Figure 4).  Project AWARE turbidity levels were lower than levels statewide. 
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Figure 20. Turbidity (field meter) for sites sampled as part of Project AWARE 2007 on the Middle Raccoon, North Raccoon, 
and Raccoon rivers. 
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Figure 21. Turbidity (lab method) for sites sampled as part of Project AWARE 2007 on the Middle Raccoon, North Raccoon, 
and Raccoon rivers. 
 
Total Coliform and Escherichia coli Bacteria 
 
Total coliforms is a group of bacteria that includes fecal coliforms and other nonfecal bacteria that are widespread 
in the environment.  Total coliform is the standard test used for drinking water while E. coli bacteria are used as the 
indicator of health risk for recreational contact.  E. coli bacteria are a type of bacteria present in the gastrointestinal 
tract of warm-blooded animals.  These bacteria are called “indicator bacteria” because by themselves, they do not 
cause illness, but their presence suggests that disease-causing organisms or pathogens may be present.  As the 
number of indicator bacteria rises in water, so does the likelihood that pathogens are present.  The most frequent 
sources of pathogens are sewage overflows, malfunctioning septic systems, animal waste, polluted storm-water 
runoff, and boating wastes.  The presence of these bacteria suggests that a pathway exists for a relatively fresh 
source of human or animal waste to enter the stream.  Bacteria levels are reported as Most Probable Number per 
100 milliliters (MPN/100 ml). 
 
Iowa’s water quality standard for E. coli bacteria applies to Class A water bodies.  All of the stretches of the Middle 
Raccoon, North Raccoon, and Raccoon rivers that were canoed as part of Project AWARE 2007 are designated 
Class A1, primary contact recreational use.  The one-time maximum E. coli bacteria standard for Class A1 water 
bodies is 235 CFU/100 (CFU = Colony Forming Units per 100 milliliters of water).  The bacteria results for the 
Project AWARE sites are reported as Most Probable Number per 100 milliliters (MPN/100 ml; Table 1).  MPN/100 
ml is a statistical calculation of the number of colonies of bacteria whereas CFU is a direct count of the number of 
colonies.   
 
Total coliform bacteria levels ranged from 300 to 770,000 MPN/100 ml, while E. coli ranged from <100 to 5,570 
MPN/100 ml (Table 1; Figures 22 and 23).  Fourteen of the 35 sites sampled had E. coli bacteria levels greater than 



 
 

    
25

235 MPN/100 ml.  All four sites in the Middle Raccoon watershed exceeded 235, with levels ranging from 630 to 
1,480 MPN/100 ml.     Most of the sites in the North Raccoon watershed were less than 235.  Three tributary sites 
were sampled on Friday June 22, the day after the first storm, and those three sites had the highest E. coli levels of 
all sites sampled during the week.  E. coli was 5,570 MPN/100 ml for Johnson Creek and 2,230 for Sugar Creek, 
both in Dallas County, and an unnamed tributary in Polk County had an E. coli of 2,180 MPN/100 ml.  The three 
sites associated with the wastewater treatment facilities had E. coli levels of 100 and 200 MPN/100 ml. 
 
E. coli results from Project AWARE were similar to levels seen from the DNR statewide stream network for June 
2007 (Figure 4).   
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Figure 22. Total coliform bacteria (lab method) for sites sampled as part of Project AWARE 2007 on the Middle Raccoon, 
North Raccoon, and Raccoon rivers. 
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Figure 23. E. coli bacteria (lab method) for sites sampled as part of Project AWARE 2007 on the Middle Raccoon, North 
Raccoon, and Raccoon rivers. 
 

 
Sulfate 
 
Sulfate in streams is generally related to the types of minerals in the soils and bedrock, as dissolved sulfate in 
streams is generally derived from the dissolution of gypsum and other sulfide minerals.  Ingestion of water 
containing high levels of sulfate may cause a laxative effect.  Average sulfate concentrations in Iowa streams are 26 
to 61 mg/L, with a median of 37 mg/L.  Higher sulfate concentrations tend to occur in streams in the northwest part 
of Iowa. 
 
Sulfate concentrations for Project AWARE sites ranged from 8.9 to 581 mg/L, with a median of 30 mg/L (Table 1; 
Figure 24).  The lowest sulfate concentration occurred at Battle Creek, a tributary to the Middle Raccoon River.  
The highest levels (67, 93, and 581 mg/L) occurred at the three sites associated with the wastewater treatment 
facilities.  Tributary sites had lower sulfate (ranged from 8.9 to 25 mg/L) compared to main stem sites (ranged from 
26 to 36 mg/L), while levels were higher for the North Raccoon River relative to the Middle Raccoon River.   
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Figure 24. Sulfate (lab method) for sites sampled as part of Project AWARE 2007 on the Middle Raccoon, North Raccoon, 
and Raccoon rivers. 
 
 
Fluoride 
 
Fluoride ions may be present in streams either naturally or artificially.  Fluoride can occur in soils and rocks in 
some areas.  Other sources of fluoride include releases from wastewater treatment facilities, since some public 
water supplies add fluoride to their drinking water.   
 
Fluoride concentrations for the Project AWARE sites ranged from 0.22 to 1.22 mg/L, and the highest concentration 
occurred at the site associated with the industrial wastewater treatment facility near Perry (Table 1; Figure 25).  The 
second highest fluoride concentration, 0.60 mg/L, occurred at the site near the City of Perry wastewater treatment 
facility.  The lowest concentration, 0.22 mg/L, occurred at the site near the City of Jefferson wastewater treatment 
facility.  Fluoridation is part of the drinking water treatment process for both the City of Jefferson and the City of 
Perry. 
 
The DNR network of streams statewide does not monitor for fluoride, so typical fluoride concentrations for streams 
statewide is unknown.  There are stream sites throughout the Cedar River watershed in eastern Iowa that have been 
monitored on several occasions during the past seven years for fluoride, and concentrations from these sites 
typically range from 0.04 to 0.5 mg/L. 
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Figure 25. Fluoride (lab method) for sites sampled as part of Project AWARE 2007 on the Middle Raccoon, North Raccoon, 
and Raccoon rivers. 
 
 
Bromide 
 
Bromide occurs naturally in some surface water and groundwater, particularly in areas of salt intrusion.  Bromide 
can also be present due to industrial and agricultural activity.  For Project AWARE, bromide was detected at one 
site at a concentration of 0.39 mg/L (Table 1; Figure 26).  This site was associated with the industrial wastewater 
treatment facility near Perry.  The DNR network of streams statewide does not monitor for bromide, so typical 
bromide concentrations for streams statewide is unknown.   
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Figure 26. Bromide (lab method) for sites sampled as part of Project AWARE 2007 on the Middle Raccoon, North Raccoon, 
and Raccoon rivers. 
 

Summary 
 
In addition to 26 tons of trash removed during Project AWARE 2007, a total of 36 sites were monitored for a 
variety of field and lab parameters.   
 
Below are some observations from the data. 
 

• Project AWARE occurred during below normal stream flow conditions for the Middle Raccoon, North 
Raccoon, and Raccoon rivers for all but the last day of the trip.  Rain on both Thursday June 21 and Friday 
June 22 caused water levels on the Raccoon River to increase from 2,310 to 6,100 cfs.  Given the high 
water levels, the last stretch of the Project AWARE route from Walnut Woods State Park to Des Moines 
Waterworks Park was not completed and no stream monitoring was done that day.  

 
• Dissolved oxygen concentrations ranged from 6.4 to 12.1 mg/L; all concentrations met the water quality 

standard minimum of 5 mg/L for warm water streams.  Dissolved oxygen levels for Project AWARE sites 
were slightly higher than levels statewide.   

 
• In general, water quality for the three sites near the one industrial and two municipal wastewater treatment 

facilities reflected the impact from point sources, as these sites had elevated chloride, sulfate, fluoride, 
specific conductance, orthophosphorus, transparency, and detectable levels of nitrite-N.  Of  the 36 sites 
monitored, the site near the industrial wastewater treatment facility had the highest nitrate-N (21.92 mg/L), 
orthophosphorus (11.79 mg/L lab result; 10 mg/L IOWATER method), sulfate (581 mg/L), and fluoride 
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(1.22 mg/L); the only detection of bromide (0.39 mg/L); the lowest dissolved oxygen (6.4 mg/L); and the 
second lowest pH (7.4). 

 
• Nitrate-N concentrations for Project AWARE sites ranged from 0.1 to 21.9 mg/L and overall were higher 

than levels in streams statewide during June 2007. 
 

• Orthophosphorus was elevated for sites associated with wastewater treatment facilities.  If those sites were 
excluded, there were no differences in concentrations between sites on the main channel versus tributary 
sites.  Concentrations at Project AWARE sites were similar to those for streams statewide. 

 
• Higher chloride concentrations occurred at sites on the North Raccoon and Raccoon rivers relative to the 

Middle Raccoon River.  The highest chloride concentrations were associated with point sources or 
wastewater treatment facilities.  Chloride at Project AWARE sites tended to be higher than concentrations 
in streams statewide.  

 
• Specific conductivity levels were higher for Project AWARE sites compared to streams statewide, but that 

was not surprising given that many of the ion concentrations were also higher for Project AWARE sites 
relative to streams statewide.  

 
• At 14 of the 35 sites, E. coli bacteria levels exceeded 235 MPN/100 ml.  The highest levels were measured 

at three tributary sites that were sampled on Friday June 22.  It is unknown what effect the previous day’s 
rainfall had on the bacteria levels or whether these three tributaries tend to have elevated bacteria relative to 
other sites.  Overall, E. coli bacteria levels for Project AWARE sites were similar to levels measured as part 
of the DNR statewide stream network. 

 
• For Project AWARE, sulfate concentrations were higher at tributary sites compared to sites on the main 

stem.  Concentrations were also higher for the North Raccoon River relative to the Middle Raccoon River. 
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