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Introduction

During 2006, Upper Iowa University conducted year two of a water quality study

of Hickory creek. This report discusses the results flom monitoring the water quality of
Hickory creek during the time period March 2006 through octob et 2006, and presents a

comparison ofthese results to those collected in 2005'

Efforts to monitor water quality followed a two-pronged approach. First, physical

and chemical water quality parameters wefe measured once each month, as well as after

significant rain events. Second, benthic invertebrates wele sampled twice for use as

general indicators of water quality

Methods

Three sites were identified for monitoring. In 2006, site I was moved downstream

to an area that provided more of a riffle habitat. Beginning in March and ending with

October, each site was visited once a month in order to measure various physical and

chemical parameters. Each visit occurred within seven days of the first of the month. ln
addition, the three sites were visited within 24 hours ofcertain significant rain events. A
significant rain event is defined as 0.6 inches ofprecipitation falling within a 24 hotx
period.

During each visit, the following parameters were measured on site using a multi-

probe device connected to a field laptop computer: temperatue, pH, specifrc conductance

(microSiemens/cm) and dissolved oxygen (mg/L). A nephelometer was used to measure

turbidity (f{TU).
Water samples were collected and retumed to Upper Iowa University for

immediate measurement of suspended solids, total phosphorus and total nitrogen (a11

reported as mg/L). For quality assurance-quality control purposes, duplicates were run for

one site each day, and a blank was run for total phosphorus (although not for total

nihogen, since the test procedure already incorporates a blark).
Also in the iab, samples of t00ml, 10 ml, 1 ml and 0.1 ml (samples less than 100

ml were diluted to 100m1 using a dilution buffer) were filtered and the filter was

incubated for 24 hours in m-FClRosolic acid to detect fecal coliform bacteria. For each

site, one filter was incubated an additional four hours in MUG medium to conftrm E' coli

as an indicator of fecal coliform bacteria, which are reported as number of colonies per

100m1. To insure accuracy of counting, a filter with between 20-85 colonies (or as close

as possibie) was selected for confirmation'
Once in September and once in May, each site was sampled for benthic

invertebrate populations. Two samples were collected in order to accommodate the fact

that differeni species may be present in the community at different times, depending on

their life history. A kick net was used to collect aquatic arthropods from five meters of



riffle at each site. A11 arthropods were identified (to genus wherever possible) and the

Family Biotic Index was calculated according to Hilsenhoff, 1988. For these calculations,

September and May collections were combined and treated as one sample for each site.

Results and Discussion

Physical parameters ofwater quality are presented in Table 1. The overall mean

and range for the six variables measured at each site are presented. Also, the mean and

range for these variables were computed separately for rain and non-rain events.

Temperature
In general, temperature increased downstream. Average temperatures were lower

for significant rain events because these include samples from cooler months (March,

June and September.

pH
pH levels did not vary significantly among the three sites and were typical for

streams in northeast Iowa. weathering of limestone adds calcium to the water (hardness)

and elevates the pH above neutral. Hard water provides more minerals for aquatic

arthropods to build their exoskeletons.

Specilic conductance
Conductivity measures the ability of water to conduct an electrical current' It is

influenced by the presence ofions dissolved in the watel. It is typical for northeast Iowa

streams to display very high conductivity, again because ofthe dissolved limestone.

Conductivity did not vary significantly among the three sites. Both pH and specific

conductance dropped (although pH only slightly) as the water in the stream was diluted

by rain water that is relatively free of dissolved substances.

Dissolved oxygen
Dissolved oxygen, along with temperature, is one of the most critical physicai

parameters of water quality. In fact, dissolved oxygen is influenced by temperature, as

warmer water is unable to hold as much oxygen as colder water. Dissolved oxygen levels

are also influenced by turbulence, which mixes more air with the water. Dissolved

oxygen levels dropped precipitously during late summer tain events. Levels below six

mg/L, which begin to stress some species offish, were encountered at all three sites.

Turbidi8
Normally, turbidity levels were excellent at all three sites with tlpical readings

below 15 NTU. However, significant rain events had a dramatic impact on turbidity, with
readings jumping to four times as high all three sites. Invertebrates vary with respect to

their ability to tolerate turbid conditions. Also, invertebrates vary with respect to their

preference for silty or rocky substrates. Sediment can bury invertebrate and fish eggs,

causing suffocation. Clear1y, runoffbringing sediment into the watershed and increasing



the turbidity is the physical parameter of water quality that has the most visible negative
impact on the watershed.

Chemical parameters of water quality are presented in Table 2. As with the
physical parameters, the overall mean and range for the two variables measured at each

site are presented. Also, the mean and range for these variables were computed separately
for rain and non-rain events.

Suspended Solids
The amount of suspended solids increased dramatically after a sigrrifrcant rain

event. Typically, suspended solids levels were highest at site 2, which suffers significant
bank damage from cattle leading to more ground exposed to erosion during runoff.

Phosphorus
Total phosphorus levels were highest at Site 2. This is not surprising, since this

site often had cattle present. A11 three sites showed a dramatic increase in total
phosphorus levels following significant rain events.

Nitrogen
Total nitrogen includes ammonia, nitrate, nitrite and organic nitrogen. Of these,

nitrates make up the largest percentage. Total nitrogen levels were higher at site 1, except
following significant rain events. Groundwater in Iowa carries a signifrcant amount of
nitrates from excess fertilizer applications, thus, sites nearest the spring source typically
have the most nitrates. After significant rain events, nitrogen levels were highest at site 3.

Nitrogen and phosphorus tend to be limiting nutrients in aquatic ecosystems.

Their relative concentrations determine how much plant growth can occur. Overloading
aquatic ecosystems with these nutrients typically produces plant blooms. Most of these

plants are shortlived and when they die they are decomposed by bacteria. The activity of
these bacteria greatly reduces dissolved oxygen levels.

Fecal coliform bacteria
Fecal coliform bacteria counts were remarkably high at all three sites (Table 3).

Levels started out very low, but sky-rocketed following the first significant rain event and

remained elevated (with spikes associated with later rain events) throughout the summer.

Only in the first sample, collected at the beginning of March, were levels below 200
colonies/l0Oml, the maximum allowed in Iowa for waters designated for primary contact

recreation.

Benthic Macroinvertebrates
The results of the benthic invertebrate surveys are presented in Table 4. At all

three sites, the spring surveys were dominated by midges. Site 1 also had large numbers

of mayflies and both sites 1 and 2 had large numbers of planaria (flatworms).
The benthic invertebrate survey results were used to calculate the Family Biotic

Index (FBI). This index is computed based on the number ofindividuals in each famiiy
and the tolerance value for that family. The tolerance value, which can range from zero to

4



ten, refers to the ability ofspecies in that family to tolerate polluted water, with zero

being the least tolerant. A comparison ofthe sites based on the invertebrate surveys is

presented in Table 5. It should be noted that only those families for which a tolerance

value is available were used in the computations.
Table 6 provides an evaluation ofwater quality based on the calculated FBI. The

benthic survey suggests that the water quality at all three sites is fair, with fairly
substantial pollution likely. This fits with the chemical data, which demonstrate that

organic pollution (nitrogen and phosphorus) is being introduced into the stream.

As was the case in 2005, no benthic macroinvertebrates with a tolerance value of
less than four were recovered from Hickory creek. In fact, most families had a tolerance

value offour or six. As the relative abundance data in Table 7 indicate, most of the

benthic invertebrates collected were mayfly larvae (16.2%, tolerance value of four), true

fly larvae (46.3t'/o, tolerance value ofsix), and flatworms (no tolerance value, although

often abundant in polluted water).

2005 - 2006 Comparison
Data on physical parameters of water quality collected in 2006 was very similar to

that collected in 2005 (Klann, 2005). One positive difference was the fact that dissolved

oxygen levels did not drop as low at site 3 (5.7 in 2006, vercus 2.0 in 2005). Values for
turbidity and suspended solids in 2006 did not achieve the extreme highs encountered in
2005, although it must be noted that more significant rain events (with more rainfall per

event) were sampled in 2005. Despite this, the physical water quality data tentatively
suggest an improvement in water quality from 2005 to 2006.

A comparison of chemical water quality parameters flom 2005 to 2006 presents

interesting results. On the one hand, total nitrogen levels were down in 2006, even for
samples collected outside of signifrcant rain events. This also provides tentative evidence

that the water quality in 2006 had improved. Total phosphorus values, on the other hand,

were higher in 2006, primarily due to higher results for samples collected outside of
significant rain events. It did appear to the investigator that more manure was applied to

the surface in2006, although data were not collected to test this hypothesis.

In general, fecal coliform bacteria counts were lower in 2006 compared to 2005,

more tentative evidence of an improvement in water quality'
As far as the benthic macroinvertebrates are concemed, from 2005 to 2006 the

Family Biotic Index declined for sites 1 and 2, and displayed a very slight improvement

for site 3 (also note that site 1 was moved downstream to locate a riffle environment).

These results for 2006 are not surprising, since the water quality in 2005 would have had

a very large impact on the organisms found in the stream in 2006. If the water quality did

improve in 2005, then this will not be expected to appear in the benthic

macroinvertebrate data until 2007 at lhe earliest. clearly, it will take time for species with
a lower tolerance to organic pollution to proliferate or colonize the stream.
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Table 2. Chemical water quality data (mean with range below).

Location
Overall (14 samples)
Site 1

Site 2

Site 3

Non-rain events (8 samPles)
Site 1

Site 2

Site 3

Total
Phosphorus

0.93
0.26 - 2.89

1 .24
0.36 - 4.72

1 .07
0.26 - 4.98

0.68
0.26 - 1 .19

0.76
0.36 - 1.95

0.54
0.26 - 0.95

Total
Nitrogen

oa
5.4 - 14.2

7.5
3.3 - 16.1

8.2
1.4 - 14.2

9.5
5.4 - 12.9

8.0
4.4 - 16.1

7.6
1.4 - '11 .O

Rain events (6 samples)
Site 1

Site 2

Site 3

1 .67
0.63 - 2.89

2.19
1'O8 - 4.72

1 .99
0.66 - 4.98

9.1

5.4 - 14.2

b.o
3.3 - 10.4

9.4
4.7 - '14.2



Table 3. Fecal coliform analysis.

Date Rain event
317106

3/13/06 YES
3/31/06 YES

5/3/06
6/5/06
6/6/06 YES

6128106
8/1/06
9/4/06

9/11/06 YES
10/6/06

Mean
Minimum
Maximum

Colonies/100 ml
Site 2

118
2500
2800
2500

900
45000

980
3200

127000
629000

500

74045
118

629000

Site 1

0
900
500

2300
2000
9700

480
2900

204000
736000

3200

87453
0

736000

Site 3
113

10900
1700
3400

200
5100

380
2500
1400

756000
500

71108
113

756000
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Table 5. Comparison of sites based on benthic invertebrate sampling.
Site 1 2

Number of taxa

Total number of individuals

Family Biotic lndex

15

681

5.03

13

489

5.70

12

291

5.75



Table 6. Evaluation of water quality based on FBI in

Water Qualitv FBI Deqree of Orqanic Pollution

Excellent

Very good

Good

Fair

Fairly poor

Poor

Very poor

0.00-3.75

3.76-4.25

4.26-5.00

5.0'1-5.75

5.76-6.50

6.51-7.25

7.26-10.O

Organic pollution unlikely

Possible slight organic pollution

Some organic pollution probable

Fairly substantial pollution likely

Substantial pollution likely

Very substantial pollution likely

Severe organic pollution likely



Table 7. Relative abundances of benthic macroinvertebrate groups.

Benthic
Macroinvertebrate

Caddisfly
MaWv
Damselfly/Dragonfly
True fly
Beetle
True bug
Flatworm
Leech
Snail
Crayfish

Total

Number

42
237

7
677

11

28
430

11

12
6

1461

Percent

2s%
16.2%

O.1Yo

46.3o/o

0.8lo
1 .9Yo

29.4o/o

0.a%
O.8o/o

O.4"/o

100%


