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Introduction

Bioassessment Overview

The ecological health of a waterbody is dependant on many factors.
Characterization of the overall condition of a stream or river is complicated by the
interaction of many different contributors relating to habitat and water chemistry.
Biological assessments are a look at the biological condition of a waterbody using
analysis of data from a representative portion of the aquatic community. By studying the
benthic macroinvertebrate community, assessing the habitat conditions, and looking at
the chemical and physical properties of the South Platte River, an attempt was made to
establish a relationship between the aquatic life and different stressors affecting the
aquatic community.

Future Direction of Bioassessment

The EPA is placing increased emphasis on bioassessment and biocriteria as
measures of the health of streams and rivers. The Clean Water Act directs States to
develop criteria based on biological assessements of natural ecosystems. (USEPA, 2006)
Colorado is currently developing standards and methodologies and evaluating
bioassessment criteria through its Aquatic Life Workgroup. The biological data gathered
from the streams and rivers will most likely be the used to assess attainment of
designated aquatic life uses. Biological and habitat data will also increasingly factor into
water quality management decisions.

Background

Project Goals

South Adams County Water and Sanitation District, like most other agencies
involved in water quality, has traditionally monitored only chemical and physical
parameters of its effluent and the receiving stream. A program to assess the cumulative
effects of anthropogenic stressors and natural conditions on the South Platte River was
developed to:

e Determine the feasibility and limitations of an in-house bioassessment program
with consideration of time, economic, and knowledge-base needs.

e [Establishment of baseline data that could be used in combination with current or
future studies or regulations.

¢ Gain an understanding of measures of macroinvertebrate populations that can be
used in conjunction with ongoing water chemistry monitoring.

e (Gain an understanding of biological communities and the stressors including
water chemistry and habitat affecting these populations.

¢ Build teamwork and research skills through a team-based approach to the project.



e Develop an outreach program of benefit to schools and the community based on
the results of the study.

Specific Project Design

An ecological assessment of the South Platte was done using sample sites chosen
to offer insight into the current health and improvement potential of the river. (Figure 1)
Sites were selected to allow for a snapshot of conditions throughout the river continuum
from a high coldwater stream in a relatively undeveloped area to a flat warmwater stream
in a highly urbanized area. The study included consideration of chemical and physical
parameters, benthic macroinvertebrate community, and habitat. Traditionally,
bioassessments focus solely on biology, however analyzing chemistry, microbiology and
biology lent to a better understanding of interactions between all three parameters.

Site Selection
Three sites in the Upper South Platte River Basin were decided upon.

The first site was inside Pike National Forest
approximately one mile downstream from Deckers in
segment la. This site was well above any urban impact,
and was considered the most pristine of the sites. The
flow in the river is affected by discharge from Cheesman
Lake. Observed uses included fly fishing, wildlife
viewing, and other recreation.

The second location was at South Platte Park (SPP) in
segment 6¢, approximately one mile downstream from
Chatfield Reservoir, just beyond the convergence of
Marcy Gulch. This location was just inside the urban
area. Observed uses included recreation, stormwater
receiving, jogging trails, and public education through
South Platte Park Education Center.

The third location was chosen in segment 15, above 104™
Ave., and approximately one quarter mile below the
outfall of the SACWSD wastewater facility. This site is
near the end of the Denver Metro area. It is dominated by
effluent from wastewater plants that serve the area.
Observed uses included wastewater and stormwater
receiving.
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Sampling was conducted in early fall 2006 with dates set for September 28™
(104™ Ave.), October 3™ (SPP), and October 5™ (Deckers). On October 5™ the river was
too high to safely sample. Sampling was rescheduled and done on October 20". The
initial intention was to keep the sampling dates as close as possible to reduce any
seasonal variation. The increase from 8 to 23 days, while appearing significant probably
made little or no difference in the quality of the data.

Methods

The assessments of the chosen sites were performed by the three SACWSD eco-
assessment team members using forms and evaluation methodologies adapted from the
West Virginia Save Our Streams (WVSOS) Monitoring Program (Craddock, 2004) and
USEPA’s Rapid Bioassessment Protocols (Barbour et al. 1999). To maintain consistency
across sites, all assessments were completed jointly by all three members and the team’s
collective observations and decisions were recorded using identical forms.

Chemistry and Microbiology

The parameters for water chemistry were consistent with those used by the South
Platte Coalition for Urban River Evaluation (SPCURE), with the addition of iron,
selenium, and aluminum. Samples were collected in two liter LDPP jars at the leading
edge of each site. Temperature, pH, dissolved oxygen, and conductivity were measured in
the field. Hardness, alkalinity, ammonia, nitrite, nitrate, and total suspended solids were
measured at the SACWSD lab, using procedures based on Standard Methods (APHA,
1998). An outside laboratory was used for analysis of total organic carbon, phosphate,
and metals.

A microbiology sample was taken at each site in a sterilized one liter
polypropylene bottle. All microbiological analyses were preformed immediately upon
return to the laboratory. Fecal coliform determinations were done by membrane filtration
according to Standard Methods. Total coliforms and E. coli were determined using the
IDEXX Quantitray MPN method.

Habitat Methodology

The habitat assessment was done by conducting a visual characterization of
several physical characteristics of the stream over the 100 meter reach sampled. In order
to appraise the habitat quality, an evaluation was done based on forms and methodologies
described in the WV SOS Monitoring Manual: Level 3. In this procedure each
characteristic of concern was assigned a numerical rating from one (poor) to twenty
(optimal) based on factors such as embeddedness, sediment deposition, riffle frequency,
attachment sites, velocity/depth combinations, flow status, and channel alteration.
Conditions that were bank-specific, such as vegetative protection, stability, and riparian
buffer width, were done with each side accounting for ten of the possible twenty points
for that condition. Individual parameter scores were then added to get a total habitat



score. This score was normalized to a percentage of possible points and assigned a rating
of excellent, good, marginal, or poor.

The assessment also was used to record physical descriptions of the water and
land use impacts. The adapted form included parameters related to the overall appearance
of the water, algae, and streambed. Notable physical conditions were noted on the site
summary data sheet. Land use impacts were summarized in an impact rating of slight,
moderate, or high which was recorded on the final site summary sheet.

Macroinvertebrate Methods

Following the USEPA multihabitat approach
for sampling macroinvertebrates, A D- frame dip net
was used for macroinvertebrate collection. Before
collecting samples, the reach was assessed for
substrate types. Sampling was completed based on the
percentage of each substrate. Moving upstream from
the bottom of the reach, kick samples were collected
from each substrate and composited in a bucket after
every third sample. Once all 20 kick samples were
collected, they were bottled, labeled and preserved in
90% alcohol.

Samples were rinsed through a sieve and the samples were spread out on a
gridded tray for lab analysis. Organisms were picked from randomly chosen grids until a
minimum of 200 organisms were collected. They were sorted by Order and stored in 90%
alcohol. Macroinvertebrates were identified to Family level. This work was completed in-
house in order to get a better understanding of the process, and to gain hands-on
experience identifying the organisms. The WVSOS Program Level 3 metrics spreadsheet
was used to evaluate the metrics.

Results and Discussion
Macroinvertebrate Pollution Tolerance

Macroinvertebrates are unique in that each species has a different reaction to
pollution. Some organisms can handle poor water quality, while others can only survive
in clean water. This capacity makes macroinvertebrates ideal for indicating water quality
in ecoassessments. Ephemeroptera, Plecoptera and Trichoptera (EPT) are typically
pollution sensitive species. As water quality decreases, fewer of these species are found
in the river. The pollution tolerant Chironomidae become more abundant as water quality
decreases. Figure 2 demonstrates the density of these two groups at each site. The
progression downstream shows a decrease in percent EPT and an increase in percent
Chironomidae. Together, theses metrics indicate a decrease in water quality from
upstream to downstream.
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Another sign of good water quality is a high diversity of organisms. The total taxa
richness metric, percent dominance, EPT and Chironomidae all describe the amount of
diversity at a site. The total taxa richness metric describes the number of types of
organisms at a site. Higher taxa richness describes more diversity. Percent dominance
describes the amount of the population made up by one type of organism. Low percent
dominance also describes more diversity. Finally, the EPT abundance should be high and
the Chironomidae abundance should be low. By analyzing the metrics found in Table 1, it
is clear that the diversity is high at the first two sites, and is low at the final, downstream
site.

Table 1.

Parameter Deckers SP Park SACWSD Measures Might Indicate
% Dominance 35.0% 22.8% 58.3% Dominant taxa Imbalanced community
% EPT Abundance 66.8% 40.2% 0.4% Pollution sensitive species  Pollution
EPT Taxa Richness 7 7 2 Total EPT kinds EPT Diversity
% Chironomidae 5.9% 22.8% 58.3% Midges Impairment
Hilsenhoff Biotic Index (HBI) 3.77 5.18 8.75 Tolerance to Disturbances ~ Community sensitivity
Total Taxa Richness 14 14 8 Total kinds Diversity
Biological Integrity Rating 77 (Sub-Optimal) 67 (Marginal) 21 (Poor) |Overall bilogical integrity River health




Habitat and Macroinvertebrates

A multimetric approach was used in our study that integrated numerical values to
describe different characteristics of the aquatic community. Indices from the individual,
population, and assemblage levels were calculated using measurements of different
macroinvertebrate community components and pollution stress tolerances. A Biological
Integrity Rating, also known as IBI, was then derived from these individual metrics using
a procedure outlined in WVSOS Manual (Craddock, 2004).

As seen in Figure 3, habitat integrity scores matched very closely with biological
integrity ratings of each site. This reinforces the idea that the macroinvertebrate

population is not only dependant upon the water chemistry, but also on physical habitat
factors.

Habitat vs Macroinvertebrates

Habitat Integrity

Deckers SP Park 104th Ave.
‘- Habitat Integrity Macroinvertebrate Stream Index
Figure 3.

At the Deckers site, the habitat integrity rating was excellent and biological
integrity rating was sub-optimal. This is most likely due to the water chemistry
parameters that were relatively poor, presumably due to effects of fire and flooding in the
area. This would suggest that macroinvertebrate communities need to have both their
immediate water environments and their overall surroundings favorable in order to thrive.
Although the Deckers site was rated as sub-optimal it was very close to an optimal rating.

The South Platte Park site had a biological integrity rating of marginal and a
habitat rating that fell into the good category. With the exception of nitrate, many of the
SP Park water chemistry parameters looked similar to or slightly better than the Deckers
site. This suggests that the lower habitat rating, along with temperature and flow speed
most likely accounted exclusively for the decrease seen in biological integrity. This site
was predominantly composed of larger cobble, but a glimpse of negative environmental




impacts was seen by the sand deposits that were periodically encountered in the reach.
During the sampling, South Platte Park personnel informed the team that the sand was
from the tail-end of a large plume that had migrated through the park, negatively
affecting the macroinvertebrate community.

The final South Platte site upstream of 104™ Ave. had a marked decrease in
habitat and biological integrity with both parameters receiving a poor rating. The water
quality at this site was drastically different than the other sites with noticeable changes in
nutrients, conductivity, dissolved oxygen, and organic carbon. This is most likely due in
part to the influence of the urban area point and nonpoint source inputs into the river, but
the influence of habitat and other physical parameters can’t be disregarded. It is uncertain
what level of increase in overall biological integrity would be seen by improvements to
water quality alone. Many of the inhospitable habitat features such as lack of attachment
sites, low frequencies of riffles, and few velocity/depth combinations might prohibit
many macroinvertebrate families without regard to water chemistry.

DO and Temperature

As the sample sites decreased in elevation, they also decreased in dissolved
oxygen concentrations. (Figure 4) This is partially due to the increasing temperatures
downstream and the fact that cold water can hold more dissolved oxygen than warm
water. Other factors that likely contributed to the decrease in DO are the decreasing flow
speed and lack of riffles seen as we went downstream - especially at the 104™ Ave. site.
These riffles serve to aerate the water by stirring it up. Also, the increase in organic
matter can decrease the DO as the oxygen is used by bacteria to break down organic
material.

Temperature and DO Site Comparison
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Nutrients

Nutrients in South Platte
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There is a pronounced increase in nutrients (nitrogen and phosphorus) as the
South Platte moves through the Metro area. (Figure 5) At the Deckers site, essentially all
of the nutrients are at undetectable levels. The South Platte Park area shows a notable
increase in nitrates. Sources of nitrate could include runoff from lawns or pastures, and
decay from organic material in the river. At the 104™ Ave. site, the nutrient levels have
dramatically increased. This site is the recipient of effluent waters from several
wastewater treatment plants. The higher concentration of homes also leads to a higher
concentration of nutrients in the runoff. These higher levels of nutrients promote more
algae growth in the river, which can lead to decreases in dissolved oxygen and other
problems that affect organism populations.

Total Suspended Solids (TSS)

The TSS results at the Deckers Total Suspended Solids
site seemed unusually high and may be
the result of increased runoff from fires
that had occurred in the watershed 201
several years earlier. (Figure 6) The area
had also experienced considerable
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flooding earlier that summer. Adding to 5 |
the poss1ble causes were the effects of . | | l
melting snow the day samples were Deckers P Park 104th Ave.
collected.

Figure 6.
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Alkalinity/Hardness/Conductivity

Alkalinity, Conductivity, and Hardness on
South Platte
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Data shows a gradual increase in alkalinity and hardness as the river moves
downstream. (Figure 7) Alkalinity is a measure of the acid-buffering capacity. It is
closely related to hardness, the measure of calcium and magnesium ions. It is interesting
to notice the dramatic increase in conductivity as the river moves through the urban area.
Further investigation shows that the concentration of calcium and chloride follow a
similar increase as the river moves through the urban area. (Figure 8) This could account
for the increase in the conductivity at the 104th Ave. site. It is difficult to explain the
drastic increase in calcium and chloride at the 104th Ave. site and what effect this
increase might have on the biological integrity of the river.

Major lons in the South Platte
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Metals

Five metal species were evaluated: copper, manganese, iron, aluminum, and
selenium. Copper and selenium were essentially undetectable at all sites, and are not
included in Figure 9. Manganese was found at nearly the same levels throughout the
river. Aluminum and iron were found at a fairly high level at the Deckers site and

declined downstream. These elevated levels were possibly due to runoff that also caused

the higher TSS at this site. This trend was consistent with a study by the USGS (USGS,

2001) which attributed similar results to runoff from local mines in the area.

Metals (Al, Fe, Mn) Concentrations in
South Platte
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Microbiology
E. coli Levels in South Platte
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The Deckers site had the lowest E. coli content, whereas the 104™ Ave. site had

the highest E. coli content. E. coli numbers are typically greater in an urban river. This is
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primarily due to the large amount of animal waste brought to the river by way of urban
stormwater runoff. Even with the comparatively elevated E. coli levels, the site was
considered safe for recreation. As Figure 10 demonstrates, the highest E. coli level was
still lower than Colorado Department of Public Health and Environment’s limit of 126 E.
coli/100ml for recreation (CDPHE, 2006).

Conclusions

Through the study, data was collected from three very different and diverse
reaches of the South Platte River. This data provided insight into the interrelation of
water chemistry, habitat, and macroinvertebrate populations. The study reinforced the
idea that many factors are in play in determining the overall health of a river. The best
understanding of a river can be gained by evaluating all factors collectively.

Many skills were developed and lessons learned throughout the bioassessment. It
was concluded that an in-house bioassessment program on a bi-yearly sampling schedule
is possible and should be implemented to add to the data collected. This program was
found to be within the financial and expertise capabilities of the District.

Other benefits of the project included teamwork and research skills developed
through the team-based approach used throughout the project. The data collected, and
conclusions drawn will serve as a resource when conducting future studies and
developing educational outreach programs relating to river health.

Future Project Ambitions

Funds devoted to one-time equipment and planning costs (Appendix A) could be
reallocated to other areas of interest in the future. Some study ambitions identified during
the course of the project include:

e Inclusion of a suite of pharmaceutical and personal care products (PPCP’s) into
the water chemistry analysis at each site to provide background data relevant to
the emerging issue of these compounds in rivers and streams.

e Continuation of monitoring at the Deckers site allowing for focus on the rivers
water quality, macroinvertebrate, and habitat response to fire-related impacts.

e Evaluation of additional macroinvertebrate QC measures and associated costs.

e Inclusion of fish data at sample sites. (Fish data obtained from CDOW for the
current study proved to be insufficient due to sampling locations and dates that
were incongruous with ours.)
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Appendix A - Resources

The following chart is a summary of the resources used for SACWSD’s eco-
assessment. Hours were not logged at the time of the project, so this represents a rough
estimation of the hours required for this project. Hours/Year are based on a three person
team working on the project.

Task \ Hours/Year | Cost
Planning/Setup For First Year

Site Selection 40 N/A
Gathering/Ordering/Making Equipment 25 $315.00
Bench Sheet Preparation 18 N/A
SOP Creation/Planning 35 N/A
Field Sampling 52 N/A
Chemistry Sample Analysis 4 $371.55
Macroinvertebrate Analysis 40 N/A
Data analyzing/Report preparation 35 N/A
Total 249 $686.55
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Appendix B — Table of Data Collected

Parameter

Date Sampled

Habitat Integrity

% Dominance

% EPT Abundance

EPT Taxa Richness

% Chironomidae

Hilsenhoff Biotic Index (HBI)
Total Taxa Richness
Macroinvertebrate Stream Index
Temp (°C)

pH

Dissolved Oxygen (mg/L)
Conductivity (uS/cm)
Hardness as mgCaCO3/L
Alkalinity as mgCaCO3/L
Ammonia as mgNH3-N/L
Nitrate as mgNO3-N + NO2/L
Nitrite as mgNO2/L

TSS (mg/L)

Fecal Coliforms (#/100ml)
Total Coliforms (#/100ml)

E. coli (MPN)

Total Organic Carbon (mg/L)
Copper (mg/L)

Manganese (Pot Diss) (mg/L)
Total Phosphorus (mg/L)
Sulfate(mg/L)

Calcium (mg/L)

Magnesium (mg/L)

Sodium (mg/L)

Potassium (mg/L)
Chloride(mg/L)

Iron (mg/L)

Selenium (mg/L)

Aluminum (mg/L)

Ave. Flow Speed (ft/sec)
Elevation (ft)

UTM Coordinates

Deckers

10/20/2006
86 (excellent)
35.00%
66.80%
7
5.90%
3.77
14
77 (Sub Optimal)
7.9
8.31
10.6
301
115
96
<0.1
0.05
<0.01
23.2
5
>2419.6
2
3
0.001
0.187
<0.03
29
15
7.8
29
2
20
1.26
<0.001
0.7
9.94
6329

13481000E; 4346507N

SP Park

10/3/2006
68 (good)
22.80%
40.20%
7
22.80%
5.18
14
67 (Marginal)
13.7
7.99
8.53
405
156
93
<0.1
0.74
<0.01
6.2
44
1732.9
389
4
<0.001
0.096
0.08
26
8.7
42
4
25
0.21
<0.001
0.5
6.26
5360

13497333E; 4381788N

104th Ave.

9/28/2006
30 (poor)
58.30%
0.40%
2
58.30%
8.75
8
21 (Poor)
17.4
7.47
5.5
1000
215
165
0.7
5.4
0.423
5.6
99
>2419.6
71.7
12
0.006
0.165
3.39
105
13.3
63
14
114
0.37
<0.001
0.4
5.16
5079

13506687E; 4413808N
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