
 

 

 

 

 

Investigative Water Study Report 

Interstate 270 and State Route 3 Industrial Site 

Franklin County, OH 

 

 

 

 

APRIL 23, 2020 

 

 

Prepared for: 

Friends of Alum Creek and Tributaries 

PO Box 9166 

Bexley, OH 43209-0166 

 

 

Prepared by: 

 
 

Specialists in 

Ecological & Wetland Consulting 



i 

 

 

TABLE OF CONTENTS 

 

 

EXECUTIVE SUMMARY ............................................................................................... iii 

1 INTRODUCTION ..........................................................................................................1 

1.1 Site Background ...................................................................................................1 

1.2 Citizen Complaints ...............................................................................................2 

1.3 Ohio Water Quality Standards ..............................................................................2 

2 OBJECTIVES ................................................................................................................3 

2 METHODS.....................................................................................................................3 

3.1 Literature Review .................................................................................................4 

3.2 Site Visits and Investigation for Alum Creek .......................................................5 

3.2.1 Water Quality ...........................................................................................5 

3.2.2 Water and Sediment Chemistry ................................................................6 

3.2.3 Bioassay ....................................................................................................6 

3.2.4 Macroinvertebrate Community Analysis .................................................7 

4 RESULTS.......................................................................................................................8 

4.1 Literature Findings ...............................................................................................8 

4.2 Site Findings .........................................................................................................9 

4.2.1 General Observations ...............................................................................9 

4.2.2 Water Quality .........................................................................................10 

4.2.3 Water and Sediment Chemistry ..............................................................11 

4.2.4 Bioassay ..................................................................................................12 

4.2.5 Macroinvertebrate Communities ............................................................13 

5 SUMMARY & CONCLUSIONS ................................................................................15 

LITERATURE CITED ......................................................................................................17 

 

Tables 

Figures 

Appendices 

  



ii 

LIST OF TABLES 

Table 

1 Averaged Water Quality Results of Five Sampling Locations within Alum Creek adjacent 

to the Industrial Site near Interstate 270 and State Route 3 in Westerville, Franklin 

County, Ohio. 

2 Bioassay Results from Alum Creek Upstream, Downstream, and Laboratory Control 

Samples. 

3 ICI Results of Alum Creek Sampling conducted in 2019 upstream of the Industrial Site 

near interstate 270 and State Route 3 in Westerville, Franklin County, Ohio. 

 

4 ICI Results of Alum Creek Sampling conducted in 2019 downstream of the Industrial 

Site near interstate 270 and State Route 3 in Westerville, Franklin County, Ohio. 

 

 

LIST OF FIGURES 

Figure 

1 Sampling Locations 

 

LIST OF APPENDICES 

Appendix  

A Photographs 

B StreamStats Watershed Map 

C Historical Aerial Photograph 

D Citizen Complaints 

E Water Quality Summarized Data 

F Water and Sediment Chemistry Summarized Data 

G Bioassay Report: Chironomus dilutus 10-Day Whole Sediment Toxicity Testing Results 

H Macroinvertebrate Sampling Sheets 

I ICI Macroinvertebrate Taxa List 



iii 

EXECUTIVE SUMMARY 

Friends of Alum Creek Tributaries (FACT) hired MAD Scientist Associates, LLC (MAD) to investigate 

water quality in Alum Creek adjacent to the Industrial Site near Interstate 270 and State Route 3 in 

Westerville, Franklin County, Ohio. The Site is centered approximately on the following coordinates: 

40.098505°, -82.934886° (WGS 84). The primary objectives of this study were to assess in-situ water 

quality, laboratory water and sediment chemistry, and health of Alum Creek using a bioassay to test 

sediment toxicity and an Invertebrate Community Index (ICI). Methodology followed protocol developed 

from the Ohio Environmental Protection Agency (Ohio EPA). 

Fieldwork was completed by MAD staff - Environmental Scientist, Jenna Odegard and Environmental 

Technician, Kate Gorman - on August 1st, August 19th, September 30th and October 1st.  Five locations 

along Alum Creek were sampled for in-situ water quality and laboratory water and sediment chemistry. 

Two of these locations (one upstream and one downstream of the Industrial Site) were also sampled for 

sediment and macroinvertebrates to complete the bioassay and ICI assessment.  

Parameters tested for included water temperature, dissolved oxygen (DO), pH, specific conductivity 

(SpCond), turbidity, Nitrate (NO3
-), gasoline range organics (GRO), diesel range organics (DRO), oil 

range organics (ORO), Cadmium (Cd), dissolved orthophosphorus (OP), and total suspended solids 

(TSS). Instream sampling found the following concerning results: the average conductivity exceeded the 

ideal range for many species. ORO and DRO levels were higher near the outfall, though the Ohio EPA 

has not established thresholds to discern normal vs. elevated levels of oil range organics.  

Bioassay testing with sediment collected from upstream and downstream of the Industrial Site revealed a 

12.5% lower survival rate for the midge (Chironomus dilutus) in the downstream sample than in the 

upstream sample. The downstream sample was significantly different from the laboratory control, based 

on a p-value of 0.05, while the upstream sample was not. Finally, using the ICI assessment, structural 

community differences were noted between the upstream and downstream sampling locations however, 

the ICI scores were similar. Upstream and downstream received scores of 34 and 36, respectively and 

were evaluated as “marginally good” to “good.”  

Based on the sediment chemistry analysis and bioassay findings, there were no clear violations of 

established water quality standards; however, there were some indications of environmental quality 

degradation found downstream of the Industrial Site. Therefore, it is recommended that the Ohio EPA 

review these findings and determine if more monitoring is needed, or if corrective actions, possibly 

through permit revisions, need to be established for the Site.
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INVESTIGATIVE WATER STUDY REPORT 

 

INTERSTATE 270 AND STATE ROUTE 3 INDUSTRIAL SITE 

FRANKLIN COUNTY, OH 

 
1 INTRODUCTION 

Friends of Alum Creek Tributaries (FACT) hired MAD Scientist Associates, LLC (MAD) to 

investigate water quality in Alum Creek adjacent to the Industrial Site (henceforth referred to at the 

Site) near Interstate 270 and State Route 3 in Westerville, Franklin County, Ohio. The sampling 

reach was centered approximately on the following coordinates: 40.098505°, -82.934886° (WGS 

84). The primary objectives of this study were to evaluate Alum Creek in-situ water quality, water 

and sediment chemistry via laboratory testing, and health of Alum Creek using a bioassay and an 

Invertebrate Community Index (ICI). ICI methodology followed protocol developed from the Ohio 

Environmental Protection Agency (Ohio EPA, 2015). 

Field work was completed by MAD staff Environmental Scientists (Team) on behalf of FACT. 

The Team was led by Qualified Data Collector (QDC #01167) Jenna Odegard, with assistance 

from Environmental Technician Kate Gorman. The Team made Site visits and conducted sampling 

on August 1st, August 19th, September 30th and October 1st. Weather conditions during field work 

were sunny and moderately hot (high of about 90 degrees Fahrenheit), with no precipitation during 

sampling events. Photographs of the Site are presented in Appendix A.  

1.1 Site Background 

The Site is located within the Bliss Run-Alum Creek watershed (12-digit Hydrologic Unit Code 

OH050600011602) in Northern Woods neighborhood in Westerville, Franklin County. It is within 

the Eastern Corn Belt Plains (ECBP) ecoregion. The drainage area in this location is about 153 

square miles (Appendix B). 
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The area of interest includes Alum Creek and the land adjacent to the east. The land was acquired 

and owned by Westerville Industrial dating back to 1974 (Franklin County Auditor's Office, 2020). 

It was developed by the late 1970s and continued expanding into the late 1980s, shown by a 

historical aerial from December 1979 (ODOT, 2020; Appendix C). Several other companies have 

owned/currently own the property including, Corna Kokosing Construction, Third Generation 

Plumbing Inc., Clearwater Pools Inc., Kurtz Bros., and New River Electrical Corporation (Franklin 

County Auditor's Office, 2020). Before human development, the area was likely a forested riparian 

corridor of Alum Creek. The Alum Creek multi-use trail runs alongside the river, crossing the river 

in the upstream portion of the Site. Rip-rap, artificial substrate, and numerous culverts are now 

present within the river. In the upstream reach, south of interstate 270, Alum Creek is bordered by 

a well-established, forested riparian buffer. Further south within the assessment area, there is a 

narrow, forested buffer where numerous industrial facilities (e.g., asphalt plants, concrete plants, 

and yard waste facilities) border the eastern bank of the stream. A bike trail exists on the west side. 

1.2 Citizen Complaints  

Since 2013, residents within a two-mile radius of the Site have filed numerous complaints 

(approximately 134 as of July 2019) to the City of Westerville and the Ohio EPA (Appendix D). 

Westerville citizens report experiences of strong asphalt/chemical odors that cause headache, 

cough, nausea, dizziness, and a burning sensation in the sinuses. Several residents have voiced 

concerns of particulate matter (originating from the Site) coating the insides and outsides of nearby 

houses. Other reports include noise pollution late at night disrupting residents’ sleep. Citizens have 

also reported the inability to go outside, let children outdoors, or use the trail during peak asphalt 

production because of the intense effect of the odors. 

1.3 Ohio Water Quality Standards  

Ohio has water quality standards (WQS) to determine if a surface waterbody is meeting its 

designated use. These are standards written into Ohio Administrative Code (OAC). OAC 3745-1-

04 states criteria applicable to all waters. The general water quality criteria most applicable to this 

water study include the following, which state that all surface waters shall be: 
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(A) Free from suspended solids or other substances that enter the waters as a result of 

human activity and that will settle to form putrescent or otherwise objectionable sludge 

deposits, or that will adversely affect aquatic life. 

(B) Free from floating debris, oil, scum and other floating materials entering the waters as a 

result of human activity in amounts sufficient to be unsightly or cause degradation. 

(C) Free from materials entering the waters as a result of human activity producing color, 

odor or other conditions in such a degree as to create a nuisance. 

(D) Free from substances entering the waters as a result of human activity in concentrations 

that are toxic or harmful to human, animal or aquatic life or are rapidly lethal in the mixing 

zone. 

2 OBJECTIVES 

The primary objectives of this study were to investigate the water quality of Alum Creek, to record 

any evidence of degradation downstream of the Site, and determine if this section of Alum Creek 

meets the OAC Water Quality Standards. To do this, sampling of biotic and abiotic components of 

the creek was performed. Five sampling locations, transitioning from upstream to downstream of 

the Site were evaluated for in-situ water quality (water and sediment chemistry), and two of these 

sampling locations were additionally evaluated using a bioassay test and ICI sampling and analysis 

(Figure 1). 

3 METHODS  

MAD conducted a literature review and background research to become familiar with the Site’s 

history and current condition. The Team conducted reconnaissance on August 1st to gather 

background information for the development of a sampling plan (Appendix A, Photographs 1-7). 

Fieldwork and sampling took place on August 19th, September 30th and October 1st to gather data 

on general characteristics, water quality, water and sediment chemistry, sediment toxicity, and 

macroinvertebrate community along the Site in Alum Creek (Appendix A, Photographs 8-20). 

Alum Creek was assessed for approximately 0.8 miles between river miles 18.2 to 19.3 starting 

from downstream of Interstate 270 toward State Route 3 and terminating near Cooper Park.  
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Sampling locations (see Figure 1) included the following:  

1. Upstream of the Site, just south of I-270;  

2. Upstream of the Site, near a tributary where the smell of asphalt fumes were first noticed;  

3. Mid-reach near the Site, where riprap was deposited on the east stream bank;  

4. Directly next to Site, where an outfall with backflow prevention was discharging (low 

flow); and 

5. Downstream of the Site where the strong odor dissipated and was less noticeable. 

For each sampling location, general parameters such as substrate type, water depth and velocity 

were recorded. Notable features and stream characteristics were documented throughout the reach, 

as well as observations of pollution and chemical odors, industrial activity, etc.  

Sampling locations and noteworthy features were recorded with a hand-held Trimble GeoExplorer 

6000XH GPS unit. This unit is capable of sub-foot accuracy following differential correction 

(post-processing) for improved accuracy. The precision of GPS data is subject to variation in 

canopy cover, atmospheric interference, and satellite configuration. 

3.1 Literature Review 

The following data sources were reviewed and used as supplemental information on hydrology, 

NPDES permits, and land use cover types of the Site: 

• Google Earth Library. 2020. USGS Topographic Maps. Northeast Columbus, OH 

quadrangle. 

• Google Earth Pro aerial photographs. Accessed in 2020. 

• Ohio Geographically Referenced Information Program (OGRIP). 2013. High 

Resolution Ortho imagery. 

• OGRIP. 2012. LiDAR. 

• Ohio Department of Transportation. 2020. Aerial Imagery Archive. Columbus, 

Ohio. 

• Ohio EPA. 2017. Kokosing Construction NPDES Permit. 

• Ohio EPA. 2008 and 2010. Waterbody Report for Alum Creek. 
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3.2 Site Visits and Investigation for Alum Creek 

Reconnaissance of the Site took place on August 1st, 2019. Sampling was conducted during two 

main sampling events. During the first sampling event on August 19th, water quality, water 

chemistry and sediment chemistry were conducted at five locations. In addition, macroinvertebrate 

in-situ artificial substrate sampling devices called Hester-Dendy (HD) samplers were set at two 

locations: one upstream of the Site at Sampling Location 1 (Appendix A, Photographs 9-11) and 

downstream of the Site at Sampling Location 4 (Appendix A, Photographs 16-18).  

During the second sampling event on September 30th, water quality monitoring took place again at 

the five sampling locations. Sediment samples for bioassay testing were collected at upstream and 

downstream locations and delivered to a contracted lab for analysis (Appendix A, Photographs 12 

and 19). The HD samplers were retrieved from both locations and a qualitative macroinvertebrate 

collection occurred for Sampling Location 1 using dip nets and handpicking from the area in all 

instream macrohabitat types present (e.g., pool, riffle, run, and margin). Jenna returned to the Site 

on October 1st to complete macroinvertebrate qualitative sampling at the downstream Sampling 

Location 4.  

3.2.1 Water Quality  

At five sampling locations, in-situ field parameters for water quality were measured with a YSI 

Professional Plus meter (Appendix A, Photograph 13). These parameters include water 

temperature, dissolved oxygen (DO), pH, specific conductivity (SpCond), turbidity, and Nitrate 

(NO3
-). Water samples were collected to analyze for turbidity in the MAD laboratory with a Hach 

2100Q portable turbidimeter later. The equipment was calibrated prior to sampling events to 

ensure proper function. Water velocity was recorded using a rented Hach Portable Velocity Meter. 

General information such as water depth and site conditions were also recorded each Site visit. 

General water quality parameters are routinely collected during water studies and can indicate 

issues or pollution, inform other findings, and therefore were important for us to include to have a 

basic understanding of the water quality in this reach.  
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3.2.2 Water and Sediment Chemistry 

Water or sediment samples were collected in five locations for chemical analysis during the first 

sampling event to determine concentrations of the following parameters: gasoline range organics 

(GRO), diesel range organics (DRO), oil range organics (ORO), Cadmium (Cd), dissolved 

orthophosphorus (OP), and total suspended solids (TSS). Water samples were collected to test for 

levels of dissolved OP and TSS, while sediment was collected for the remainder of parameters. 

Sediment was chosen when allowed as a testing method due to it’s ability to show accumulation of 

contaminants compared to water which typically shows concentrations only at that one moment in 

time. MAD collected samples and delivered them to Advanced Analytics Laboratory (AAL) within 

24 hours of sample collection to be analyzed. Chemical parameters such as suspended solids, oils, 

metals, nutrients, etc. are often the result of human activity and can be harmful or toxic to human, 

animal, or aquatic life. For example, OP is a type of phosphorus available for uptake by algae and 

aquatic plant use. Levels of phosphorus are naturally low within waterbodies and when they are 

found to be high, it is typically due to human influences (e.g., agriculture, industry, lawn fertilizers 

etc.), which cause influxes of nutrients into aquatic systems (Pallardy and Jarcho, 2010).  

3.2.3 Bioassay 

Bioassays can be used to determine if there are pollutant concentrations present that are toxic or 

harmful to human, animal or aquatic life. Typically, whole sediment toxicity tests are conducted 

with two species (Hyalella azteca; amphipod, and Chironomus dilutus; midge) simultaneously, so 

that a range of organism sensitivity can be assessed in ecosystem risk assessments. Hyalella is an 

epi-benthic organism, whereas Chironomus is a burrowing organism. Due to budget restrictions in 

this preliminary investigative study, only C. dilutus was used in the bioassay in order to focus 

testing efforts on the effects of toxins and pollutants accumulating in the sediment overtime on 

benthic macroinvertebrates.  

One-gallon sediment samples were collected from the upstream and downstream sections of the 

Site (Sampling Locations 1 and 4) to determine if there was a difference in survival of midges 

living in these conditions in laboratory settings. Sediment was collected using a metal bowl and 

spoon and deposited into a screw-top plastic bucket for delivery to the lab. Samples were delivered 

to Great Lakes Environmental Center (GLEC) laboratories for toxicological analysis on October 



7 

1st, within 24 hours of sample collection. The 10-day whole sediment toxicity test using C. dilutus 

was conducted at GLEC from November 1 - 11, 2019.  

3.2.4 Macroinvertebrate Community Analysis 

Macroinvertebrates were sampled within Alum Creek following methodology and protocols 

outlined by the Ohio EPA Biological Criteria for the Protection of Aquatic Life (Ohio EPA, 2015). 

This method uses a combination of HDs and qualitative sampling to calculate an ICI score.  

Macroinvertebrate sampling was conducted by MAD technician Kate Gorman and Environmental 

Scientist, Jenna Odegard, who has her Level 3 qualified data collector (QDC) for invertebrate 

sample collection and data analysis. During the first sampling event, HDs were set at Sampling 

Location 1 (upstream) and Sampling Location 4 (downstream). At each location, water depth to 

HDs, total water depth, water velocity, and distance from bank to HDs were recorded. Flagging 

tape was tied to overhanging branches above the HDs’ locations and the GPS coordinates were 

recorded to mark their location during retrieval. After six weeks of colonization, both sets of HDs 

were retrieved. Additional qualitative sampling of all habitats present was performed using dip 

nets, accompanied by handpicking for macroinvertebrates dwelling on rocks. The sampling team 

also searched the stream for mussels. 

Jenna identified macroinvertebrates and delivered vouchers to Midwest Biodiversity Institute 

(MBI) for identification confirmation by Level 3 QDC taxonomists. MBI also identified midges 

(Family: Chironomidae), which are taxonomically diverse and require specific expertise for 

species-level identification. 

Analysis of the macroinvertebrate community using the ICI involves ten structural community 

metrics, each with four scoring categories of 6, 4, 2, and 0 points, based on the drainage area. 

Metrics 1-9 are all generated from the artificial substrate sample data, while Metric 10 is based 

solely on the qualitative sample data. The summation of the individual metric scores (determined 

by the relevant attributes of an invertebrate sample with consideration given to sampling site 

drainage area) results in the ICI score, which ranges from 0 (very poor community condition) to 60 

(exceptional community condition). The macroinvertebrate community is known to be an indicator 
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of stream health, and it is regularly assessed in Ohio to evaluate if the water body is attaining its 

status (i.e., it is performing as it is expected to, based on its designated use). 

4 RESULTS 

The literature findings and field observations indicate potentially harmful impacts from the Site on 

Alum Creek. The instream sampling showed higher levels of oil near the industrial plant and 

decreased survivability of midges from the sediment downstream. Macroinvertebrate communities 

did not greatly differ between the upstream and downstream samples. Complete findings are 

discussed in the following sections. 

4.1 Literature Findings 

In 2008 and 2010, Bliss Run-Alum Creek was impaired due to “unknown” causes (Ohio EPA, 

2008; Ohio EPA, 2010). The Ohio EPA watershed reports indicate that stream impairment may be 

due to excessive oil/grease, heavy metals such as Cd, and excessive sediment (Ohio EPA, 2008; 

Ohio EPA, 2010). River miles 17.3 to 19.8 were sampled between 1996 and 2001 for 

macroinvertebrates. ICI scores over this time period have been variable, but the most recent scores 

were 28 to 30, which would classify macroinvertebrate communities as “fair,” indicating some 

level of biological impairment. 

Kokosing Construction Co. has a general NPDES permit with a TSS annual benchmark limit of 

100 mg/L. This is very high and unlikely to be surpassed. There is no other pollution benchmark 

monitoring they are required to do. Benchmark monitoring uses a pollution concentration level that 

is expected to adversely affect aquatic life and compares it to stormwater outfall results in order to 

evaluate the performance of stormwater control measures. Although they are a standard asphalt 

plant, Ohio EPA does not consider them an asphalt emulsion facility, and therefore, they do not 

have an annual effluent limit for oil and grease. They are required to do quarterly oil and sheen 

visual inspections, but no limits have been established. If oils or odors are detected, they are to 

self-report and make corrective actions of any issues. Sometimes they will put in place an odor 

absorbing material, although this is not required. 
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4.2 Site Findings 

The water study to investigate the impacts of the Site on the health of Alum Creek was completed 

between August 1st and October 1st. The field efforts included documentation of general 

conditions, in-situ water quality, laboratory-tested water and sediment chemistry, a bioassay and 

macroinvertebrate community analysis. 

4.2.1 General Observations 

Reconnaissance of the area via kayak took place on August 1st, 2019 (Appendix A; Photograph 1). 

The primary substrates present were silt, sand, gravel and cobble throughout the stream (Appendix 

A, Photograph 2). Artificial substrate/armoring (concrete) was also present on the stream banks 

bordering a portion of the Site (Appendix A, Photographs 3-4). Water willow (Justicia sp.) was 

common, and during both sampling events, water depths averaged about 12 inches. The stream 

contained a variety of habitat for aquatic life, including root mats, woody debris, riffles, gravel 

bars and “islands” of American sycamore (Platanus occidentalis) and willow species (Salix spp.) 

Invasive species included honeysuckle (Lonicera maackii) along the eroding stream banks. The 

stream bank vegetation is mowed near the Kokosing plant (Appendix A, Photograph 5). Pawpaw 

trees (Asimina triloba) were also noted.  

An inlet tributary entering Alum Creek from the Site was noticed and photographed (Appendix A, 

Photograph 3). The tributary width was about four feet at the confluence with Alum Creek and 

narrowed to two feet towards the industrial plant. Substrates ranged from silt to cobble, with highly 

eroded banks. Sandy soils were noted on the left stream bank (facing downstream). The tributary 

water depth measured nine inches. The inlet flowed from the Site into Alum Creek (later named 

Sampling Location 2). A strong odor was noticed downstream near this location. The odor 

persisted downstream near the Site. There were no observations of stressed vegetation or 

discolored soils. This strong, noxious odor near the Site was noted again on August 19th and 

September 30th. At Sampling Location 4, there was an outfall that had a cover with hinge to serve 

as backflow prevention. It was discharging at low flow during all site visits (Appendix A, 

Photographs 6-7).  

A variety of wildlife were seen and/or heard during site visits including gray tree frogs (Hyla 

versicolor), kingfisher (Megaceryle alcyon), great blue heron (Ardea herodias), mottled sculpin 
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(Cottus bairdii), bass (Micropterus sp.) and another large fish (most likely a common carp 

[Cyprinus carpio] or white sucker [Catostomus commersonii]). A non-living and somewhat 

weathered mucket (Actinonaias ligamentina) shell was found downstream of Sampling Location 1 

(Appendix A, Photograph 21). One Eastern spiny softshell turtle (Apalone spinifera spinifera) was 

observed sunning on a bank at Sampling Location 5 adjacent to Cooper Park.  

4.2.2 Water Quality 

Complete water quality data from each location is listed within Appendix E. The averages (and 

standard deviation) of water quality sampling results for the Site at Alum Creek are displayed on 

Table 1. The average conductivity of this portion of Alum Creek exceeds the ideal range (150-500 

μs/cm) for fisheries and indicates that the creek may not be suitable for certain species of fish and 

macroinvertebrates (USEPA, 2012). Conductivity levels were not noticeably higher near the Site, 

however, they were high at Sampling Location 2 (near the tributary), which had the highest levels 

of conductivity compared to the other sampling points within Alum Creek. In September, this 

amount was almost double the upper range value of ideal conductivity, meaning there are excess 

ions in the water. In our samples, conductivity was generally high and road salt runoff or sewage 

overflow pipes entering Alum Creek could be an influence. The tributary running through the Site 

is likely the source of high conductivity, but also had the lowest Nitrate value. Nitrate values were 

collected only in September, but were low with a median of 0.95 mg/L. All values were below the 

10 mg/l Maximum Daily Limit (MDL) enforced by the USEPA for drinking water (USEPA, 2017) 

and well below 100 mg/L, which is the average for agricultural fields. 

Table 1. Averaged Water Quality Results of Five Sampling Locations within Alum Creek 

adjacent to the Industrial Site near Interstate 270 and State Route 3 in Westerville, Franklin 

County, Ohio. Samples were collected in August and September 2019. 

Analysis Date 
Depth 

(inches) 

Flow 

(ft/sec) 

Temp 

(oC) 

DO 

(mg/L) 

DO 

Sat 

(%) 

pH 
SpCond 

(umho/cm) 

Turb 

(NTU) 

NO3
- 

(mg/L) 

Average 8/19/2019 12 0.38 24.2 6.47 77.3 7.71 506.4 9.82 * 

St. Dev 8/19/2019 12.5 0.28 0.44 0.34 3.8 0.22 77.1 2.05 * 

Average 9/30/2019 11.55 0.378 22.88 6.56 76.58 7.81 804.6 4.942 0.892 

St. Dev 9/30/2019 9.69 0.65 1.04 0.61 8.0 0.25 128 1.54 0.43 

Temp= Temperature; DO=Dissolved Oxygen; DO Sat=Dissolved Oxygen Saturation; SpCond=Specific Conductivity; 

Turb=Turbidity; NO3
-=Nitrate; *no data; error in reading/probe 
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Average DO levels within this section of Alum Creek meet the 6 mg/l required for sanitary 

wastewater (Ohio EPA, 2018). Additionally, average DO concentrations at all sampling points 

meet the minimum value required for most invertebrates (4 mg/L; Fondriest, 2013). DO is also 

within the ideal range for salmonids (USEPA, 2012). Although salmonids are not present in Alum 

Creek, this threshold provides a potentially useful benchmark of sensitive species for comparison. 

pH values became closer to alkaline (basic) from Sampling Location 1 to Sampling Location 5. 

The recommended pH range for most fish is between 6.0 and 9.0 (Fondriest, 2013). All in-situ 

water samples tested at Alum Creek were within this range. 

4.2.3 Water and Sediment Chemistry 

Appendix F summarizes the water and sediment chemistry analysis results from AAL. OP levels 

within Alum Creek ranged from 0.08-0.19 mg/L. The highest level of OP was found was at 

Sampling Location 4, near the outfall of the Site. This level was just above 0.18mg/L, which 

permit levels for monitoring nearby sites such as the Alum Creek Water Reclamation Facility 

(WRF) estimate to be the 50th percentile (Ohio EPA, 2017). TSS levels are not of concern, ranging 

from 5 to 10 mg/L. The highest level sampled in Alum Creek was 10 mg/L, which does not exceed 

the annual effluent limit of 100 mg/L. Similar permit levels indicate 46.9 mg/l is the 50th 

percentile and (Ohio EPA, 2017).  

GRO and Cd were measured to be at levels below detection limits of the analysis, meaning they 

were below 1 mg/kg and 0.5 mg/kg, respectively. ORO levels were low upstream, starting at 21 

mg/kg at Sampling Location 1, increased near the Site and spiked to their highest level of 296 

mg/kg at Sampling Location 4, at the Site’s outfall location. This is 14 times higher than the level 

of ORO found upstream of the Site. The Ohio EPA does not have specific guidance or thresholds 

to discern normal versus elevated levels of oil range organics. Formal guidelines exist for sites 

with underground storage tanks, which require ORO levels in soil to be under 5,000 mg/kg, 

otherwise action must take place (BUSTR, 2017). The highest ORO level (296 mg/kg) sampled at 

Alum Creek was well below this threshold; however, corrective action to reduce the amount of oil 

is recommended to protect Alum Creek from further degradation. Similarly, DRO levels were 

highest again at Sampling Location 4. There, near the outfall, they reached 50 mg/kg, while 

upstream of the Site they were non-detected (i.e., less than 10 mg/kg). Sampling Location 4 was 

3.7 times higher in DRO than was found at Sampling Location 2. This indicates there is likely a 
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point source because of the spiked level of oils, but may also be some oil runoff from the Site’s 

property overall.  

Maximum oil and grease levels outside of the mixing zone should be less than 1,000 mg/kg 

(converted from 10 mg/L in Table 37-1; Ohio EPA, 2018). This data does not reach that threshold, 

however OAC 3745-1-37 for statewide water quality criteria for recreation use designations and 

aesthetic conditions states that, “Surface waters shall be free from floating oils and shall at no time 

produce a visible sheen or color film. Levels of oils or petrochemicals in the sediment or on the 

banks of a watercourse which cause deleterious effects on the biota will not be permitted” (Ohio 

EPA, 2018). There may be hidden effects of this oil input, such as biological impacts as seen in the 

following section. 

4.2.4 Bioassay  

Sediment collections for the bioassay conducted at GLEC laboratory found that there was a 

statistically significant reduction (p-value < 0.05) in C. dilutus survival in the downstream 

sediment samples after 10 days of exposure when compared to the control. Meanwhile, the 

upstream and control samples were not significantly different from each other, based on an 

accepted p-value of 0.05 (Tables 2 and 5 in Appendix G). This indicates that there may be impact 

from pollutant accumulation in the sediment downstream of the Site that does not exist in the 

upstream or laboratory control sediments. The midges in the downstream sediment sample had a 

12.5 percent lower survival rate than in the upstream sediment sample (Table 2). Although this is a 

large decrease in survival, upstream and downstream samples were not significantly different from 

each other.  
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Table 2. Bioassay Results from Alum Creek Upstream, Downstream, and Laboratory 

Control Samples. Table duplicated from Table 5 in Bioassay Report by GLEC (Appendix G). 

 

Growth and biomass at the upstream and downstream location were not significantly different 

from each other but were both significantly different from the laboratory control. The complete 

Sediment Toxicity Report can be found in Appendix G.   

4.2.5 Macroinvertebrate Communities 

The field sampling sheets and macroinvertebrate taxa lists for upstream and downstream sampling 

locations can be found in Appendices H and I. A total of 3,241 and 3,200 organisms were 

identified from the upstream and downstream macroinvertebrate samples, respectively.  

Upstream and downstream samples received ICI scores of 34 and 36, respectively, categorizing 

them as “marginally good” and “good,” based on their location within the ECBP region with a 

drainage area of 153 square miles (Tables 3 and 4). Overall, these scores are at the top and bottom 

of the scoring category breaks and therefore are considered to be very similar communities. There 

were differences noticed in the macroinvertebrate communities, such as the upstream sample 

having a greater percentage of caddisflies and lower percentage of mayflies than downstream (both 

generally high quality macroinvertebrates), but these differences in scores balanced out across 

sampling locations. The overall ICI score 2-point difference in score is attributed to the fewer 
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number of dipteran taxa in the upstream sample compared to the downstream sample. However, 

within the upstream sample, we found twice as many individuals of a sensitive taxa (Tanytarsini 

tribe midges; 8.6%) compared to downstream (3.7%), which may indicate slightly better 

conditions upstream than downstream. However, this difference was not sufficient to influence the 

metric score.  

Table 3. ICI Results of Alum Creek Sampling conducted in 2019 upstream of the Industrial 

Site near interstate 270 and State Route 3 in Westerville, Franklin County, Ohio. 
 

Upstream Sample Data Evaluation 

Metrics Metric Name Number Score 

1 Total number of taxa 51 6 

2 Number of mayfly taxa 4 2 

3 Number of caddisfly taxa 4 4 

4 Number of dipteran taxa 14 4 

5 % mayfly composition 8.73 2 

6 % caddisfly composition 32.86 6 

7 % tribe tanytarsini midge composition 8.64 2 

8 

% other dipteran and non-insect 

composition 48.35 2 

9 % tolerant organisms 8.08 4 

10 Number qual EPT taxa 10 2 

Total Score 34 

Narrative Rating Marginally good 

 

Table 4. ICI Results of Alum Creek Sampling conducted in 2019 downstream of the 

Industrial Site near interstate 270 and State Route 3 in Westerville, Franklin County, Ohio. 

 

Downstream Sample Data Evaluation 

Metrics Metric Name Number Score 

1 Total number of taxa 60 6 

2 Number of mayfly taxa 5 2 

3 Number of caddisfly taxa 3 4 

4 Number of dipteran taxa 22 6 

5 % mayfly composition 45.41 6 

6 % caddisfly composition 5.15 2 

7 % tribe tanytarsini midge composition 3.71 2 

8 

% other dipteran and non-insect 

composition 44.35 2 

9 % tolerant organisms 6.87 4 

10 Number qual EPT taxa 9 2 

Total Score 36 

Narrative Rating Good 
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5 SUMMARY & CONCLUSIONS 

Approximately 0.8 miles of Alum Creek upstream and downstream of the Site was assessed, 

starting from downstream of Interstate 270 toward State Route 3 and ending near Cooper Park. 

MAD evaluated in-situ water quality (water and sediment chemistry) at five locations, and 

evaluated the health of Alum Creek using a bioassay test and ICI sampling and analysis at two 

locations. Water quality results generally fell within normal ranges for stream health for all 

sampled parameters except for SpCond, which was above the known ideal level at all but one 

sampling point during one event and was found to be highest during both sampling events at 

Sampling Location 2.  

From all laboratory-tested water and sediment chemistry samples analyzed, DRO and ORO levels 

were highest near the Site outfall, and thought to be of concern, though Ohio EPA does not provide 

standards to determine normal vs. elevated levels of oil. It is recommended that the Ohio EPA 

investigate these oil concentrations further. Bioassay testing revealed a 12.5 percent lower survival 

rate for the midge (C. dilutus) in the downstream sediment sample than in the upstream sediment 

sample. The downstream sediment sample was significantly different in midge survival from the 

upstream and laboratory control samples, based on an accepted p-value of less than 0.05. Finally, 

Based on upstream and downstream ICI scores of 34 and 36, respectively, macroinvertebrate 

communities upstream were categorized by the narrative rating as “marginally good” while 

downstream communities were categorized as “good.” 

OAC WQSs require that all waters of Ohio shall be “free from floating debris, oil, scum and other 

floating materials entering the waters as a result of human activity in amounts sufficient to be 

unsightly or cause degradation”. There is evidence that this is not the case, because levels of ORO 

were 14 times higher near downstream of the Site compared to upstream.  

The OAC also states that all waters of Ohio shall be “free from substances entering the waters as a 

result of human activity in concentrations that are toxic or harmful to human, animal or aquatic life 

or are rapidly lethal in the mixing zone.” The toxicology bioassay indicated significantly lower 

survivability of the midges living in sediment collected from downstream of the Site compared to 

upstream location and the laboratory control. This may indicate harmful impacts from the Site, and 

we recommend that more testing be carried out to better understand the causes of this toxicity.  
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Furthermore, based on the number of citizen complaints and the amount of ORO and DRO 

detected, it seems that qualitative odor and sheen quarterly visual inspections along with self-

report may be insufficient for this Site. We recommend that, at a minimum, the Ohio EPA require 

that the industrial operation review and revise their processes and stormwater management 

practices (BMPs). It would also be prudent to establish an oil limit in their NPDES general permit 

through benchmark monitoring, or even consider requiring an individual permit to address 

neighborhood complaints and protect Alum Creek water quality. 

MAD recommends that the Ohio EPA further investigate water quality and BMPs at the Site and 

continue water and macroinvertebrate monitoring to evaluate impacts to Alum Creek and the 

watershed. Additionally, conducting fish sampling may further elucidate adverse impacts to 

community structure and the health of individual organisms. This will ensure that the Site is 

meeting the OAC WQSs requirements are being met.  
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Figure 1. Sampling Locations
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APPENDIX A 

 

Photographs 

  



 

Photograph 1 (Taken 8/1/2019). General view from a kayak of Alum Creek downstream of the I-270 

bridge with about 16 inches of water flowing between water willow. Photograph taken facing southeast. 

 
Photograph 2 (Taken 8/1/2019). Representative view of substrate comprised of sand, cobble, and 

gravel. Photograph taken upstream of the Industrial Site. 



 

 

Photograph 3 (Taken 8/1/2019). Representative view of tributary coming from the Industrial Site 

entering Alum Creek from the eastern side. Silty soils and concrete were present on the banks. 

 

Photograph 4 (Taken 8/1/2019). Concrete slab armored bank with an outflow pipe that was not flowing 

during the sampling events. Photograph taken of stream bank left facing east. 



 

 

Photograph 5 (Taken 8/1/2019). Root wads and signs of erosion in Alum Creek adjacent to the industrial 

site. Trucks can be seen beyond the mowed vegetated buffer. Photograph taken of stream bank left 

facing east. 

 

Photograph 6 (Taken 8/1/2019). A capped outflow culvert set back approximately 15 feet from Alum 

Creek was seen leaking liquid through the sampling events. Photograph taken facing northwest. 



 

 

Photograph 7 (Taken 8/1/2019). Liquid seen flowing out of capped outfall pipe near the Industrial Site. 

 

Photograph 8 (Taken 8/19/2019). Sampling Location 1, where water quality, water and sediment 

chemistry, toxicity and macroinvertebrate samplers were collected upstream of the Industrial Site. 



 

Photograph 9 (Taken 8/19/2019). Macroinvertebrate Hester Dendy (HD) sampler set at Sampling 

Location 1. 

 

Photograph 10 (Taken 8/19/2019). Photograph taken from HD sampler location facing upstream at 

Sampling Location 1.  



 

Photograph 11 (Taken 8/19/2019). Photograph taken from HD sampler facing downstream at Sampling 

Location 1. 

 

Photograph 12 (Taken 9/30/2019). Photograph of sediment collected for sediment toxicity and bioassay 

testing from Sampling Location 1. 



 

Photograph 13 (Taken 8/19/2019). Water quality data collection at Sampling Location 2. 

 

Photograph 14 (Taken 8/19/2019). Water quality Sampling Location 3. Artificial concrete slabs present 

on the stream bank.  



 

Photograph 15 (Taken 8/19/2019). Sampling Location 4, where water quality, water and sediment 

chemistry, and toxicity samples were collected downstream of the Industrial Site. Photograph taken 

facing upstream and north. 

 

Photograph 16 (Taken 8/19/2019). Macroinvertebrate Hester Dendy (HD) sampler set at Sampling 

Location 4. 



 

Photograph 17 (Taken 8/19/2019). Photograph taken from HD sampler location facing upstream at 

Sampling Location 4. 

 

Photograph 18 (Taken 8/19/2019). Photograph taken from HD sampler location facing downstream at 

Sampling Location 4. 



 

Photograph 19 (Taken 9/30/2019). Photograph of sediment collected for sediment toxicity and bioassay 

testing from Sampling Location 4. 

 

Photograph 20 (Taken 8/19/2019). Water quality tested at Sampling Location 5. Photograph taken facing 

northwest. 



 

Photograph 21 (Taken 9/30/2019). The only mussel found within sampling reach was a non-living 

mucket (Actinonaias ligamentina) shell observed downstream of Sampling Location 1. 



 

 

  

 

 

 

 

 

 

 

 

 

APPENDIX B 

 

StreamStats Watershed Map 

 

  



StreamStats Report

 
 

Basin Characteristics

Parameter
Code Parameter Description Value Unit

DRNAREA Area that drains to a point on a stream 153 square miles

LC92STOR Percentage of water bodies and wetlands
determined from the NLCD

3.74 percent

STREAM_VARG Streamflow variability index as defined in WRIR
02-4068, computed from regional grid

0.76 dimensionless

LAT_CENT Latitude of Basin Centroid 4464379.0278 decimal
degrees

General Flow Statistics Parameters[Low Flow LatGT 41.2 wri02 4068]

Region ID: OH
Workspace ID: OH20190531173740164000
Clicked Point (Latitude, Longitude): 40.09459, -82.93062
Time: 2019-05-31 13:38:01 -0400



Parameter
Code Parameter Name Value Units

Min
Limit

Max
Limit

Parameter
Code Parameter Name Value Units

Min
Limit

Max
Limit

DRNAREA Drainage Area 153 square miles 0.12 7422

LC92STOR Percent Storage from NLCD1992 3.74 percent 0 19

STREAM_VARG Streamflow Variability Index
from Grid

0.76 dimensionless 0.25 1.13

LAT_CENT Latitude of Basin Centroid 4464379.0278 decimal
degrees

41.2 41.59

General Flow Statistics Disclaimers[Low Flow LatGT 41.2 wri02 4068]

One or more of the parameters is outside the suggested range. Estimates were extrapolated with unknown
errors

General Flow Statistics Flow Report[Low Flow LatGT 41.2 wri02 4068]

Statistic Value Unit

Harmonic Mean Streamflow 0.0000217 ft^3/s

General Flow Statistics Citations

Koltun, G. F., and Whitehead, M. T.,2002, Techniques for Estimating Selected Streamflow
Characteristics of Rural, Unregulated Streams in Ohio: U. S. Geological Survey Water-Resources
Investigations Report 02-4068, 50 p (http://oh.water.usgs.gov/reports/wrir/wrir02-4068.pdf)

USGS Data Disclaimer: Unless otherwise stated, all data, metadata and related materials are considered to satisfy the quality

standards relative to the purpose for which the data were collected. Although these data and associated metadata have been

reviewed for accuracy and completeness and approved for release by the U.S. Geological Survey (USGS), no warranty expressed or

implied is made regarding the display or utility of the data for other purposes, nor on all computer systems, nor shall the act of

distribution constitute any such warranty.

USGS Software Disclaimer: This software has been approved for release by the U.S. Geological Survey (USGS). Although the

software has been subjected to rigorous review, the USGS reserves the right to update the software as needed pursuant to further

analysis and review. No warranty, expressed or implied, is made by the USGS or the U.S. Government as to the functionality of the

software and related material nor shall the fact of release constitute any such warranty. Furthermore, the software is released on

condition that neither the USGS nor the U.S. Government shall be held liable for any damages resulting from its authorized or

unauthorized use.

USGS Product Names Disclaimer: Any use of trade, firm, or product names is for descriptive purposes only and does not imply

endorsement by the U.S. Government.

Application Version: 4.3.1

http://oh.water.usgs.gov/reports/wrir/wrir02-4068.pdf


 

 

  

 

 

 

 

 

 

APPENDIX C 

 

Historical Aerial Photograph 



 

 

  

 
Aerial of the Industrial Site taken in December 1979 (ODOT, 2020). 

  



 

 

  

 

 

 

 

 

 

 

 

APPENDIX D 

 

Citizen Complaints

























 

 

  

 

 

 

 

 

 

 

 

 

APPENDIX E 

 

Water Quality Summarized Data  
 

 



 

1 

 

Water Sampling Conducted in Alum Creek on 8/19/2019 and 9/30/2019. 

Temp= Temperature; DO=Dissolved Oxygen; DO Sat=Dissolved Oxygen Saturation; SpCond=Specific 

Conductivity; Turb=Turbidity; NO3
-=Nitrate  

Sampling 
Location 

Date Time 
Depth 

(inches) 
Flow 

(ft/sec) 
Temp 
(oC) 

DO 
(mg/L) 

DO Sat 
(%) 

pH 
SpCond 

(umho/cm) 
Turb 

(NTU) 
NO3

-

(mg/L) 

1 8/19/2019 11:52 7.5 0.79 23.8 6.95 82.4 7.39 529 9.3 * 

2 8/19/2019 12:30 4 0.49 23.7 6.33 74.5 7.59 560 9.57 * 

3 8/19/2019 13:07 34 0.04 24.4 6.55 78.4 7.77 370.1 13.3 * 

4 8/19/2019 13:40 10 0.35 24.5 6.51 78.3 7.85 536 8.99 * 

5 8/19/2019 14:33 4.5 0.25 24.7 6.03 72.7 7.94 537 7.92 * 

            

1 9/30/2019 11:50 5.5 1.52 21.8 6.81 77.9 7.5 758 6.83 1.22 

2 9/30/2019 15:30 8.25 0 21.7 5.55 63.2 7.59 1034 6.16 0.14 

3 9/30/2019 15:54 28 0.24 23.4 6.9 81.2 7.9 736 4.66 0.98 

4 9/30/2019 16:12 4 0 23.8 7.08 84 7.98 746 3.98 1.02 

5 9/30/2019 17:00 12 0.13 23.7 6.46 76.6 8.08 749 3.08 1.1 



 

 

 

 

 

 

 

 

 

APPENDIX F 

 

 

Water and Sediment Chemistry Summarized Data 

 

  



 

 

Water and Sediment Samples collected within Alum Creek on 9/30/2019. 

 

 

 

 

 
OP= Orthophosphorous, TSS= Total suspended sediment, DRO= Diesel range organics, ORO= Oil range organics, 

GRO= Gasoline range organics, Cd= Cadmium, ND=Not detected 

 

 

 

 

 

 

 

 

  

Sampling 
Location 

Dissolved OP 
(mg/L) 

TSS 
(mg/L) 

DRO 
(mg/kg) 

ORO 
(mg/kg) 

GRO 
(mg/kg) 

Cd 
(mg/kg) 

1 0.08 5 ND 21.2 ND ND 

2 0.09 5 13.5 66 ND ND 

3 0.05 10 ND 55.4 ND ND 

4 0.19 4 50.4 296 ND ND 

5 0.13 4 19.5 148 ND ND 



 

 

 

 

 

 

 

APPENDIX G 

 

Toxicology Bioassay Report: Chironomus dilutus 10-Day Whole Sediment 

Toxicity Testing Results 

  



 

 

December 12, 2019 

 

 

Jenna Odegard 

MAD Scientist Associates, LLC 

253 N. State St. #101 

Westerville, OH 43081 

 

RE: Final Report: Chironomus dilutus 10-Day Whole Sediment Toxicity 

Testing Results: Alum Creek 

 GLEC Project Number:    2487-00 

 

 

Dear Ms. Odegard: 

 

Great Lakes Environmental Center, Inc. (GLEC) has completed our analysis of the 

Chironomus dilutus 10-day survival and growth whole sediment toxicity tests.  

These tests were performed with two sediment samples collected by MAD Scientist 

Associates personnel from Alum Creek. The sample identification numbers, 

survival, and growth test results for the two sediment samples and a laboratory 

control are summarized and provided in the following tables:     

 

 Table 1 Sample Identification Numbers, Sampling Date, and 

Shipping Dates of Sediment Samples. 

 Table 2: 10-Day Chironomus dilutus (C. dilutus) Average Percent 

Survival  

 Table 3:  10-Day C. dilutus Average Growth and Biomass Estimates 

(expressed as average ash-free-dry-weight (AFDW)) 

 Table 4: Summary of Mean Water Quality Parameters of Overlying 

Water Samples Collected Prior to Renewal 

 Table 5: Summary of Data Used for Statistical Analysis, Data that 

was Significantly Different from the Laboratory control, 

and the Statistical Analyses Conducted on the Whole 

Sediment Toxicity Test Data. 

 

Water quality data for the overlying water for each sediment sample tested are 

summarized in Table 4.  Summaries of the statistical analyses conducted on the 

whole sediment toxicity test data are provided in Table 5. The daily laboratory 

bench data sheets can be found in Appendix E.  Chain of Custody forms and 

reference toxicant data are provided in Appendices A and D, respectively. 
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METHODS 

 

Two sediment samples were analyzed at our Columbus, Ohio laboratory following 

GLEC’s written protocols which are based on the procedures outlined by: 

EPA/600/R-99/064 Methods for Measuring the Toxicity and Bioaccumulation of 

Sediment-Associated Contaminants with Freshwater Invertebrates, Second Edition; 

ASTM 1706-95B, Standard Test Methods for Measuring the Toxicity of Sediment 

Associated Contaminants with Freshwater Invertebrates (ASTM 2000); and GLEC 

Standard Operating Procedures (SOPs). 

 

The two sediment samples were collected and shipped by MAD Scientist 

Associates personnel and were received at GLEC, where they were assigned a 

unique GLEC laboratory identification number and stored at 0-6C until test 

initiation (see Table 1 below). 

 

Table 1.  Sample Identification Numbers, Sampling Date, and Shipping Dates of 

Sediment Samples. 
   

Sample I.D. 

Sample 

Description 

GLEC 

Lab. ID 

Number Date Sampled Date Received 

Alum Creek 

Downstream 
Site Sample SS416 September 30, 2019 October 1, 2019 

Alum Creek  

Upstream 
Site Sample SS417 September 30, 2019 October 1, 2019 

 

The 10-day C. dilutus toxicity tests were initiated on November 1, 2019 with each 

of the two investigative sediment samples, laboratory control sediment, and a 

laboratory water control.    

 

Summary of Test Procedures:  10-Day Chironomus dilutus Whole Sediment 

Toxicity Tests 

 

Newly hatched C. dilutus (2
nd

-3
rd

 instar at test initiation, cultured by Aquatic 

Biosystems) were used to initiate the 10-day whole sediment toxicity tests.  C. 

dilutus were continuously exposed for 10 days to each of the sediment samples, a 

laboratory control sediment, and a laboratory water control. There were eight 

replicate beakers for each sediment sample, laboratory control sediment, and a 

laboratory water control. The water only control contained a small amount of sand 

but no sediment. Each replicate contained 10 animals. The primary laboratory 

control sediment was formulated by mixing 80% Boardman River (Traverse City, 

MI) sediment and 20% artificial sediment.  

 

The C. dilutus were exposed in 500 mL glass test chambers, each containing 100 

mL of whole sediment and 175 mL of overlying water.  Prior to adding the whole 

sediment to each test chamber, the controls and investigative sediments were 
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thoroughly homogenized using a pre-cleaned stainless steel spoon  and bowl until a 

uniform color and texture was achieved.   

 

Overlying water was intermittently supplied to each test chamber at least twice 

daily (once every 12-hours) via a static-renewal water delivery system.  The 

overlying water consisted modified smith water (CaSO4• 2H20 0.05 g/L, CaCl2 0.5 

g/L, MgSO4 0.03 g/L, NaHCO3 0.096 g/L, KCL 0.004 g/L with an addition of NaBr 

at a concentration of 0.002 g/L) for the C. dilutus.  

 

The C. dilutus test chambers were fed 1.5 mL of Tetrafin® goldfish food slurry (4 

mg/mL dry solids) once daily.   

 

Temperature and dissolved oxygen (DO) concentration of the overlying water in the 

test chambers were measured daily in two alternating replicates for each test 

sediment, and the results were recorded on the laboratory bench data sheets.  If the 

DO dropped below 2.5 mg/L, the number of daily overlying water renewals was 

increased (up to 4 times per day) until the DO recovered to greater than 3.0 mg/L.  

Aeration was added where DO did not recover to these levels. Alkalinity, hardness, 

pH, and total ammonia (as N) were measured in the overlying water on test days 0 

and 10 (Table 4). These results were also recorded on the laboratory bench data 

sheets.   

 

Observations of organism behavior and any anomalies observed within the 

sediment were made daily for each test chamber and recorded on the laboratory 

bench data sheets.   

 

The number of C. dilutus surviving in each replicate test chamber was recorded at 

test termination (10 days), and a summary of the percent survival is provided in 

Tables 2 and 5.  The average ash free dry weight [AFDW in milligrams (mg)] of the 

surviving organisms for each C. dilutus replicate, and the biomass [AFDW (mg) of 

the surviving organisms divided by the initial number of organisms] was also 

determined at test termination, and the results are summarized in Table 3 and 5.   

 

A statistical analysis, using the program TOXSTAT (version 3.5, 1996) and 

following statistical guidelines provided in EPA Method 600/R-99/064 and ASTM 

Method 1706-95B (2000), was used to compare the 10-day survival and growth 

endpoints.  Survival data were check for normality using the Shapiro-Wilk’s test 

prior to transformation. If the data failed normality it was transformed using an arc 

sine-square root transformation. The transformed data were then tested for 

normality and homogeneity of variances.  Next, an analysis of variance (ANOVA) 

was conducted using the most appropriate parametric (e.g., Dunnet’s or Bartlett’s t-

tests) or nonparametric (e.g., Steel’s Many-One Rank or Wilcoxon with 

Bonferroni’s) t-test.  If the data failed to meet the assumptions of normality or 

homogeneity, then the nonparametric test was used to analyze the data.   
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Growth data were initially evaluated for normal distribution and homogeneity of 

variances.  Next, an analysis of variance (ANOVA) was conducted using the most 

appropriate parametric (e.g., Dunnet’s or Bartlett’s t-tests) or nonparametric (e.g., 

Steel’s Many-One Rank or Wilcoxon with Bonferroni’s) t-test.  If the data failed to 

meet the assumptions of normality or homogeneity, then the nonparametric test was 

used to analyze the data.  In addition to growth being evaluated as average ash-free 

dry weight of the surviving organisms, growth was also analyzed as biomass 

(average ash-free dry weight of surviving organisms divided by the number of 

initial organisms).  The survival and growth for each investigative sample was 

considered statistically different when significantly lower (p< 0.05) than that 

observed in the primary sediment control. 

 

GLEC laboratory controls for each toxicity test met the minimum survival and 

growth requirements as specified in EPA method 600/R-99/064 and those 

requirements are acknowledged in the following results section for each set of 

toxicity tests.   

 

 

 

 

RESULTS 

 

10-Day Chironomus dilutus  

 

The organisms in the laboratory control sediment met the required minimum 

survival (70 percent) and growth (0.48 mg AFDW at test termination) criteria for a 

C. dilutus acceptable test control (Tables 2 and 3).  The acceptable requirements for 

survival and growth for the C. dilutus test can be found in EPA method 600/R-

99/064, Table 12.1.   

 

The overlying water quality measurements (Table 4) were also within the 

acceptable limits (with noted exceptions below) following the EPA testing protocol 

(i.e., daily mean temperatures were 23°C ± 1 °C; dissolved oxygen (DO) was 

maintained above 2.5 mg/L in the overlying water; and there were no variations 

greater than 50% in overlying water hardness, alkalinity, or total ammonia 

measurements within each test type).  Consequently, the C. dilutus whole sediment 

toxicity tests were conducted following the standard protocols and are valid 

assessments of sediment toxicity.  

 

 

Statistical Analysis for 10-Day Chironomus dilutus Tests 

 

Survival and growth results from the laboratory Control 1 sediment sample 10-day 

whole sediment toxicity test were compared statistically to the two investigative 

sediment samples: SS416 (Alum Creek Downstream) and SS417 (Alum Creek 

Upstream). There was a statistically significant reduction (p< 0.05) in C. dilutus 
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survival in one (SS416 (Alum Creek Downstream)) of the sediment samples after 10 

days of exposure when compared to the control (Tables 2 and 5) 

 

Growth [measured as AFDW of surviving organisms (mg)] was significantly reduced 

(p<0.05) in both investigative sediment samples. Sediments with a statistically 

significant difference when comparing survival are assumed to be statistically different 

in growth and not used when comparing growth. When comparing growth between 

SS417 (Alum Creek Upstream) and the control using a 2-sample t-test there was a 

statistical significant difference (Table 3 and 5).   

 

The growth data were also evaluated using the biomass [AFDW of surviving organisms 

divided by the initial number of organisms at the test start (Day 0) (mg)].  Again, 

sediments with a statistically significant difference when comparing survival are 

assumed to be statistically different in growth and not used when comparing biomass. 

When comparing biomass between SS417 (Alum Creek Upstream) and the control 

using a 2-sample t-test it to showed a statistically significant difference (Table 3 and 5).   

 

Outputs for the survival and growth statistical analyses for the C. dilutus whole 

sediment toxicity tests are provided in Appendix C. 

 

Alum Creek Sediment sample comparison and analysis 

 

The two investigative samples (SS416 (Alum Creek Downstream) and SS417 

(Alum Creek Upstream)) were statistically compared to one another using a 2-

sample t-test. When comparing survival, ash-free dry weight and biomass data 

between the two samples, there was no significant difference found. Outputs for this 

analysis can be found in Appendix B. 

 

If you have any questions, or if you would like additional information, please 

contact either myself or Dennis McIntyre at (614) 487-1040. Thank you for the 

opportunity to provide our toxicity testing services to MAD Scientist Associates.  

 

Sincerely, 

 

 

 

 

 

 

Craig Davis        

Senior Research Technician     





























































































































































































 

 

 

 

 

 

 

 

 

 

 

APPENDIX H 

 

Macroinvertebrate Sampling Sheets 

 
  











 

 

 

 

 

 

 

 

 

APPENDIX I 

 

ICI Macroinvertebrate Taxa Lists 



 

 

Upstream Macroinvertebrate Taxa List  
 

 

Scientific Name Common Name Tolerance Category 

(Ohio EPA, 2015) 

Ancyronyx variegata Riffle beetle F 

Argia sp. Damselfly  F 

Baetis intercalaris Small minnow mayfly F 

Boyeria vinosa Fawn darner F 

Calopteryx sp. Damselfly  F 

Cardiocladius obscurus Non-biting midge fly MI 

Ceratopsyche morosa group Caddisfly MI 

Cheumatopsyche sp. Netspinning caddisfly F 

Chimarra obscura Fingernet caddisfly MI 

Chironomus (C.) decorus group Non-biting midge fly T 

Coenagrionidae Narrow-winged damselflies T 

Conchapelopia sp. Non-biting midge fly F 

Corbicula fluminea Asian clam F 

Corynoneura lobata Non-biting midge fly F 

Crangonyx sp. Amphipod MT 

Dreissena polymorpha Zebra mussel F 

Dubiraphia sp. Riffle beetle F 

Elimia sp. Freshwater snail MI 

Ferrissia sp. Freshwater limpet F 

Glossiphoniidae Jawless leech MT 

Helopelopia sp. Non-biting midge fly F 

Hemerodromia sp. Dance fly F 

Hyalella sp. Amphipod F 

Hydra sp. Hydra F 

Hydrachnidia Water mite x 

Hydropsyche depravata group Caddisfly F 

Leucrocuta sp. Mayfly MI 

Maccaffertium terminatum Flatheaded mayfly MI 

Macronychus glabratus Riffle beetle F 

Oecetis sp. Long-horned caddisfly F 

Oligochaeta Earthworm T 

Physella sp. Left-handed snail T 

Platyhelminthes  Flatworm x 

Polypedilum (P.) illinoense Non-biting midge fly T 

Polypedilum (Uresipedilum) flavum Non-biting midge fly F 

Procladius (Holotanypus) sp. Non-biting midge fly MT 

MI = moderately intolerant, MT= moderately tolerant, T=tolerant, VT=very tolerant, 

 x= no tolerance group assigned, F = facultative 



 

 

Scientific Name Common Name Tolerance Category 

(Ohio EPA, 2015) 

Rheocricotopus (Psilocricotopus) 

robacki 

Non-biting midge fly F 

Rheotanytarsus pellucidus Non-biting midge fly MI 

Rheotanytarsus sp. Non-biting midge fly F 

Simulium sp. Black fly F 

Stenacron sp. Mayfly F 

Stenelmis sp. Beetle F 

Tanytarsus glabrescens group sp. 7 Non-biting midge fly F 

Tanytarsus sp. Non-biting midge fly F 

Thienemanniella lobapodema Non-biting midge fly F 

Thienemanniella similis Non-biting midge fly MI 

Thienemanniella taurocapita Non-biting midge fly MI 

Thienemanniella xena Non-biting midge fly F 

Thienemannimyia sp. Non-biting midge fly F 

Tipula sp. Crane fly F 

Tricorythodes sp. Mayfly MI 

MI = moderately intolerant, MT= moderately tolerant, T=tolerant, VT=very tolerant, 

 x= no tolerance group assigned, F = facultative 

 

  

 

  



 

 

 

Downstream Macroinvertebrate Taxa List 
 

Scientific Name Common Name Tolerance Category 

(Ohio EPA, 2015) 

Argia sp. Damselfly  F 

Baetis intercalaris Small minnow mayfly F 

Boyeria vinosa Fawn darner F 

Calopteryx sp. Damselfly  F 

Ceratopsyche morosa group Caddisfly MI 

Cheumatopsyche sp. Netspinning caddisfly F 

Chironomus (C.) decorus group Non-biting midge fly T 

Cladotanytarsus vanderwulpi group Non-biting midge fly MI 

Coenagrionidae Narrow-winged damselflies T 

Corbicula fluminea Asian clam F 

Corynoneura lobata Non-biting midge fly F 

Corynoneura sp. (head only, not 

sculptured) 

Non-biting midge fly MI 

Crangonyx sp. Amphipod MT 

Cricotopus (C.) bicinctus Non-biting midge fly T 

Cricotopus (C.) sp. Non-biting midge fly F 

Cricotopus (C.) tremulus group Non-biting midge fly MT 

Dreissena polymorpha Zebra mussel F 

Elimia sp. Freshwater snail MI 

Ferrissia sp. Freshwater limpet F 

Glossiphoniidae Jawless leech MT 

Helopelopia sp. Non-biting midge fly F 

Hemerodromia sp. Dance fly F 

Hetaerina sp. Rubyspot F 

Hyalella sp. Amphipod F 

Hydra sp. Hydra F 

Hydrachnidia Water mite x 

Hydropsyche depravata group Caddisfly F 

Labrundinia pilosella Non-biting midge fly F 

Leucrocuta sp. Mayfly MI 

Maccaffertium terminatum Flatheaded mayfly MI 

Macromia sp. River cruiser dragonfly MI 

Macronychus glabratus Riffle beetle F 

Nilotanypus fimbriatus Non-biting midge fly F 

Oligochaeta Earthworm T 

Orconectes rusticus Rusty crayfish x 

Parachironomus sp. Non-biting midge fly MT 

MI = moderately intolerant, MT= moderately tolerant, T=tolerant, VT=very tolerant, 

 x= no tolerance group assigned, F = facultative 



 

 

Scientific Name Common Name Tolerance Category 

(Ohio EPA, 2015) 

Paratanytarsus sp. Non-biting midge fly F 

Paratendipes albimanus or P. 

duplicatus 

Non-biting midge fly F 

Physella sp. Left-handed snail T 

Planorbidae micromenetus Ramshorn snail x 

Platyhelminthes  Flatworm x 

Polypedilum (P.) fallax group Non-biting midge fly F 

Polypedilum (Uresipedilum) flavum Non-biting midge fly F 

Procladius (Holotanypus) sp. Non-biting midge fly MT 

Rheocricotopus (Psilocricotopus) 

robacki 

Non-biting midge fly F 

Rheotanytarsus sp. Non-biting midge fly F 

Simulium sp. Black fly F 

Stenacron sp. Mayfly F 

Stenelmis sp. Beetle F 

Stenochironomus sp. Non-biting midge fly F 

Stenonema femoratum Mayfly F 

Tanytarsus glabrescens group sp. 7 Non-biting midge fly F 

Tanytarsus sepp Non-biting midge fly F 

Tanytarsus sp. Non-biting midge fly F 

Thienemanniella lobapodema Non-biting midge fly F 

Thienemanniella similis Non-biting midge fly MI 

Thienemanniella taurocapita Non-biting midge fly MI 

Thienemanniella xena Non-biting midge fly F 

Thienemannimyia sp. Non-biting midge fly F 

Tricorythodes sp. Mayfly MI 

MI = moderately intolerant, MT= moderately tolerant, T=tolerant, VT=very tolerant, 

 x= no tolerance group assigned, F = facultative 
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