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1. EXECUTIVE SUMMARY 
On July 30, 2015, an angler reported a fish kill on the South Branch Whitewater River near Altura, Minnesota, two 
days after a significant rainfall event in the Whitewater River Watershed.  Dead fish were observed as far 
downstream as the Department of Natural Resources’ Crystal Springs Fish Hatchery.  Three state agencies (the 
Departments of Natural Resources and Agriculture, and the Pollution Control Agency) were notified and responded 
to the scene within hours.  Agencies responded quickly and each took action according to its authority.  The cause 
of this kill was not immediately apparent, prompting a technical working group with representation from all three 
agencies to work together on a joint investigation. 

This report documents the information collected by the working group and provides the public with interpretations 
and conclusions related to the fish kill investigation.  Technical experts in water quality, watershed management, 
feedlots, fisheries, and laboratory analyses worked together to explore possible causes of the kill throughout the 
investigation.  Fish tissue, water, manure, soil, and bacteria samples were analyzed.  No evidence points exclusively 
to insecticides, insecticide degradates, fungicides, illegal dumping, manure, or wastewater discharge as being 
responsible for the fish kill.  Scientific analysis of available evidence was unable to draw a clear conclusion as to the 
cause of this fish kill, as a combination of biological, chemical, and environmental conditions may have led to this 
event. Often these lethal combinations are ephemeral and difficult to detect after the fact, even though agency 
response may have been quick.  This report details the work done by the technical group and the processes used to 
make this determination. 

2. PURPOSE 
The primary purpose of this report is to document the extensive information collected as part of a multi-agency 
investigation and provide the public with interpretations and conclusions related to the investigation.  This report 
presents information and data collected as part of a Unified Fish Kill Investigation conducted jointly by the Minnesota 
Department of Agriculture (MDA), Minnesota Department of Natural Resources (DNR) and the Minnesota Pollution 
Control Agency (MPCA) on the South Branch of the Whitewater River (SBWWR) near Altura, Minnesota (Figure 1-1).  
This investigation was conducted in response to a fish kill that occurred on July 28-29, 2015, following a rainfall event 
that covered much of southeastern Minnesota including the SBWWR Watershed.  Information collected by each 
agency was integrated and compiled to provide a comprehensive review of the stream and watershed condition 
around the time of the fish kill.  Additional background and historical data and information were compiled to provide 
context and aid in the interpretation of the data collected.   

3. INTRODUCTION 
SOUTH BRANCH WHITEWATER RIVER WATERSHED OVERVIEW 
The South Branch Whitewater River subwatershed stretches across eastern Olmsted County and western Winona 
County. The MPCA characterized the SBWWR watershed in the July 2013 Mississippi River (Winona) Watershed 
Monitoring and Assessment Report (MPCA, 2013): 

“The watershed’s land use is predominately agricultural at nearly 80% (49% cropland and 28% rangeland). In 1996, 
the South Branch supported roughly 110 feedlots producing a total of 700 tons of manure per day. As a result, the 
South Branch has the highest amount of manure per acre of cropland per year (6.6 tons/acre/year) when compared 
to other subwatersheds in the basin (Whitewater River Feedlot Analysis, 1996). In addition, 70% of the urban 
population of the Whitewater is located in the South Branch subwatershed in the rapidly growing communities of St. 
Charles, Dover and Eyota (Whitewater River Watershed Project, 2009). Thirteen percent of the watershed remains 
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forested. The lower 12 mile AUID of the South Branch Whitewater is classified as a coldwater habitat while the 
upstream portion is classified as a warmwater habitat. The river begins northwest of Eyota and follows US Hwy 14 
past Dover and St. Charles.  From St. Charles the south branch flows northeast flowing through the 27,000 acre 
Whitewater State Wildlife Management Area. The river continues north merging with the North and Middle branches 
of the Whitewater in Elba. “ 

Several locations will be referenced throughout this report.  Key locations are presented in Figure 1-1 and associated 
river mile distances are provided in Table 1-1. 

 

FIGURE 3-1. WATERSHED MAP OF THE SOUTH BRANCH WHITEWATER RIVER. 

TABLE 3.1.  RIVER MILES LOCATIONS OF POINTS OF INTEREST IN THE SOUTH BRANCH WHITEWATER RIVER. 

Location River Mile Latitude Longitude 
Confluence with Whitewater River 0.0 44.0958 -92.0074 
Crystal Springs Hatchery 2.5 44.0750 -91.9850 

Snowmobile bridge, CR 112 3.1 44.0706 -91.9794 

Old USGS Gauge 05376500 3.1 44.0706 -91.9794 

Bethany Drive Snowmobile Bridge 9.7 44.0181 -91.9574 

Lamberton Mill Road Bridge 13.0 44.0132 -91.9838 

MN DNR Gage near Dover 24.7 44.0769 -91.9871 
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The SBWWR watershed is well-known for recreational activities throughout the year.  The Whitewater Wildlife 
Management Area (WMA) and Whitewater State Park are large area attractions for tourists, hikers, and hunters.  
The affected stream reach is classified as a coldwater fishery, and is a popular area for trout angling.   

The SBWWR has been included in several long-term fish and water monitoring projects.  The DNR completes annual 
fish population surveys in the SBWWR to document fish populations.  In addition, the SBWWR was included in 
MPCA’s Minnesota Milestone River Monitoring Program to document water quality conditions over time.  Finally, 
the MDA has conducted surface water pesticide monitoring of the SBWWR from 1992-2000, and from 2005 to the 
present.  All of these activities provide context for the data collected during the investigation of the 2015 fish kill. 

OVERVIEW OF FISH KILLS  
Fish kills are common in aquatic ecosystems and can result from a variety of causes.  Potential causes range from 
spills associated with municipal waste, industrial, and agricultural waste to rapid temperature changes, increasing 
susceptibility to disease (Meyer and Barclay 1990).  Anthropogenic sources are responsible for the majority of 
reported fish kills (La and Cooke, 2011), and the frequency and magnitude of kills are increasing (Fey et al., 2015).  A 
review of North American fish kills in freshwater and estuary habitats from 1890-2006 found that agriculture-related 
contamination (19.5%), toxic plankton blooms (17.2%), and chemical pollution (7.1%) were the main causes of fish 
kills in the 170 reported cases (La and Cooke, 2011).   

Compared to causes of reported fish kills in other Midwestern states, fish kills in Minnesota are more likely to be 
related to environmental conditions or fish health rather than agriculture or industry.  Over a 10-year period, 
environmental conditions, disease, and chemicals (agricultural, industrial, and municipal) accounted for the majority 
of fish kills in Minnesota (33, 25, and 9% of fish kills, respectively; Bueno et al., in prep).  In a thorough study of 20 
fish kills in Iowa, 75% of fish kills were related to agriculture (IDNR, Wilton, 2002).  Of 150 fish kills reported in 
Missouri from 2007-2011, 37% were due to environmental factors, 23% were due to municipal pollution, and 10% 
were due to agricultural pollution (MDC 2013).  From 2005-2014, the Illinois DNR had information on 56 fish kills, 
with agriculture (32%) and industry (25%) accounting for the largest proportion of the kills (S. Shults, Illinois DNR, 
unpublished data).  The reasons behind these patterns is not clear, but may be related to land use, as these states 
represent a gradient of agricultural land use from 51.1% (Minnesota) to 85.7% (Iowa) (USDA, www.ers.usda.gov).   

Although the dominant causes of fish kills varies amongst these upper Midwestern states, the percentage of fish kills 
whose cause is unknown is more consistent.  In Minnesota, 33% of fish kills were due to unknown causes or 
information was not available regarding the cause of the kill (Bueno et al., in prep).  Unknown causes of fish kills in 
Iowa, Illinois, and Missouri were 10, 15, and 18% respectively (IDNR 2002, MDC 2013, S. Shults, Illinois DNR, 
unpublished data), while a study of North American fish kills reported unknown causes to be 23% of all reported kills 
(La and Cooke 2001).  The uncertainty of the cause of a fish kill is related to the nature of fish kills and the evidence 
associated with them, chemical and physical conditions in waterbodies changing rapidly, the consumption of dead 
fish by scavengers, and often a lag from the time of the kill to it being reported. 

Not only is there uncertainty in the cause of a large percentage of fish kills, the actual frequency of fish kill events is 
unknown.  An Australian study estimated that about 50% of fish kills in New South Wales are unreported (Koehn 
2004), while Bueno et al. (in prep) estimated that up to 90% of fish kills in Minnesota may be unreported.  Many kills 
are unreported or never witnessed at all because dead fish are rapidly consumed or the fish kill occurs in a remote 
area.  That said, there has been an increase in public awareness of fish kills in the last two decades (La and Cooke, 
2011). 
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4. BACKGROUND 
HYDROLOGY AND CLIMATE 
RAINFALL SUMMARY 
Precipitation data are collected at several locations within the SBWWR watershed.  Daily precipitation data has been 
collected at the National Weather Service (NWS) station identifier 210146: “Altura 5W” since 2003 (DNR, 2015).  
Daily precipitation values are presented in Figure 2-1 from this station located near the confluence of the SBWWR 
with the main stem Whitewater River.  In addition, rainfall event data were obtained for the watershed from radar 
rainfall estimates on July 28, 2015. 

Precipitation was frequent from April 1 through September 30, 2015, with precipitation recorded on 52% of the days 
(Figure 2-1).  Rainfall during this period was 4.03 inches above the 30 year normal.  Precipitation events were 
frequent but of lower intensity.  As a result, surface runoff was infrequent and area streams did not experience a 
major flood event during this period in 2015.  In general, streams in this area respond rapidly to runoff events due 
to the bedrock geology and topography. 

On the morning of July 28, 2015, a thunderstorm produced approximately 1 to 2.5 inches of rain over an approximate 
three hour period in the SBWWR watershed.  The largest rainfall totals occurred in the western portion of the 
watershed upstream of the DNR/MPCA cooperative stream gaging station (Station ID#40021001) near Dover, MN.  
Rainfall totals were lower in the northern and eastern portions of the SBWWR watershed.  The heaviest rainfall 
occurred between 08:00 and 09:00 CST in the SBWWR watershed. 

Radar estimated rainfall totals were obtained from the NWS (Figure 2-2).  The radar estimates agree with local 
observations, and place the heaviest rainfall totals in the western portion of the watershed upstream of the Dover 
DNR/MPCA gaging station.  Approximately 1.5 inches of rainfall was estimated in the eastern part of the watershed. 
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FIGURE 4-1. APRIL 1 THROUGH SEPTEMBER 30, 2015 CUMULATIVE RAINFALL. 

 

 

FIGURE 4-2.  JULY 28, 2015 NATIONAL WEATHER SERVICE RADAR ESTIMATED RAINFALL TOTAL 
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RIVER DISCHARGE 
River discharge, or flow, is measured by the DNR near Dover, MN.  This monitoring location has a period of record 
from May 6, 2011, to the present.  The flow monitoring gage is approximately 22 miles upstream of the Crystal 
Springs Hatchery (CSH).  The United States Geological Survey (USGS) operated a flow monitoring gage approximately 
0.6 miles upstream of the CSH, from 1938 to 1971.  The watershed gaged by the DNR/MPCA gage near Dover, MN, 
is 13,943 acres, and the watershed gaged by the USGS was 49,152 acres.  In addition to the difference in watershed 
size, the watershed captured at the DNR/MPCA gage near Dover, MN, is located 1141.25 feet above sea level and 
the USGS gage near the CSH was located 761.8 feet above sea level.  While the USGS historic data exists, no 
relationship was established between the current DNR/MPCA gage near Dover and the historic USGS gage near the 
CSH. 

The DNR/MPCA gage near Dover, MN, was the only operating gage during the 2015 season in the SBWWR 
watershed.  The data from the DNR/MPCA gage near Dover, MN, are presented for context; however, it is worth 
noting there are approximately 15 river miles between the instrument and the beginning of the confirmed dead fish 
zone.  The provisional instantaneous river discharge from April 1 through September 30, 2015, from the DNR/MPCA 
gage near Dover, MN, is presented in Figure 2-3.  Following a large event on April 10, 2015, the summer of 2015 was 
relatively uneventful.  Runoff events on May 30, 2015, and July 28, 2015, were the only two discharge events 
exceeding 100 cubic feet per second. 

 

FIGURE 4-3. PROVISIONAL APRIL 1 THROUGH SEPTEMBER 30, 2015, DISCHARGE ON THE SBWWR NEAR DOVER, MN (40021001). 

 

As discussed above, on the morning of July 28, 2015, a thunderstorm produced approximately 1 to 2.5 inches of rain 
over an approximate 3 hour period in the SBWWR watershed.  Provisional event discharge at the DNR/MPCA gage 
near Dover, MN, is presented as Figure 2-4.  The discharge prior to the event was below 10 cubic feet per second.  
The discharge began to increase around 09:00 CST, peaked at 194 cubic feet per second at 12:15 CST, and discharge 
had fallen to below 70 cubic feet per second by 15:45 CST.  Peak stage at the DNR/MPCA gage near Dover, MN, was 
14.69 feet, or about 2.5 feet above baseflow conditions prior to the event.  It should be noted that the 2015 discharge 
data from the DNR/MPCA gage near Dover, MN, was provisional at the time this report was produced and subject 
to adjustment by the DNR when final review occurs. 
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FIGURE 4-4.  PROVISIONAL JULY 28, 2015 DISCHARGE ON THE SBWWR NEAR DOVER, MN (40021001). 

As a part of their routine pesticide monitoring, MDA personnel visited the MDA monitoring site near the CSH on July 
28 and July 29.  These visits occurred prior to notification of the fish kill.  The tape down water level measurement 
collected on July 28 at 12:45 CST was 13.23 feet while the measurement on July 29 at 14:28 CST was 13.27 feet.  
Between these two site visits, the river stage dropped 0.04 feet.  Furthermore, duckweed was present along the 
upstream banks during the July 28 site visit, suggesting that there was no high flow event that occurred prior to this 
site visit (Figure 2-5).  A transparency tube reading completed during the  
July 28 field visit measured 44.6 cm indicating a reduction in transparency with the rainfall earlier that day.  No 
photographs were collected on the July 29 site visit. 

There are only anecdotal observations from July 30, 2015, to estimate the change in water level and discharge near 
the Bethany Drive snowmobile bridge and the CSH.  Field investigation notes estimated an increase of no more than 
1 to 1.5 feet in the water level of this reach (Figure 2-6).  Field investigation notes also indicate that there were no 
observable signs of runoff/flow coming out of dry runs and no evidence of grass pushed over along the stream 
indicating higher river levels.  

Actual river discharge between the snowmobile bridge on Bethany Drive and the CSH on  
July 28, 2015, was not measured.  Discharge data from the DNR/MPCA gage near Dover, MN, showed a large increase 
in discharge.  However, it is unknown and unsupported by field notes that a large increase in discharge occurred 
downstream.  The DNR/MPCA gage near Dover, MN, received the highest rainfall totals, and totals were reduced 
across the watersheds moving towards the confluence with the Whitewater River.  There was a documented 
increase in flow; however, without a high water mark it is difficult to characterize this as a major runoff event. 
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FIGURE 4-5. PHOTOGRAPH LOOKING UPSTREAM OF BRIDGE NEAR THE CRYSTAL SPRINGS HATCHERY WHERE A SAMPLE WAS COLLECTED ON 
JULY 28, 2015 AT 13:25 CST.  NOTE THE DUCKWEED PRESENT ALONG THE BANK AND SLIGHTLY TURBID WATER. 

 

FIGURE 4-6. PHOTOGRAPH FROM AUGUST 4, 2015 SHOWING NO EVIDENCE OF HIGH WATER MARK IN THE FISH KILL ZONE ON  JULY 28, 2015 
EVENT. 
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OVERVIEW OF AGENCY AUTHORITY AND RESPONSIBILITY:  
This investigation was initiated when report #151973 was made to the Minnesota Duty Officer.  The Minnesota Duty 
Officer notifies the County and DNR for every report of a fish kill.  Further inquiry about possible causes of the kill 
leads the Minnesota Duty Officer to follow agency-established protocols to advise additional state agencies.  If a 
cause is undetermined or unknown, the Minnesota Duty Officer will advise multiple agencies. 

Upon receiving notice of the fish kill from the Minnesota Duty Officer from DNR personnel, multiple state agencies 
were contacted and responded to the scene.  The investigation was managed by a multi-agency team that brought 
specific expertise to each component of the investigation.  Each agency’s general responsibilities are discussed 
below. 

The Commissioner of Agriculture has sole regulatory authority over the terrestrial application of pesticides, 
including, but not limited to, the application of pesticides to agricultural crops, structures, and other nonaquatic 
environments (Minnesota Statutes 2015, 18B.03).  Departmental authority to respond to and take corrective actions 
for agricultural chemical incidents, releases, or threatened releases falls to staff of the MDA’s Pesticide & Fertilizer 
Management Division (Minn. Stat. 18D.1051, 2015).  Trained agricultural chemical investigators are ready to deploy 
and able to conduct inspections following established procedures. 

The Department of Natural Resources is tasked to preserve, protect, and propagate desirable species of wild animals 
as noted in Minn. Stat. 97A.045.  In addition, Minn. Stat. 97A.025 recognizes that the ownership of the wild animals 
of the state is in the state in its sovereign capacity and that a person may not “destroy” a wild animal unless 
authorized under the game and fish laws.  The agency has the authority provided in Minn. Stat. 97A.345 (2015) to 
assign a dollar value to the taking of wild animal species to pursue restitution for animals.  Minnesota Rules 
6133.0080, subpart 1 further clarifies the values assigned for fish species.  

The Commissioner of Pollution Control has authority through MN Rule Ch. 7050.0210, subp. 13 (2015) to ensure 
general standards for waters of the state and prohibition of sewage, industrial waste or other wastes discharged 
from either a point or nonpoint source into the waters of the state in such quantity or in such manner alone or in 
combination with other substances as to cause pollution as defined by law.  Investigation is authorized into the 
pollution of groundwater (MN Rule Ch. 7060.0500 (2015)) from sewage, industrial waste, or other wastes, as well as 
surface or subsurface discharges from animal feedlots and manure storage areas (MN Rule Ch. 7020.2003 (2015)).   

The Minnesota Department of Health participated in the investigation as a laboratory resource according to its 
authority in Minn. Stat. 144.05, Subdivision 1 which states that the state commissioner of health shall have general 
authority as the state's official health agency and shall be responsible for the development and maintenance of an 
organized system of programs and services for protecting, maintaining, and improving the health of the citizens.  
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5. INVESTIGATION METHODS AND ACTIVITIES 
FIELD OBSERVATIONS 
This section provides field observations that were collected prior to and during the fish kill investigation.  Staff from 
the three state agencies responding to the fish kill (DNR, MPCA, and MDA) made numerous site visits stretching from 
the County Road 37 bridge near the CSH (River Mile (RM) 2.2) to the bridge on County Road 119 (RM 17.7).  An 
inventory of field visits are provided in Table 3-1 and notes regarding each field visit are listed below. 

TABLE 5.1. LIST OF FIELD OBSERVATION NOTES IN RESPONSE TO THE FISH KILL IN THE SOUTH BRANCH OF THE WHITEWATER RIVER. 

Location / stretch River Mile(s) Agency Date Time (CST) Purpose 
MDA Monitoring Site  2.2 MDA 7/28/2015 12:45 Routine visit 
MDA Monitoring Site  2.2 MDA 7/29/2015 14:28 Routine visit 

Near Crystal Springs Fish 
Hatchery  

2.2 DNR 7/30/2015 09:00-15:15 Investigation 

Lanesboro Area Fisheries na DNR 7/30/2015 09:32 
Report to Duty 

Officer 
Kreidermacher’s Campground 4.9 DNR 7/30/2015 13:00 Investigation 

CR-119 Bridge 17.7 MPCA 7/30/2015 15:30 Investigation 
Bethany Drive Access n/a MPCA 7/30/2015 16:20 Investigation 

CR-112 Bridge 3.3 MDA 7/30/2015 16:45 Investigation 
Kreidermacher’s Campground 4.9 MPCA 7/30/2015 17:11 Investigation 

Pesticide Investigation na MDA 7/31/2015 11:30-14:00 Investigation 
Middle Branch of the 

Whitewater River 
na MDA 7/28 – 8/1/2015 08:47-07:47 

Other – Supporting 
Investigation 

Bethany Drive Access 9.7 DNR 8/3/2015 10:00 Investigation 
St. Charles Municipal 

Wastewater Treatment Plant, 
and City of Utica Stabilization 

Pond 

na MPCA 8/3/2015 various Investigation 

Manure/Land application 
sites 

na MPCA 8/3 - 8/4/2015 various Investigation 

Pesticide Investigation na MDA 8/3/2015 08:00-15:00 Investigation 

Pesticide Investigation na MDA 8/4 – 8/5/2015 
08:25-16:27, 
07:33-12:30 

Investigation 

Upstream of Bethany Drive 
Access 

9.7 DNR 8/5/2015 10:00 Investigation 

MDA Monitoring Site 2.2 MDA 8/6/2015 09:25 
Routine visit / 
Investigation 

Pesticide Investigation na MDA 8/6/2015 13:25-13:55 Investigation 
Near Kreidermacher’s 

Campground (Brown Foam) 
6.3 MPCA 8/6/2015 14:30 

Other – Supporting 
Investigation 

Kreidermacher’s Campground 5.3 MPCA 8/6 – 8/10/2015 14:40 – 09:55 Sonde Deployment 
Bethany Drive Access 9.8 MPCA 8/6 – 8/10/2015 16:10 – 10:40 Sonde Deployment 
Manure Investigation na MPCA 8/6/2015 16:00-19:30 Investigation 
Manure Investigation na MPCA 8/7/2015 08:00-14:00 Investigation 
Pesticide Investigation na MDA 8/7/2015 07:25-12:30 Investigation 

MDA Monitoring Site  2.2 MDA 8/7/2015 07:13 
Routine visit / 
Investigation 
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Location / stretch River Mile(s) Agency Date Time (CST) Purpose 
Kreidermacher’s Campground 4.9 MDA 8/7/2015 08:45 Investigation 

Bethany Drive Snowmobile 
Bridge 

9.8 MDA 8/7/2015 09:45 Investigation 

Bethany Drive Ravine 9.8 MPCA 8/7/2015 10:45 Investigation 

Crystal Springs Hatchery 2.2 MDA 8/11/2015 07:45 
Routine visit / 
Investigation 

Pesticide Investigation na MDA 8/11/2015 09:17-12:58 Investigation 
Manure Investigation na MPCA 8/12/2015 07:30-09:00 Investigation 
Pesticide Investigation na MDA 8/12/2015 13:48-14:05 Investigation 
Pesticide Investigation na MDA 8/13/2015 09:02-16:33 Investigation 
Pesticide Investigation na MDA 8/17/2015 08:32-13:28 Investigation 

Ravine off Bethany Drive 9.8 MPCA 8/17/2015 18:30 
Other – Supporting 

Investigation 
Pesticide Investigation na MDA 8/18/2015 09:15-17:07 Investigation 
Pesticide Investigation na MDA 8/19/2015 08:27-15:49 Investigation 

MDA Monitoring Site  2.2 MDA 8/19/2015 08:33 
Routine visit / 
Investigation 

Downstream of Bethany Drive 
Bridge 

9.4 MPCA 8/19/2015 11:30 Investigation 

Upstream of Bethany Drive 
Bridge 

9.9 MPCA 8/19/2015 11:40 Investigation 

Kreidermacher’s Campground 4.9 DNR 8/20/2015 na Investigation 
Pesticide Investigation na MDA 8/20/2015 08:27-08:54 Investigation 
Pesticide Investigation na MDA 8/22/2015 14:24 Investigation 
Pesticide Investigation na MDA 8/24/2015 10:34 Investigation 

Kreidermacher’s Campground 4.9 DNR 9/15/2015 10:00 
Collect ambient Fish 

Tissue 
Manure Sample collection na MPCA 10/6/2015 08:00-08:30 Investigation 

Kreidermacher’s Campground 4.9 DNR 10/20/2015 10:00 
Fish population 

Estimate 

MDA MONITORING SITE, 7/28/2015 12:45(CST) 
Following the early morning rainfall, MDA Monitoring and Assessment Unit staff collected routine water quality 
samples from the SBWWR as directed in the MDA Surface Water Design Document.  This site visit was conducted 
prior to the reporting of a fish kill.  The DNR/MPCA cooperative continuous stream monitoring gage located 23 river 
miles upstream showed an increase in stage of approximately 2.5 feet on July 28, 2015; however, SBWWR did not 
appear to have a large increase in stage from baseflow conditions.  Sample SBW15006 was collected by MDA staff 
for routine gas chromatography with tandem mass spectrometry (GC-MS/MS) method pesticide analysis as well as 
nitrates and phosphorus analysis.  This sample would later be analyzed for several additional pesticide and metal 
analytes.  The sample was transported to the Rochester MDA field office and submitted for analysis to the MDA 
Laboratory Services (MDA Lab) on July 30, 2015. 

A tape down measurement was completed during the site visit, with a measurement of 13.23 feet (stage = 36.77 
feet). Although no velocity measurements were collected, the SBWWR appeared to have elevated velocity. 
Transparency tube reading was 44.6 cm, whereas baseflow transparency tube readings routinely exceed 60 cm.  A  
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FIGURE 5-1 PHOTOGRAPH OF THE SBWWR COLLECTED DURING THE JULY 28, 2015 FIELD VISIT LOOKING UPSTREAM OF CR-37 BRIDGE. 

moderate amount of small, floating plants, possibly duckweed, was observed at the bridge (Figure 3-1).  Emergent 
vegetation was observed growing along the stream banks with all vegetation standing upright. 

MDA MONITORING SITE, 7/29/2015 14:28 (CST) 
A field visit was completed to the SBWWR on Wednesday, July 29, 2015, to determine if the water level had 
increased.  If it had, the stream would be resampled.  This field visit was conducted prior to the reporting of the fish 
kill.   

A tape down measurement was completed with a measurement of 13.27 feet (Stage = 36.73 feet), indicating a drop 
in stream level of 0.04 feet since the site visit on July 28, 14:28 (CST).  Samples were not collected due to a lower 
stage than the previous day.  Additionally, no transparency tube reading or photos were collected.  Emergent 
vegetation was observed growing along the stream banks. 
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NEAR CRYSTAL SPRINGS HATCHERY, 7/30/2015 9:00 -15:15 (CST) 
On July 30, 2015, two groups of DNR Fisheries staff responded to reports of a fish kill in the SBWWR River at 09:00 
and Lanesboro Area Fisheries at 11:30.  They saw dead fish from the CSH upstream to Kreidermacher’s property 
(Figure 3-16).  They estimated that the fish had been dead from one to three days.  They noted that the water was 
clear near the hatchery but became increasingly turbid as they investigated upstream.  Cattle were observed 
immediately adjacent to the stream at the most upstream end of Kreidermacher’s property, possibly causing or 
adding to the turbidity.  The stream remained turbid to the Lamberton Mill Road bridge.  It was noted that on the 
morning of July 28, 2015, 1.5 inches of rain fell in the area in a two-hour time period.  They also noticed a large 
amount of senescent vegetation in the stream (Figure 3-2). 

 

FIGURE 5-2.  PHOTOGRAPH TAKEN OF THE SBWWR ON JULY 30, 2015 ON KREIDERMACHER’S PROPERTY, LOOKING DOWNSTREAM.  NOTE 
THE TURBIDITY AND THE LARGE AMOUNTS OF SENESCENT VEGETATION IN THE STREAM. 

Water samples were collected by both DNR field crews near the snowmobile bridge crossing the river at 10:00 and 
15:15.  CSH staff collected several dead fish of multiple species near the snowmobile bridge.  DNR Lanesboro Area 
Fisheries staff collected all the fish they counted in two stations located on Kreidermacher’s property.  All samples 
were kept cool and in the dark until they were submitted for analysis at MDA (water) and DNR (fish).  Fish collected 
by DNR Lanesboro Area Fisheries staff were packed in ice and delivered the following day to DNR in St. Paul.  Fish 
collected by CSH staff were frozen, as they were held for several days at the CSH prior to delivery to DNR in St. Paul, 
where they were secured in the DNR evidence locker. 
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KREIDERMACHER’S CAMPGROUND, 7/30/2015 13:00 (CST) 
During a fish kill investigation, fish are sampled to evaluate the losses (number of fish, species affected, and economic 
costs) and to select specimens to obtain further evidence on the cause of the fish kill.  Fish were quantified using the 
American Fisheries Society’s method for narrow, completely accessible streams (Southwick and Loftus 2003).  Briefly, 
representative stream reaches were chosen (Figure 3-3), where all dead fish in the reach were identified to species 
and enumerated.  Game fish (brown trout, Salmo trutta, and rainbow trout, Oncorhynchus mykiss) were measured 
to the nearest millimeter (mm).  White suckers (Catostomus commersoni) were also measured, as the stream is part 
of a DNR long-term monitoring project, and white sucker demographics are historically recorded.   

 

FIGURE 5-3.  LOCATION OF ELECTROFISHING STATIONS IN THE SBWWR THAT WERE SAMPLED ON JULY 30, 2015. 

COUNTY ROAD 119 BRIDGE, 7/30/2015 15:30 (CST) 
MPCA Emergency Response and Watershed staff responded to the report of the SBWWR fish kill and drove the 
watershed from the upstream areas near St. Charles to the clearly affected area at Kreidermacher's Campground.  
MPCA staff field-tested the water for dissolved oxygen and ammonia.  MPCA staff also observed manure applications 
on fields along the ridge above the SBWWR at Bethany Drive. 

BETHANY DRIVE ACCESS, 7/30/2015 16:20 (CST) 
Water samples were collected by MPCA and sent to the MDA lab for analysis. 
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COUNTY ROAD 112 BRIDGE 7/30/2015 16:45 (CST) 
MDA’s Emergency Response staff visited the site to assess surface water quality and the work other agencies (MPCA 
and DNR) were already doing.  Four 1-Liter water samples were collected at CSH, returned to St. Paul and checked 
into the MDA Lab the following day for agricultural chemical analysis. 

KREIDERMACHER’S CAMPGROUND 7/30/2015 17:11 (CST) 
Water samples were collected by MPCA and sent to the MDA Lab for ammonia analysis. 

PESTICIDE APPLICATION INVESTIGATION, 7/31/15 11:30-14:00 (CST) 
An MDA Agricultural Chemical Investigator (ACI) visited Progressive Ag/All American Cooperative in St. Charles, CHS 
Cooperative in St. Charles, and Benson Farm Service in Lewiston to obtain application records for pesticide 
applications in sections of Elba, St. Charles, and Norton Townships in Winona County from July 22-31, 2015. Aerial 
applications of Priaxor and Quilt Xcel were completed on properties in Elba Township. No known ground applications 
were conducted and there were no known issues with applications. The ACI also drove the area near Kreidermacher’s 
Campground and observed corn fields close to the SBWWR. 

MIDDLE BRANCH OF THE WHITEWATER RIVER, 7/28/2015 08:47 – 8/1/2015 07:47 (CST) 
A four-day equal time based composite sample was collected from the Middle Branch of the Whitewater River from 
July 28 through August 1, 2015.  This sample is significant for several reasons. The Middle Branch of the Whitewater 
River is adjacent to SBWWR and has similar land use and topography.  In addition, the Middle Branch of the 
Whitewater River did not experience a fish kill during the SBWWR fish kill and the water quality results can be 
compared to conditions in the SBWWR during the fish kill period.  Finally, the composite sampling methodologies 
allows for a comparison of the grab sample concentrations compared to an equal time based composite sample.  

Sample number MBW15019 was collected on August 3, 2015 from a refrigerated sampler.  The composite sample 
collection period began shortly after the rainfall on July 28 2015, and continued for four days collecting 180 mL 
pulses of water every 60 minutes. The event on the Middle Branch of the Whitewater was of similar magnitude to 
the SBWWR with a temporary stage increase of less than 1 foot.  The composite sample had a transparency of 20.4 
cm. 

BETHANY DRIVE ACCESS, 8/3/2015 10:00 (CST) 
DNR Lanesboro Area Fisheries staff returned to the field on August 3, 2015, upstream of Kreidermacher’s property, 
but the water was still too turbid to make in-stream observations.  The same staff were able to return to this location 
on August 5, 2015, and walked upstream. 

PESTICIDE INVESTIGATION 08/03/15 08:00-14:40 (CST) 
An inspection was conducted by an MDA ACI with area property owners to gather pesticide application data, report 
sink holes, and collect a soil sample from the lowest point in the pasture near Kreidermacher’s Campground.  The 
property owners reported that the most recent pesticide application was completed in June, was applied in 
compliance with the 30 foot setback requirements, and contained only herbicides.  In addition, the owners were not 
aware of any sink holes, misapplication, or any incidents that occurred on the property.  A soil sample was collected 
from the southern portion of the pasture into a 500 mL amber glass bottle and identified as 08032015CDP001 (Figure 
3-4).  The sample and chain-of-custody form were submitted together to the MDA Lab via DNR staff on the day of 
collection. Additionally, DNR Wildlife personnel were contacted and it was noted that operators within the 
Whitewater WMA are not allowed to apply insecticides to cropped areas, but can apply herbicides and fungicides. 
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FIGURE 5-4. LOCATION OF SOIL SAMPLE THAT WAS COLLECTED DURING THE SBWWR FISH KILL INVESTIGATION. 

MANURE INVESTIGATION, 8/3/2015 AND 8/4/2015 VARIOUS TIMES 
On August 3 and 4, 2015, MPCA Feedlot staff along with Emergency Response staff walked the manure land 
application sites identified previously by DNR.  These sites were located in St. Charles Twp. (T106N. –R.10W), Sec. 2, 
NE QT., NE QT/QT and in St. Charles Twp. (T106N. –R.10W), Sec. 1, NW QT., NW QT/QT.  Staff walked each land 
application field to their respective discharge points (field edges and surrounding wooded areas) and found no 
evidence of field runoff (matted vegetation, stained vegetation, etc.) or evidence of manure contaminated runoff 
from the fields (i.e. stained vegetation, puddled/ponded manure runoff, evidence of solids collecting in vegetation, 
etc.).  The field investigation included review of a conservation runoff control pond.  The pond did not show evidence 
of manure contamination or overflow. 

WASTEWATER INVESTIGATION, 8/3/2015  
MPCA Wastewater staff contacted the two facilities in the watershed that may have or were discharging wastewater 
at the time of the reported SBWWR fish kill.  MPCA Wastewater staff contacted Whitewater River Regional 
Wastewater Treatment Plant (continuous discharge) to determine if the plant was experiencing any problems at the 
plant and find out if QC parameters were acceptable. The plant was operating within limits and all operational 
parameters looked good.  MPCA staff also contacted the city of Utica (stabilization ponds) to determine if the city 
was discharging wastewater from the ponds.  No discharge was occurring at the time of the reported SBWWR fish 
kill. 
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PESTICIDE INVESTIGATION, 8/4/2015 08:25-16:27 AND 8/5/2015 07:33-12:30 
An MDA ACI visited Lewiston Feed and Produce in Lewiston and requested pesticide application records from 
sections within Elba, St. Charles, and Norton Townships from July 22-31, 2015. No pesticide applications were 
completed by Lewiston Feed and Produce during this period. 

The ACI also visited the Lewiston Veterinary Clinic to inquire about reports from MPCA of sick dogs in the area.  The 
Lewiston Veterinary Clinic stated they saw two dogs with dermatitis but none of the dogs had contact with the 
SBWWR.  

UPSTREAM OF BETHANY DRIVE ACCESS, 8/5/2015 10:00 (CST) 
DNR Lanesboro Area Fisheries staff walked upstream from the Bethany Road access to Lamberton Mill Road to look 
for evidence of dead fish and sources of the kill.  No dead fish were observed but about 20 dead crayfish were noted 
in the reach.  Live fish and aquatic macroinvertebrates (mayflies (Ephemeroptera), crane flies (Tipulidae), caddisflies 
(Trichoptera), and black flies (Simuliidae)) were observed, as were live fish and frogs.  The water color was stained, 
not the usual clear.  There was abundant aquatic vegetation.  In some pools, substrata were embedded in silt. 

MDA MONITORING SITE, 8/6/2015 09:25 (CST) 
MDA collected routine water quality samples as directed in the MDA Surface Water Design Document.  A tape down 
water level measurement was completed with a measurement of 13.61 feet (Stage = 36.39 feet), indicating a drop 
in stage since the July 28 site visit.  The stream had a transparency tube reading greater than 60 cm; normal baseflow 
conditions will typically exceed 60 cm transparency tube reading.  The bottom of the stream was clearly visible from 
the bridge.  Numerous water striders and 2 or 3 live small fish were observed on the surface of the stream, both 
upstream and downstream of the bridge.  A moderate amount of leaves were observed on the surface of the stream.  
A moderate amount of small, floating plants, possibly duckweed was observed at the bridge (Figure 3-5).  Emergent 
vegetation was observed growing along the stream banks near the bridge. 
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FIGURE 5-5. PHOTOGRAPH OF THE SBWWR COLLECTED DURING THE AUGUST 6, 2015 FIELD VISIT LOOKING UPSTREAM OF CR-37 BRIDGE. 

BROWN FOAM AT KREIDERMACHER’S CAMPGROUND 8/6/2015 14:30 (CST) 
MPCA collected a sample of “brown foam” near Kreidermacher’s campground (Figure 3-6).  The thick “brown foam” 
was collected in an area with a large amount of decomposing fish and was found floating on top of submerged 
aquatic vegetation that was at the surface.  “Brown foam” was frequently observed on the river between Bethany 
Drive and Kreidermacher’s Campground and is not something typically observed in cold water streams.  Since this 
type of “foam” is not typically observed, a sample was collected in an effort to determine the source and/ or cause 
of the fish kill.  This sample was analyzed for pesticides, nutrients, and several abiotic parameters.  
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FIGURE 5-6. PHOTOGRAPH OF THE “BROWN FOAM” COLLECTED NEAR KREIDERMACHER’S CAMPGROUND ON AUGUST 6, 2015. 

SONDE DEPLOYMENT AT KREIDERMACHER’S CAMPGROUND AND BETHANY DRIVE ACCESS,  
8/6/2015 14:40 (CST) AND 16:10 (CST) 
In anticipation of a significant amount of rainfall forecasted on August 7, 2015, two YSI sondes (Yellow Springs 
Instruments, Yellow Springs, OH) were deployed in the SBWWR on August 6 to capture a potential secondary flush 
of contaminants off the landscape (Figure 3-7 and 3-8).  The sondes collected temperature, dissolved oxygen, 
conductivity and pH data in 15 minute intervals from the time of deployment on August 6 until the time of retrieval 
on August 10.  

The first of two sondes were deployed in the SBWWR at Kriedermacher’s Campground near Altura on August 6 at 
14:40 (Figure 3-7). The sonde was deployed downstream of the riffle on the east bank.  The second sonde was 
deployed at 16:10 downstream of Bethany Drive on the west bank by a large tree stump (Figure 3-8). The 
Kreidermacher’s Campground and Bethany Drive sondes were retrieved on August 10, 2015, at 09:55 and August  
10, 2015 at 10:40, respectively.  
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Deployed sonde 

FIGURE 5-7.  SONDE DEPLOYMENT AT KREIDERMACHER’S CAMPGROUND (TOP) AND AN UP-CLOSE PHOTO OF THE DEPLOYED SONDE 
(BOTTOM). 
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FIGURE 5-8. SONDE DEPLOYMENT DOWNSTREAM OF BETHANY DRIVE. 
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FIGURE 5-9.  LOCATIONS OF MPCA SONDE DEPLOYMENT IN THE SBWWR. 

PESTICIDE INVESTIGATION, 8/6/2015 13:25-13:55 (CST) 
An MDA ACI contacted or visited landowners in the SBWWR watershed. 

MANURE INVESTIGATION, 8/6/2015 16:00 – 19:30 (CST) and 8/7/2015 08:00 – 14:00 (CST) 
On August 6, MPCA Feedlot staff and Watershed staff reviewed the land application site located in Utica Twp. 
(T106N. –R.9W), Sec. 6, NW QT., NE QT/QT (Figure 3-10).  This field had been previously identified by MPCA 
Emergency Response staff and Watershed staff as having been recently harvested (field peas) and had recent 
manure applications (July 27 and 30).  The field had been planted/seeded at the time of inspection on August 6.  
MPCA staff investigated the land application site, along with the steeply sloped and wooded ravines (discharge 
points) along the field’s border.  The discharge point along the western field boundary is located approximately 300 
feet from the southwest corner of the field.   

MPCA Feedlot staff also reviewed land application records for the manure land application site located in St. Charles 
Twp.  The records indicated that manure was applied to the field areas starting on May 23 with continued 
applications on a daily/weekly basis up to the time of the fish kill event.  Record information submitted indicated a 
couple field areas had been applied with two different application rates.   
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Both the application areas (St. Charles Section 2 and Utica Section 6) were reviewed by MPCA Feedlot staff for 
sensitive features/setback requirements within the application areas.  Neither application area contained sensitive 
features requiring manure application setback requirements. 

 

FIGURE 5-10.  MANURE LAND APPLICATION SITES THAT HAD MANURE PITS SAMPLED AS A PART OF THE SBWWR INVESTIGATION. 

PESTICIDE INVESTIGATION 8/7/2015 07:25-12:30 (CST) 
An ACI contacted landowners near the SBWWR and stated that they had not applied pesticides during the July 20-
30, 2015 period.  The last pesticide applications were herbicides on corn in June.  Landowner additionally noted that 
he did not see any dead fish where his pasture meets the stream and the cattle on his property were “ok.” One 
landowner noted that CHS Cooperative applied fungicide on 235 acres of corn a week or so ago but did not know 
the exact date. 

The ACI visited CHS Cooperative and Progressive Ag/All American Cooperative in St. Charles and requested pesticide 
application records for sections of Elba and St. Charles Townships in Winona County from July 20-30, 2015. CHS 
Cooperative provided locations of ground and aerial applications and no application issues were known to have 
occurred. Progressive Ag/All American Cooperative provided application records and noted that applications were 
being conducted today in the Plainview area. 
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MDA MONITORING SITE, 8/7/2015 07:13 (CST) 
MDA staff collected water quality samples following light rainfall overnight to support the fish kill investigation.  
Samples were collected and analyzed for pesticides and nutrients.  The MPCA/DNR stream gage near Dover, MN, 
recorded 0.23 inches of rain from 22:00 Thursday, August 6, 2015, to 6:30 on Friday, August 7, 2015.  If runoff 
occurred overnight, additional pesticide samples were to be collected at Kreidermacher’s Campground and Bethany 
Drive snowmobile bridge.  No runoff occurred with the event, therefore pesticide samples were not collected at 
these locations but site visits occurred. 

A tape down measurement was completed with a measurement of 13.60 feet (Stage = 36.40 feet), indicating a rise 
in stage (0.01 feet) since the site visit the previous day.  The stream had a transparency tube reading greater than 
60 cm.  The bottom of the stream was visible from the bridge.  

Noticeably fewer leaves were present on the surface of the stream compared to the previous day.  A moderate 
amount of small, floating plants, possibly duckweed was observed at the bridge (Figure 3-11).  Emergent vegetation 
was observed growing along the stream banks near the bridge. 

 

FIGURE 5-11. PHOTOGRAPH OF THE SBWWR COLLECTED DURING THE AUGUST 7, 2015 FIELD VISIT LOOKING UPSTREAM OF CR-37 BRIDGE. 
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KREIDERMACHER’S CAMPGROUND, 8/7/2015 08:45 (CST) 
Approximately 5 to 10 dead, decomposing fish were observed along the slower reaches of the stream along the 
bank.  Fish parts, including scales and tails, were observed 5 to 10 feet inland from the bank of the stream, suggesting 
an animal had been consuming fish.  The water was clear and duckweed colonies were observed along a few 
stretches of stream bank (Figure 3-12). No water samples were collected during this site visit. 

 

BETHANY DRIVE SNOWMOBILE BRIDGE, 8/7/2015 09:45 (CST) 
A visual site visit was conducted by MDA personnel at the Bethany Drive snowmobile bridge.  The water appeared 
clear, with riffles downstream (Figure 3-13) and pools upstream. No water quality samples were collected during 
this visit. 

RAVINE OFF BETHANY DRIVE, 8/7/2015 10:45 (CST) 
MPCA staff walked the ravine next to Bethany Drive to investigate evidence of potential sources. Approximately 800 
feet upstream of where the ravine discharges into the SBWWR, a water quality sample was collected from a pooled 
area with approximately 30 gallons of water.  This ravine is downstream of an agricultural field with recent manure 
applications.  During the walk, MPCA staff noted that there were no observed signs of manure from the SBWWR to 
this point. Manure staining was observed from the sampling point including intermittent pool of manure to the 
township road.  Additionally, there was a distinct manure smell during the walk up the ravine.  

PESTICIDE INVESTIGATION, 8/10/2015 08:24-13:13 (CST) 
MDA’s ACI visited Benson Farm Service and Lewiston Feed and Produce in Lewiston and requested pesticide 
application records for sections of Elba and St. Charles Townships in Winona County from July 20-30, 2015. No 

FIGURE 5-12. PHOTOGRAPH OF THE SBWWR COLLECTED ON AUGUST 7, 2015, LOOKING AT THE EAST BANK AT THE CAMPGROUND. 
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applications were made by Benson Farm Service or Lewiston Feed and Produce for the areas and timeframe 
requested. 

CRYSTAL SPRINGS HATCHERY, 8/11/2015 07:45 (CST) 
On August 11, MDA staff collected pesticide and nitrate samples from the CSH at Spring #1.  These samples were 
collected as part of MDA’s routine groundwater sampling program.  Water from the spring appeared normal.  A field 
blank was also collected with the samples. 

 

FIGURE 5-13. PHOTOGRAPH OF THE SBWWR COLLECTED ON AUGUST 7, 2015, LOOKING DOWNSTREAM FROM THE BETHANY DRIVE 
SNOWMOBILE BRIDGE. 

PESTICIDE INVESTIGATION, 8/11/2015 09:17-12:58 (CST) 
The MDA ACI contacted an aerial application business which noted that pesticide applications in Minnesota started 
on or around July 20, 2015 and finished on August 7, 2015. Applications were made from Progressive Ag/All American 
Cooperative and Nerstrand Agri-Center.  

MANURE INVESTIGATION, 8/12/2015 7:30 – 09:00 (CST) 
On August 12, MPCA Feedlot staff viewed cropped field areas located to the south of the fish kill area.  Follow-up in 
this area noted three smaller feedlot operations.  A small dairy had been making daily manure applications in a 
pasture located across from his building site (south side of Summit Drive/Utica Township 16).  Application rates did 
not appear to be excessive and there were no signs of runoff.  Based on information provided, the other two feedlots 
are small beef operations and do not actively apply manure during the summer months. 
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PESTICIDE INVESTIGATION, 8/12/2015 13:48 – 14:05 (CST) 
An MDA ACI contacted Progressive Ag/All American Cooperative and requested information about the location of 
mixing and loading for both ground and aerial application.  Progressive Ag/All American Cooperative stated that the 
ground applications were mixed and loaded in the application area and the aerial applications were loaded in a flat 
area of the application area.  The helicopter was loaded with a dry disconnect.  Progressive Ag/All American 
Cooperative stated that were no issues or incidents with either the ground or aerial mixing and loading equipment. 

An MDA ACI contacted CHS Cooperative, St. Charles and requested information about the location of mixing and 
loading for both ground and aerial application.  CHS Cooperative stated that ground applications were mixed and 
loaded in the application area and the aerial applications were mixed/batched at CHS and pumped from the truck 
to the helicopter in the field with a dry disconnect.  CHS Cooperative stated that were no issues or incidents with 
either the ground or aerial mixing and loading equipment. 

PESTICIDE INVESTIGATION, 8/13/2015 09:02-16:33 (CST) 
The MDA ACI contacted several landowners to investigate if any pesticide applications had been made on their land 
by themselves or others on July 20-30, 2015. All landowners who were talked to said that no applications were made 
during the requested time period. 

The ACI also contacted Paul Peterson Aviation and Midwest Ag Air to inquire about any aerial applications they made 
in St. Charles or Elba Townships. Paul Peterson Aviation stated they made applications north of the requested area, 
but not made any in the requested area and timeframe.  Midwest Ag Air made no applications in the requested area 
and timeframe.  

CHS cooperative confirmed that no spills or issues occurred with recent applications made by CHS cooperative. 

RAVINE OFF OF BETHANY DRIVE, 8/17/2015 18:30 (CST) 
On August 6, the MPCA observed an orange substance (Figure 3-14) in the ravine that runs along the south side of 
Bethany Drive, where all of the dead fish were observed.  The substance did not have an odor and was concentrated 
to an area halfway down the ravine.  Discussion later from a witness saying the river looked orange the day of the 
fish kill led MPCA staff to investigate this orange substance further.  On August 17, MPCA staff walked the top of the 
ravine to the bottom.  The location of the orange substance was found halfway down the ravine, and was not 
observed anywhere else in the ravine.  Grab samples were collected of the substance and analyzed for metals, 
ammonia, and a suite of hazardous chemicals.  In addition to the orange substance, there was an oily sheen 
observed.  This oily sheen appeared to have had an ice like layer at the surface.  Approximately 20 feet up the ravine 
from the orange substance there was a junk pile of car parts that were well weathered and appeared to have been 
there for some time.  After discussions between agencies, consensus on the orange substance was found to be iron 
oxidizing bacteria. 
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FIGURE 5-14. IRON OXIDIZING BACTERIA FROM A SPRING IN THE RAVINE THAT RUNS ALONG THE SOUTH SIDE OF BETHANY DRIVE. 
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PESTICIDE INVESTIGATION, 8/17/2015 08:32-13:28 (CST) 
The MDA ACI contacted several landowners to investigate if any pesticide applications had been made on their land 
by themselves or others on July 20-30, 2015. All landowners who were talked to said that no applications were made 
during the requested time period. 

PESTICIDE INVESTIGATION, 8/18/2015 09:15-17:07 
An MDA ACI contacted a landowner in an attempt to confirm the SBWWR had turned an orange color on July 29, 
2015.  The first contact had not observed the SBWWR, however, provided contact information for another individual.  
The second contact was called and a message was left.  The second contact returned the call with a message left for 
the MDA ACI. 

An MDA ACI contacted a landowner and asked if any pesticide (herbicide/fungicide/insecticide) applications had 
occurred on his property by himself or others.  The landowner stated that no applications were made in stated time 
frame. 

PESTICIDE INVESTIGATION, 8/19/2015 08:27-15:49 
An MDA ACI made another attempt at contacting the second contact regarding the color of the SBWWR on July 29, 
2015.  A message was left, and a message was returned by the second contact.  

MDA MONITORING SITE, 8/19/2015 08:33 (CST) 
Following rainfall the previous day, MDA staff collected routine water quality samples as directed in the MDA Surface 
Water Design Document.  A tape down water level measurement was completed with a measurement of 13.56 feet 
(Stage = 36.44 feet).  The stream had a transparency tube reading greater than 60 cm (Figure 3-15).  The bottom of 
the stream was visible from the bridge; however water appeared more turbid than observed on the previous site 
visit (August 7, 2015).  
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FIGURE 5-15. PHOTOGRAPH OF THE SBWWR COLLECTED DURING THE AUGUST 19, 2015, FIELD VISIT LOOKING UPSTREAM OF CR-37 BRIDGE. 

DOWNSTREAM OF BETHANY DRIVE BRIDGE, 8/19/2015 11:30 (CST) 
MPCA staff collect water samples downstream of Bethany Drive ravine entry into the SBWWR. 

UPSTREAM OF BETHANY DRIVE BRIDGE, 8/19/2015 11:40 (CST) 
MPCA staff collect water samples upstream of Bethany Drive ravine entry into the SBWWR. 

PESTICIDE INVESTIGATION, 8/20/2015 08:27-08:54 (CST) 
An MDA ACI contacted a landowner and asked if any pesticide (herbicide/fungicide/insecticide) applications had 
been made to his land by himself on July 20-30, 2015.  The landowner stated he made no applications in the 
requested time frame; the only applications had been made by Progressive Ag/All American Cooperative.  The ACI 
contacted a second landowner regarding pesticide applications, and the landowner provided the name of the 
operator of the rented land.  The operator of the land stated that no pesticide applications were made to the 
property between July 20 and July 30, 2015.  Two additional landowners were contacted regarding pesticide 
applicators between July 20 and July 30, 2015.  Both landowners stated that no pesticide applications occurred in 
that period. 

An MDA ACI connected with the individual, originally contacted on August 18 and 19, who noted a color change to 
the SBWWR on July 29, 2015.  The individual stated that the color of the SBWWR was different on July 29, 2015 than 
what he typically observes on days following heavy rainfall.  No additional or specific color details were provided. 
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KREIDERMACHER’S CAMPGROUND, 8/20/2015  
A DNR hydrologist from the Lake City area office followed up with a camper on Kreidermacher’s property regarding 
a report that he had observed an unusual color to the SBWWR water on July 29, 2015.  The hydrologist was requested 
to visit, as his line of questioning would be more informed based on his technical expertise.  The citizen reported 
that the color was not a normal, brownish turbidity, but a light, clay-colored, slightly reddish.  It caught his attention 
due to its uniqueness.  The color was uniform and well mixed.  He did not observe dead fish at that time. 

PESTICIDE INVESTIGATION, 8/22/2015 14:24 (CST) 
An MDA ACI attempted to contact a landowner regarding pesticide applications. 

PESTICIDE INVESTIGATION, 8/24/2015, 10:34 (CST) 
An MDA ACI connected with the landowner called on August 22, 2015 regarding pesticide applications on their 
property.  The landowner stated that no pesticide applications were made in the noted time frame. 

UNIVERSITY OF MINNESOTA VETERINARY PATHOLOGY LABORATORY, 9/1/2015 12:00 (CST) 
Fish collected by CSH staff had been frozen and were taken to the University of Minnesota Veterinary Pathology 
Laboratory for necropsy by Dr. Nicholas Phelps.  Fish were examined both externally and internally.  

KREIDERMACHER’S CAMPGROUND, 9/15/2015 10:00 (CST) 
DNR Lanesboro Area Fisheries staff returned to the SBWWR to collect trout and white suckers for background tissue 
analysis using electrofishers.  Two brown trout and four white suckers were collected and hand delivered to the 
MDA Lab the following day.   

MANURE WASTE PIT SAMPLING, 10/7/2015 08:00-08:30 (CST) 
Manure samples were collected from two manure waste pits on farms that had land application sites located near 
to the suspected start of the dead fish zone.  The farm that applied manure on the Utica Township manure 
application area had a liquid manure sample collected, while the farm that applied manure on the St. Charles manure 
application site had two separate liquid manure samples collected from the waste pits. 

KREIDERMACHER’S CAMPGROUND, 10/20/2015 08:00 (CST) 
DNR Fisheries has a long-term monitoring site on the SBWWR in the reach where the fish kill occurred.  The fish 
community has been sampled annually since 1980.  Since 1988, the stream has been sampled in the spring only.  
(During the first eight years the fish community was sampled semi-annually, in both spring and fall.)  Fish are 
collected by electrofishing, using a barge electrofisher, anesthetized using MS-222, and measured to nearest 
millimeter.   Trout were weighed to the nearest gram. 

ANALYTE OVERVIEW 
This section of the report will review possible fish kill causes.  It is intended to provide general background 
information for each of the various candidate causes that were evaluated.  Each subsection contains the following 
information: the candidate cause, the reason for inclusion as a candidate cause, sources within the watershed, and 
toxicity information.  Actual water quality laboratory results will be presented in “Findings and Results”. 

PESTICIDES  
A pesticide is any substance or mixture of substances intended for preventing, destroying, repelling or mitigating 
any pest including insects, weeds, and plant diseases.  Pesticides can be used to control a variety of pests, such as 
insects, weeds, rats and mice, bacteria and mold, and more.  Fish kills can result from use of pesticides when toxic 
pesticides end up in water bodies through spray drift, improper application, pesticide overuse, spills, leaking storage 
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tanks, rainwater runoff from over-treated areas, and improper disposal of pesticides, etc.  In order to potentially 
cause a fish kill in a water body, a recently applied pesticide must make its way to the water body in a concentration 
that is considered to be toxic to fish.  The MDA Lab analyzed for 137 different pesticides using Gas chromatography 
with tandem mass spectrometry (GC-MS/MS) and liquid chromatography with tandem mass spectrometry methods 
(LC-MS/MS) as part of the investigation, which includes commonly applied pesticides within its analyte list.  A 
complete list of analytes is provided in Appendix A. 

The MDA investigations found that the fungicide product “Priaxor” was applied in the agricultural fields around the 
river stream where the fish kill incidence occurred, and was considered the most probable pesticide to potentially 
affect aquatic systems at the time of the fish kill in the SBWWR.  Priaxor is comprised of two fungicide active 
ingredients: fluxapyroxad (14.33%) and pyraclostrobin (28.58%).  Fluxapyroxad is a second generation pyridine 
carboxamide fungicide.  It is marketed as a standalone product (examples such as Imbrex and Sercadis) as well as in 
combination with other fungicides such as pyraclostrobin (examples such as Merivon, Priaxor, Lexicon and Xemium).  
Pyraclostrobin is a translaminar strobilurin fungicide. It is widely used on variety of agricultural crops (corn, soybeans, 
wheat, vegetables, and strawberries) and turf.  It is marketed as standalone products (examples such as Insignia and 
Headline) and also in combination with other fungicides such as fluxapyroxad (examples such as Merivon, Priaxor, 
Lexicon and Xemium).   

Minnesota does not have water quality standards for fluxapyroxad or pyraclostrobin; however, the USEPA provides 
aquatic life benchmark values for these compounds (Table 3.3).  Aquatic life benchmarks are USEPA-developed 
reference values below which pesticides are not expected to harm aquatic life such as fish or invertebrates.  Acute 
values are developed for a short term exposure; chronic values are developed for a longer term exposure.  As a 
result, the acute concentrations are often times higher than the chronic values given the short exposure time.  
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TABLE 5.2. FLUXAPYROXAD AND PYRACLOSTROBIN USEPA AQUATIC LIFE BENCHMARK REFERENCE VALUES AND CHEMICAL PROPERTIES. 

 Fluxapyroxad (ng/L) Pyraclostrobin (ng/L) 

Aquatic life benchmark fish, acute na 3,100 
Aquatic life benchmark fish, 
chronic 

na 2,350 

Aquatic life benchmark 
invertebrate, acute 

na 7,850 

Aquatic life benchmark 
invertebrate, chronic 

na 4,000 

 TGAI* LC50 **, carp 290,000 na 
TGAI* LC50 **, rainbow trout na 6,200 
NOAEC***, acute on carp 22,000   na 
NOAEC***, chronic on rainbow 
trout 

na 2,300 

Toxicity to freshwater fish on an 
acute exposure basis 

Highly Very Highly 

Photolysis degradation half life > 1 year < 2 hours 
Aerobic aquatic medium half life > 1 year River = 8.4 days 

Pond = 26.4 days 
Anaerobic aquatic medium half life > 1 year 1.91 to 6.91 days 
Major degradate and toxicity 
compared to parent 

3-(difluoro-methyl)- 1-methyl-1H-
pyrazole-4-carboxylic acid, much 
lower toxicity than fluxapyroxad 

BF500-3, similar toxicity to 
pyraclostrobin 

*Technical grade active ingredient 
** LC50 is the dose required to kill half the members of a tested population after a specified test duration 
*** No observable affect concentration 
Source:  USEPA 2013; USEPA, 2014; USEPA, 2015. 
 
Herbicides allow rapid crop canopy development without the pressure of undesirable plant species.  Herbicides and 
herbicide degradates are the most commonly detected class of pesticides in Minnesota waters (MDA, 2015); 
however, herbicide concentrations above the applicable water quality reference values are rare.  In agricultural 
applications, most herbicide applications are completed in May and June.  As a result of application timing, herbicide 
detections in Minnesota surface waters are very seasonal.  The highest concentrations observed in Minnesota 
surface waters tend to occur with large rain events in May and June shortly after herbicide applications.  Detection 
frequency and concentrations are generally much lower through the rest of the year. 

MANURE RELATED COMPONENTS (AMMONIA, DISSOLVED OXYGEN, AND/OR HEAVY METALS)  
Manure was identified as a candidate cause of the SBWWR fish kill on July 28, 2015, because of recently land applied 
manure acres adjacent to the kill site (Figure 3-10).  Manure has the capability to kill fish (and other aquatic life) 
because of potentially high concentrations of ammonia and/or heavy metals, and/or elevated Biological Oxygen 
Demand (BOD) levels that rob the water of dissolved oxygen. 

Ammonia is toxic to fish and can be lethal at low levels.  The specific toxicity of ammonia in manure depends upon 
the pH of the manure and the water temperature, pH and dissolved oxygen levels of the receiving waters.  The pH 
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of the manure can change the water pH, shocking the fish fatally.  Additionally, a direct shock of ammonia can fatally 
burn the gills and respiratory systems of fish. 

Heavy metals are common in manure as a result of livestock feed supplements and animal health products.  Copper 
and aluminum are heavy metals that are a primary concern for aquatic life in streams due to high toxicity. Heavy 
metal concentrations in manure are known to be much higher than natural stream conditions; however, proper land 
application limits the risk of manure movement into surface waters. Among the heavy metals, copper was 
investigated as a potential cause due to the use of copper sulfate in the dairy industry.  Its primary purpose is for 
foot/hoof health, in particular treating and controlling hairy warts and hoof rot.  Most common methods for 
treatment application to livestock include direct application when hoof trimming occurs and in foot baths that the 
livestock walk through.  Frequency of treatment will vary from farm to farm depending on foot/hoof health issues, 
but typically foot bath treatments are administered at least one to two times per month.  Waste product and water 
from foot bath use is generally disposed of with the manure generated on the farms.  In general this means disposing 
of the waste into a liquid manure storage area until the manure is land applied. 

The organic matter in manure is associated with high BOD levels, that can lead to low dissolved oxygen levels in the 
receiving waters, which in turn can have lethal effects on aquatic life, including fish.  Dissolved oxygen levels are 
depleted during the decomposition process as micro-organisms break down organic matter while using up available 
oxygen.  

As part of the investigation, ammonia and BOD levels in water samples were measured.  In addition, heavy metals 
were analyzed in water, manure, and fish samples.  For a complete list of analytes, please refer to Appendix A. 

UNKNOWN COMPOUND SCREENING 
There is a possibility that the cause of the fish kill was a single, extraordinary event.  An unpredictable action, such 
as the illegal dumping of an unknown substance into the SBWWR or a tributary, cannot be dismissed as a candidate 
cause.  Unfortunately, an unexpected situation is an extremely difficult scenario to investigate and to conclusively 
determine as the cause of the kill.  

It is not feasible to enter an investigation and account for all possible chemical classes that may have contributed to 
the fish kill.  Analytical procedures require target analytes.  The MPCA contracts with the Minnesota Department of 
Health (MDH) Laboratory for sample analysis.  For this investigation, the MDH laboratory performed an unknown 
compound screening on a water sample that looked for a wide range of chemicals.  A complete analyte list is available 
in Appendix A. 

METHODOLOGY AND ANALYSIS 
FISH KILL DICHOTOMOUS KEY 
There are several dichotomous keys published that, using information from the investigation, can be used to assist 
in determining the cause of a fish kill.  A dichotomous key is provided in Appendix B (Meyer and Barclay, 1990).  

FISH COMMUNITY  
Dead fish were enumerated using standard methodology for narrow, completely accessible streams (Southwick and 
Lofton, 2003).  The live fish community was sampled by electrofishing.  In both cases, fish were measured to the 
nearest millimeter.  Live fish were anesthetized using MS-222 prior to length measurements, and trout were weighed 
to the nearest gram.  Anesthetized fish were allowed to recover in a container containing fresh water and then 
transferred to a holding pen in the stream prior to being released. 
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FISH TISSUE 
Trout and white suckers were examined both externally and internally during necropsy.  Trout gill tissue was 
removed, cleared with formaldehyde, mounted on a slide, and inspected under 40-200x magnification.  Gill tissue 
was also examined using microscopy prior to clearing with formaldehyde.  

Fish tissue samples analyzed in August 2015 were ground and combined into a single composite sample for metal 
and fungicide laboratory analysis.  Fish species included brown trout, rainbow trout, and white sucker.  Samples 
were analyzed with livers included.  The whole fish tissues samples that were analyzed in September 2015 were 
analyzed for individual species with the livers removed, and livers and whole body tissues were analyzed as separate 
samples by species (n=3 whole fish and n=3 liver samples) for metals and pesticides.  Laboratory method reporting 
limits can be found in Appendix A and information regarding sample collection can be found in Appendix C.  

The MDA searched for reference data for metals in fish tissues to help determine a typical, or expected, range of 
metals in fish.  The USEPA Storage and Retrieval (STORET) database was queried for metal concentrations in fish.  
The search was limited to Minnesota and surrounding states including North Dakota, South Dakota, Iowa, and 
Wisconsin.  Most of the available data originated in North Dakota, and no data were available from Minnesota.  The 
data were further filtered by fish species and metal concentration data were obtained for white suckers and several 
species of trout including brown trout, brook trout, and rainbow trout.  The USEPA STORET database results 
contained several sample types including fish fillet (both skin on and skin off), liver, muscle tissue, and whole 
organism.  The majority of the data had a sample type of whole organism.  All sample types were included in the 
data analysis for the whole fish statistic for all analytes except copper, which was further investigated due to 
concerns of copper sulfate as a possible fish kill cause. Finally, there were no data available in the USEPA STORET 
database for sulfur, sulfate or titanium in fish. 

WATER SAMPLING 
In an attempt to identify the cause of the fish kill, in-stream water samples were collected from the SBWWR upon 
receiving notice of the fish kill.  Agency staff from the DNR, MPCA, and MDA collected water samples at multiple 
locations (Figure 3-16 and Table 3-4) on the SBWWR.  In addition to the samples collected with this investigation, 
the MDA’s routine pesticide monitoring program has collected pesticide samples in the SBWWR near the CSH 
(County Road 37) for several years to determine pesticide occurrence and concentration from routine use.  Also, 
MDA routinely monitors for pesticides in Spring #1 at CSH.  Information on sample collection will be presented in 
this section.  All samples were collected following agency standard operating procedures. 

Sample collection after July 30, 2015, was coordinated via conference calls between representatives from the DNR, 
MPCA, and MDA.  This coordination ensured adequate sampling, limited duplication of activities, and allowed for 
the proper agency with statutory authority to lead those efforts. 
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FIGURE 5-16.  MAP OF WATER SAMPLE COLLECTION POINTS. 
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TABLE 5.3.  LOCATIONS OF WATER SAMPLE COLLECTION POINTS AND OTHER ASSOCIATED POINTS OF INTEREST. 

Location River Mile Latitude Longitude 
Confluence with Whitewater River 0.0 44.0958 -92.0074 
CR-37 near Crystal Springs (MDA monitoring site) 2.2 44.0768 -91.9875 

Crystal Springs Hatchery 2.5 44.0750 -91.9850 

Crystal Springs Spring #1 2.5 44.0750 -91.9850 

DNR SW Grab #1 2.8 44.0708 -91.9791 

DNR SW Grab #2 3.1 44.0708 -91.9791 

MDA Emergency SW Grab 3.1 44.0706 -91.9794 

MPCA SW Grab #3 3.1 44.0038 -91.9794 

Kreidermacher Campground 4.9 44.0538 -91.9850 

MPCA SW Grab #4 6.3 44.0414 -91.9728 

MPCA SW Grab #2 9.7 44.0180 -91.9574 

Bethany Drive Downstream 9.4 44.0205 -91.9588 

Bethany Drive Snowmobile Bridge 9.7 44.0181 -91.9574 

MPCA SW Grab #5 9.8 44.0163 -91.9553 

Bethany Drive Upstream 9.9 44.0170 -91.9585 

Lamberton Mill Road Bridge 13.0 44.0132 -91.9838 

MPCA SW Grab #1 17.7 44.0035 -92.0329 

DNR/MPCA Gage near Dover 24.7 44.0769 -91.9871 
 

Water samples were analyzed for nutrients, sediment, metals, and pesticides.  Nutrient and sediment analyses were 
completed at both the MDA Laboratory and MDH Laboratory (Appendix E).  Metals, including copper and aluminum, 
were analyzed at the MDH Laboratory (Appendix E).  Pesticides, including the fungicides pyraclostrobin and 
fluxapyroxad, were analyzed at the MDA Laboratory for 136 pesticide compounds (Appendix E).  Additionally, several 
samples had abiotic river parameters analyzed (Appendix C).  The readings for the various parameters were either 
collected on site using field monitoring equipment or analyzed at the MDH Laboratory. 

Sample collection information for all samples is presented in Appendix D. Sample information is sorted by collection 
date and time.  All samples were collected as discrete grab samples.  The collection method is provided, and all 
samples were refrigerated after collection.  All samples were submitted to the MDA Laboratory at the highest priority 
level to expedite analysis and reporting.  Samples collected as part of MDA’s routine groundwater and surface water 
program are presented with samples collected during the fish kill investigation.  Samples collected prior to and after 
the fish kill in 2015 provide ambient conditions in the SBWWR.  

Several samples in Appendix C are noted as “Other-Supporting Investigation.” These samples were water samples 
that were collected outside the SBWWR or collected from an unknown substance in the SBWWR. These samples 
included the an unknown sample of “Brown foam,” a sample collected in a pooled area in a ravine adjacent to the 
SBWWR and from an area downstream of an agricultural field with recent manure applications.  These samples 
should only be used for reference and should not be compared to the water quality reference values or the in-stream 
concentrations as they were not collected in-stream. 
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For sample quality assurance, one set of field replicates and two field blanks were submitted for pesticide analysis. 
Additionally, both the MDA and MDH performed additional quality assurance/quality control samples in the 
laboratory. 

In addition to the samples collected in the SBWWR, MDA operates a fully automated water quality station on the 
Middle Branch of the Whitewater River.  The Middle Branch of the Whitewater River is an adjacent watershed with 
similar land use activities.  An equal time based composite sample began sampling after the rainfall on July 28.  This 
sample collected water from July 28, 2015, through August 1, 2015, and provides context for the grab samples 
collected during the investigation as well as provides water quality conditions in a stream that did not experience a 
fish kill. 

Historic data collected at the Lamberton Mill Road Bridge, approximately three miles upstream of Bethany Drive, 
were used to provide context for the samples collected as a part of the fish kill investigation.  Water quality data for 
metals were collected from 1974-2008 through the MPCA Milestone Monitoring Program. Nutrient, sediment and 
abiotic river parameters were collected from 1974-2012 in the SBWWR through various MPCA projects including the 
Minnesota Milestone Monitoring Program, Stream Monitoring Project, Whitewater Watershed Stressor 
Identification and the Lower Mississippi River Basin Long Term Monitoring Project. The applicable data are displayed 
on the figures in the “Results” section. 

Although the MDA has a long pesticide monitoring history in the SBWWR, the fungicide active ingredients that were 
initially targeted as potential causes of the fish kill due to the recent applications, fluxapyroxad and pyraclostrobin, 
had not been analyzed in the SBWWR prior to the sample collected on July 28, 2015 during the fish kill.  Pesticide 
data were summarized into collection period sub-categories (Appendix C).  These categories were established to 
provide the range of pesticide concentrations in the samples in different collection periods, and to provide context 
for detections during the fish kill period.  In-stream samples from the SBWWR are grouped into three categories: 
Pre-Fish Kill, Fish Kill Period, and Post Fish Kill; Four categories are presented for those samples. 
 
All pesticide samples collected in the SBWWR prior to the fish kill were analyzed with only the GC-MS/MS analytical 
method as defined in the 2015 MDA Surface Water Workplan.  The “Fish Kill” Period and the “Post-Fish Kill” period 
had both the GC-MS/MS and LC-MS/MS pesticide analytical methods performed. 
 
Pesticide results were further analyzed by pesticide type, including: fungicides and fungicide degradates, herbicides 
and herbicide degradates, and insecticides.  Only detected compounds have been summarized.  Non-detections, or 
samples where the analyte was not detected or below the method reporting limit, are presented as “< (MRL value)” 
in the tables.  Finally, concentration ranges of each detected compound is presented for each collection period sub-
category. 
 
Nutrient, sediment, and abiotic river parameter data were summarized into collection period sub-categories 
(Appendix C). These categories were established to provide the range of pesticide concentrations in the streams in 
different collection periods and to provide context for detections during the fish kill period.  Five categories are 
presented with a single sample result: Hatchery Spring Pre-Fish Kill, Hatchery Spring Post-Fish Kill, Other – Brown 
Foam, Other – Ravine, and Other – Adjacent Watershed.  In-stream samples from the SBWWR are grouped into 
three categories: Pre-Fish Kill, Fish Kill Period, and Post-Fish Kill. These data are presented as the minimum and 
maximum values that were observed during each specified collection time period and were collected in the SBWWR 
in 2015. 
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SOIL SAMPLING 
A soil sample location was determined and documented (i.e., measured, flagged, and photographed).  One soil 
sample was collected according to the Federal Insecticide Fungicide Rodenticide Act Manual – Chapter 7 Residue 
and Environmental Sampling, pgs. 1-27 which mirrors the MDA Standard Operating Procedures – section Misuse, 
Appendix C Sampling Manual for soil sample collection.  The sample was collected into a 500 mL amber glass bottle 
and submitted to the MDA Laboratory Services for analysis. 

MANURE SAMPLING 
The feedlot owners collected manure samples from their own liquid manure storage areas located at their feedlot 
when the manure was being pumped and land applied.  The manure samples were obtained as follows: manure was 
agitated, multiple samples were collected, combined and then re-sampled to obtain the final manure sample.  The 
manure samples were then frozen and kept at the farms until they were collected by MPCA staff.  The samples 
remained frozen until they were collected by MPCA staff, bagged, lab sheets filled out and sent via courier to the 
MDH Lab for analysis.  The manure samples were analyzed for general nutrient content and heavy metals including 
copper. 
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6. FINDINGS AND RESULTS 
The following section provides in-depth information on the different components that were investigated as possible 
causes for the fish kill on the SBWWR.  

SPATIAL EXTENT AND TIMING OF THE FISH KILL 
Dead fish were found in the SBWWR from the County Road 112 bridge (RM 3.1) upstream to the access point on 
Bethany Drive (RM 9.8; Figure 4-1).  The spatial extent of the fish kill is uncertain for several reasons.  Dead fish can 
move downstream with the stream current, and scavenging animals can relocate fish carcasses.  For purposes of this 
investigation the areal extent defined above was the focus since no dead fish were found upstream of the Bethany 
Drive access. In addition, the three miles upstream of the “dead fish zone” (RM 6.8-9.8) were identified as the 
“potential fish kill zone.”  Defining these areas provided a more focused investigation into the potential sources of 
the fish kill. 

The fish kill was reported to the Minnesota Duty Officer on the morning of July 30, 2015, however fishermen later 
indicated that dead fish were observed on the afternoon/evening of July 29.  Fish collected by CSH staff on  
July 30 were reported to be in various stages of decomposition and estimated to have been dead one to three days. 
Based on the evidence collected and available reports it is likely that the fish kill occurred sometime between the 
morning of July 28 (following the rainfall event) and the evening/night of July 29, 2015.   

In the area of the fish kill, the SBWWR is surrounded by the Whitewater WMA and is heavily forested with steep 
bluffs on both sides.  Adjacent agricultural lands typically drain to the SBWWR through a network of ravines, springs 
and small streams.  It is likely that the source of the fish kill originated from one of the tributary ravines located near 
the upper extent of the fish kill defined above. 
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FIGURE 6-1. MAP OF THE SBWWR, WEST OF ALTURA, MN.  THE EXTENT OF THE STREAM WHERE DEAD FISH WERE NOTED BY THE ORANGE 
COLORED “DEAD FISH ZONE” WHICH EXTENDS FROM THE BETHANY DRIVE SNOWMOBILE BRIDGE DOWNSTREAM TO THE CRYSTAL SPRINGS 
FISH HATCHERY. 

  

A Geographic Information System (GIS) analysis was conducted to delineate the sub-watersheds in the area of the 
fish kill and assess possible source contribution areas.  Subwatersheds or subbasins were identified using the GIS 
NRCS engineering toolbox for delineating watersheds and a three meter digital elevation model (DEM).  Ten 
subbasins were identified that discharge just upstream or within the potential fish kill zone (Figure 4-2). Subbasins 
one through three discharge upstream of the suspected fish kill while subbasins four through ten discharge 
directly into the potential fish kill zone.    
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FIGURE 6-2. SUBWATERSHED DELINEATION NEAR THE UPSTREAM END OF THE POTENTIAL FISH KILL ZONE. 

A Stream Power Index (SPI) assessment was conducted using digital elevation data to determine probable runoff 
pathways in the fish kill area (Figures 4-3 and 4-4).  SPI is a calculation that provides a general indication of how 
erosive an area might be due to topography and the amount of land that drains into each specific area.  This analysis 
does not use rainfall to calculate the amount of water that passes a given point based on landuse activities.  Analysis 
showed that ravines had the highest SPI values and these areas are located within the bluff areas draining down to 
the SBWWR (Figures 4-3 and 4-4).  Of the subbasins identified, subbasins 5 and 9 have a particularly short draw from 
agricultural production fields through steep ravines and directly into the SBWWR.  

Although the SPI does not directly calculate the amount of water, it should be noted that fallow lands are more 
susceptible to overland runoff than areas with a full crop canopy or vegetation present.  In this investigation, 
fungicides were applied to crops that were well established with full crop canopy which greatly reduces the risk of 
overland runoff from rainfall events.  Manure was applied to fallow land that was recently harvested and had very 
little crop residue present on the field.  The lack of crop residue greatly increases the risk of overland runoff from 
rainfall events.    
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FIGURE 6-3.  STREAM POWER INDEX ANALYSIS FOR THE SUBWATERSHEDS NEAR THE UPSTREAM END OF THE POTENTIAL FISH KILL ZONE FOR 
SUBBASINS 4-7. 
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FIGURE 6-4.  STREAM POWER INDEX ANALYSIS RESULTS FOR THE SUBWATERSHEDS NEAR THE UPSTREAM END OF THE POTENTIAL FISH KILL 
ZONE FOR SUBBASINS 8-10. 

 

ESTIMATE OF DEAD FISH AND AQUATIC INVERTEBRATES 
The number of dead fish (and crayfish) counted in the two stations of the river on July 30, 2015, are tabulated in 
Table 4-1.  No dead fish were noted upstream of the Bethany Drive access, as the water was turbid.  About 20 dead 
crayfish, however, were noted between the Bethany Drive access and Lamberton Mill Road. 
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TABLE 6.1.  THE COUNTS OF DEAD FISH IN STATION 1 (145 M) AND STATION 2 (152 M) OF THE SBWWR ON JULY 30, 2015. 

Species 

Abundance 
(No/Station) 

Station 1 Station 2 
Brook stickleback (Culaea inconstans) 0 1 
Brown Trout (Salmo trutta) 28 43 
Creek Chub (Semotilus atromaculatus) 3 4 
Fantail Darter (Etheostoma flabellare) 4 0 
Johnny Darter (E. nigrum) 7 0 
Dace (Rhinichthys spp.) 43 14 
Rainbow Trout (Oncorhynchus mykiss) 2 2 
Sculpin (Cottus spp.) 11 25 
White Sucker (Catostomus commersoni) 14 45 
Crayfish (Cambarus spp; not included in total) 0 1 
Total 112 135 

 

AQUATIC MACROINVERTEBRATES 
Dead crayfish were observed along the entire reach of the SBWWR that was surveyed by DNR and MPCA, from the 
CSH to Lamberton Mill Road.  Live aquatic invertebrates were also observed in the stream upstream of the Bethany 
Road access point and were abundant.  It is unclear if the same agent that caused the fish kill killed the crayfish or if 
the cause was unrelated.  Crayfish densities are known to decrease after flooding events as they are susceptible to 
being dislodged (Parkyn and Collier 2001, Clark and Kershner 2011).   

In October 2015, DNR observed the macroinvertebrate community in the stream on Kreidermacher’s property.  
Overall, the community appeared healthy.  The following taxa and their qualitative abundances (rated as qualitative 
quintiles of abundant, common, frequent, occasional, and rare) are presented in Table 4-2. 

  

50 
 



SOUTH BRANCH OF THE WHITEWATER RIVER UNIFIED FISH KILL RESPONSE: RESULTS 

 
 

TABLE 6.2.  MACROINVERTEBRATE COMMUNITY ABUNDANCE LEVELS IN OCTOBER 2015 IN THE SBWWR ON KREIDERMACHER’S PROPERTY. 

Species Abundance 
Baetidae frequent 
Brachycentrus abundant 
Chironomidae frequent 
Elmidae rare 
Heptageniidae rare 
Hydropsychidae common 
Limnephilidae occasional 
Leeches common 
Planaria common 
Snails occasional 
Tipula rare 

 

OCTOBER 2015 FISH COMMUNITY  
On October 20, 2015, the DNR completed a fish survey of the SBWWR in the fish kill zone to determine fish 
population characteristics. Ten species were identified in the SBWWR (Table 4-3). 

 

TABLE 6.3.  FISH TAXA FOUND IN THE SBWWR ON OCTOBER 20, 2015. 

Species 
Black bullhead (Ameiurus melas) 
Brook stickleback  (Culaea inconstans) 
Brown trout (Salmo trutta) 
Creek chub (Semotilus atromaculatus) 
Fantail darter (Etheostoma flabellare) 
Fathead minnow (Pimephales promelas) 
Johnny darter (Etheostoma nigrum) 
Dace (Rhinichthys spp.) 
Sculpin (Cottus spp.) 
White sucker (Catostomus commersoni) 

 

Historical brown trout population estimates from this reach of the long-term monitoring site on the SBWWR indicate 
that while brown trout abundance was showing a declining trend in the last three years, the brown trout abundance 
further decreased following the fish kill in July 2015 (Figure 4-5).  Likewise, areal brown trout biomass showed a 
similar pattern, with biomass decreasing following the fish kill (Figure 4-6). 
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FIGURE 6-5.  BROWN TROUT ABUNDANCE (NUMBER/STREAM MILE) AT THE DNR LONG-TERM MONITORING STATION ON THE SBWWR, NEAR 
ALTURA, MN.  THE ARROW LABELED“FISH KILL” SHOWS THE RELATIVE TIMING OF THE FISH KILL EVENT THAT OCCURRED AT THE END OF JULY 
2015. 

 

FIGURE 6-6.  BROWN TROUT AREAL BIOMASS (LBS/ACRE) AT THE DNR LONG-TERM MONITORING STATION ON THE SBWWR, NEAR ALTURA, 
MN.  THE ARROW LABELED “FISH KILL” SHOWS THE RELATIVE TIMING OF THE FISH KILL EVENT THAT OCCURRED AT THE END OF JULY 2015. 

Length frequencies of brown trout sampled in the SBWWR (Long-Term Monitoring Station 3.50) on April 27, 2015 
and October 20, 2015 are presented (Figure 4-7).  Young-of-year brown trout are too small for capture during spring 
assessments, and thus, are not seen in the April data on this plot.  
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FIGURE 6-7.  LENGTH FREQUENCIES OF BROWN TROUT AS MEASURED IN THE SBWWR IN APRIL 2015 AND OCTOBER 2015. 

PESTICIDE APPLICATIONS  
An MDA inspector checked agricultural cooperatives and individual landowners in the area who may have applied 
pesticides in the days prior to the fish kill.  Application records were collected, reviewed, and determined to have 
been applied according to the requirements on their labels.  The application rate of Quilt Xcel was 10.5 oz/acre and 
Priaxor was 4 oz/acre. In addition, most applications were found to have occurred to fields a long distance from the 
SBWWR and/or had a large buffer area between the field and SBWWR, or applications occurred outside of the fish 
kill period.  As a result, pesticide applications were not suspected to have caused or contributed to the fish kill.   

MDA revisited the cooperatives after the initial visit to investigate mix and load sites for pesticide applications.  No 
spills, loss of loads, misapplications, or problems were reported nor was there evidence of any unreported spills or 
misapplications.  Finally, there were no obvious signs of pesticide applications near the SBWWR fish kill zone.  

MANURE APPLICATION AND RUNOFF OBSERVATIONS 
UTICA TOWNSHIP INVESTIGATION 
On August 6, 2015, MPCA staff found evidence of manure and manure contaminated runoff (ponded, puddled 
manure or manure stained rocks and vegetation) reaching approximately 200 feet off of the field into the woods.  
Evidence of pooled manure was found for another approximately 100 feet downslope, or a total of 300 feet off of 
the field into the woods.  From this point down gradient to the SBWWR, the pools of liquid appeared to be clear 
water.  MPCA staff also found evidence of pooled manure in a second ravine that runs south of the southern field 
border along a minimal maintenance road.  Staff did not find evidence of manure or manure-contaminated runoff 
in the road ditch of the minimal maintenance road, indicating that it did not reach the ravine that runs along the 
minimum maintenance road. 
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MPCA Feedlot and Watershed staff returned to the field on August 7, 2015, and walked the western ravine from the 
edge of the SBWWR to the boundary of the field.  No evidence of manure or manure-contaminated runoff was found 
in the lower portion of the ravine approximately 400 feet from the stream edge.  In the upper portion of the ravine 
(located within 200 feet of the field edge) staff found a small amount of puddled manure (estimated to be < 30 
gallons) and evidence of manure staining on the sandstone rock ledges. 

A second ravine was walked by staff on August 7, 2015 was the discharge point off the south field boundary which 
is located approximately 400 feet from the southwest corner of the field.  Staff found evidence of manure and 
manure contaminated runoff (ponded, puddled manure or manure stained rocks and vegetation) for approximately 
200 feet into the woods.  No evidence of manure or manure-contaminated runoff was found within approximately 
50 feet of the SBWWR in the lower portion of the ravine.  This ravine flows south off the field edge and its discharge 
point is located along the minimum maintenance road.  Staff found no evidence of manure, or manure-contaminated 
runoff reaching the minimum maintenance road ditch.  The amount of puddled manure found in the ravine was 
estimated to be <30 gallons. 

Land application records were requested from both feedlot owners.  An MPCA Feedlot staff review of land 
application records for the land application site located in Utica Township indicated that manure was surface-applied 
to the field on July 27 and July 30.  The rate of application on July 27 was approximately 2,200 gallons/acre (dairy 
manure, surface applied) and the rate of application on July 30 was approximately 5,400 gallons/acre.  The 
application rates combined along with the manure analysis supplied indicate that manure was applied to the field 
at rates that are consistent or below requirements within MN Rules Ch. 7020.2225. 

ST. CHARLES TOWNSHIP INVESTIGATION 
MPCA Feedlot staff also reviewed land application records for a manure land application site located in St. Charles 
Township and determined that manure was applied to the field starting on May 23 with continued applications on 
a daily/weekly basis up to the time of the fish kill event.   

Record information submitted indicated two field areas had been surface-applied with two different application 
rates.  They determined the total application to the one field area (approximately 20.5 acres), applied prior to the 
fish kill, and were approximately 12,900 gallons since May 23.  The 12,900 gallon application rate in combination 
with the manure analysis supplied, indicates that manure applied to this field area is consistent with requirements 
within MN Rules Ch. 7020.2225.  Records information submitted included a second field area (approximately 6.23 
acres) that also had manure applied after the fish kill event on August 10 and 15.  Total application for this field area 
(approximately 6.23 acres) was approximately 17,997 gallons and 21.67 tons.  The application rates combined along 
with the manure analysis supplied and legume credits indicate that manure applied to this field area (approximately 
6.23 acres) results in nutrients (nitrogen) exceeding rates allowed within MN Rules Ch. 7020.2225 for the crop that 
will be grown in the 2016 cropping season.  MPCA staff turned application compliance issues over to Winona County 
for additional follow-up.  

WATER SAMPLE RESULTS  
METALS  
The reference values presented in this section were developed for only the dissolved fraction of metals in water.  
Stream conditions, primarily sediment concentration, will affect the amount of metals in a stream when total 
concentrations are reported as metals commonly bind to sediment particles.  Metals are commonly detected in 
rivers and streams in Minnesota, and the total metal concentrations should not be directly compared to the 
reference values provided on the graphic. 
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ALUMINUM 
Four Milestone samples were collected from 1988 to 1991, and five SBWWR fish kill investigation samples were 
collected from July 28 through August 19, 2015 (Figure 4-7).  The in-stream results from 2015 fall within the range 
of the 1988-1991 results; however, multiple total aluminum detections from 1988 through 2015 were frequently 
above the dissolved aluminum chronic standard and occasionally above the acute standard.  MN 7050 Class 2A water 
standards for dissolved aluminum include the chronic value of 87 µg/L and the acute value of 1,496 µg/L.   The 
concentrations observed during the 2015 fish kill investigation were within the range of previous samples. 

 

FIGURE 6-8. MEDIAN ALUMINUM (TOTAL) CONCENTRATIONS FOR REFERENCE DATA FROM THE MPCA MILESTONE PROGRAM (ORANGE AREA), 
WATER COLLECTED SHORTLY FOLLOWING THE FISH KILL IN THE SBWWR (GRAY AREA), AND WATER SAMPLES COLLECTED AFTER THE FISH KILL 
IN THE SBWWR (GREEN AREA). THE ERROR BAR REPRESENTS THE MAXIMUM VALUE OF THE DATA. 

 

Additional water samples were analyzed in 2015 as part of the investigation (Table 4-4).  These samples were not 
collected directly from SBWWR and should not be compared to the above graphic; however, these data provide 
broader context for the investigation.   

The sample collected from the Middle Branch of the Whitewater River, an adjacent watershed, during the fish kill 
period had a higher aluminum concentration than observed in SBWWR, and there were no reports of a fish kill in 
the Middle Branch of the Whitewater River.  The sample collected near the agricultural field with recent manure 
applications had the highest aluminum concentrations, but manure is known to contain high concentrations of 
metals.  The pooled water in the ravine also had high aluminum concentrations, but sampling of the SBWWR 
upstream and downstream of the ravine entry point into to the SBWWR did not result in dramatically different 
values.   
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TABLE 6.4.  TOTAL ALUMINUM WATER QUALITY RESULTS FROM ADDITIONAL LOCATIONS. 

Collection Location Relevance Collection Date Aluminum (µg/L) 
Middle Branch Whitewater 
River 

4-day ETI sample collected from adjacent 
watershed  

7/28/2015-
8/1/2015 

2,020 

Manure runoff near Bethany 
Drive Ravine 

Sample collected from pooled manure 
near ravine 

8/7/2015 33,700 

Pooled water in Bethany Drive 
Ravine* 

Sampled collected in pool with orange tint, 
with iron bacteria present 

8/17/2015 11,200 

*Note: This ravine discharges just upstream of the Bethany Drive snowmobile bridge. 
 
ARSENIC 
Thirty-two Milestone samples were collected from 1974 to 2009, and two SBWWR fish kill investigation samples 
were collected on August 19, 2015 (Figure 4-8).  The in-stream results from 2015 were below laboratory analysis 
method reporting limits (<1 µg/L), compared to several samples with quantifiable detections from 1974-2009.  MN 
7050 Class 2A water standards for dissolved arsenic include the chronic value of 2 µg/L and the acute value of 720 
µg/L.   The samples collected in 2015 were approximately three weeks after the fish kill; however, these samples 
provide a snapshot of baseflow conditions in the SBWWR.   

 

FIGURE 6-9. MEDIAN ARSENIC (TOTAL) CONCENTRATIONS FOR REFERENCE DATA FROM THE MPCA MILESTONE PROGRAM (ORANGE AREA) 
AND WATER SAMPLES COLLECTED AFTER THE FISH KILL IN THE SBWWR (GREEN AREA).  THE ERROR BAR REPRESENTS THE MAXIMUM VALUE 
OF THE DATA. 

Additional water samples were analyzed in 2015 as part of the investigation (Table 4-5).  These samples were not 
collected directly from SBWWR and should not be compared to the above graphic; however, these data provide 
context for the investigation.   

The pooled water in the ravine had the highest arsenic concentrations, but sampling of the SBWWR upstream and 
downstream of the ravine both resulted in arsenic levels below the MRL (<1 µg/L). The sample collected near the 
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agricultural field with recent manure applications had elevated arsenic concentrations compared to the stream 
samples, but manure is known to contain metals.   

 

TABLE 6.5.  TOTAL ARSENIC WATER QUALITY RESULTS FROM ADDITIONAL LOCATIONS. 

Collection Location Relevance Collection Date Arsenic (µg/L) 

Manure runoff near Bethany 
Drive Ravine 

Sample collected from pooled manure 
near ravine 

8/7/2015 33.6 

Pooled water in Bethany 
Drive Ravine 

Sampled collected in orange tinted pool, 
with iron bacteria present 

8/17/2015 61.4 

 

COPPER 
Forty-eight samples were collected from 1974 to 2009, and five SBWWR fish kill investigation samples were collected 
from July 28 through August 19, 2015 (Figure 4-9).  The in-stream results from 2015 were all below laboratory 
analysis method reporting limits (<10 µg/L), compared to several samples with quantifiable detections from 1974-
2009.  MN 7050 Class 2A water standards for dissolved copper are based on water hardness.  For water hardness of 
300 and 500, the chronic values are 19 and 27 µg/L, respectively, and the acute value of 100 and 162 µg/L, 
respectively.  Total copper concentration was reported.  All samples collected directly from the SBWWR in 2015 
were below the analytical method reporting limit (<10 µg/L), and well below the water quality reference values. 

 

FIGURE 6-10. MEDIAN COPPER (TOTAL) CONCENTRATIONS FOR REFERENCE DATA FROM THE MPCA MILESTONE PROGRAM (ORANGE AREA), 
WATER COLLECTED SHORTLY FOLLOWING FISH KILL IN THE SBWWR (GRAY AREA), AND WATER SAMPLES COLLECTED AFTER THE FISH KILL IN 
THE SBWWR (GREEN AREA). THE ERROR BAR REPRESENTS THE MAXIMUM VALUE OF THE DATA. 

Additional water samples were analyzed in 2015 as part of the investigation (Table 4-6).  These samples were not 
collected directly from the SBWWR and should not be compared to the above graphic; however, these data provide 
context for the investigation.   
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The sample collected from the Middle Branch of the Whitewater River, an adjacent watershed, during the fish kill 
period also had a copper concentration below the method reporting limit, and there were no reports of a fish kill in 
the Middle Branch of the Whitewater River.  The sample collected near the agricultural field with recent manure 
applications had the highest copper concentrations, but manure is known to contain high amounts of metals.  The 
pooled water in the ravine also had high concentrations, but sampling of the SBWWR upstream and downstream of 
the ravine both resulted in copper levels below the method reporting limit (<10 µg/L).  

 

TABLE 6.6.  TOTAL COPPER WATER QUALITY RESULTS FROM ADDITIONAL LOCATIONS. 

Collection Location Relevance Collection Date Copper (µg/L) 

Middle Branch Whitewater 
River 

4-day ETI sample collected from adjacent 
watershed  

7/28/2015-
8/1/2015 

< 10 

Manure runoff near Bethany 
Drive Ravine 

Sample collected from pooled manure near 
ravine 

8/7/2015 12,400 

Pooled water in Bethany 
Drive Ravine* 

Sampled collected in orange tinted pool, 
with iron bacteria present 

8/17/2015 30.9 

*Note: This ravine discharges just upstream of the Bethany Road bridge. 
 
 
IRON 
Thirty-two Milestone samples were collected from 1974 to 1991, and five SBWWR fish kill investigation samples 
were collected from July 28 through August 19, 2015 (Figure 4-10).  The in-stream results from 2015 fall within the 
range of the 1974-1991 results.  There is no dissolved iron standard listed in MN 7050 rules for Class 2A waters.  The 
USEPA chronic aquatic life criteria reference value for dissolved iron is 1,000 µg/L, and two samples from 2015 had 
total iron concentrations that were above the dissolved iron reference value. 
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FIGURE 6-11. MEDIAN IRON (TOTAL) CONCENTRATIONS FOR REFERENCE DATA FROM THE MPCA MILESTONE PROGRAM (ORANGE AREA), 
WATER COLLECTED SHORTLY FOLLOWING FISH KILL IN THE SBWWR (GRAY AREA), AND WATER SAMPLES COLLECTED AFTER THE FISH KILL IN 
THE SBWWR (GREEN AREA).  THE ERROR BAR REPRESENTS THE MAXIMUM VALUE OF THE DATA. 

 

Additional water samples were analyzed in 2015 as part of the investigation (Table 4-7).  These samples were not 
collected directly from the SBWWR and should not be compared to the above graphic; however, these data provide 
context for the investigation.   

The sample collected from the Middle Branch of the Whitewater River, an adjacent watershed, during the fish kill 
period had a higher iron concentration measured than the maximum in the SBWWR, and no fish kill was reported in 
that watershed.  The pooled water in the ravine had the highest iron concentrations, but water samples collected 
from the SBWWR upstream and downstream of the ravine entry into the SBWWR both measured low levels of iron. 
The sample collected near the agricultural field with recent manure applications had the second highest iron 
concentrations, but manure is known to contain high concentrations of metals.   

 

TABLE 6.7.  TOTAL IRON WATER QUALITY RESULTS FROM ADDITIONAL LOCATIONS. 

Collection Location Relevance Collection Date Iron (µg/L) 

Middle Branch Whitewater 
River 

4-day ETI sample collected from adjacent 
watershed  

7/28/2015-
8/1/2015 

2,330 

Manure runoff near Bethany 
Drive Ravine 

Sample collected from pooled manure 
near ravine 

8/7/2015 46,300 

Pooled water in Bethany 
Drive Ravine* 

Sampled collected in orange tinted pool, 
with iron bacteria present 

8/17/2015 130,000 

*Note: This ravine discharges just upstream of the Bethany Road bridge. 
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MANGANESE 
Thirty-two Milestone samples were collected from 1974 to 1991, and five SBWWR fish kill investigation samples 
were collected from July 28 through August 19, 2015 (Figure 4-11).  The in-stream results from 2015 fell within the 
range of the 1974-1991 results, and no surface water reference values were found for manganese. 

 

FIGURE 6-12. MEDIAN MANGANESE (TOTAL) CONCENTRATIONS FOR REFERENCE DATA FROM THE MPCA MILESTONE PROGRAM (ORANGE 
AREA), WATER COLLECTED SHORTLY FOLLOWING FISH KILL IN THE SBWWR (GRAY AREA), AND WATER SAMPLES COLLECTED AFTER THE FISH 
KILL IN THE SBWWR (GREEN AREA).  THE ERROR BAR REPRESENTS THE MAXIMUM VALUE OF THE DATA. 

Additional water samples were analyzed in 2015 as part of the investigation (Table 4-8).  These samples were not 
collected directly from the SBWWR and should not be compared to the above graphic; however, these data provide 
context for the investigation.   

The sample collected from the Middle Branch of the Whitewater River, an adjacent watershed, during the fish kill 
period had a higher manganese concentration measured than the maximum concentration in the SBWWR, and no 
fish kill was reported in that watershed.  The pooled water in the ravine had the highest manganese (and iron) 
concentrations, but sampling of the SBWWR upstream and downstream of the ravine entry into the SBWWR had 
low manganese concentrations. The sample collected near the agricultural field with recent manure applications 
had the second highest manganese concentration, but manure is known to contain high concentrations of metals.  
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TABLE 6.8.  TOTAL MANGANESE WATER QUALITY RESULTS FROM ADDITIONAL LOCATIONS. 

Collection Location Relevance Collection Date Iron (µg/L) 

Middle Branch Whitewater 
River 

4-day ETI sample collected from adjacent 
watershed  

7/28/2015-
8/1/2015 

150 

Manure runoff near Bethany 
Drive Ravine 

Sample collected from pooled manure 
near ravine 

8/7/2015 8,870 

Pooled water in Bethany 
Drive Ravine* 

Sampled collected in pool with orange 
tint, with iron bacteria present 

8/17/2015 15,000 

*Note: This ravine discharges just upstream of the Bethany Drive bridge. 
 
ZINC 
Forty-five Milestone samples were collected from 1974 to 2009, and five SBWWR fish kill investigation samples were 
collected from July 28 through August 19, 2015 (Figure 4-12).  The in-stream results from 2015 were all below 
laboratory analysis reporting limits (<10 µg/L), compared to several samples with quantifiable detections from 1974-
2009.  MN 7050 Class 2A water standards for dissolved zinc are based on water hardness.  For water hardness of 
300 and 500, the chronic values are 269 and 414 µg/L, respectively, and the acute values are 594 and 915 µg/L, 
respectively. 

 

FIGURE 6-13.  MEDIAN ZINC WATER (TOTAL) CONCENTRATIONS FOR REFERENCE DATA FROM THE MPCA MILESTONE PROGRAM (ORANGE 
AREA), WATER COLLECTED SHORTLY FOLLOWING FISH KILL IN THE SBWWR (GRAY AREA), AND WATER SAMPLES COLLECTED AFTER THE FISH 
KILL IN THE SBWWR (GR EEN AREA).  THE ERROR BAR REPRESENTS THE MAXIMUM VALUE OF THE DATA. 

Additional water samples were analyzed in 2015 as part of the investigation (Table 4-9).  These samples were not 
collected directly from the SBWWR and should not be compared to the above graphic; however, these data provide 
context for the investigation.   

The sample collected from the Middle Branch of the Whitewater River, an adjacent watershed, during the fish kill 
period also had a zinc concentration below the method reporting limit, and there were no reports of a fish kill in the 
Middle Branch of the Whitewater River.  The sample collected near the agricultural field with recent manure 
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applications had the highest zinc concentration, but manure is known to contain high concentrations of metals.  The 
pooled water in the ravine also had high concentrations, but samples collected from the SBWWR upstream and 
downstream of the ravine entry into the SBWWR were both reported below the method reporting limit. 

TABLE 6.9.  TOTAL ZINC WATER QUALITY RESULTS FROM ADDITIONAL LOCATIONS. 

Collection Location Relevance Collection Date Zinc (µg/L) 

Middle Branch Whitewater 
River 

4-day ETI sample collected from adjacent 
watershed 

7/28/2015-
8/1/2015 

< 10 

Manure runoff near Bethany 
Drive Ravine 

Sample collected from pooled manure near 
ravine 

8/7/2015 4,380 

Pooled water in Bethany Drive 
Ravine* 

Sampled collected in orange tinted pool, 
with iron bacteria present 

8/17/2015 80.8 

*Note: This ravine discharges just upstream of the Bethany Drive bridge. 

 

NUTRIENTS, SEDIMENTS AND ABIOTIC RIVER PARAMETERS 
Many of the nutrients, sediment or abiotic parameters were not analyzed with each sample due to the investigation 
initially focusing on pesticides.  Table 4-10 provides the results of the nutrient, sediment and abiotic parameters data 
collection. Although all of the data are presented in Table 4-10, only ammonia will be discussed in detail as ammonia 
was collected during the fish kill period to address manure runoff as a possible fish kill cause.  Other parameters that 
were analyzed collected during the fish kill period had minimal data and are not known to be acutely toxic. 

AMMONIA 
Two hundred fifty-seven historic MPCA samples were collected from 1974-2008 and eight SBWWR fish kill 
investigation samples were collected from July 28 through August 19, 2015 (Table 4-10). All samples collected in 
2015 were at very low levels compared to the historic MPCA stream monitoring results.  MN 7050 Class 2A water 
quality standards are written as the un-ionized fraction of ammonia and include a chronic standard of 0.16 mg/L.  In 
order to calculate un-ionized ammonia, water temperature and pH must be collected at the time of sampling.  The 
samples collected at Bethany Drive Upstream (8/19/2015) and Bethany Drive Downstream (8/19/2015) were the 
only samples that had field pH and water temperature collected.  The ammonia in these samples were below the 
method reporting limit and thus the un-ionized ammonia cannot be calculated.  Additionally, un-ionized ammonia 
represents a fraction of the ammonia concentrations that were collected and no samples were greater than 0.16 
mg/L.  Henceforth, all samples had concentrations that were below the standard. Additionally, two samples collected 
during the post fish kill period had similar concentrations to the concentrations measured during the fish kill period. 

Two additional water samples were analyzed in 2015 as part of the investigation (Table 4-10).  These samples were 
not collected directly from SBWWR and should not be compared to the samples collected directly from the SBWWR; 
however, these data provide broader context for the investigation.  

A brown foam was observed in the river near decomposing fish, and was sampled during the course of the 
investigation to observe the nutrient composition of the foam. This sample had the second highest ammonia 
concentration of all samples collected in the SBWWR.  Additionally, this sample also had pH and temperature 
recorded at the time of sample collection. Although not directly applicable to water quality standard but rather as a 
reference, the un-ionized ammonia fraction of this sample was 0.005 mg/L. The sample collected in the Bethany 
Drive Ravine had the highest concentration of ammonia. Water temperature and pH were not collected when this 
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sample was collected. However, sample concentrations of the SBWWR upstream (<0.05 mg/L) and downstream 
(<0.05 mg/L) of the ravine entry point into to the SBWWR were lower than the concentrations found in the ravine. 

OTHER NUTRIENTS, SEDIMENT AND PARAMETERS 
All other parameters that were analyzed post fish kill had concentrations that were within or below the ranges of 
the historic MPCA monitoring data and were below the applicable Minnesota Standard, if one exists.  The “Other-
Brown Foam” sample had higher concentrations for multiple parameters including biological oxygen demand (220 
mg/L) and total solids (1,200 mg/L).  Biological oxygen demand and total solids were twenty-two times and two 
times, respectively, greater than double the maximum historic observed concentrations. It should be noted that  
this sample had a matrix of organic material in addition to the water component. 
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TABLE 6.10. NUTRIENT, SEDIMENT AND ABIOTIC RIVER PARAMETERS WATER QUALITY DATA FOR SAMPLES COLLECTED IN THE SOUTH BRANCH OF THE WHITEWATER RIVER. 

   Collection period sub-Category 

Analyte / 
Parameter 

Acute MN Standards 
(mg/L) 

Chronic MN 
Standards 

(mg/L) 

Historic MPCA River Sampling 

Hatchery 
Spring - 
Pre Fish 

kill 

Hatchery 
Spring - 

Post Fish 
kill 

Pre fish kill  Fish kill Period  Post fish Kill  

Other 
- 

Brown 
Foam 

Other - 
Ravine 

Other- 
Adjacent 

Watershed 

Years 
sampled N Range  Sample Sample N Range  N Range  N Range  Result  

Ammonia (mg/L) na 0.161 1974-2008 257 0.02-2.72 na na na na 4 0.023-0.029 2 <0.02-0.024 0.11 1.0 na 

Alkalinity (mg/L) na na 1974-1981 40 140-300 na na na na na na 2 230-240 na 380 na 

Biological Oxygen 
Demand (mg/L) na 22 1974-2008 205 0.5-9.6 na na na na na na 2 2.0-3.9 220 25 na 

Chloride (mg/L) 1720 230 1974-2008 49 10-110 na na na na na na 2 35.8-38.2 3.32 28.7 na 

Escherichia coli 
(MPN/100mL) 

Not more than 10% of 
all samples within a 

calendar month, 
exceed 1,260 

organisms / 100 mL 

Not to exceed 
126 organisms / 

100 mL for 5 
samples within a 
calendar month 

1985-2012 111 4-39000 na na na na na na na na 41003 na na 

Hardness(mg/L) na na 1974-1991 43 160-438 na na na na na na 2 290-310 na 500 na 

Kjeldahl Nitrogen, 
Total (mg/L) na na 1979-1998 145 0.5-8.37 na na na na na na 2 <0.2-<0.2 na 2.73 na 

Nitrate (mg/L) na na 1974-2012 259 1.3-9.4 4.68 4.61 5 7.50-8.48 1 6.23 3 7.38-7.85 8.7 na 8.8 

Nitrate + Nitrite 
(mg/L) na na 1976-2012 232 0.9-16.0 na na na na na na 2 8.7-9.0 na 0.14 na 

Phosphorus, 
Dissolved ortho 

(mg/L) 
na na na na na na na 5 0.021-0.062 1 0.054 3 0.016-0.087 na na 0.038 

Phosphorus, Total 
(mg/L) na 1.02 1974-2012 243 0.07-3.10 na na 5 0.209-0.106 1 0.171 3 0.065-0.225 2.22 3.51 0.156 

pH (su) Minimum: 6.5,  
Maximum: 8.5 1974-2012 289 7.2-9.58 na na na na na na 2 8.2-8.2 8.21 7.5 na 

Transparency (cm)  na na   1998-2012  249 0->100 na na 5 27.1->60 1 44.6 3 >60->60 na na 20.4 

Solids, Total (mg/L) na na 1974-1977 41 250-590 na na na na na na na na 12003 na 0.038 

Sulfate (mg/L) na na 1974-2008 47 15.4-52 na na na na na na 2 13.9-14.7 na 1.28 na 
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   Collection period sub-Category 

Analyte / 
Parameter 

Acute MN Standards 
(mg/L) 

Chronic MN 
Standards 

(mg/L) 

Historic MPCA River Sampling 

Hatchery 
Spring - 
Pre Fish 

kill 

Hatchery 
Spring - 

Post Fish 
kill 

Pre fish kill  Fish kill Period  Post fish Kill  

Other 
- 

Brown 
Foam 

Other - 
Ravine 

Other- 
Adjacent 

Watershed 

Years 
sampled N Range  Sample Sample N Range  N Range  N Range  Result  

Suspended solids, 
Total (mg/L) na 

10 mg/L (for no 
more than 10% 

of time) 
1974-2009 250 <1-1900 na na na na na na na na 16003 na 36.4 

Volatile Solids, 
Total (mg/L) na na na na na na na na na na na na na 4603 na 0.156 

1 Ammonia standard is written as the un-ionized fraction 
2 Eutrophication Standard for the Central River Nutrient Region 
3 This was the only sample collected during the investigation 
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PESTICIDES 
Pesticide analyses are separated by pesticide type (i.e., fungicide, herbicide and insecticide) and further separated 
within each pesticide type by the period that they were collected (i.e., pre-fish kill, fish kill, post-fish kill, and other 
samples).  The sections below describe the pesticide results. 

FUNGICIDES 
A total of five fungicide compounds were detected (Table 4-11), however, none of these detections occurred above 
the method reporting limit or were reported with a qualifier as an estimated concentration due to low surrogate 
recovery related to a matrix interference with the “Other-Brown Foam” sample.  This sample had very high organic 
matter content, which created a problem with matrix interference.  The “Other-Brown Foam” sample contained the 
only detections of azoxystrobin, carbendazim (estimated<MRL), and picoxystrobin (estimated<MRL).  In addition, 
fluxapyroxad was detected at a very low concentration (estimated<MRL). Pyraclostrobin was not able to be reported 
due to the matrix interference with the sample.  There were no fungicide detections in the Hatchery Spring “Pre-
Fish Kill” and “Post-Fish Kill” periods. 

Monitoring during the Pre-Fish Kill period was completed with only the GC-MS/MS pesticide analytical method, as 
defined in the 2015 MDA Surface Water Workplan, and did not include fluxapyroxad or pyraclostrobin.  During the 
“Fish Kill Period”, no fungicides were detected above the MRL. However, fluxapyroxad and pyraclostrobin were 
detected below the MRL during the “Fish Kill Period” in 100 percent and 71 percent, respectively, of the samples.  It 
is important to note, however, that the MDA Laboratory does not report estimated detections below the MRL with 
routine sample analysis, so it is unknown if detections of these compounds below the MRL is unique to this 
watershed and/or the fish kill.   All of these concentrations were estimated, and were extremely low when compared 
to the lowest applicable reference value. The maximum estimated fluxapyroxad concentration was 9.08 ng/L, or 
0.04% of the lowest applicable reference value (22,000 ng/L). The maximum estimated pyraclostrobin concentration 
was 11.2 ng/L, or 0.75% of the lowest applicable reference value (1,500 ng/L).  Although these compounds degrade 
rapidly in aquatic environments, all estimated concentrations were very low.  There were no fungicide detections 
above the MRL in the “Post-Fish Kill” period. 

The composite sample collected from the Middle Branch of the Whitewater River included an estimated 
concentration of fluxapyroxad of 5.09 ng/L. In addition, pyraclostrobin had a peak representing a detection below 
the MRL; however, a quality assurance/quality control qualifier did not meet standard for estimating the 
concentration and thus no estimated concentration was provided.  Both fluxapyroxad and pyraclostrobin were 
present at very low concentrations in both the Middle Branch and the SBWWR during the fish kill period, however,  
only the SBWWR experienced a fish kill. 
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TABLE 6.11. FUNGICIDE AND FUNGICIDE DEGRADATE PESTICIDE WATER QUALITY DATA. 

 Collection Period Sub-Category 

Fungicide 

Laboratory 
Method 

Reporting 
Limit (ng/L) 

Acute Reference 
Value (ng/L) 

Chronic 
Reference Value 

(ng/L) 

Hatchery 
Spring Pre-

Fish Kill 

Hatchery 
Spring Post-

Fish Kill 
Pre-Fish Kill 

Fish Kill 
Period Post-Fish Kill 

Other – 
Brown Foam 

Other – 
Adjacent 

Watershed 

Range (ng/L) 

Azoxystrobin 10 130,0005 44,0005 < 10 < 10 na < 10 < 10 20.4** < 10 

Carbendazim 10 2,700,0005 2,0004 < 10 < 10 na < 10 < 10 4.97* < 10 

Fluxapyroxad 10 145,0004 22,0004 na < 10 na 0.34 – 9.08* < 10 2.11* 5.09* 

Picoxystrobin 50 12,0005 1,0005 < 50 < 50 na < 50 < 50 10.2* < 50 

Pyraclostrobin  25 3,1004 1,5006 < 25 < 25 na < 25 – 11.2* < 25 na < 25*** 

*Estimated concentrations below method reporting limit 
**Reported with failed QA/QC due to low surrogate recovery 
***Peak representing a detection below the MRL was present, however, a quality assurance/quality control qualifier did not meet standard for estimating 
a concentration 
1 Minnesota Class 2A 4-day Chronic Standard  
2 Minnesota Maximum Standard 
3 Minnesota Class 2A 30-day Human Health Based Standard  
4 USEPA/OPP benchmark for fish 
5 USEPA/OPP benchmark for invertebrates 
6 USEPA/OPP benchmark for nonvascular plants 
7 USEPA/OPP benchmark for vascular plants 
8 Non-promulgated MPCA reference value 
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HERBICIDES 
A total of nine herbicides and an additional nine herbicide degradate compounds were detected (Table 4-12), but all 
detections were very low when compared to the lowest applicable reference value.  Herbicide and herbicide 
degradate detections were limited, and very similar between the “Hatchery Spring Pre-Fish Kill” and “Hatchery 
Spring Post-Fish Kill” periods.  The “Other - Brown Foam” sample was only analyzed using the GC-MS/MS pesticide 
analytical method due to matrix interference with the LC-MS/MS pesticide analytical method.  The “Other – Brown 
Foam” sample only had two low level detections. 

The “Pre-Fish Kill”, “Fish Kill Period”, and “Post-Fish Kill” periods resulted in six, 57, and 34 low level herbicide or 
herbicide degradate detections, respectively.  All concentrations were less than 1% of their lowest respective 
reference value.  Detections between the “Fish Kill Period” and “Post-Fish Kill” periods had a similar pesticide 
detection fingerprint and concentration magnitude range, indicating that herbicide and herbicide degradate 
concentrations were similar during the “Fish Kill Period” and the “Post-Fish Kill” period.   

The composite sample results from the Middle Branch of the Whitewater River and the “Other - Brown Foam” had 
a similar pesticide detection fingerprint and concentration magnitude to the “Fish Kill Period” samples collected 
from the SBWWR; however, only the SBWWR experienced a fish kill. 
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TABLE 6.12. HERBICIDE AND HERBICIDE DEGRADATE PESTICIDE WATER QUALITY DATA. 

 Collection Period Sub-Category 

Pesticide 

Laboratory 
Method 

Reporting 
Limit (ng/L) 

Acute Reference 
Value (ng/L) 

Chronic Reference 
Value (ng/L) 

Hatchery 
Spring Pre-

Fish Kill 

Hatchery 
Spring Post-

Fish Kill 
Pre-Fish Kill 

Fish Kill 
Period Post-Fish Kill 

Other – 
Brown Foam 

Other – 
Adjacent 

Watershed 
Range (ng/L) 

2,4-D 8.3 12,075,0004 13,1006 < 8.3 < 8.3 na 10.4 – 39.8 < 8.3 – 31 na 25.2 
Acetochlor 30 86,0002 3,6001 < 30 < 30 < 30 – 185 < 30 < 30 < 30 < 30 

Acetochlor ESA 30 >62,500,0005 9,900,0006 < 30 < 30 na 41.6 – 148 51.3 – 59.9 na 93.6 

Alachlor ESA 41.6 >52,000,0004 na 207 178 na 49.1 – 200 308 – 343 na 100 

Atrazine 30 323,0002 3,4003 32.3 < 30 39.8 – 83.3 37.1 – 46.8 38.5 – 42.7 62.8 32.6 

Bentazon 5 >50,000,0004 4,500,0006 < 5 < 5 na 43.4 – 97.7 20.8 – 24.6 na < 5 

DEDI-atrazine 50 >50,000,0004 na 102 92.5 na < 50 50.6 – 78.2 na 63.1 

Desethyl atrazine 50 na 1,000,0006 63.6 58.9 62.7 – 80.3 69.4 – 78.2 73.8 – 91.5 87.7 73.1 

Dimethenamid 15 3,150,0004 5,1008 < 15 < 15 < 15 - 83 < 15 < 15 < 15 < 15 

Dimethenamid ESA 6.7 na na < 6.7 < 6.7 na 67.4 – 81.4 < 6.7 – 11.8 na 17 

Dimethenamid OXA 10 na na < 10 < 10 na 11.6 – 17 < 10 na < 10 

Hydroxyatrazine 6.7 >1,500,0004 >10,000,0006 14.6 12.9 na 16.3 – 28.8 14.1 – 16.7 < 6.7 24.5 

Imazethapyr 6.7 120,000,0004 59,200,0006 < 6.7 < 6.7 na 7.19 – 10.7 < 6.7 na < 6.7 

Metolachlor 25 na 23,0001 < 25 < 25 < 25 – 28.1 28.6 – 35.3 < 25 < 25 < 25 

Metolachlor ESA 10 24,000,0004 >95,100,0007 187 184 na 423 - 1,410 530 – 706 na 857 

Metolachlor OXA 10 7,700,0005 57,100,0006 < 10 < 10 na 20.2 – 178 22.5 – 30.6 na 89.3 

Prometon 100 6,000,0004 98,0006 < 100 < 100 < 100 - 722 < 100 < 100 < 100 < 100 

Saflufenacil 15 >49,000,0005 42,0006 < 15 < 15 Na 18.5 – 30.9 < 15 na < 15 
1 Minnesota Class 2A 4-day Chronic Standard  
2 Minnesota Maximum Standard 
3 Minnesota Class 2A 30-day Human Health Based Standard  
4 USEPA/OPP benchmark for fish 
5 USEPA/OPP benchmark for invertebrates 
6 USEPA/OPP benchmark for nonvascular plants 
7 USEPA/OPP benchmark for vascular plants 
8 Non-promulgated MPCA reference value 
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INSECTICIDES 
No insecticides or insecticide degradates were detected in any samples collected during the “Pre-Fish Kill”, “Fish Kill 
Period”, or “Post-Fish Kill” periods  throughout the SBWWR fish kill investigation.   

MANURE RESULTS 
Lagoon manure samples were analyzed for metals.  The sampled lagoons were the source of the manure that was 
applied in the area of interest.  The Utica Township lagoon had a liquid sample analyzed, and the St. Charles Township 
had two liquid samples analyzed.  This analysis was completed to determine if either lagoons contained metals, 
primarily cooper, out of the range of expected values. 

The metal concentrations of each analyte in the three samples in decreasing order were: iron, aluminum, 
manganese, copper, and potassium (Table 4-13).  Although the concentrations are much higher in manure than the 
metal concentrations measured in the SBWWR, the concentrations observed in these samples generally fall in the 
range of typical dairy manure samples (DeRouchey et. al. 2002; Ippolitto and Moore 2013).  With this said, land 
application of dairy manure is a common practice across Minnesota, and fish kills are a rare occurrence. 

 

TABLE 6.13.  RESULTS OF MANURE TESTING FROM SAMPLES COLLECTED IN UTICA AND ST. CHARLES TOWNSHIPS. 

Sample Aluminum 
(µg/L) 

Copper 
(µg/L) Iron (µg/L) 

Manganese 
(µg/L) 

Potassium 
(µg/L) 

Lagoon Liquid Manure – 
Utica Township 270,000 10,900 1,440,000 93,000 3,300 
Lagoon Liquid Manure – 
St. Charles Township 25,300 15,400 82,400 14,900 1,390 
Lagoon Liquid Manure – 
St. Charles Township 59,700 9,840 185,000 33,700 4,410 

 

SOIL SAMPLE RESULTS  
Nine different pesticide compounds were analyzed in a soil sample collected near the SBWWR including acetochlor, 
clopyralid, dicamba, diflufenzopyr, flumetsulam, fluxapyroxad, picloram, glyphosate, and AMPA (glyphosate 
metabolite).  These analytes were selected based on pesticide detections from the SBWWR, recent pesticide 
applications in the watershed, and included the pesticides applied by the land owner in close proximity to the sample 
collection point. 

The only detected compound was fluxapyroxad at a concentration of 0.13 µg/kg.  This analyte did not have a 
reported MRL with the method as it had not been previously analyzed in soil media.  The MDA Laboratory Services 
targeted this compound at very low concentrations.  No other pesticide compounds were detected in the soil sample 
and no additional soil samples were collected as background or reference sample to determine if the fluxapyroxad 
detection was unique to the area that was sampled. 

FISH RESULTS 
NECROPSY  
Fish that were collected during the afternoon of July 30, 2015, were too decomposed when delivered to DNR in Saint 
Paul to analyze.  Based on observations from CSH staff, the dead fish were one to two days old by the time of 
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collection and were subjected to daytime temperatures in the low 80s (°F), with nighttime temps around 60°F, which 
likely promoted decomposition.   

Fish collected by CSH staff were necropsied.  There was no indication of lesions or physical abrasions on the external 
surface of the fish.  The internal organs appeared healthy and of normal size.  Inspection beneath the opercula of 
fish revealed sediment was packed in the gill chamber (Figure 4-13), which under 10x magnification was identified 
as mineral particles and diatom frustules.  Gill tissue was damaged, although whether the damage was ante-mortem 
or post-mortem could not be discerned. 

 

FIGURE 6-14.  BROWN TROUT COLLECTED ON JULY 30, 2015, IN THE SBWWR, NEAR CRYSTAL SPRINGS FISH HATCHERY.  THE OPERCULUM 
HAS BEEN REMOVED TO EXPOSE THE GILL TISSUE.  NOTE THE SEDIMENT IN THE GILLS. 

FISH TISSUE  
METALS 
Metals are commonly found in the environment, and in fish; however, fish were analyzed for metals to address 
concerns of heavy metals as a possible fish kill cause.  No standards or reference values exist for metal concentrations 
in fish, however, this analysis was completed to determine if metal concentrations in fish tissue during the fish kill 
period was abnormal.   Fish tissues were analyzed for several metals including aluminum, arsenic, barium, copper, 
iron, manganese, sulfur, sulfate, titanium and zinc. The sections below provide an assessment of the fish tissue 
results. 
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ALUMINUM 
Aluminum results in the reference data presented a large range of concentrations (Figure 4-14).  While the reference 
data median was higher for white suckers, the trout data showed a higher maximum value.  Aluminum 
concentrations in the whole fish samples during the “Fish Kill Period” were higher than the “After Fish Kill” period.  
With this said, all of the whole fish samples results were in the range for the reference data.  Aluminum 
concentrations in both the trout and white sucker livers were low compared to the whole fish sample. 

Aluminum concentrations in fish tissue collected in the SBWWR during the “Fish Kill Period” and “After Fish Kill” 
period were in the typical, or expected, range of the reference data. 

   

FIGURE 6-15. MEDIAN ALUMINUM CONCENTRATIONS IN FISH TISSUE FROM STORET DATA (ORANGE AREA), FISH COLLECTED ON JULY 30, 2015, 
IN THE SBWWR (FOLLOWING THE FISH KILL, GRAY AREA), AND FISH COLLECTED ON SEPTEMBER 22, 2015, FROM THE SBWWR (GREEN AREA).  
THE ERROR BAR REPRESENTS THE MAXIMUM VALUE OF THE DATA.  

 

ARSENIC 
Arsenic results are presented in Figure 4-15.  Reference data arsenic values in trout showed a higher median and 
maximum value than the white sucker data.  All samples analyzed during the investigation, including both the whole 
fish and liver samples, were below the laboratory method reporting limit of 0.2 mg/kg.   

Arsenic concentrations in fish tissue collected in the SBWWR were in the typical, or expected, range of the reference 
data.   
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FIGURE 6-16. MEDIAN ARSENIC CONCENTRATIONS IN FISH TISSUE STORET DATA (ORANGE AREA), FISH COLLECTED ON JULY 30, 2015, IN THE 
SBWWR (FOLLOWING THE FISH KILL, GRAY AREA), AND FISH COLLECTED ON SEPTEMBER 22, 2015, FROM THE SBWWR (GREEN AREA).  THE 
ERROR BAR REPRESENTS THE MAXIMUM VALUE OF THE DATA. 

 

BARIUM 
Barium results in the reference data presented a wide range of data and higher maximum for white suckers than 
trout (Figure 4-16).  Whole fish samples analyzed during the investigation also showed higher barium concentrations 
in the samples that included white suckers.  The barium concentrations in the brown trout during the investigation 
were consistent with the trout reference data.  Barium was not detected in the livers of brown trout or suckers with 
a laboratory method reporting limit of 0.2 mg/kg. 

Barium concentrations in fish tissue collected in the SBWWR were in the typical, or expected, range of the reference 
data.   
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FIGURE 6-17. MEDIAN BARIUM CONCENTRATIONS IN FISH TISSUE STORET DATA (ORANGE AREA), FISH COLLECTED ON JULY 30, 2015, IN THE 
SBWWR (FOLLOWING THE FISH KILL, GRAY AREA), AND FISH COLLECTED ON SEPTEMBER 22, 2015, FROM THE SBWWR (GREEN AREA).  THE 
ERROR BAR REPRESENTS THE MAXIMUM VALUE OF THE DATA. 

 

COPPER  
When compared to other fish species, copper accumulation in trout tends to be higher and is typically accumulated 
in the liver (Rasmussen 1999).  As such, the copper in fish tissue data will be presented in two sections: whole fish 
and trout livers.  Furthermore, USEPA STORET database had reference data available for whole fish (white suckers 
and trout) and trout livers, with no reference data available for white sucker livers. 

COPPER WHOLE FISH 
The whole fish white sucker reference data had a higher median and maximum concentration than the trout 
reference data.  The whole fish trout reference data median concentration was below the method reporting limit, 
however, copper was detected in the whole fish trout samples.  Copper was not detected above the laboratory 
method reporting limit of 0.6 mg/kg in any of the whole fish samples collected in the SBWWR. 

Copper concentrations in the whole fish samples collected in the SBWWR were in the typical, or expected, range of 
the reference data (Figure 4-17).   
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FIGURE 6-18. MEDIAN COPPER CONCENTRATIONS IN WHOLE FISH TISSUE STORET DATA (ORANGE AREA), FISH COLLECTED ON JULY 30, 2015, 
IN THE SBWWR (FOLLOWING THE FISH KILL, GRAY AREA), AND FISH COLLECTED ON SEPTEMBER 22, 2015, FROM THE SBWWR (GREEN AREA).  
THE ERROR BAR REPRESENTS THE MAXIMUM VALUE OF THE DATA. 

 

COPPER IN TROUT LIVERS 
Copper tends to accumulate in the livers of trout when compared to other species of fish, and as such, additional 
data analysis was completed.  The trout liver reference data showed a wide range of concentrations that were orders 
of magnitude higher than the whole fish trout copper concentrations.  Two brown trout liver samples were analyzed 
during the investigation. While these two samples represented the highest copper levels measured in fish tissue 
during the investigation, both concentrations were below the median of the trout liver copper reference data.   

No white sucker liver copper reference data was available in the USEPA STORET database.  With this said the white 
sucker liver sample from SBWWR analyzed with the investigation found copper at 1.18 mg/kg, or two orders of 
magnitude below the trout liver results.   

Copper concentrations in the trout liver samples collected in the SBWWR were in the typical, or expected, range of 
the reference data (Figure 4-18).   
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FIGURE 6-19. MEDIAN COPPER CONCENTRATIONS IN TROUT LIVERS STORET DATA (ORANGE AREA), FISH COLLECTED ON JULY 30, 2015, IN 
THE SBWWR (FOLLOWING THE FISH KILL, GRAY AREA), AND FISH COLLECTED ON SEPTEMBER 22, 2015, FROM THE SBWWR (GREEN AREA).  
THE ERROR BAR REPRESENTS THE MAXIMUM VALUE OF THE DATA. 

IRON 
Iron results in the reference data presented a wider range of data for trout than white suckers (Figure 4-19).  Whole 
fish samples analyzed during the investigation also showed higher iron concentrations when compared to the liver 
sample results.  All of the whole fish samples collected during the investigation were low when compared to the 
reference data. 

Iron concentrations in fish tissue collected in the SBWWR were in the typical, or expected, range of the reference 
data. 
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FIGURE 6-20. MEDIAN IRON CONCENTRATIONS IN FISH TISSUE STORET DATA (ORANGE AREA), FISH COLLECTED ON JULY 30, 2015, IN THE 
SBWWR (FOLLOWING THE FISH KILL, GRAY AREA), AND FISH COLLECTED ON SEPTEMBER 22, 2015, FROM THE SBWWR (GREEN AREA).  THE 
ERROR BAR REPRESENTS THE MAXIMUM VALUE OF THE DATA. 

 

MANGANESE 
Manganese results in the reference data presented a wider range of data for white suckers than trout (Figure 4-20).  
Median manganese reference data for both trout and white suckers were similar.  Samples analyzed during the 
investigation also showed higher manganese concentrations in the whole fish samples that included white suckers.  
Whole fish trout results were within the range of the reference data.  Manganese concentrations in the liver of both 
trout and white suckers were lower than the whole fish samples, including non-detectable concentrations (< 0.7 
mg/kg) in the livers analyzed with the “After Fish Kill” samples. 

Manganese concentrations in fish tissue collected in the SBWWR were in the typical, or expected, range of the 
reference data. 
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FIGURE 6-21. MEDIAN MANGANESE CONCENTRATIONS IN FISH TISSUE STORET DATA (ORANGE AREA), FISH COLLECTED ON JULY 30, 2015, IN 
THE SBWWR (FOLLOWING THE FISH KILL, GRAY AREA), AND FISH COLLECTED ON SEPTEMBER 22, 2015, FROM THE SBWWR (GREEN AREA).  THE 
ERROR BAR REPRESENTS THE MAXIMUM VALUE OF THE DATA. 

 

TITANIUM 
No reference data was available in the USEPA STORET database for titanium concentrations in fish tissues.  It is 
unknown if the concentrations of titanium presented below are unique to the SBWWR. 

Since a comparison between the SBWWR and reference data was not able to be made, titanium concentrations in 
fish tissue were compared from the “Fish Kill Period” and the “After Fish Kill” period (Figure 4-21).  Titanium 
concentrations were higher in the whole fish samples when compared to liver samples.  Titanium concentrations 
were lower in the “After Fish Kill” period; however, there is no way of knowing if this difference is significant due to 
the small sample size. 
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FIGURE 6-22. TITANIUM CONCENTRATIONS IN FISH TISSUE FROM FISH COLLECTED ON JULY 30, 2015, IN THE SBWWR (FOLLOWING THE FISH 
KILL, GRAY AREA), AND FISH COLLECTED ON SEPTEMBER 22, 2015, FROM THE SBWWR (GREEN AREA). 

ZINC 
Zinc concentrations in the reference data presented a lower median and wider range of data for trout than white 
suckers (Figure 4-22).  Samples analyzed during the investigation also showed generally consistent zinc values for 
both whole fish and livers of trout and white suckers.  The white sucker and trout data collected during the 
investigation was similar to the zinc reference data as well as the “Fish Kill Period” samples and “After Fish Kill” 
samples.   

Zinc concentrations in fish tissue samples collected from the SBWWR were in the typical, or expected, range of the 
reference data. 
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FIGURE 6-23. MEDIAN ZINC CONCENTRATIONS IN FISH TISSUE STORET DATA (ORANGE AREA), FISH COLLECTED ON JULY 30, 2015, IN THE 
SBWWR FOLLOWING THE FISH KILL (GRAY AREA), AND FISH COLLECTED ON SEPTEMBER 22, 2015, FROM THE SBWWR (GREEN AREA).  THE 
ERROR BAR REPRESENTS THE MAXIMUM VALUE OF THE DATA. 

 

OTHER ANALYTES 
SULFUR AND SULFATE 
Sulfur and sulfate were included in the analysis because copper sulfate was considered as a possible fish kill cause.   

No reference data was available in the USEPA STORET database for sulfur or sulfate concentrations in fish tissues.  It 
is unknown if the concentrations of sulfur and sulfate presented below are unique to the SBWWR. 

Since a comparison between the SBWWR and reference data was not able to be made, sulfur and sulfate 
concentrations in fish tissue were compared from the “Fish Kill Period” and the “After Fish Kill” period (Figure 4-23).  
Concentrations were comparable between the two different periods and amongst different fish species for sulfur 
and sulfate. 

80 
 



SOUTH BRANCH OF THE WHITEWATER RIVER UNIFIED FISH KILL RESPONSE: RESULTS 

 

 

FIGURE 6-24. SULFUR AND SULFATE CONCENTRATIONS IN FISH TISSUE FROM FISH COLLECTED ON JULY 30, 2015, IN THE SBWWR 
FOLLOWING THE FISH KILL (GRAY AREA), AND FISH COLLECTED ON SEPTEMBER 22, 2015, FROM THE SBWWR (GREEN AREA). 

FUNGICIDES 
Whole fish laboratory analyses of five fungicides, two fungicide degradates, including azoxystrobin, carbendazim, 
fluxapyroxad, picoxystrobin, pyraclostrobin, pyraclostrobin metabolite #1, and pyraclostrobin metabolite #2.were 
completed.  The fish were collected on July 30, 2015.  No fungicide compounds were detected above the MRL.  
Laboratory results can be found in Appendix E.   

IN-STREAM CONTINUOUS DATA COLLECTION: 
On August 7, the SBWWR near the CSH received approximately 0.43 inches of rainfall and no runoff was observed.  
The hydrograph from the SBWWR near Dover (see Figure 2-3) shows very little response from the rainfall event 
indicating no runoff occurred.  The sondes recorded water temperature, specific conductivity, pH, and dissolved 
oxygen (Figures 4-24 and 4-25).   

While there are daily oscillations in the data, all four parameters fall within the expected range of a cold water stream 
in southeast Minnesota.  The data was collected from August 6 to August 10, 2015.  Continuous data at this scale 
would have been invaluable to have during the fish kill period, however, it is extremely difficult to forecast such 
events as a fish kill.  This data does not provide evidence of the conditions during the kill, but it provides evidence 
that the conditions had normalized in the weeks after the fish kill period.  
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FIGURE 6-25. DIEL RESULTS FROM A DATALOGGING SONDE DEPLOYED AT KREIDERMACHER’S CAMPGROUND.  PANEL A IS TEMPERATURE (°C), 
PANEL B IS SPECIFIC CONDUCTIVITY (µS/CM), PANEL C IS PH, AND PANEL D IS DISSOLVED OXYGEN (MG/L). 
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FIGURE 6-26.  DIEL RESULTS FROM A DATALOGGING SONDE DEPLOYED AT BETHANY DRIVE BRIDGE.  PANEL A IS TEMPERATURE (°C), PANEL B 
IS SPECIFIC CONDUCTIVITY (µS/CM), PANEL C IS PH, AND PANEL D IS DISSOLVED OXYGEN (MG/L). 
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UNKNOWN CHEMICAL SCREENING 
In an attempt to investigate a known dumping area off of Bethany Drive as a possible cause of the fish kill, an 
unknown chemical screening was performed on a sample collected from a ravine.  The sample was collected from 
an area with orange tint, later identified as iron oxidizing bacteria. This screen included many volatile organic 
compounds (VOCs) and other organic compounds.  There were no detections in the screening, and no physical 
evidence (empty containers, etc.) in the ravine.  The laboratory results can be found in Appendix E. 
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7. CONCLUSIONS 
At 09:32 on July 30, 2015, DNR fisheries staff reported a fish kill on the South Branch of the Whitewater River 
(SBWWR) to the Minnesota Duty Officer.  Three state agencies, the DNR, MDA, and MPCA, responded to the report 
with a unified fish kill investigation.  Samples of water, fish, soil, and manure were collected and potential sources 
including pesticide and manure applications were investigated.  Samples were analyzed for pesticides, nutrients, 
metals and various other constituents in an effort to determine the cause of the fish kill.   

Throughout the course of the investigation, a series of conference calls were held between field and lab scientists 
with expertise in a variety of fields, experienced professional staff, and program managers.  This working group 
discussed possible causal options, decided how best to explore each, and thoroughly examined all leads.  Scientific 
analysis of available evidence was unable to draw a clear conclusion as to the cause of this fish kill, as a combination 
of biological, chemical, and environmental conditions may have led to this event.  A summary of conclusions of the 
investigation are presented below: 

1. The fish kill on the SBWWR was likely related to a high intensity rainfall event that occurred in the early 
morning hours of July 28, 2015.  Radar estimated rainfall amounts varied from 1 to 2.5 inches across the 
SBWWR watershed but were highest in the upper reaches of the watershed.  In the area dead fish were 
found, rainfall amounts were estimated in the 1 to 1.5 inches.  The fish kill is estimated to have occurred 
sometime between the morning of July 28 and the afternoon of July 29, 2015.  

2. Dead fish were observed from the Crystal Springs State Fish Hatchery (river mile 3.1) upstream to Bethany 
Drive access (river mile 9.7) representing approximately 6.5 miles of the SBWWR. 

3. This fish kill was likely the result of a short duration, acutely toxic event.  With this type of event, fish die 
rapidly and there is often little or no accumulation of toxic compounds in fish organs and tissue (Meyer and 
Barclay 1990). 

4. The flowing nature of streams makes collection of evidence from an acute incident difficult.  It is likely that 
the acutely toxic source material that killed the fish moved through the SBWWR as a slug and had dissipated 
or moved downstream of the kill area at non-lethal concentrations prior to the call to the Duty Officer on 
July 30, 2015.   

5. The riparian corridor and nearby land in the area of the fish kill are designated as a State Wildlife 
Management Area suggesting that the toxic substance that killed the fish likely entered through a tributary 
creek or ravine near the upper portion of the fish kill area.  A Stream Power Index assessment conducted in 
the area of the fish kill indicated runoff pathways from surrounding lands.   

6. The fish kill impacted several fish species including brown and rainbow trout, dace, sculpin, and white 
sucker, among others.  The total number of dead fish counted at Station 1 was 147 and 123 dead fish at 
Station 2 on July 30, 2015.  Since the spatial extent of the fish kill is unknown, extrapolating these numbers 
to the entire stream is not reliable.  Extrapolating between the two stations, gives us a minimum number 
of 3724 total fish killed.  Extrapolating this even further from the snowmobile bridge near CSH to the 
Bethany Drive access point (6.5 miles) estimates the total number of fish killed as 9610 fish. 

7. Fish necropsy indicated that the fish kill was not related to disease, but rather to an acute cause.  
8. Fish tissue analysis was completed for fungicides with no detections. 
9. Fish tissue analysis was completed for metals and concentrations were compared with fish tissue samples 

collected several weeks after the kill as well as other Midwestern river samples available from a national 
database (STORET).  Concentrations of metals were within the typical, or expected, range of the reference 
data. 
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10. A water sample was collected from the SBWWR on July 28, 2015, after the rain event but prior to any 
knowledge of a fish kill and analyzed for total ammonia, metals and pesticides with no unusual levels 
reported.   

11. The water quality data collected following the rainfall event, prior to and following the report of the fish kill 
did not indicate toxic levels of ammonia, pesticides, or metals in the SBWWR. These constituents are three 
of the most probable candidates for acute toxicity in this instance.   

12. Although fungicides were being applied to area agricultural fields prior to the fish kill, no evidence of illegal 
pesticide applications were found.  The two active ingredients in the fungicides being applied 
(pyraclostrobin and fluxapyroxad) were detected at extremely low levels (below the laboratory method 
reporting limit) in water samples from the SBWWR.  The levels were well below the EPA aquatic life 
benchmarks.  Other pesticide related chemicals detected in the SBWWR water samples were similar to 
historical and adjacent watershed levels. 

13. Fungicide applications prior to the rainfall event were made to crops with full canopies that greatly reduce 
the potential risk of overland runoff. 

14. Manure applications in the area of the fish kill were investigated and no illegal applications were 
determined to have occurred prior to the fish kill.  On-site inspection of a field located near the upper 
reaches of the kill area where manure had been applied before and after the rain event, indicated that 
manure had left the field with runoff and was found pooled in two different areas between the field and 
the SBWWR. However, no evidence (staining or pooling) was found indicating that manure made it to the 
SBWWR. In the lower portions of the ravines closest to the SBWWR only clear water was found pooled.  
These pooled areas of clear water did not have a manure odor nor did the pooled areas appear to be 
contaminated with manure. 

15. Manure applications were made to fields that were fallow or had forage crops.  The fallow land is much 
more likely to have overland runoff occur than land with crops with full canopies. 

16. Samples collected from pooled manure areas near the SBWWR and manure pits from the respective sources 
indicated similar levels of metals which may suggest that the pooled material found between the point of 
application and the SBWWR ravine was manure from the same source.  The Stream Power Index indicated 
the same areas would be likely runoff pathways from the point of application. 

17. Although no evidence of manure reaching the river was noted in the areas where manure was documented 
leaving the application area (fallow field), field notes from August 4, indicated the presence of a manure 
odor while walking the SBWWR and manure like material (brown foam) in the stream.  Odor from manure 
applications travel over long distances therefore odor observed during the walking of the stream could have 
been from the manure applications that had occurred on the upland areas. The brown material, observed 
in the stream did not exhibit elevated ammonia levels at the time of sampling but indicated a high biological 
oxygen demand suggesting elevated levels of organic material in the SBWWR. 

18. According to the summary in EPA’s total aluminum criterion from 1988 (Ambient Water Quality Aluminum, 
1988), fish mortality is possible at the aluminum concentrations found near the hatchery (~1600 µg/L).  The 
criterion is most reliable in the normal pH range of 6.5-9.0.  

19. No evidence of illegal dumping of other materials was documented. 
20. Wastewater treatment plants that discharge to the SBWWR reported no unusual effluent releases or were 

not discharging at the time of the fish kill. 
21. The limestone quarry near the area of the fish kill was investigated as a possible source.  There is no major 

outlet that is obvious and the quarry appeared dry.  
22. About twenty dead crayfish were noted upstream of Bethany Drive.  The presence of dead crayfish is not 

an indicator of the cause or spatial extent of the fish kill.  Crayfish body shape makes them susceptible to 
dislodgement so mortality during high water events is largely due to their inability to find refuge (Clark and 
Kersher 2011). 
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8. APPENDIX A: LABORATORY ANALYTE LISTS AND METHOD REPORTING LIMITS 
 

 

 

TABLE 8.1. WHOLE FISH MDA FUNGICIDE ANALYTE LIST AND METHOD REPORTING LIMITS 

Chemical Method Reporting Limit (µg/L) 

Azoxystrobin  10.0 
Carbendazim  10.0 
Fluxapyroxad  10.0 
Picoxystrobin  10.0 
Pyraclostrobin  10.0 
Pyraclostrobin metabolite #1  10.0 
Pyraclostrobin metabolite #2  10.0 

 

 
TABLE 8.2. WHOLE FISH MDA METAL ANALYTE LIST AND METHOD REPORTING LIMITS 

Chemical Method Reporting Limit (µg/L) 

Aluminum 0.2 
Arsenic 0.2 
Barium 0.2 
Copper 0.6 
Iron 0.8 
Manganese 0.7 
Sulfur 10 
Sulfate 30 
Titanium 0.2 
Zinc 0.6 
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TABLE 8.3. MDA/MDH NUTRIENT AND SEDIMENT ANALYTES AND METHOD REPORTING LIMIT FOR WATER SAMPLES. 

Parameter Method Reporting Limit 

Alkalinity 10 mg/L 
Ammonia 0.02 mg/L 
Biological Oxygen Demand (BOD) 0.5 mg/L 
Chloride 0.5 mg/L 
Escherichia coli (E. coli) 10 (MPN/100 mL) 
Hardness 10 mg/L 
Nitrate 0.04 mg/L 
Nitrate + Nitrite 0.05 mg/L 
pH na 
Phosphorus, dissolved ortho- 0.005 mg/L 
Phosphorus, total 0.01 mg/L 
Total Kjedhal Nitrogen 0.2 mg/L 
Total Solids 125 mg/L 
Total Suspended Soilds 25 mg/L 
Total Volatile Solids 120 mg/L 
Sulfate 0.5 mg/L 

 

 
TABLE 8.4. MDH METAL ANALYTES AND METHOD REPORTING LIMIT FOR WATER SAMPLES. 

Metal Method Reporting Limit (µg/L) 

Aluminum 20 
Arsenic 1 
Copper 10 
Iron 20 
Manganese 10 
Zinc 10 
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TABLE 8.5. MDA PESTICIDE ANALYTES AND METHOD REPORTING LIMIT FOR WATER SAMPLES. 

GC-MS/MS  LC-MS/MS 

  

 LC-MS/MS (continued) 

 
Analyte MRL (ng/L)  Analyte MRL (ng/L)  Analyte MRL (ng/L) 

Acetochlor 30.0  2,4,5-T 50.0  Imazamethabenz-methyl 5.0 
Alachlor 30.0  2,4,5-TP 50.0  Imazapic 10.0 
Atrazine  30.0  2,4-D 8.3  Imazapyr 8.3 
Benfluralin 25.0  2,4-DB 20.0  Imazaquin 16.7 
Bifenthrin 20.0  Acetamiprid 25.0  Imazethapyr 6.7 
Chlorothalonil 50.0  Acetochlor ESA 30.0  Imidacloprid 20.0 
Chlorpyrifos 40.0  Acetochlor OXA 33.3  Imazamethabenz Acid 10.0 
Clomazone 15.0  Alachlor ESA 41.6  Isoxaflutole DKN 50.0 
Cyfluthrin 100  Alachlor OXA 33.3  Isoxafultole 40.0 
Deethylatrazine 50.0  Aldicarb Sulfone 15.0  Linuron 20.0 
Deisopropylatrazine 150  Aldicarb Sulfoxide 50.0  MCPA 5.0 
Diazinon 30.0  Azoxystrobin 10.0  MCPB 20.0 
Diazinon Oxon 75.0  Bensulfuron-methyl 16.7  MCPP 50.0 
Dichlobenil 5.0  Bensulide 250.0  Mesotrione 50.0 
Dichlorvos 15.0  Bentazon 5.0  Metalaxyl 8.3 
Dimethenamid  15.0  Boscalid 50.0  Metolachlor ESA 10.0 
Dimethoate 100  Bromacil 30.0  Metolachlor OXA 10.0 
Disulfoton 60.0  Bromoxynil 25.0  Metsulfuron-methyl 23.3 
EPTC 10.0  Carbaryl 25.0  Myclobutanil 10.0 
Esfenvalerate 150  Carbendazim 10.0  Neburon 10.0 
Ethalfluralin 50.0  Carbofuran 13.3  Nicosulfuron 26.6 
Ethofumesate 50.0  Chlorantraniliprole 50.0  Norflurazon 20.0 
Fonofos 15.0  Chlorimuron-ethyl 20.0  Norflurazon-desmethyl 50.0 
lambda-Cyhalothrin 75.0  Chlorpyrifos Oxon 40.0  Oxydemeton-methyl 20.0 
Malathion   50.0  Clopyralid 41.6  Parathion-methyl Oxon 25.0 
Methoxychlor 50.0  Clothianidin 25.0  Picloram 41.6 
Metolachlor 25.0  Cyanazine 25.0  Picoxystrobin 50.0 
Metribuzin 75.0  Cyantraniliprole 100.0  Prometryn 3.3 
Metribuzin DA 500 (estimated)  DEDI Atrazine 50.0  Propachlor ESA 30.0 
Metribuzin DADK 500 (estimated)  Dicamba 50.0  Propachlor OXA 10.0 
Metribuzin DK 500 (estimated)  Dichlorprop 50.0  Propiconazole 10.0 
Oxadiazon 75.0  Dicrotophos 25.0  Pyraclostrobin 25.0 
Parathion-methyl 100  Difenoconazole 25.0  Pyroxasulfone 50.0 
Pendimethalin 75.0  Dimethenamid ESA 6.7  Saflufenacil 15.0 
Phorate  25.0  Dimethenamid OXA 10.0  Sedaxane 75.0 
Prometon 100  Dinotefuran 25.0  Siduron 6.7 
Propachlor 30.0  Disulfoton Sulfone 20.0  Sulfometuron-methyl 8.3 
Propazine 25.0  Diuron 13.3  Tebuconazole 10.0 
Simazine 75.0  Flufenacet OXA 8.3  Tembotrione 50.0 
Tebupirimphos 30.0  Flumetsulam 50.0  Tetraconazole 10.0 
Terbufos 30.0  Flutriafol 10.0  Thiacloprid 50.0 
Tolfenpyrad 100.0  Fluxapyroxad 10.0  Thiamethoxam 25.0 
Triallate 50.0  Halosfulfuron-methyl 30.0  Thifensulfuron-methyl 16.7 
Trifluralin 50.0  Hexazinone 10.0  Thiobencarb 8.3 
zeta-Cypermethrin 500  Hydroxyatrazine 6.7  Triasulfuron 23.3 
   Imazamox 13.3  Triclopyr 50.0 
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TABLE 8.6.  MDH HAZARDOUS CHEMICAL SCREEN ANALYTE LIST WITH METHOD REPORTING LIMITS. 

Chemical Method Reporting Limit (µg/L) 
1,1,1,2-Tetrachloroethane 1 
1,1,1-Trichloroethane 1 
1,1,2,2-Tetrachloroethane 1 
1,1,2-Trichloroethane 1 
1,1,2-Trichlorotrifluoroethane 1 
1,1-Dichloroethane 1 
1,1-Dichloroethene 1 
1,1-Dichloropropene 1 
1,2,3-Trichlorobenzene 1 
1,2,3-Trichloropropane 1 
1,2,4-Trichlorobenzene 1 
1,2,4-Trimethylbenzene 1 
1,2-Dibromo-3-chloropropane (DBCP) 5 
1,2-Dibromoethane (EDB) 1 
1,2-Dichlorobenzene 1 
1,2-Dichloroethane 1 
1,2-Dichloropropane 1 
1,3,5-Trimethylbenzene 1 
1,3-Dichlorobenzene 1 
1,3-Dichloropropane 1 
1,4-Dichlorobenzene 1 
1,4-Dichlorobenzene-d4 0 
2,2-Dichloropropane 1 
2-Chlorotolene 1 
4-Chlorotolene 1 
Acetone 20 
Allyl chloride 1 
Benzene 1 
Bromobenzene 1 
Bromochloromethane 1 
Bromodichloromethane 1 
Bromoform 1 
Bromomethane 2 
Carbon tetrachloride 1 
Chlorobenzene 1 
Chlorobenzene-d5 0 
Chlorodibromomethane 1 
Chloroethane 1 
Chloroform 1 
Chloromethane 1 
cis-1,2-Dichloroethene 1 
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Chemical Method Reporting Limit (µg/L) 
cis-1,3-Dichloropropene 1 
Dibromomethane 1 
Dichlorodifluoromethane 1 
Dichlorofluoromethane 1 
Ethyl ether 1 
Ethylbenzene 1 
Fluorobenzene 0 
Hexachlorobutadiene 1 
Isopropylbenzene 1 
Methyl ethyl ketone (MEK) 10 
Methyl isobutyl ketone (MIBK) 5 
Methyl tertiary butyl ether (MTBE) 2 
Methylene chloride 2 
Naphthalene 1 
n-Butylbenzene 1 
n-Propylbenzene 1 
o-Xylene 1 
p&m-Xylene 1 
p-Isopropyltoluene 1 
sec-Butylbenzene 1 
Styrene 1 
tert-Butylbenzene 1 
Tetrachloroethene 1 
Tetrahydrofuran (THF) 10 
Toluene 1 
trans-1,2-Dichloroethene 1 
trans-1,3-Dichloropropene 1 
Trichloroethene (TCE) 1 
Trichlorofluoromethane 1 
Vinyl chloride 1 
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9. APPENDIX B: DICHOTOMOUS KEY FOR FISH KILL INVESTIGATIONS 
Taken from the FP Meyer. Chapter 3: Interpreting the Scene.

After the initial visual inspection of the scene, an 
investigator can sometimes make preliminary 
assumptions about the cause of a fish kill.  By using a 
process of elimination based on the evidence at hand, 
certain types of causes may be highly unlikely.  A 
dichotomous key is provided below as an example of 
how the thought process might proceed.  This key is 
offered as a tool-not as a definitive reference-for 
assessing fish kills.  Opportunities to use the key to help 
reach a presumptive conclusion concerning the cause 
of a fish kill are provided in Chapter 13.  Seven case 
histories are described to help potential investigators 
test their skill in evaluating the information that 
became available during the on-site investigation.  
Although the thought process would be the same for 
ponds, lakes, streams, and estuaries, most of the 
examples used in preparing the key were taken from 
data on fish kills in ponds. In streams, where evidence 
at the site may be transitory because of the flow, the 
investigator may have to check downstream to attempt 
to reconstruct the scene. 

 

1. Kill occurred in less than 24 hours. . . . . . . . . . . . . .   2 
1. Not known when kill occurred, or kill continued for 

longer than 24 hours . . . . . . . . . . . . . . . . . . . .  16 

2. Kill occurred between midnight and sunrise. . .  3 
2. Kill occurred at times other than between 

midnight and sunrise . . . . . . . . . . . . . . . . . . .  8 

3. Water dark in color, musty odor, or odor of sour 
cabbage . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4 

3.  Water conditions normal in color and odor . . . . . . . .  6 

4. Some fish alive . . . . . . . . . . . . . . . . . . . . . . . . . . .  5 
4.   All fish dead . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 16 

5.  Large fish dead, some small fish alive . . . . . .. . . . . . . . 6 
5. Small fish dead, some large fish alive . . . . . . . . . . . . 18 

6. Dissolved oxygen less than 2 ppm . . . . . . . . . . .  7 
6. Dissolved oxygen 2 ppm or more  . . . . . . . . . . . . 9 

7. Algal cells absent or dead if present . . . . . . . . . . . . .  8 
7. Algal cells present and alive . . . . . . . . . . . . . . . . . . . . 10 

8. Dead algal cells abundant . . . . . . . . . . . . . . . . . . . 
. . . . . . . . . . . . .  Oxygen depletion due to enrichment 
8.   Algal cells absent . . . . . . . . . . . . . . . . . . . . . . . . . . . 
. . . . . . . Oxygen depletion due to algicidal substance 

9.  Kill occurred between 9:00 a.m. and 5:00 p.m. . . . . 10 
9.  Kill occurred at other times as well . . . . . . . . . . . . .  23 

10. pH above 9.0 . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11 
10. pH not above 9.0 . . . . . . . . . . . . . . . . . . . . . . . .  14 

11.  Dissolved oxygen high, often saturated, or near 
saturation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  12 

11. Dissolved oxygen low or near normal for water 
temperature recorded . . . . . . . . . . . . . . . . . . . . . . . 13 

12.  Heavy bloom of one or more species of blue-
green algae . . . . . . . . . . . . . . . . . . . . Toxic algal bloom 
12.  Heavy bloom of dinoflagellate algae . . . . . . . . . . . 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Toxic algal bloom 

13. Vegetation dead (appears burned) . . . . . . . . . . . . . 14 
13. Vegetation normal . . . . . . . . . . . . . . . . . . . . . . . . . . . 15 

14. Ammonia levels not high, near zero. . . . . . . . 15  
14. Ammonia levels high . . . . . . . . . . . . . . . . . . . . . . 
. . . . . . . . . . . . . . . . . . . . . . . Anhydrous ammonia spill 

15. pH 6.0 to 7.0 . . . . . . . . . . . . . . . . . .  Oxygen depletion 
15. pH below 6.0 . . . . . . . . . . . . . Possible lethal low pH 

or heavy metal poisoning; possible mine drainage 

16. Some fish still alive . . . . . . . . . . . . . . . . . . . . . . 17 
16.   All fish dead . . . . . . . . . . . . . . . . . . . . . . . . . . . . 23 

17.  Kill size selective . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  18 
17. Kill not size selective . . . . . . . . . . . . . . . . . . . . . . . . . 25 

18. Some small fish alive, large fish dead . . . . . . . .  6 
18. Small fish dead, some large fish alive  . . . . . . . 19 

19. Zooplankton and insects alive . . . . . . . . . . . . . . . . . . 7 
19. Zooplankton and insects dead . . . . . . . . . . . . . . . . . 20 

20. Algal cells alive  . . . . . . . . . . . . . . . . . . . . . . . . . 21 
20. Algal cells dead or absent . . . . . . . . . . . . . . . . . . . 

. . . . . . . . . . . . . . . . . . . .Toxic herbicidal substance  

21. Fish showing convulsive or aberrant behavior. . . .  22 
21. Fish seemingly normal . . . . . . . . . . . . . . . . . . . . . .  24 

22. Fins in normal position . . . . . . . . . . . . . . . . . . .  23 
22. Pectoral fins of fish thrust to extreme forward 

position . . . . . . . . . . Organophosphate pesticide 
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23. Kill occurred throughout day . . . . . . . . . . . . . . . . . . . . 
. . . . . . . . . . . . . . . . . . . . . . . . . . . .  Pesticide poisoning 

23. Kill occurred between 9:00 a.m. and 5:00 p.m. . . . . . 
. . . . . . . . . . . . . . . . . . . Toxic algal bloom (see also 11)  

24. Recent temporary major change in water 
temperature . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
. . . . . . . . . . . . . . . . . . . .Temperature kill (as from 
shut· down of thermal power generating plant 
or plant exceeding the allowed ΔT in discharge) 

24. Normal season al change in water temperature . 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Temperature 
falls below or exceeds thermal tolerance-e.g., 
die-off of threadfin shad in cold weather; kill 
usually restricted to one species 

25. Species selectivity evident . . . . . . . . . . . . . . . . . . . . 26 
25. No specie s selectivity evident . . . . . . . . . . . . . . . . . . . 

. . . . . . . . . . . . . . . Very high level of a toxic substance 

26. Lesions evident on fish . . . . . . . . . . . . . . . . . . . 27 
26. No lesions on fish . . . . . . . . . . . . . . . . . . . . . . . . . . 

. . . . . . . . . . . . . . . . . . . . . . . . . Low toxicity or low 
concentration of toxic substance (see also 23) 

27. Organisms in lesions visible to naked eye. . . . . . . . 28 
27. No organisms visible  . . . . . . . . . . . . . . . . . . . . . . . .  29 

28. Organisms wormlike, attached to external 
surface of fish . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
. . . . . . . . . . . . . . . Leeches (not a cause of death) 

28. Organisms resemble copepods or have jointed 
body parts . . . . . . . . . . . . . . . . . . . . . . . .  Parasitic 
copepods or isopods (known to kill fish) 

29. Lesions not hemorrhagic . . . . . . . . . . . . . . . . . . . . .  30 
29. Lesions hemorrhagic . . . . . . . . . . . . . . . . . . . . . . . . . . . 

. . . . . . . . . . . . . . . . . .  Possible bacterial or viral cause 

30. Lesions as small discrete bodies or masses in 
tissues . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  31 

30. Lesions appear as gray, yellow, or white areas 
on body . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
. . . . . . . . . . . . . . . . . . . . Bacterial or fungal cause 

31. Lesion or mass filled with cellular material. . . . . . . . . . 
. . . . . . . . . . . . . . . . . . . . . Cysts caused by sporozoans, 
protozoans (such as lchthyophthirius) , or helminths 

31. Lesion or mass filled with gas . . . . . . . . . . . . . . . . .  32 

32. Bubbles of gas present in gills, fins, and behind 
eyes . . . . . . . . . . . . . . . . . . . . . . . . . . . Gas bubble 
disease, due to supersaturation with a gas 

32. Odorous gas in large bubbles in necrotic lesions. 
.Bacterial disease caused by Edwardsiella tarda 
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10. APPENDIX C. SAMPLE COLLECTION AND DATA ANALYSIS INFORMATION 
 
TABLE 10.1. SAMPLE COLLECTION INFORMATION FOR IN-STREAM WATER SAMPLES. 

Location Agency Sample ID Date 
Time 
(CST) 

Sample 
Type 

Collection 
Method 

Preservation 
Method 

Laboratory 
Analyses 

Performed 
Sample Collection 

Purpose* 
Crystal Springs 

#1 
MDA DTT15001 2/13/2015 09:00 Grab Dipper Refrigeration MDA 

Pesticides, 
Nutrients 

Routine 

CR-37 near 
Hatchery 

MDA SBW15001 5/15/2015 06:40 Grab Van Dorn Refrigeration MDA 
Pesticides, 
Nutrients 

Routine 

CR-37 near 
Hatchery 

MDA SBW15002 5/27/2015 13:05 Grab Dipper Refrigeration MDA 
Pesticides, 
Nutrients 

Routine 

CR-37 near 
Hatchery 

MDA SBW15003 6/12/2015 13:50 Grab Van Dorn Refrigeration MDA 
Pesticides, 
Nutrients 

Routine 

CR-37 near 
Hatchery 

MDA SBW15004 6/29/2015 14:00 Grab Dipper Refrigeration MDA 
Pesticides, 
Nutrients 

Routine 

CR-37 near 
Hatchery 

MDA SBW15005 7/13/2015 08:45 Grab Dipper Refrigeration MDA 
Pesticides, 
Nutrients 

Routine 

CR-37 near 
Hatchery 

MDA SBW15006 7/28/2015 13:00 Grab Van Dorn Refrigeration MDA/MDH 
Pesticides/ 

Metals/ 
Nutrients 

Routine, During fish 
kill period 

CR-119 Bridge MPCA Cnty Rd. 119 7/30/2015 15:30 Grab Wading Refrigeration MDA 
Pesticides/ 
Ammonia 

Investigation 

CR-112 Bridge MDA WW-01 7/30/2015 16:45 Grab Wading Refrigeration MDA/MDH 
Pesticides/ 

Metals 
Investigation 

Bethany Drive 
Access 

MPCA Bethany Drive 7/30/2015 16:20 Grab Wading Refrigeration MDA/MDH 
Pesticides/ 

Metals/ 
Ammonia 

Investigation 

Kreidermacher's 
Campground 

MPCA 
Kreidermacher's 

Campground, 
Show bridge 

7/30/2015 17:11 Grab Wading Refrigeration MDA 
Pesticides/ 
Ammonia 

Investigation 

Near Hatchery DNR 4 7/30/2015 10:00 Grab Wading Refrigeration MDA Pesticides Investigation 
Near Hatchery DNR 5 7/30/2015 15:15 Grab Wading Refrigeration MDA Pesticides Investigation 

CR-37 near 
Hatchery 

MDA SBW15007 8/6/2015 09:45 Grab Dipper Refrigeration MDA 
Pesticides/ 
Nutrients 

Routine 

Field Replicate MDA SBW15701 8/6/2015 09:45 Grab Dipper Refrigeration MDA 
Pesticides/ 
Nutrients 

Routine 

Brown Foam 
near 

Kreidermacher’s 
Campground 

MPCA SBW15010 8/6/2015 14:30 Grab Wading Refrigeration MDA 

Pesticides/ 
Ammonia/ 

Abiotic 
parameters 

Other – Supporting 
Investigation 

CR-37 near 
Hatchery 

MDA SBW15802 8/7/2015 07:30 Grab Dipper Refrigeration MDA 
Pesticides/ 
Nutrients 

Routine 

Field Blank MDA SBW15008 8/7/2015 07:45 Grab Blank Refrigeration MDA Pesticides Routine 

Ravine off 
Bethany Drive 

MPCA 
Bethany South 

Ravine 
(Manure) 

8/7/2015 10:45 Grab Dipper Refrigeration MDH Metals 
Other – Supporting 

Investigation 
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Location Agency Sample ID Date 
Time 
(CST) 

Sample 
Type 

Collection 
Method 

Preservation 
Method 

Laboratory 
Analyses 

Performed 
Sample Collection 

Purpose* 
Crystal Springs 

#1 
MDA DTT15005 8/11/2015 07:45 Grab Dipper Refrigeration MDA 

Pesticides 
 Nitrate 

Routine 

Field Blank MDA DTT15006 8/11/2015 07:50 Grab Blank Refrigeration MDA 
Pesticides / 

Nitrate 
Routine 

Ravine off 
Bethany Drive 

MPCA BR 8/17/2015 18:30 Grab Dipper Refrigeration MDH 

Metals/ 
Ammonia/ 
Hazardous 
Chemicals 

Other – Supporting 
Investigation 

CR-37 near 
Hatchery 

MDA SBW15011 8/19/2015 08:50 Grab Dipper Refrigeration MDA 
Pesticides / 
Nutrients 

Routine 

Bethany Drive 
Bridge 

PCA Bethany DR DS 8/19/2015 11:30 Grab Wading Refrigeration MDH 
Metals/ 

Nutrients 
Investigation 

Bethany Drive 
Bridge 

PCA Bethany DR US 8/19/2015 11:40 Grab Wading Refrigeration MDH 
Metals/ 

Nutrients 
Investigation 

* “Other-Supporting Investigation” samples were either water samples not collected within the SBWWR or samples collected of an unknown substance 
within the SBWWR . 

 

 
TABLE 10.2. NUTRIENT, SEDIMENT AND ABIOTIC RIVER PARAMETERS WITH THE COLLECTION PERIOD SUB-CATEGORY FOR SAMPLES 
COLLECTED IN THE SBWWR. 

Location Agency Sample ID Date Time (CST) 
Collection Period 

Sub-Category 
Parameter analyzed* 

Lamberton Mill Road Bridge MPCA Various 1974-2012 Various 
Historic MPCA 
River Sampling 

Alk, BOD, CL, E. coli, Hardness,NO3, 
NO3+NO2, NH3, pH, TKN, SO4, TP, 

Trans, TS, TSS,  

Crystal Springs #1 MDA DTT15001 2/13/2015 09:00 
Hatchery Spring 

Pre-Fish Kill 
NO3 

Crystal Springs #1 MDA DTT15005 8/11/2015 07:45 
Hatchery Spring 

Post-Fish Kill 
NO3 

CR-37 near Hatchery MDA SBW15001 5/15/2015 06:40 Pre-Fish Kill NO3, DOP, TP, Trans 
CR-37 near Hatchery MDA SBW15002 5/27/2015 13:05 Pre-Fish Kill NO3, DOP, TP, Trans 
CR-37 near Hatchery MDA SBW15003 6/12/2015 13:50 Pre-Fish Kill NO3, DOP, TP, Trans 
CR-37 near Hatchery MDA SBW15004 6/29/2015 14:00 Pre-Fish Kill NO3, DOP, TP, Trans 
CR-37 near Hatchery MDA SBW15005 7/13/2015 08:45 Pre-Fish Kill NO3, DOP, TP, Trans 
CR-37 near Hatchery MDA SBW15006 7/28/2015 13:00 Fish Kill Period NH3, NO3, DOP, TP, Trans 

CR-119 MPCA CR-119 7/30/2015 15:30 Fish Kill Period NH3 
Bethany Drive Bridge MPCA Bethany Drive 7/30/2015 16:20 Fish Kill Period NH3 

Kreidermacher's 
Campground 

MPCA 
Kreidermacher's 

Campground, Show 
bridge 

7/30/2015 17:11 Fish Kill Period 
NH3 

CR-37 near Hatchery MDA SBW15007 8/6/2015 09:45 Post-Fish Kill NH3, NO3, DOP, TP, Trans 
CR37 near Hatchery MDA SBW15008 8/7/2015 07:45 Post-Fish Kill NH3, NO3, DOP, TP, Trans 

Bethany Drive Upstream MPCA Bethany Dr. US 8/19/2015 11:40 Post-Fish Kill 
ALK, BOD, CL, Hardness, NO3+NO2, 

NH3, pH, TKN, TP, SO4  

95 
 



SOUTH BRANCH OF THE WHITEWATER RIVER UNIFIED FISH KILL RESPONSE: APPENDIX C 

 

Location Agency Sample ID Date Time (CST) 
Collection Period 

Sub-Category 
Parameter analyzed* 

Bethany Drive Downstream MPCA Bethany Dr. DS 8/19/2015 11:10 Post-Fish Kill 
ALK, BOD, CL, Hardness, NO3+NO2, 

NH3, pH, TKN, TP, SO4 
CR-37 near Hatchery MDA SBW15011 8/19/2015 08:50 Post-Fish Kill NO3, DOP, TP, Trans 

Brown foam @ 
Kreidermacher's 

Campground 
MPCA SBW15010 8/6/2015 14:30 

Other – Brown 
Foam 

BOD, CL, E. Coli, NO3+NO2, NH3, 
pH, TP, TS, TSS,TVS 

Bethany Drive Ravine MPCA BR 8/17/2015 18:30 Other - Ravine 
ALK, BOD, CL, Hardness, NO3+NO2, 

NH3, pH, TKN, TP, SO4 

Middle Branch Whitewater 
River 

MDA MBW15019 
7/28/2015 

through 
8/1/2015 

08:47 -
07:47 

Other – Adjacent 
Watershed 

NO3, DOP, TP, Trans, TSS 

* Parameters analyzed key: ALK = alkalinity, BOD = Biological Oxygen Demand, CL = chloride, DOP=dissolved orthophosphorus, E.coli = Escherichia coli, 
Hardness = Hardness, NH3=ammonia, NO3+NO2 = Nitrate+nitrite, NO3=nitrate, pH = pH, TKN=total kjedhal nitrogen, Trans=transparency, TP=total 
phosphorus, TS=total solids, TSS=total suspended solids, TVS=total volatile solids, SO4=sulfate 

 

 
TABLE 10.3. PESTICIDE WATER SAMPLE COLLECTION PERIOD SUB-CATEGORY. 

Location Agency Sample ID Date Time (CST) 
Collection Period Sub-

Category 

Crystal Springs #1 MDA DTT15001 2/13/2015 09:00 Hatchery Spring Pre-Fish Kill 

Crystal Springs #1 MDA DTT15005 8/11/2015 07:45 Hatchery Spring Post-Fish Kill 

CR-37 near Hatchery MDA SBW15001 5/15/2015 06:40 Pre-Fish Kill 
CR-37 near Hatchery MDA SBW15002 5/27/2015 13:05 Pre-Fish Kill 
CR-37 near Hatchery MDA SBW15003 6/12/2015 13:50 Pre-Fish Kill 
CR-37 near Hatchery MDA SBW15004 6/29/2015 14:00 Pre-Fish Kill 

CR-37 near Hatchery MDA SBW15005 7/13/2015 08:45 Pre-Fish Kill 
CR-37 near Hatchery MDA SBW15006 7/28/2015 13:00 Fish Kill Period 

CR-119 MPCA CR-119 7/30/2015 15:30 Fish Kill Period 
CR-112 MDA WW-01 7/30/2015 16:45 Fish Kill Period 

Bethany Drive Bridge MPCA Bethany Drive 7/30/2015 16:20 Fish Kill Period 
Kreidermacher's  Campground MPCA Kreidermacher's Campground, Show 

bridge 
7/30/2015 17:11 Fish Kill Period 

Near Hatchery DNR 4 7/30/2015 10:00 Fish Kill Period 

Near Hatchery DNR 5 7/30/2015 15:15 Fish Kill Period 
CR-37 near Hatchery MDA SBW15007 8/6/2015 09:45 Post-Fish Kill 
CR-37 near Hatchery MDA SBW15802 8/7/2015 07:30 Post-Fish Kill 
CR-37 near Hatchery MDA SBW15011 8/19/2015 08:50 Post-Fish Kill 

Brown foam @ K's 
Campground 

MPCA SBW15010 8/6/2015 14:30 Other – Brown Foam 

Middle Branch Whitewater 
River 

MDA MBW15019 7/28/2015 through 
8/1/2015 

08:47 -
07:47 

Other – Adjacent Watershed 
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TABLE 10.4.  SAMPLE COLLECTION INFORMATION FOR FISH TISSUE SAMPLES. 

Location Agency Date 
Time 
(CST) 

Description 
Preservation 

Method 
Laboratory 

Analyses 
Performed  

Sample Collection 
Purpose 

Kreidermacher 
Campground 

DNR 7/30/2015 10:00 
Brown trout, brook trout, 
white sucker, whole fish 

composite, livers included 
Frozen MDA 

Fungicides/ 
Metals 

Investigation 

Kreidermacher 
Campground 

DNR 7/30/0215 10:00 Brown trout, livers Frozen MDA Metals Investigation 

Kreidermacher 
Campground DNR 7/30/0215 10:00 

3 brown trout, whole, 
Livers were removed and 

analyzed separately 
Frozen MDA Metals Investigation 

Kreidermacher 
Campground 

DNR 9/22/2015 14:00 Brown trout, livers Frozen MDA Metals Background 

Kreidermacher 
Campground DNR 9/22/2015 14:00 

2 brown trout, whole, 
Livers were removed and 

analyzed separately 
Frozen MDA Metals Background 

Kreidermacher 
Campground 

DNR 9/22/2015 14:00 White sucker, livers Frozen MDA Metals Background 

Kreidermacher 
Campground DNR 9/22/2015 14:00 

4 white suckers, whole, 
Livers were removed and 

analyzed separately 
Frozen MDA Metals Background 
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11. APPENDIX D. AGENCY STANDARD OPERATING PROCEDURES FOR SAMPLE 

COLLECTION 
 
TABLE 11.1.  ACCESS GUIDE FOR AGENCY SAMPLE COLLECTION STANDARD OPERATING PROCEDURES 

Agency Method Electronic Access 
DNR Fish Sampling Available upon request 
DNR Water Quality Sampling Available upon request 

MPCA Water Quality Sampling Available upon request 
MPCA Manure Sampling Available upon request 
MDA Water Quality Sampling http://www.mda.state.mn.us/monitoring 
MDA Soil Sampling Available upon request 
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12. APPENDIX E. CHAIN-OF-CUSTODY REPORTS AND ANALYTICAL RESULTS 
 
TABLE 12.1. WATER SAMPLE CHAIN-OF-CUSTODY REPORTS AND ANALYTICAL RESULTS. 
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TABLE E3. SOIL SAMPLE CHAIN-OF-CUSTODY REPORTS AND ANALYTICAL RESULTS. 
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TABLE E4. FISH SAMPLE CHAIN-OF-CUSTODY REPORTS AND ANALYTICAL RESULTS. 
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