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Executive Summary  

As part of an ongoing Clean Water Act Section 319 grant-funded pollution reduction effort, Oak Creek 

Watershed Council (OCWC) staff and volunteers conducted water quality monitoring from June through 

September, 2014.  The purpose of this monitoring was to investigate pollutant source areas and 

evaluate best management practices (BMP) effectiveness.  Water quality samples were collected in Oak 

Creek Canyon in June 2014 according to an ADEQ-approved abbreviated monitoring plan (AMP).  In May 

and June 2014, the Slide Fire charred more than 21,000 acres of Coconino National Forest in the upper 

part of Oak Creek watershed.  In response to public access closure and flood hazard following this 

wildfire, a revised AMP was approved and monitoring activities shifted to the Sedona area.  The purpose 

of monitoring also shifted from evaluating outreach and trash collection in Oak Creek Canyon to 

evaluating the effectiveness of pet waste stations for reducing fecal loading and subsequent E. coli 

concentrations in tributary washes of Oak Creek.   Results, conclusion, and recommendations are 

reported separately for both Oak Creek Canyon and the Sedona area.  

A total of 12 samples were collected from Oak Creek in Oak Creek Canyon.  A total of 22 samples were 

collected in the Sedona area from Carroll Canyon Wash and Soldier Wash, which are tributaries to Oak 

Creek that arise on national forest lands then pass through the city of Sedona, while a total of 14 

samples were collected from Oak Creek in the Sedona area.  Duplicate samples were collected for 

quality assurance/quality control and 1/10 dilutions were also analyzed and considered as duplicates in 

the case of stormflow from the washes.   Resulting E. coli concentrations and turbidity measurements 

were consistent with past monitoring in 2012.  However, average E. coli concentrations in Carroll 

Canyon Wash noticeably decreased from 2012 to 2014 in response to many hundreds of pounds of dog 

feces being removed from this tributary watershed.  Most of the feces were removed by hikers 

ǾƻƭǳƴǘŀǊƛƭȅ ŎƻƭƭŜŎǘƛƴƎ ǘƘŜƛǊ ǇŜǘǎΩ ŦŜŎŜǎ ǳǎƛƴƎ ōŀƎǎ ǇǊƻǾƛŘŜŘ ŀƴŘ ŘŜǇƻǎƛǘƛƴƎ ǘƘŜ ōŀƎǎ ŀǘ ǇŜǘ ǿŀǎǘŜ ǎǘŀǘƛƻƴǎ.  

These pet waste stations have been installed through a collaborative effort of OCWC, City of Sedona, 

Coconino National Forest and area home owner associations.  

Findings of the 2014 monitoring include the following:   

¶ Samples collected upstream of Sedona city limits in the headwaters of Carroll Canyon Wash and 

Soldier Wash indicate that E. coli concentrations are remarkably lower coming from the national 

forest land  than in samples collected downstream of the urbanized parts of the watersheds.  

¶ Removing dog feces from along hiking trails appears to reduce E. coli concentrations in adjacent 

washes during stormflow.   

¶ Cumulative efforts to reduce fecal loading in Carroll Canyon Wash appear to be working to 

lower E. coli concentrations in stormflow of this wash.  

¶ Large concentrations of E. coli Ŏŀƴ ōŜ ƳƻōƛƭƛȊŜŘ ŦǊƻƳ ǘƘŜ {ŜǘǘƭŜǊΩǎ wŜǎǘ ƴŜƛƎƘōƻǊƘƻƻŘ during 

intense storm events.  This is meaningful, ōŜŎŀǳǎŜ ǘƘŜ {ŜǘǘƭŜǊΩǎ wŜǎǘ ƴŜƛƎƘōƻǊƘƻƻŘ ǿƛƭƭ ōŜ ǘƘŜ 

focus of a BMP demonstration project in 2015 and the 2014 data can serve as a baseline in 

evaluating future BMP effectiveness.   

Recommendations are to continue and expand the pet waste station program.  Add targeted outreach 

to Sedona pet owners to reduce fecal loading in residential areas that can be mobilized by storm events 

and delivered via washes to Oak Creek.  Also, work with Arizona Game and Fish Department to evaluate 

fecal contributions from wildlife and mitigate wildlife attraction to the urban area.  
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Introduction 

As part of a nonpoint source pollution Education and Outreach Grant (EDOG) awarded January 2014 by 

Arizona Department of Environmental Quality (ADEQ) to Oak Creek Watershed Council (OCWC), water 

quality monitoring was conducted in 2014 to evaluate effectiveness of best management practices 

implemented in Oak Creek watershed.  Oak Creek water quality is impaired for E. coli bacteria.  Several 

studies have been completed previously to characterize this pollution problem, and a number of 

pollution reduction projects have been implemented, but up until now the effectiveness of these actions 

has not been rigorously demonstrated.   An abbreviated monitoring plan (AMP) was drafted and 

approved by ADEQ in May 2014 that included water sampling and analysis for E. coli and turbidity.  The 

original sampling sites were located in Oak Creek Canyon and were intended to test the effectiveness of 

BMPs implemented in 2013 and 2014.  These BMPs included public outreach conducted by the Oak 

Creek Ambassadors and trash pickup by the Oak Creek Ambassadors and volunteer Friends of Oak 

Creek.  Trash pickup included collection of feces.   

On May 20, 2014 the Slide Fire began just north 

of Slide Rock State Park, charring 21,227 acres 

of forest before it was extinguished and 

causing the upper half of Oak Creek Canyon to 

be closed to the public for a period of about 3 

months (Figure 1).  Concern regarding post-fire 

flooding made it imperative that there be no 

stream water sampling during the upcoming 

monsoon season, so the AMP had to be revised 

to address other monitoring priorities, since it 

would be impossible to carry out the original 

AMP.  For the month of June 2014, during pre-

monsoon base flows, OCWC did collect samples 

from Oak Creek Canyon, but samplers were primarily limited to the lower half of the canyon, since the 

upper half was closed.   Meanwhile, a revised AMP was written and approved.  Once the new AMP was 

approved, focus shifted downstream to the Sedona area for the remainder of the 2014 water quality 

sampling season.  

In July 2014, OCWC began water quality monitoring in the Sedona Area.  The main objective of this 

monitoring was to determine the effectiveness of pet waste stations for reducing fecal loading and E. 

coli concentrations of storm flow in tributary washes to Oak Creek.   The sampling results added to 

monitoring data from 2011 and 2012, to better characterize the flux of E. coli and turbidity to Oak Creek 

from two main tributary washes ς Soldier Wash and Carroll Canyon ς that enter Oak Creek on the right 

bank after passing through national forest lands in the headwaters and through the Sedona urban area.   

 
Figure 1. Slide Fire as seen from Oak Creek Canyon overlook.  
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Methods 

Oak Creek Canyon Sampling 
In 2014, Oak Creek water quality was evaluated in response 2013 BMPs (Figure 2). Water samples were 

collected from Oak Creek in IDEXX 100ml sample bottles and 100 ml Nalgene bottles at six locations in 

Oak Creek Canyon by Friends of Oak Creek volunteers and OCWC staff.  The six sample sites were Below 

Cave Springs Camp Ground, Forest Houses, Slide Rock State Park (downstream of bridge), Below 

Manzanita Campground, Indian Gardens, and Lomacasi (Figure 3).   Samples were transported to 

Northern Arizona University where they were analyzed for E. coli bacteria concentrations using the 

IDEXX QuantiTray method.  Turbidity was also tested in the laboratory using a HACH nephelometric 

turbidmeter.  Results were recorded in a lab book then transferred to an Excel spreadsheet database.  

For quality assurance purposes, a duplicate sample was collected and analyzed for about one out of ten 

samples. 

Water quality results were evaluated in light of 2013 best management practices measurements that 

included number of visitor contacts, number of hours of outreach, and pounds of trash collected by 

location (Figure 2, Appendix A ς Tables A1, A2, A3 and A4).  Cave Springs Day Use Area and Slide Rock 

State Park were focal points for outreach activities in 2013.  For this reason, the Cave Springs sampling 

site was added in 2014 to established sampling sites that were sampled 2011 and 2012, which already 

included Slide Rock State Park.   

Due to the limited amount of data collected in June 2014, statistical analysis of Oak Creek Canyon water 

quality data was not feasible.  Instead, the significance of sampling results was evaluated by comparing 

average base flow E. coli results from 2014 with results from 2011 and 2012 to make inferences about 

the potential effects of BMPS and the impacts from canyon closure due to the Slide Fire (See Results 

section, Figure 7). 

 

Figure 2. Pounds of trash collected in Oak Creek Canyon by Oak Creek Ambassadors, 

2013.  Trash was not collected in the canyon in 2014 due to public access closure of the 

upper half of the canyon after the Slide Fire.  
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Figure 3. Map of planned sampling locations for 2014 water quality sampling in Oak Creek 

Canyon.  Includes the number of pounds of trash collected at sites in Oak Creek Canyon in 

2013 by the Oak Creek Ambassadors.  Actual sampling locations were limited to Cave 

Springs, Forest Houses, Slide Rock, below Manzanita Campground, Indian Gardens, and 

Lomacasi, due to access restrictions following the Slide Fire.  



5 
 

Sedona Area Sampling 
Sampling was conducted in the Sedona Area on stormflow in Soldier Wash and Carroll Canyon Wash and 

at points on Oak Creek upstream of Sedona (άLomacasiέ), downstream of the Soldier Wash confluence 

but upstream of the Carroll Canyon confluence (άCrescent Moonέ) and downstream of Sedona (άbelow 

Red Rock State Parkέ) (Figure 4).  Crescent Moon was a new sampling site for OCWC this year, but it has 

been sampled on a weekly basis in the summer by the Friends of the Forest for several years.  The 

difference between the FOF and OCWC sampling strategies is that the FOF sampling occurs on a 

predetermined day of the week (Tuesday), while OCWC is timed to characterize baseflow and stormflow 

conditions.   Oak Creek was sampled before and between storm events to establish E. coli 

concentrations in the absence of storm flow and sampled the day after storm events to document water 

quality impacts from storm flow.   

On stormflow days, the tributary washes were sampled (Figure 4).  Sample sites were selected to 

provide information about E. coli concentrations that are generated on national forest lands upstream 

of Sedona city limits and E. coli concentrations that are accumulations of the former plus runoff from 

within the City of Sedona.   Sample sites included άSoldier Wash at city boundaryέ(upstream of city) and 

άSoldier Wash at Tlaqupaqueέ (downstream of urban area) for Soldier Wash.  ¢ƘŜ άAndanteέ, 

άMeanderέ, and άLittle Elfέ sites represented runoff from national forest land upstream of the city in the 

Carroll Canyon watershed.  (Little Elf Wash is also known as Coffee Pot Wash by the City of Sedona.) 

They were all located just upstream of the city boundary on national forest lands, or in the case of Little 

Elf on a parcel of City of Sedona land that is open space.   ¢ƘŜ άCarroll Canyon at Shelby Driveέ and 

άbelow Settlers Restέ sites represent urban runoff in the Carroll Canyon watershed from the City of 

Sedona, plus any upstream runoff from national forest lands.  ¢ƘŜ ǎƛǘŜ άCarroll Canyon at Chavez Driveέ 

represents nearly all runoff from Carroll Canyon Wash, including national forest land above the city, 

urban runoff from Sedona, and more runoff from national forest land south of the urban area.  Carroll 

Canyon enters Oak Creek about ¼ mile downstream of Chavez Drive after passing through a residential 

area. 
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Figure 4. Sampling site map for Sedona area, 2014 
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Please note, in this report we refer to storm-generated water flow sampled in the tributary washes as 

άǎǘƻǊƳ Ŧƭƻǿέ ŀǎ ƻǇǇƻǎŜŘ ǘƻ ǎǘƻǊƳ ǿŀǘŜǊΦ  ά{ǘƻǊƳ ǿŀǘŜǊέ Ƙŀǎ ŀ ǇŀǊǘƛŎǳƭŀǊ ƳŜŀƴƛƴƎ ƛƴ ǘƘŜ ǊŜƎǳƭŀǘƻǊȅ 

framework and is generally not addressed by Section 319 of the Clean Water Act that addresses 

ƴƻƴǇƻƛƴǘ ǎƻǳǊŎŜ ǇƻƭƭǳǘƛƻƴΣ ŦƻǊ ǿƘƛŎƘ h/²/Ωǎ ƎǊŀƴǘ ŦǳƴŘƛƴƎ ƛǎ ƛƴǘŜƴŘŜŘΦ  LŦ ǘƘŜ ǘŜǊƳ άǎǘƻǊƳ ǿŀǘŜǊέ ƛǎ 

used in this report, it specifically means storm-generated, channelized flow that arises within the City of 

Sedona Municipal Separate Storm Sewer (MS-4) service area.  Storm water is the responsibility and 

jurisdiction of the City of Sedona.  Any pollution sources arising in the MS-4 area and conveyed in the 

City of Sedona storm sewer system must be addressed through the MS-4 program, not section 319 

nonpoint source pollution program.        

As with the sampling in Oak Creek Canyon under the original AMP, Sedona area samples were 

transported to NAU and analyzed for E. coli concentrations and turbidity.  Data was entered in a log 

book and transferred to an Excel spreadsheet database for analysis.   Because stormwater samples were 

anticipated to be very high in E. coli concentrations, samples were analyzed as collected and as 1:10 

dilutions.  Dilutions were prepared by decanting sample water from the top of each sample bottle to 

100 ml fill line (10 ml volume), pouring this sample water into another IDEXX sample bottle and filling to 

the 100 ml fill line with deionized distilled water.  Dilutions served as duplicate samples for quality 

assurance purposes, but some duplicate samples were also collected in the field, as noted in the log 

book and Excel spreadsheet.   

Though limited in number (35 data points), there were sufficient data to conduct statistical analysis, as 

well as make other interpretive inferences.  Simple linear regression analysis was used to evaluate 

trends, with an a priori alpha set at 0.10 for a 90% confidence interval.  R2 values were used along with p 

values to determine significance of trends.      

Results 

Water samples were collected from Oak Creek and tributary washes of Oak Creek in response to 

baseflow and stormflow conditions (Figures 5 and 6).  See Appendix B for complete 2014 water quality 

test results.   
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Figure 5.  Cumulative rainfall and stream height at ǘƘŜ ¦{D{ άhŀƪ /ǊŜŜƪ ƴŜŀǊ {ŜŘƻƴŀέ ƎŀǳƎŜΣ Wune 

through early September 2014, with water sampling dates indicated with dashed lines.  Green dashed 

lines indicate baseflow conditions and background levels of E. coli.  Red dashed lines indicate storm flow 

condition and elevated E. coli concentrations.  
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Figure 6. Cumulative rainfall and stream discharge ŀǘ άhŀƪ /ǊŜŜƪ ƴŜŀǊ {ŜŘƻƴŀέ ƎŀǳƎŜΣ ŘǳǊƛƴƎ {ŜǇǘŜƳōŜǊ 

2014, with water sampling dates indicated with dashed lines.  Red dashed lines indicate storm flow 

condition and elevated E. coli concentrations.  (The USGS apparently replaced the rain gauge at this site 

during September, 2014, which is why sampling dates are shown on consecutive graphs.)  
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Oak Creek Canyon Results 
As in past years, E. coli concentrations generally increased going from upstream to downstream in Oak 

Creek Canyon (Figure 7, Appendix B - Table B1).   What was different this year is that E. coli 

concentrations were exceptionally low in the upper half of Oak Creek Canyon, while it was closed to 

recreational use due to hazards posed by the Slide Fire (Figure 7).   This is based on three sampling dates 

in June for the lower canyon and one sampling date in June for the upper canyon.  Conversely, 

concentrations at Indian Gardens were higher than usual (the average is leveraged by a single high value 

of 95.9 cfu/100 ml on June 19).  The higher concentration at Indian Gardens is likely due to greatly 

increased visitation in this area, since popular upstream areas were closed.  Because there was no flow 

in Munds Canyon during June 2014, E. coli contributions from Munds Canyon to the Indian Gardens area 

are unlikely.  Overall, at the outlet of Oak Creek Canyon at Lomacasi, average E. coli concentrations in 

June 2014 were lower than average concentrations in June 2012, perhaps due to lower recreational use 

of Oak Creek Canyon during the post-wildfire closure of the upper canyon.  Certainly there was a 

dramatic decrease in E. coli concentrations at Slide Rock from June 2011 to June 2014 in the absence of 

recreators.   Please note that all these E. coli concentrations values during baseflow in Oak Creek Canyon 

are well below the water quality standard of 235 cfu/100 ml.  When exceedences have occurred in past 

years it was either during storm flow or during heavy visitation.  

 

 

 

Figure 7. Average pre-monsoon E. coli concentrations in Oak Creek Canyon, 2011, 2012, and 2014.   (See 

Appendix B, Table B1 for individual 2014 sample results.) 
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Sedona Area Results 
Stormflow samples were collected at sampling points in Carroll Canyon Wash and Soldier Wash on four 

dates in August and September to evaluate source areas of E. coli to Oak Creek, and samples were 

collected from Oak Creek on four other dates in August and September to characterize baseflow 

conditions and to evaluate impacts of tributary wash runoff from the previous day (Figure 8, Table B2).  

Figure 9. shows E. coli concentrations in response to various rainfall amounts (inches).  Note that 

samples collected upstream of Sedona city limits in the headwaters of Carroll Canyon Wash and Soldier 

Wash had E. coli concentrations that were remarkably lower than samples collected downstream of the 

urbanized parts of the watersheds.  Also note that E.coli concentrations for Soldier Wash at Boundary, 

the one site that corresponds with no pet waste station at a trailhead, do not appear to be noticeably 

different than other sites upstream of the city limit that do have pet waste stations (Andante, Meander, 

Little Elf).  However, when regression analysis was used to compare Andante, Little Elf, and Soldier at 

City Boundary, a significant relationship was found between fecal loading (as measured by pounds of 

feces collected at 100 and 500 feet from an adjacent trailhead) and E. coli concentrations in runoff 

(Figure 10).   

 

 

 

Figure 8.  Average E. coli concentrations in tributary washes to Oak Creek in the Sedona area, 2011, 

2012 and 2014.  Results are shown from upstream to downstream, including Mormon Canyon, 

Arroyo Roble, Soldier Wash, and Carroll Canyon.  The furthest right value for each drainage is near 

the mouth of the tributary.  (See Appendix B, Table B2 for individual E. coli concentrations for 

samples collected during storm flow in 2014).   
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Figure 9. E. coli concentration in response to daily rainfall amounts for tributary washes to Oak Creek in 

the Sedona area.  Notice higher concentrations at sites that drain urban areas (box symbol) than site 

that drain national forest (rural) lands (triangle symbol).  Also note (red circles) there do not appear to 

be verifiable differences in E. coli concentrations at washes where there are not (Soldier) or are 

(Andante, Meandor, Little Elf) pet waste stations at adjacent trailheads.   (Rainfall amount is from the 

precipitation gauge at the ¦{D{ άhŀƪ /ǊŜŜƪ ƴŜŀǊ {ŜŘƻƴŀέ streamflow gauge.) 
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Figure 10.  E. coli concentrations of stormflow in adjacent streams in response to the pounds of feces 

collected during fecal surveys from plots at 100 and 500 feet from each trailhead.   Red and blue dashed 

lines are linear regression trend lines, with R2 values noted.  

Conclusions 

Oak Creek Canyon 
Sampling results are inconclusive with regards to evaluating 2013 BMP effectiveness, because the 

closure of Oak Creek Canyon following the Slide Fire added confounding variables.  A limited number of 

samples collected in Oak Creek Canyon in June only, before relocating the sampling effort downstream 

under a revised Abbreviated Monitoring Plan.  The Slide Fire disrupted creek visitation by recreators and 

caused planned outreach and trash pickup efforts in 2014 to be cancelled.  Therefore, it is not possible 

to fully evaluate whether 2013 BMPs made a difference in E. coli concentrations of Oak Creek Canyon.   

The absence of recreation in the creek above Manzanita Campground, due to the Forest Service closing 

the upper canyon following the 21,227-acre wildfire, clearly an overwhelming effect on E. coli 

concentrations in the upper half of Oak Creek Canyon, which were the lowest on average of the three 

years that OCWC has monitored E. coli (Figure 7). 

Sedona Area 

There were four important findings from E. coli monitoring in Carroll Canyon and Solder Wash in 2014.   

First, it was confirmed that there are greater sources of E. coli within the city limits than coming into the 

city from upstream national forest land.  This is evidenced by greater concentrations at the mouth of 

Soldier Wash than at the city boundary upstream and the much greater concentrations downstream of 

[ƛǘǘƭŜ 9ƭŦ 

                                        {ƻƭŘƛŜǊ             

!ƴŘŀƴǘŜ                                            

[ƛǘǘƭŜ 9ƭŦ 

                    {ƻƭŘƛŜǊ             
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the city on Carroll Canyon at Shelby Road and Chavez Ranch Road than at Andante and Little Elf 

upstream of the city boundary.  This finding has implications for addressing nonpoint source pollution 

within the City of Sedona.  Given that there have been no illicit sewage discharges to the stormwater 

system discovered during regular inspections by City personnel, and given that the stormwater and 

sewer systems are completely separate, precluding any sewer system overflow due to stormwater 

overwhelming the capacity of the sewer (David Peck, personal communication), the most likely source 

ŦƻǊ Ƴƻǎǘ ƻŦ ǘƘŜ ŦŜŎŀƭ ŎƻƴǘŀƳƛƴŀǘƛƻƴ ƛƴ {ŜŘƻƴŀΩǎ ǿŀǎƘŜǎ ƛǎ ŀƴƛƳŀƭ ǿŀǎǘŜΦ  ¢Ƙƛǎ ǿƻǳƭŘ ƛƴŎƭǳŘŜ ǇŜǘ ŦŜŎŜǎ 

left in yards or tossed directly into drainage channels and feces from wildlife that drawn into the city by 

available food sources.   During storm events this fecal material is obviously washed into drainage 

channels and makes its way into washes and Oak Creek.    

The second important finding is that removing dog feces from along hiking trails does appear to reduce 

E. coli concentrations in adjacent washes during storm flow.  This is evidenced by the very compelling 

connection between fecal survey results and runoff E. coli concentrations.  Unfortunately, it is harder to 

demonstrate statistically that the pet waste stations are the reason for the decrease, simply because not 

all trails are used equally.  There was a great cumulative weight of feces collected by hikers along the 

Sugar Loaf Trail as measured at the Sugar Loaf Trailhead pet waste station by the City of Sedona 

personnel.  Sugar Loaf trail is very popular; it is heavily used by both local residents and out of town 

visitors.  Obviously many of these trail users do not make use of the waste bags, because there was still 

a heavy loading of feces according to the feces survey, regardless of the great weight of feces collected 

by hikers.  In contrast, Andante Trail has fewer users, who are reported to be mostly local residents.  

Hikers on the Andante Trail have displayed impeccable diligence in ŎƻƭƭŜŎǘƛƴƎ ǘƘŜƛǊ ŘƻƎǎΩ ŦŜŎŜǎΣ ŀǎ 

evidenced by both the weight of feces collected and the low feces counts along the trail, which in turn 

tie to low E. coli concentrations in runoff.  It seems that the presence of the pet waste stations alone is 

not enough to guarantee their use.  Values and habits of trail users and a sense of responsibility 

(perhaps more prevalent among residents than visitors) also appear to play important roles.  Given the 

effectiveness of pet waste stations, their continued and expanded use is recommended, along with 

targeted outreach and education to enhance their utilization.    

The third important finding is that cumulative efforts to reduce E. coli loading in Carroll Canyon Wash 

appear to be working.  Altogether about 1200 pounds of feces were collected at pet waste stations in 

Carroll Canyon watershed in 2014 prior to the end of September.  Added to this were dozens of pounds 

of feces collected by Friends of Oak Creek volunteers along trails in the watershed.  Apparently in 

response to this effort, average E. coli concentrations at Shelby Drive and Chavez Ranch Road Bridge 

dropped about 40% and 60% respectively between 2012 and 2014.  These results are very encouraging 

to see.  It is reasonable to expect that continuing and expanding efforts to remove pet feces from the 

landscape should provide even further water quality improvements in the future.    

The fourth important finding of the 2014 monitoring effort was that large concentrations of E. coli can 

ōŜ ƳƻōƛƭƛȊŜŘ ŦǊƻƳ ǘƘŜ {ŜǘǘƭŜǊΩs Rest neighborhood during intense storm events.  This is meaningful 

ōŜŎŀǳǎŜ ǘƘŜ {ŜǘǘƭŜǊΩǎ wŜǎǘ ƴŜƛƎƘōƻǊƘƻƻŘ ǿƛƭƭ ōŜ ǘƘŜ ŦƻŎǳǎ ƻŦ ŀ .at ŘŜƳƻƴǎǘǊŀǘƛƻƴ ǇǊƻƧŜŎǘ ƛƴ нлмрΦ  ¢ƘŜ 

2014 monitoring results serve as baseline data against which BMP effectiveness can be evaluated.   
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Recommendations 

Oak Creek Canyon 
A sharp drop in recreation in upper Oak Creek Canyon following the Slide Fire corresponded with a 

remarkable drop in E. coli concentrations. Meanwhile, much greater recreation impacts were seen at 

Indian Gardens in 2014 than in past years, coinciding with much higher baseflow E. coli concentrations.  

Judging by this pattern it seems clear that there is a direct impact to water quality from humans 

recreating in the creek.  This should come as no surprise considering that Slide Rock State Park (SRSP) 

has often either closed the swimming area or posted άǎǿƛƳ ŀǘ ȅƻǳǊ ƻǿƴ Ǌƛǎƪέ signs on heavy visitation 

weekends due to E. coli concentrations exceeding the water quality standard.  As discussed in the Oak 

Creek Watershed Improvement Plan, elevated E. coli in response to human recreation could be due to 

several causes including the following:  

¶ human feces deposited along streambanks, 

¶ human fecal matter washing off swimmers,  

¶ pet waste, 

¶ wildlife defecating in or near stream after consuming food waste left behind by visitors, 

¶ sediment reservoirs of E. coli on the stream bottom being disturbed by recreators and mixing E. 

coli into the water column, and  

¶ any combination of the above  

To reduce recreation impacts to water quality, property owners (both public and private) in Oak Creek 

Canyon should consider expanding efforts to limit the number of people recreating in the creek at any 

one time.  SRSP has a policy regarding this, but the Forest Service and some of the larger commercial 

enterprises and residential communities in the canyon should consider adopting similar and supportive 

policies.  Also, there could be more vigilant efforts to reduce littering, especially of diapers and food 

waste, through targeted outreach activities in the canyon and through public service announcements.   

Perhaps most importantly, more public restroom facilities must be made available in Oak Creek Canyon.  

The recent addition of a restroom at Midgley Bridge is a great improvement.  The Forest Service, with 

the assistance of collaborators, should continue to add toilets, update the forest map to show their 

locations, and provide signage and adequate parking so visitors make optimal use of available facilities.   

Information kiosks at public restrooms can provide education opportunities to raise visitorsΩ awareness 

of what they can do to project water quality and human health.    

Sedona Area 
There is good evidence to support that pet waste stations are working to reduce fecal loading in the 

Carroll Canyon watershed.  The City of Sedona maintains many pet waste stations within the city limits; 

they weigh and records pet feces for each of these stations (Table A5).  The Oak Creek Ambassadors 

maintain and record data for additional stations outside the city limits (Table A6).  More pet waste 

stations should be installed and a steady source of funding to maintain these waste stations should be 

identified.  Education and outreach should continue and target both residents and visitors that hike local 

trails to encourage use of the pet waste stations.  Several (if not all) trailheads lack basic information 

ŀōƻǳǘ ǿƘȅ ǘƻ ǳǎŜ ǘƘŜ ǇŜǘ ǿŀǎǘŜ ǎǘŀǘƛƻƴǎΦ  [ŀƳƛƴŀǘŜŘ ǇƻǎǘŜǊǎΣ ǎƛȊŜŘ ŀǊƻǳƴŘ ммέ · мтέΣ ǎƘƻǳƭŘ ōŜ ǇƻǎǘŜŘ 
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at all trailhead kiosks talking about the importance of picking up pet feces to reduce water pollution and 

human health risks associated with fecal contamination of Oak Creek. 

Subwatershed size has a bearing on the E. coli concentrations in runoff.  Little Elf Wash and Soldier Wash 

have much larger drainage areas than Andante, hence these larger watersheds would provide more 

fecal loading to Oak Creek for a given density of feces on the landscape.  In 2013, Phil Guertin of 

University of Arizona calculated pollutant loading for each proposed BMP project in the Oak Creek 

Watershed Improvement Plan.  Pollutant loading estimates should be updated using the extensive data 

collected by the Oak Creek Ambassadors, Friends of Oak Creek, and City of Sedona personnel in 2014 

regarding number of bags and pounds of feces removed from the watershed and the apparent E. coli 

concentrations changes that resulted from this load reduction.   

Annual targets should be set for removing fecal material 

from Carroll Canyon, Soldier Wash, and other tributary 

watersheds.  Water quality monitoring should continue 

to verify BMP effectiveness.  After sufficient data has 

been generated, a cost-benefit analysis could then be 

conducted to determine the most efficient means to 

reduce E. coli contamination in the Oak Creek watershed 

as a whole.  It seems likely that, if/when cost-benefit 

analysis is completed, pet waste stations will prove to be 

an efficient and effective way to reduce fecal 

contamination of Oak Creek. 

The Sedona area has a transient homeless population, 

some of whom perhaps camp on national forest lands, 

which might also contribute fecal material to the 

watershed.  Surveys could be sensitively conducted to 

determine the usual encampments of transients.  

Outreach to these individuals is recommended that 

combines social services offerings along with 

information about how individuals can reduce fecal 

contamination in the watershed by burying feces or 

using pet waste stations to dispose of fecal matter.  The 

outreach emphasis should be on protecting human 

health, with information delivered in a caring and 

compassionate way.  Coordination with social services 

organizations, such as Catholic Community Services, is 

recommended.   

  

 

Figure 11. A pet waste station in the 

Sedona area.  
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The recommendations given above are intended for nonpoint source pollution outside of a Municipal 

Separate Sewer System (MS4) service area.  However, these recommendations could be applied to the 

Sedona MS4 area as well.  In addition, given the tremendous amount of E. coli apparently being sourced 

within the city limits, the following measures are recommended to MS4 program: 

¶ Use pet license registrations to try to identify neighborhoods with high densities of pets that 

could be contributing fecal matter to the watershed via runoff from residentsΩ yards. 

¶ Target outreach and education in those neighborhoods with high densities of pets.  Provide 

incentives for homeowners to pick up waste (e.g. raffle for poop scoops) as part of outreach. 

¶ Survey stormwater ditches and drains to see if residents are dumping animal waste into these 

places.  Target locations of high dumpƛƴƎ ǿƛǘƘ ά5Ǌŀƛƴǎ ǘƻ ǎǘǊŜŀƳέ ǎƛƎƴǎΦ   

¶ Work with Arizona Game and Fish Department 

to assess where there may concentrations of 

wildlife (e.g. javelina and coyotes, Figure 11) 

within the city.  If appropriate, develop an 

outreach program to educate residents how to 

reduce wildlife (and wildlife feces) within the 

city, such as not leaving pet food outdoors 

where wildlife can access it and bringing in 

small pets at night.  

¶ Continue regular City of Sedona inspections to 

determine whether there are any illicit 

discharges of sewage to the storm sewer 

system, although none have been found to date 

(David Peck, personal communication).   

The City of Sedona Stormwater Code and Stormwater Management Plan are consistent with the 

recommendations listed above.  Oak Creek Watershed Council appreciates the awareness the City has of 

stormwater problems that may impact water quality of Oak Creek and offers its support to help move 

forward initiatives to improve water quality.   The OCWC applauds /ƛǘȅ ƻŦ {ŜŘƻƴŀΩǎ Ǉƭŀƴǎ ŀƴŘ ŜŦŦƻǊǘs to 

sign the stormwater system.  Storm drain signage has been effective in many communities for reducing 

nonpoint source pollution. 

          

  

 
Figure 12. Juvenile javelina in Sedona, 

 photo by Collis Lovely 

https://www.facebook.com/photo.php?fbid=10202075849176815&set=a.1264592633981.36046.1804735441&type=1
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APPENDIX A. BMPs Accomplished in Oak Creek Watershed, 2013 and 

2014 

The following tables display best management practice (BMP) implementation data in Oak Creek 

Watershed in 2013 and 2014.  A great deal of work was done in Oak Creek Canyon in 2013.  However, 

due to the Slide Fire and public access closure of the upper half of Oak Creek Canyon during 2014, BMPs 

were not implemented in Oak Creek Canyon in 2014, other than some trash pickup the week before the 

fire.  In response to concerns about safety, due to potential post-fire flooding, BMP implementation in 

2014 largely shifted away from Oak Creek.  Outreach was conducted at public venues (e.g. grocery store 

parking lots) that were not sites along Oak Creek.  A greater effort was put into maintaining pet waste 

stations and collecting feces along trails.  While significant outreach and litter cleanup was conducted by 

the Ambassadors along Oak Creek in 2014 at Chavez Crossing, Red Rock Crossing, and Mormon Crossing, 

data for these activities are not included in this report, because BMPS at these sites would have had no 

effect on findings regarding Soldier Wash and Carroll Canyon Wash impacts on Oak Creek water 

quality.      

Table A1. Number of outreach contacts by Oak Creek Ambassadors, 2013.  Green 
highlights indicate 2014 water sampling locations in Oak Creek Canyon.  

 Outreach contacts (number) 

Location JUL AUG SEP OCT Total 

Pine Flat 11 92 32 0 135 

Cave Springs 1,235 921 166 0 2,322 

West Fork 251 257 194 6 708 

Bootlegger 201 30 35 1 267 

Banjo Bill 157 39 25 0 221 

Halfway 121 45 29 0 195 

Slide Rock 781 1,983 766 255 3,785 

Manzanita 200 81 79 0 360 

Encinoso 131 15 3 10 159 

Oak Creek V.C 1 0 0 0 1 

Grasshopper  258 218 76 0 552 

Midgley Bridge 174 169 76 7 426 

O.C. Canyon subtotal 3,521 3,850 1,481 279 9,131 

Chavez Ranch 493 32 34 0 559 

Crescent Moon 250 203 198 23 674 

Mile 356 3 0 0 0 3 

Trails End 4 0 0 0 4 

Other   700 412 1,112 

below OCC subtotal 750 235 932 435 2,352 

Total Outreach Contacts 6,094 6,635 3,467 986 11,483 
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Table A2. Time spent on outreach contacts by Oak Creek Ambassadors, 2013. 

Green highlights indicate 2014 water sampling locations in Oak Creek Canyon.  

  Time of outreach contacts (minutes)  

Location JUL AUG SEP OCT Total 

Pine Flat 22 143 73 0 238 

Cave Springs 3542 12698 1172 0 17412 

West Fork 563 413 403 30 1409 

Bootlegger 287 60 94 6 447 

Banjo Bill 246 109 41 0 396 

Halfway 201 81 64 0 346 

Slide Rock 1792 5662 2419 1075 10948 

Manzanita 349 283 209 0 841 

Encinoso 234 17 11 18 280 

Oak Creek V.C 5 0 0 0 5 

Grasshopper  451 377 122 0 950 

Midgley Bridge 282 338 157 23 800 

O.C. Canyon subtotal 7,974 20,181 4,765 1,152 34,072 

Chavez Ranch 1,383 70 129 0 1,582 

Crescent Moon 1,006 325 5,171 64 6,566 

Mile 356 3 0 0 0 3 

Trails End 20 0 0 0 20 

Other   4,673 4,701 9,374 

below OCC subtotal 2,412 395 9,973 4,765 17,545 

Total (minutes) 10,386 20,576 14,738 5,917 51,617 

Total Outreach Time (hours) 173 343 246 99 860 
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Table A3. Trash collected (pounds) by Oak Creek Ambassadors, 2013.               

Green highlights indicate 2014 sampling locations in Oak Creek Canyon.   

Red outline indicates sites with abundant trash collection in Oak Creek Canyon.  

  Trash collected (pounds)  

Location JUL AUG SEP OCT Total 

Pine Flat 15 8 10 0 34 

Cave Springs 144 81 53 0 277 

West Fork 34 15 28 44 121 

Bootlegger 50 22 43 13 128 

Banjo Bill 42 8 21 34 105 

Halfway 87 29 34 23 173 

Slide Rock 149 252 95 36 532 

Manzanita 59 176 76 0 312 

Encinoso 43 12 23 46 124 

O.C.V.C 0 0 0 0 0 

Grasshopper 98 78 42 2 220 

Midgley Br. 108 140 46 18 311 

O.C. Canyon subtotal 830 821 471 216 2337 

Chavez Ranch 119 59 59 43 280 

Crescent Moon 78 33 78 80 268 

Mile 356 7 0 0 0 7 

Trails End 4 0 0 0 4 

Other   0 1 1 

below OCC subtotal 208 91 137 124 560 

Ambassadors Total 1038 912 607 340 2897 

Friends of O.C. Total     800 

TOTAL TRASH         3697 
 
 
 
Table A4. Fecal material collected in Oak Creek watershed, 2013 

 JUL AUG SEP OCT Total 

Feces collected (pounds)  

   Oak Creek Ambassadors Total 0 30 26 11 66 

   Friends of Oak Creek Total     15 

TOTAL LBS. FECES     81 

Diapers collected (number)      

   Oak Creek Ambassadors Total 0 22 25 11 58 

   Friends of Oak Creek Total     68 

TOTAL DIAPERS         126 
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Table A5. City of Sedona pet waste station collection quantities, 2014  
                 (Data provided by City of Sedona) 

  bags pounds 

Marg's Draw Trailhead 530 95 

Uptown 89A 443 79 

Uptown Parking Lot 1,688 304 

Jordan Park 1,270 229 

Sedona Dog Park 788 145 

Carrol Canyon Trailhead 1,828 341 

Sugarloaf Trailhead 2,988 554 

Andante Trailhead 1,506 276 

Thunder Mt Trailhead 1,966 359 

Total 13,007 2,381 
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Table A6. Feces collected at pet waste stations cumulatively by City of Sedona personnel and Oak Creek Ambassadors, 2014 

                 (Data provided by Oak Creek Watershed Council) 

# BAGS LBS # BAGS LBS # BAGS LBS # BAGS LBS # BAGS LBS # BAGS LBS # BAGS LBS # BAGS LBS # BAGS LBS # BAGS LBS # BAGS LBS # BAGS LBS # BAGS LBS

PUBLIC ACCESS
CARROLL CANYON WATERSHED

Andante Trailhead 95 15.7 116 19.6 101 18.8 158 30.0 158 28.0 114 24.0 95 15.7 118 20.1 132 22.0 50 10.0 20.0 31.0 1087 194

Sugarloaf Trailhead 146 22.3 109 18.4 292 54.0 289 56.0 272 50.0 200 42.0 195 37.0 309 54.4 384 64.0 150 30.0 65.0 63.0 2196 398

Humane Society 5 81.0 3 29.8 3 53.8 2 21.4 3 27.2 2 24.2 3 20.5 27.2 3 44.8 2 19.7 28.6 24.3 24 330

Nepenthe MV 9.3 26.0 21.0 21.0 5 18.0 4 20.0 20.5 5 36.5 4 27.0 5 24.5 13.0 14 172

Nepenthe LBS 16.5 17.5 20.0 5 14.5 4 8.0 6.0 3 20.0 4 35.0 5 41.5 24.0 12 103

Carroll Canyon Trailhead 82 13.6 88 14.9 246 45.7 268 52.0 257 47.0 106 22.0 70 13.0 162 28.6 150 25.0 115 23.0 35.0 27.0 1429 262

Marg's Draw Trailhead 54 9.3 80 13.1 51 9.5 30 6.0 54 9.0 19 4.0 6 2.0 34 5.9 108 18.0 20 4.0 4.0 9.0 436 77

Carroll Canyon totals 141 104 171 67 300 152 300 118 314 124 137 83 87 64 196 88 269 144 145 109 10 134 0 97 5198 1535

SOLDIER WASH WATERSHED

Sedona Dog Park 45 6.9 86 14.2 73 13.5 71 14.0 78 15.0 63 13.0 43 8.0 48 8.1 72 13.0 35 7.0 9.0 11.0 579 106

OTHER

Kachina Red Trail 9.8 12.8 11.8 9.6 4.8 6.4 0 55

Kachina Wetlands 11.7 9.4 7.6 6.8 5.6 3.8 0 45

Kachina Pumphouse 19.4 18.4 12.0 13.2 7.8 9.4 0 80

Pine Flats 16.3 9.2 6.8 0 32

OC Mobile Lodge 1 5.0 1 0.8 1 1.0 1.0 1.0 1 5.2 2.5 6.0 6.5 4.7 6.5 3.5 0 30

Jordan Park 91 15.4 132 23.1 116 21.5 94 18.0 105 19.0 77 16.0 36 7.0 98 16.8 174 29.0 45 9.0 18.0 11.0 353 91

Uptown 89A 63 10.1 67 11.0 36 6.7 36 7.0 27 5.0 24 5.0 16 3.0 20 3.4 30 5.0 10 2.0 2.0 4.0 76 19

Uptown Parking Lot 168 28.3 184 32.1 179 33.1 36 12.0 32 17.0 110 23.0 70 13.0 116 21.6 174 29.0 50 10.0 33.0 28.0 410 135

Thunder Mt Trailhead 79 10.5 50 8.5 180 33.6 36 42.0 215 38.0 96 41.0 152 29.0 174 30.2 270 41.0 75 15.0 26.0 35.0 671 176

David Tracy 0.2 1.2 28 4.4 1.8 1.0 3.5 3.6 28 16

Bubbling Pond 7.6 6.2 2 6.2 4.5 2.6 5.7 5.6 3.5 3.8 0 26

Page Springs (2) 1.0 1.1 1 1.1 1.5 1.1 1.7 4.2 0.9 2.0 0 11

Eliphante 1 0.8 1 3.0 0.5 2.0 3.0 0 3

Other subwatersheds  

totals
402 69 435 76 513 99 202 89 379 89 311 98 274 103 436 143 648 160 180 91 0 112 0 110 1538 719

GRAND TOTAL 588 180 692 158 886 264 573 221 771 229 511 193 404 174 680 239 989 318 360 207 10 254 0 219 7315 2360

MAY TOTALSJUNE JULY AUGUST SEPTEMBER OCTOBER NOVEMBER DECEMBER
NAME

JANUARY FEBRUARY MARCH APRIL
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Appendix B.  Water quality results (E. coli, turbidity) in Oak Creek 

Canyon, Oak Creek in the Sedona area, and tributary washes of Oak 

Creek in the Sedona area, 2014. 

 Table B1. E. coli concentrations and turbidity for samples collected from Oak Creek Canyon, 2014   

Stream 

Mile 

Date Site Name E. coli 
(cfu/100 ml) 

E. coli 

duplicate 

Turbidity  

(NTU) 

41.9 6/11/2014 Below Manzanita CG 7.3 13.4 1.21 

40.4 6/11/2014 Indian Gardens 19.7  2.34 

37.4 6/11/2014 Lomacasi 19.7   2.39 

41.9 6/19/2014 Below Manzanita CG 18.1  0.79 

40.4 6/19/2014 Indian Gardens 95.9  0.97 

37.4 6/19/2014 Lomacasi 18.5   1.24 

49.2 6/26/2014 Cave Springs 2  3.79 

46.3 6/26/2014 Forest Houses 12.2  2.25 

43.7 6/26/2014 Slide Rock 4.1  0.87 

41.9 6/26/2014 Below Manzanita CG 19.7 17.3 0.91 

40.4 6/26/2014 Indian Gardens 20.1  0.54 

37.4 6/26/2014 Lomacasi 12.1   0.52 
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Table B2. E. coli concentrations and turbidity for samples collected from Oak Creek and tributary washes 

in the Sedona area.  Red numbers denote exceedance of the water quality standard.  

Stream 
Mile 

2014 
Date Site Name 

Sampling 
time 

E. coli 
(cfu/100 

ml) 

E. coli 
dilution 

1:10 
Turbidity 

(NTU) 
Rainfall 
(inches) 

37.4 8/6 Lomacasi 14:30 22.6  2.50 0.75 

 8/6 Tlaquepaque 14:00 38.4  3.66 0.75 

27.9 8/6 Below RRSP 12:50 34.5  1.33 0.75 

 8/13 Little Elf Wash 8:20 0.0 Error Nd 2.00 

 8/13 Below Settlers Rest 6:45 1,011.2 2,143 111 2.00 

 8/13 Carroll Cyn, Shelby Rd 6:22 >2,419.6 3,076 150 2.00 

 8/13 Carroll Cyn, Shelby Rd 9:02 >2,419.6  Nd 2.00 

 8/13 Carroll Cyn, Chavez Ranch 
Rd 

8:42 2,419.6  Nd 2.00 

 8/19 Soldier Wash at Boundary 10:55 1,413.6 1,723 136 1.50 

 8/19 Soldier Wash at 
Tlaqupaque 

11:12 >2,419.6 4,352 401 1.50 

 8/19 Little Elf Wash 10:15 1,553.1 1,782 230 1.50 

 8/19 Shelby Rd 11:07 >2,419.6 10,462 159 1.50 

 8/19 Shelby Rd 13:59 >2,419.6 14,136 259 1.50 

 8/19 Chavez Ranch Rd 10:44 >2,419.6 17,329 761 1.50 

 8/19 Chavez Ranch Rd 13:45 >2,419.6 11,199 716 1.50 

37.4 8/24 Lomacasi 16:06 65.7  17.7 0.00 

31.5 8/24 Crescent Moon 15:13 78.4  19.3 0.00 

27.9 8/24 Below RRSP 14:29 47.9  20.9 0.00 

37.4 9/1 Lomacasi 10:04 54.6  4.29 0.00 

31.5 9/1 Crescent Moon 10:48 46.4  6.31 0.00 

27.9 9/1 Below RRSP 11:45 15.5  4.62 0.00 

 9/17 Below Settlers Rest -puddle 13:45 6.3  6.85 0.25 

 9/17 Shelby Rd - puddle  14:00 0.0 0 178 0.25 

 9/27 Soldier Wash at Bdry. 16:45 248.1 187 Nd 3.50 

 9/27 Adante Dr (puddle) 15:33 59.8 246 Nd 3.50 

 9/27 Meander Way 16:05 28.8 40 Nd 3.50 

 9/27 Little Elf Wash (puddle) 17:12 >2,419.6 12,997 Nd 3.50 

 9/27 Below Settlers Rest 16:35 >2,419.6 >24,196 Nd 3.50 

 9/27 Shelby Rd (trickle) 16:15 >2,419.6 19,863 Nd 3.50 

 9/27 Shelby Rd 17:05 >2,419.6 19,863 Nd 3.50 

37.4 9/28 Lomacasi 8:20 >2,419.6 6,567 Nd 1.25 

37.4 9/28 Lomacasi-Duplicate 8:20 >2,419.6 6,488 Nd 1.25 

31.5 9/28 Crescent Moon 9:10 >2,419.6 3,654 Nd 1.25 

31.5 9/28 Crescent Moon-Duplicate 9:10 >2,419.6 6,131 Nd 1.25 

27.9 9/28 Below RRSP 8:45 >2,419.6 3,255 Nd 1.25 
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Table B3. E. coli concentrations at Andante, Little Elf, Carroll Canyon at Chavez Rd and Soldier Wash and 

quantity of feces collected from plots on adjacent trails at 100 and 500 feet from the trailhead.   

(Andante, Sugar Loaf and Carroll Canyon trailheads each have a pet waste station.  Soldier Pass trailhead 

does not have a pet waste station.)  

Trail 
Waste 
Station 

Feces 
Piles   
(#) 

Feces 
Wt. 
(lbs) 

Feces 
Wt.  
(oz) 

Max. E. coli 
(cfu/      

100 ml) 
Sampling 
location 

Andante Trail 100 ft Yes 0 0 0 246 Andante  

Andante Trail 500 ft Yes 4 0.16 2.6 246 Andante  

Sugarloaf Trail 100 ft Yes 8 0.48 7.7 1,782 Little Elf 

Sugarloaf Trail 500 ft Yes 7 0.24 3.8 1,782 Little Elf 

Carroll Canyon Trail 100 ft Yes 11 0.43 6.9 17,329 CC @ Chavez Rd. 

Carroll Canyon Trail 500 ft Yes 6 0.28 4.5 17,329 CC @ Chavez Rd. 

Soldier Pass Trail 100 ft No 11 0.6 9.6 1,723 Soldier @ bdry. 

Soldier Pass Trail 500 ft No 10 0.25 4 1,723 Soldier @ bdry. 

       

       
 


