
 



Landowners Guide for Recreational Monitoring 
 

The Purpose of This Document 
This document is meant to help land owners of highly recreated lakes or streams in Arizona protect and 
inform the citizens of Arizona about the benefits and risks of recreating in nature.   
 

ADEQ Recreational Monitoring Program  
The Arizona Department of Environmental Quality’s (ADEQ) Recreational Monitoring Program will 
perform bacteriological monitoring on highly recreated streams and lakes in Arizona during the peak 
human use season of March to September.  The goal of this program is to protect and inform the public 
about the waters they are recreating on and help avoid adverse health effects related to recreating in 
waters with fecal contamination.   
 
ADEQ cannot regularly sample all lakes and streams on a regular basis, but instead will select popular 
waterbodies throughout Arizona.  Land owners and local groups are key to routine sampling of these 
waterbodies.  ADEQ’s role is to bring awareness to the public and landowners about the benefits and 
risks of recreating in waterbodies throughout the state.  ADEQ’s Recreational Monitoring Program will 
provide the local land owners the infrastructure needed to complete the sampling and inform the public 
including: 

• Signs 
• Sampling Guidance 
• Public Communication (one website for the entire state) 
• Sampling Equipment 

 

Enjoy the Outdoors, but Minimize Risk 
Enjoying nature and the outdoors is part of a healthy lifestyle.  Sedentary lifestyles are directly linked to 
increased rates of obesity and heart disease (http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2996155/, 
http://blogs.plos.org/obesitypanacea/files/2010/12/Published-Paper.pdf).  Conversely, active lifestyles 
reduce the risk of obesity and heart disease and lower overall mortality rates.  Enjoying the outdoors is a 
part of this active lifestyle. 
 
ADEQ’s goal for the recreational monitoring program is to encourage the public to continue to enjoy the 
outdoors and to inform them about how to minimize their chances of getting sick while swimming or 
recreating in the beautiful waterbodies around the state.   
 
DEQ and landowners regularly monitor some sites throughout Arizona, but not all sites are monitored.  
ADEQ recommends that the public not swim or recreate at sites where E. coli is above the state 
standard of 235 colony forming units per 100 ml.  High levels of E. coli are caused by fecal contamination 
by either wildlife or humans and can cause serious illness.  Swimming and recreating in natural 
waterbodies has some risk that can be minimized if the following precautions are taken: 

• Don’t swim / recreate in turbid water 
• Don’t swim / recreate within 48 hours of a major storm 
• Use and properly dispose of swim diapers for young children 
• Don’t swim / recreate where there are a lot of cows/horses 
• Pick up and properly dispose of your dog’s waste 
• Minimize/avoid submerging your head under water 

http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2996155/
http://blogs.plos.org/obesitypanacea/files/2010/12/Published-Paper.pdf


• Don’t swim / recreate if there is an algal bloom 
• Don’t swim / recreate in stagnant water 

 
Why Monitor E. coli? 
Bacteria are a natural and necessary part of the environment and only certain strains of bacteria can 
actually cause human illnesses. A bacterial pathogen, such as Escherichia coli (E. coli), can contaminate a 
stream or lake and poses a risk to human health causing gastroenteritis, diarrhea, or other symptoms.  
Not everyone will become ill after swimming in contaminated water, but the risk of illness is correlated 
to high bacterial densities (South Carolina Department of Health and Environmental Control). 
 
Total and Fecal coliforms have been used as bacterial indicators since the 1920’s, but in 1986 US EPA 
conducted a study on two fresh water beaches, Lake Erie in Pennsylvania and Keystone Lake in 
Oklahoma, surveying swimmers and non-swimmers 8-10 days after recreating on the lakes (Dufour 
1984).  Based on the survey’s results of reported illnesses, EPA recommended that E. coli and 
enterococci showed the strongest relationship between water recreated illness from fecal 
contamination.  EPA set the standard of 235 colony forming units (cfu)/100 ml of sample, Arizona 
adopted this standard in 1996. 
 
E. coli, a specific bacterial subgroup of the total coliforms (see figure 1), is a naturally occurring 
bacterium that resides in the digestive tract of warm blooded animals (US EPA 2013). The presence of E. 
coli in water is indicative of fecal contamination and as bacterial densities increase the potential risk of 
illness increases.  

 
Figure 1.  E. coli, fecal coliform and total coliforms. 
 
There are a variety of sources of fecal contamination including, wildlife, septic tanks, livestock, pets, and 
rain runoff.   Methods of fecal source identification do exist, but are outside the scope of this program.   
 

Arizona E. coli Standards 
E. coli is the primary indicator used to protect recreational uses in Arizona’s rivers and streams.  The 
standard for E. coli for swimming/full body contact is 235 colony forming units per 100 mL and is listed 
in Arizona’s Administrative Code R18-11-109.   
 



When to Advise the Public 
The flow diagram (figure 2) outlines a general process for E. coli sampling and the steps to follow if an 
exceedance occurs.  In this example there are two different entities involved; ADEQ and the land owner.  
It is also possible that sampling would only be done by the land owner.   
 
In this example, ADEQ staff collect the initial E. coli sample.  If this sample is greater than the 235 
cfu/100mL standard then a follow up sample shall be collected the following day.  If the verification 
sample also exceeds the standard, then ADEQ will contact the land owner directly to advise that the 
public stay out of the water until E. coli falls below the standard.  No advisory is needed if either the 
initial sample or verification sample is below the standard.  (Note if multiple samples are taken in the 
same day or at the same site then these results will be averaged into one value).  ADEQ will post this 
information on the website.  The land owner will use signs on site to notify the public that the water is 
unsafe. 
 
At this point the land owner should sample daily for E. coli until results are less than the standard.  ADEQ 
recommends sampling at least weekly after the advisory has been lifted during the peak recreational 
season.  The land owner should notify ADEQ that the advisory has been lifted so that the statewide 
website can be updated.   
 
For example, during a three day weekend ADEQ staff would collect an E. coli sample on a Thursday.  
Using the Colilert method, results could be obtained within 18-24 hours depending upon which media 
was used.  If an E. coli exceedance, a result >235 cfl/100 ml, was found another E. coli sample from the 
same site location would be taken.  If the verification E. coli sample was under the 235 cfu/100ml 
standard the process would end and the recreation area would remain open.  However, if the 
verification E. coli sample resulted in another exceedance, the land owner would be notified and ADEQ’s 
website would be updated immediately informing the public on the suggested beach advisory.   
 



 
Figure 2.  Possible advisory scenario. 
 

Collecting Credible Data 
ADEQ’s “credible and scientifically defensible data” requirements are established in Arizona’s 
Administrative Code R18-11-602.  Data will be considered credible as long as a sample plan and a quality 
assurance plan has been shared with ADEQ. If assistance is needed in creating these documents, ADEQ 
will provide guidance.  
 

E. coli Collection 
 E. coli samples are collected wearing gloves and using a sealed, sterile 100ml bottle submerged in the 
stream / lake.  Bottles are available either through the lab that you are using or through IDEXX.  Stream 
samples should be opened while facing upstream.  The bottle should be opened and recapped under 
water during sampling so that surface contaminants are not sampled.   Samples must be kept on ice and 
processed within six hours of sample collection (ADEQ Standard Operating Procedures, 2015). 
 



The location of the sample should be representative of where recreational use is occurring.  Samples 
should be taken at knee depth near the bank/shore of the chosen water body. Exercise caution not to 
stir up sediment and prevent any cross contamination that might occur during the sampling process.  If 
able, collect locational data (latitude /longitude) at the sampling location and record any site specific 
information (number of recreators, current weather events, noticeable trash, etc.). 
 
Equipment Needed: 

• Sterile 100 ml bottle 
• Gloves  
• Ice chest with ice 
• Field Form 
• Pencil 
• GPS 

 

E. coli Processing 
E. coli samples must be processed either by a lab or using specialized equipment.  Not all land owners 
will have access to training and equipment needed to process the E. coli samples.  ADEQ does have 
some extra E. coli equipment available and is willing to train landowners how to use it.  Please contact 
Meghan Smart at 602-771-4506 or at ms14@azdeq.gov for more information.  Regardless of whether 
the lab processes the sample or it is processed on site it must be processed within 6 hours of collection.   
 

Option 1. Have a Lab Process Your Sample 
Most environmental labs do E. coli sampling.  The cost of a single sample is approximately $20.00.  Local 
labs can be found using an internet search or the yellow pages.  It is important to get the samples to the 
lab within 6 hours of sample collection.  Use a chain of custody to document the transfer of the sample 
to the lab. 
 

Option 2. Process the Sample Yourself 
To process your own samples you will need a sealer, an incubator, a black light, reagents and 
quantitrays.  A full set up cost roughly $7,000 but once you have the equipment the cost per sample is 
only around $5 or $6 dollars. 
 
The following details how to process E. coli samples.  Gloves must be worn during the entire process.  
 
1. Turn on sealer.  It will take approximately 15 minutes to warm to operating temperature.  
2. Verify that the incubator is operating at 35 +/- 0.5°C. 

mailto:ms14@azdeq.gov


  
FIGURE 3.  Colilert Sealer (left) and incubator (right). 
 
3. Check level of water in bottle against 100ml line, if too much water is present, decant to the 

100ml line. 
4. Pour the contents of one reagent packet into each sample bottle.  When opening the reagent 

packets, avoid inhaling the media. 
5. Cap vessel and shake gently until dissolved and allow the foam at the top the bottle to settle.  

Chilled samples will take longer to dissolve the reagent.  A hot water bath can be used to warm 
chilled samples prior to adding reagent. 

6. Use a permanent marker to label the foil side of the Quanti-Tray with the sample identification, 
date and time of collection.  

7. Use one hand to hold a Quanti-Tray upright with the well side facing the palm.  Gently pull foil 
tab to separate the foil from the tray.  Avoid touching the inside of the foil or tray. 

8. Squeeze the upper part of the Quanti-Tray so that the Quanti-Tray bends towards the palm. 
9. Pour the reagent/sample mixture directly into the Quanti-Tray avoiding contact with the foil tab.  

Tap the small wells 2-3 times to release any air bubbles.   
10. Place the sample-filled Quanti-Tray onto the Quanti-Tray/2000 rubber insert of the Quanti-Tray 

Sealer with the well side (plastic) of the Quanti-Tray facing down. 
11. Once all samples have been processed note the “time in the incubator” on the back of the 

Quanti-Tray and place the samples in the incubator. 
12. Remove samples from the incubator after 18-22 hours for Colilert 18. 
13. Wells that are yellow under plain light are positive for total coliforms.  Wells that are yellow and 

then fluoresce under a black light are positive for E. coli.  Sample results are obtained by 
counting and recording the number of large and small yellow, fluorescing wells.  Once the 
number of large and small wells is obtained the “most probable number” (MPN) is recorded 
from the MPN table (TABLE 1). 

14. Results must be noted on the field sheets, field notebook, or some other type of record.   



 



 
TABLE 1  IDEXX Quanti-Tray/2000 MPN TABLE 
 

Area Sampling Covers 
For a stream, the advisory applies to the entire reach (from one tributary to the next).   
 
For a lake, the advisory applies to the entire beach area up to 500 meters from either side of sample 
collection. 
 

Sampling Frequency and Dealing with Multiple Samples 
Multiple samples on the same day should be averaged before compared to the standard.  Likewise 
multiple samples taken within the same reach for streams and within 500 m of other sampling locations 
should be averaged before being compared to the standard.   
 
Samples should be taken daily after a verified exceedance.  After the values fall below the standard 
sampling should be collected weekly. 
 

Responsibilities  
 



ADEQ’s Responsibilities 
• Sample highly recreated waterbodies throughout Arizona 
• Notify the landowner within 6 hours of verifying an exceedance of E. coli. 
• Provide a sign template that will provide a consistent message throughout Arizona 
• Update the website based on data collected by ADEQ staff and by external organizations. 
• Provide guidance to landowners on how to sample, where to sample, when to sample and how 

to inform and protect the public when the water is unsafe to recreate in. 
• Provide loaner equipment and supplies to land owners for E. coli sampling. 

Landowner Responsibilities – When there is a Verified Exceedance 
• Post a sign advising the public to avoid water contact due to high bacteria levels. 
• Conduct daily follow-up sampling until E. coli falls below standards. 
• Identify and address possible sources of E. coli 
• Notify ADEQ when the advisory is lifted due to a sample below the standard so we can update 

the website. 

Landowner Responsibilities – Normal Operation 
• Ideally, conduct regular (weekly) E. coli monitoring during peak use to protect the public 
• Communicate how to minimize risk 

 

Outreach and Communication 
 
Signs 
Land owners should advise the public not to recreate when there is a verified exceedance of the E. coli 
standard.  Post signs at conspicuous areas of the affected area, including the point of entry if possible.  
ADEQ has created an 8.5’ x11’ paper sized sign template for consistent messaging to the public across 
the state.  
 

ADEQ Website 
ADEQ staff will update the Recreational Monitoring webpage within 6 hours of obtaining the verification 
E. coli result exceedance.  ADEQ will also update the website when the land owner notifies ADEQ that 
sampling has been conducted and bacteria levels are below the state standard.   
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