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Outline
• Area-Wide Optimization Program 

(AWOP) Overview
• Monitoring Location Selection
• Sample Collection 
• Water Quality Analysis

• Interferences
• Method limitations
• Common sources of error

• Applications of Investigative 
Sampling
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Presenter
Presentation Notes
Here is an outline of the topics that I am going to cover:First, I am going to briefly provide some background about the program that I am involved in at the EPA, which should help provide some context for the other topics I will cover;I will then discuss why monitoring location selection is important;Then, I will share a sample collection procedure that we have developed; andThen, I will discuss some of the commonly used chlorine residual field methods.



Learning Objectives

• Select monitoring locations representative of entire 
system

• Collect samples using a technically sound approach
• Understand interferences and limitations of analytical 

methods
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Presenter
Presentation Notes
After participating in this webinar, participants should be able to:Develop a monitoring plan that is representative of the overall distribution system;Collect samples using a consistent, technically sound approach that ensures that water from the distribution system main is being accurately characterized; andUnderstand interferences and limitations of commonly used field methods, and share some potential approaches to minimize interferences, so that you have confidence in your data.



Rationale 

• Maintaining adequate disinfectant residual throughout 
the distribution system is essential to assure public 
health protection

• Collecting reliable data is necessary to ensure that 
disinfectant barrier is in place
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Presenter
Presentation Notes
The motivation for this presentation is to provide information that may be used to support maintaining adequate disinfectant residual in distribution systems.Chlorine residual data is the only way to assess whether the disinfection barrier is in place, so collecting reliable, accurate data is very important.Today, I am going discuss steps that can be taken to collect reliable chlorine residual data in the distribution system.



AWOP Background

• Encourages drinking water quality beyond compliance
• Enhanced process monitoring and control
• Utilize existing staff and facilities
• Strong emphasis on data quality
• Measure performance relative to goals
• Various technical tools and training approaches
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Presenter
Presentation Notes
At the US EPA, I work in the Office of Groundwater and Drinking Water and I support the Area-Wide Optimization Program, otherwise known as AWOP.AWOP encourages drinking water quality beyond compliance levels, to increase public health protection.Our program relies heavily on system performance data.Our program also builds operator capability and encourages operational changes before design changes.Quality of data, or data integrity, is strongly emphasized.System performance is assessed relative to optimization goals, which are often more stringent than regulationsWith that said, the information provided in this presentation is in the context of optimization, which often times exceeds regulatory requirements. dwater and Drinking Water and I support the Area-Wide Optimization Program, otherwise known as AWOP.AWOP encourages drinking water quality beyond compliance levels, to increase public health protection.Our program relies heavily on system performance data.Our program also builds operator capability and encourages operational changes before design changes.Quality of data, or data integrity, is strongly emphasized.System performance is assessed relative to optimization goals, which are often more stringent than regulationsWith that said, the information provided in this presentation is in the context of optimization, which often times exceeds regulatory requirements.  



AWOP Background

• Originated with optimization of 
surface water treatment

• Program expanded to other areas:
• Disinfectant byproducts
• Distribution systems
• Membrane filtration 
• Harmful algal blooms
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Presenter
Presentation Notes
Our program began in 1989 with microbial optimization at conventional surface water treatment plants and has expanded to other areas, including distribution system optimization, DBPs, and others.Approximately 25 states and 5 EPA regions have some level of involvement in AWOP.



AWOP Disinfectant Residual Goals

• Performance
• Free Chlorine Residual: Maintain ≥ 0.20 mg/L as Cl2 at all locations in the 

Distribution System (DS) at all times
• Monochloramine Residual: Maintain ≥ 1.50 mg/L as Cl2 at all locations in the 

DS at all times 
• Monitoring

• Frequency: Monthly at minimum, with greater frequency at critical times (i.e., 
summer months)

• Locations: Compliance sites (DBPR/RTCR)1, all system entry points (EP), all tanks 
(while draining), and other identified critical sites (four minimum)

1 DBPR – Disinfection byproducts rule, RTCR – Revised total coliform rule 
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Presenter
Presentation Notes
Our program began in 1989 with microbial optimization at conventional surface water treatment plants and has expanded to other areas, including distribution system optimization, DBPs, and others.Approximately 25 states and 5 EPA regions have some level of involvement in AWOP.



Balancing Public Health Risks
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Presentation Notes
One of the biggest challenges with managing adequate disinfectant residual in the distribution system is balancing the public health risks associated with microbial contamination (i.e., having too little residual) and disinfection byproduct formation (i.e., having too much residual).  One of the best ways to manage disinfectant residual in the distribution system to develop and implement a monitoring program to accurately characterize disinfectant residual throughout the system.  Based on the data from the monitoring program, an operator can then make process control adjustments at the WTP and/or DS to better manage disinfectant residual.I am going to discuss various elements to consider in your disinfection residual monitoring program throughout the remainder of this presentation.



Monitoring Location Selection
• Spatial and temporal distribution
• Number of sites is system specific
• Additional “investigative sampling” is strongly 

encouraged
• Avoid selecting locations solely based on 

convenience
• Periodically reassess appropriateness of 

monitoring locations
• Most operators know where “bad water” is from 

experience – these are excellent places to 
sample!
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Presenter
Presentation Notes
Now I am going to switch gears and discuss monitoring location selection.Sample locations should be geographically distributed throughout the system and be representative of a range of water age.The Revised Total Coliform Rule specifies the number of samples that a system should monitor per month based on population served, but leaves the number of monitoring locations to the state or water system’s discretion.  Less frequent samples at more locations is preferred, versus more frequent samples at fewer locations.AWOP encourages systems to conduct additional investigative sampling, in addition to compliance sampling, to target areas of poorest water quality.We have observed that water systems often select monitoring locations based on convenience, rather than quality of location.  For example, gas stations or restaurants located on main roads with large transmission mains are often selected.Once a monitoring plan is developed, sample locations may need to be added or removed, as system hydraulics and water quality conditions change over time.  It is recommended that monitoring plans be re-evaluated on a periodic basis.



Suggested Monitoring Locations
• System entry point(s)
• Stage 2 Disinfectant Byproducts Rule compliance 

sites, including maximum residence time (MRT) 
site

• Storage facilities
• Booster chlorination facilities
• Various types of pipe material
• Areas with low flow, high water age, and other 

areas of concern
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Presenter
Presentation Notes
All system entry points, including WTP effluents and metered connections, should be monitored to establish baseline water quality entering the system.It is also a good practice to monitor chlorine residual when collecting DBP samples.  Over time a correlation between chlorine residual and total trihalomethane concentration may be developed.  That information may be useful for process control.Storage facility design and/or operation can result in water quality degradation.  Samples should be collected at, or in the proximity of storage facilities.  Preferably while they are at the end of their drain cycle.  Online chlorine analyzers can also provide valuable data, when installed at tanks.  Samples should be collected upstream and downstream of booster chlorination facilities.  Areas of the system with different types of pipe material should be characterized, such as unlined cast iron or cement lined pipe.Also, target areas of the system where the poorest water quality is anticipated, such as areas with vacated customers and dead ends.



Obtaining a Representative Sample
• Utilize calculated flush time (CFT) approach
• Technically sound approach
• Assumes constant flow
• Avoids over/under flushing
• Approach can be applied at taps and 

hydrants
• For more details, visit:  

www.epa.gov/hydrant-sampler
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Presenter
Presentation Notes
Now I am going to discuss how to collect a sample that is representative of water quality in the main.Flushing practices prior to sample collection vary significantly throughout the industry.   We have observed operators use various approaches, such as:Flushing until temperature changes – this approach may be challenging when water temperatures are similar to ambient air temperatures,Flushing a “standard” amount of time at every site – this “one size fits all” approach will not apply at locations, Or the worst case… flushing until they get a “good” compliance sample – this is not a good approach for obvious reasons.Often times, flushing approaches do not have a strong technical basis.  As a result, our program has developed a sampling guideline that utilizes a “calculated flush time” approach.This approach consists of:Estimating the length and diameter of the service line;Measuring flush flow rate or utilize a flow regulator; and thenUsing that information to calculate the flush time needed to exchange the volume of water in the service line with water from the distribution main. It is also recommended to include a factor of safety to ensure that sufficient volume is flushed.This approach can be applied to sample taps in buildings or hydrants.  Utilizing this approach in buildings can be complicated due to unknown configuration of premise plumbing.Sampling from hydrants is our preferred approach for collecting investigative chlorine samples because flush times can be easily calculated using the hydrant sampler device that we have developed.The hydrant sampler restricts flow to a constant known rate. Hydrants can also be easily accessed without disturbing residences or businesses.For more information, visit our hydrant sampler webpage at www.epa.gov/hydrant-sampler for more details.There is also a photo of the hydrant sampler on the next slide.

http://www.epa.gov/hydrant-sampler


Calculated Flush Time Example
• Office building used as a routine 

DBP sample location
• Historically low chlorine residual 

and elevated total 
trihalomethanes (TTHMs)

• Utility staff have historically 
flushed a “standard” 5-minutes

• Assessed CFT at sample location 
to determine if additional 
flushing is needed
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24” Main
Industry Rd.

16” Main
Smith Rd.

285’ of 2” Water 
Service Line

10’ of ¾” 
Plumbing

Men’s Restroom 
Sink

Presenter
Presentation Notes
Here is an example of applying the CFT approach to a sample tap located within a building.  This example is from an actual system that we worked with a few years ago.This sample location was used to collect quarterly DBP compliance samples.  The utility had historically measured relatively low chlorine residual and elevated TTHMs at this location.Based on a discussion with utility staff, they had typically flushed a “standard” 5-minutes at this location.  We worked with the utility to determine the CFT and assess whether or not this was a good location to collect a routine compliance sample.First, we reviewed a DS map to determine which water main the service line connected to, since this building was located on a corner at the intersection of a 24” main running along Industry Road and a 16” main running along Smith Road.  Based on reviewing the DS map, it was determined that the service line connected to the 24” main running along Industry Road.Next, we physically walked around the site to determine where the service line entered the building.  We then used a measuring wheel to measure the distance from the 24” main to where the service line entered the back of the building.  It was approximately 285’.Next, we entered the and found where the service line entered the building inside a utility closet located in the back of the building.  The service line diameter appeared to be 2”.  We then used our best judgement to track the premise plumbing configuration (length, diameter, and location) from where the service line entered the building to where it supplied the sink in the men’s restroom, which is where samples are typically collected.  It was estimated that approximately 10’ of ¾” line was between the sink and the 2” service line.



Calculated Flush Time Example
• Sample flow rate measured as 

3.7 gpm from men’s restroom
• Interior plumbing size and 

length were estimated
• Generally low water use (e.g., 

restrooms and small kitchen)
• Supplied by a 2” service line for 

fire suppression (sprinklers)
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Length 
(ft)

Diameter 
(in)

Volume
(gal)

Flush 
Time 
(min)

285 2 46.5 12.6

10 ¾ 0.2 0.1

Total CFT = 12.7 min.

Presenter
Presentation Notes
The cold water tap at the sink in the men’s restroom was fully opened and we started a timer on our phone.  As the timer was running, we measured the flow rate from the sink using a measuring cup.  We repeated this a couple of times and determined that the flow rate was approximately 3.7 gpm.We then stopped our timer and the sink and determined the CFT based on the flow rate and the length and diameter of each segment of pipe between the distribution system main and the sink.  We determined that the CFT should be 12.7 minutes.  Since some assumptions about the premise plumbing configuration were made, we decided to round up to 15-minutes to incorporate a factor of safety.We then fully opened the col water tap at the sink in the men’s room and resumed the timer, until the tap had flushed a total of 5-minutes.  For comparison, a sample was collected after the “standard” 5-minute flush time used by the utility and after the CFT determined from this assessment.  A free chlorine residual of 0.12 mg/L was measured after a “standard” 5 minute flush and a free chlorine residual of 0.53 mg/L was measured after a 15-minute flush.  Based on this data, it suggests that a “standard” 5-minute flush was not sufficient.Based on this assessment, this site may not be an ideal location for a DBP compliance site because of the relatively long CFT.  This small office building has relatively low water use.  Approximately ten employees used water in their restrooms and in the small kitchen.  They were also open on weekdays only.  This building was supplied by a relatively large diameter service line to provide adequate flow for their sprinkler system.As you can see in the table on this slide, the length and diameter of the service line contributed to the majority of the volume that needed to be flushed.  Based on our experience, simply assessing the diameter of the service line can quickly tell you whether or not the CFT will be excessive.  We conducted a similar assessment at a post office building and we quickly determined that the CFT would be excessive because the building was supplied by a 4” service line to provide adequate fire protection based on all of the mail that was stored there.



Disinfectant Residual Analysis in the Field
• Colorimetric methods are most 

commonly used
• Colorimeters are preferred

• Used for free chlorine, total 
chlorine, and monochloramine 
analysis

• Low disinfectant residual can 
indicate high water age and 
elevated disinfection byproducts 
(DBPs)
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Presenter
Presentation Notes
Now I am going to discuss some of the commonly used chlorine residual field methods.Colorimetric methods are most commonly used in the field.  They are relatively quick and easy to conduct.  They also provide relatively accurate results, if they are conducted correctly and the operator is aware of interferences and potential limitations associated with the method.  I will talk more about these issues in a few moments.In our optimization program, we discourage the use of color wheels due to poor sensitivity at low concentrations.  Additionally, readings may vary between operators.Colorimeters are the preferred instrument for use in colorimetric chlorine residual analysis because they provide more accurate and precise results, if they are properly maintained and adequately functioning.  Various models from different manufacturers are available.  Consider both the cost of the instrument, as well as the cost of reagent per sample when selecting an instrument.  Also consider the versatility of the instrument.  Some models measure a single parameter, while others measure multiple parameters.Colorimetric methods are available for free chlorine, total chlorine, and monochloramine analysis.  In the next few slides I will provide more information about each of these.As we learned from Presentation 2, low disinfectant residual can be a great indicated of high water age and elevated DBPS – especially in free chlorine systems.



General Best Practices
• Verify instrument with secondary 

standards (e.g., SpecCheck, system 
verification Chemkey)

• Update firmware/software, as 
applicable

• Confirm that correct program is used
• Check and label sample cells and caps
• Check reagents
• Use EPA approved method for 

compliance monitoring
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Presenter
Presentation Notes
It is strongly recommended that the performance of your colorimeter is validated with secondary standards.  It is a best practice to verify performance and document the results of the verification prior to using it in the field.  Also, confirm that the secondary standards are not expired.  If your instrument does not pass the verification, do not use it.  Depending on the manufacturer or model of your colorimeter, it may require periodic firmware or software updates.  These firmware or software updates may be needed to make corrections to current programs or improve performance on the instrument.  It is a good practice to periodically check the manufacturer’s website to confirm that you have the most current version of software or firmware.Depending on the instrument, there may be multiple programs available for the same parameter.  Confirm that you are using the correct program for the desired range for the parameter that you want to measure.Depending on the parameter and detection range of the method, a specific type of sample cell is required.  For example, on one model of colorimeter a glass sample cell is used for the low range chlorine method, but a plastic cell is used for the high range chlorine method.  Confirm that you are using the correct type of sample cell for the specific method that you are running.It is a good practice to check the condition of your sample cells.  They should be clean, free of scratches, and not discolored.  If they look defective, replace them with new cells.It is recommended to use separate, dedicated sample cells for each parameter.  Trace levels of reagent from one method can interfere with others.  It is a good idea to label cells to avoid cross contamination.Depending on the method and instrument that is being used, the sample cells must be orientated a certain way in the instrument.  Refer to the manufacturers instructions to confirm the correct orientation of the cell.Depending on the method you are using, a specific type of reagent will be needed.  There are separate reagents for each parameter and there are also different reagents, depending on the detection range of the method you are using.  For example, reagent for a 25 mL sample volume is used for the mid-range method and reagent for a 10 mL sample volume is used for the low range method.  It is also a good practice to check the expiration date of your reagents and not store them in extreme temperatures, such as a truck.



General Best Practices
• Use clean sample cells (i.e., free of stains, scratches, 

films)
• Determine reagent blank values for each lot
• Collect samples in glass containers
• Avoid sunlight and analyze as soon as possible
• Wipe sample cells prior to analysis
• Avoid touching Chemkeys with hands 
• Place the instrument cap securely on the colorimeter

U.S. Environmental Protection Agency 16

Presenter
Presentation Notes
Even in the absence of chlorine or other interfering compounds, a small amount of color formation can occur when reagent is added to water.  This positive interference can result in an artificially higher results.  In states where the minimum residual requirement is a “trace” of residual, this difference can make you think you are in compliance, when that is not the case.  To account for this, it is strongly recommended that the reagent blank value is determined for each lot of reagent.  That value should be subtracted from all other measurements where that lot of reagent is used.  Some instruments even have a feature that will automatically adjust the result based on the user entered reagent blank value.If the water sample is not collected directly in sample cells, the sample should be collected in a glass container.  Plastic containers can exert additional chlorine demand.After collecting a sample, it is recommended that it is analyzed as soon as reasonably possible to avoid loss of disinfectant.  Chlorine residual samples cannot be preserved for later analysis.  It is also recommended that samples are not left in direct sunlight.It is also recommended to wipe sample cells with a lint free cloth or lab wipe to remove fingerprints, grease, or condensation from sample cells, which can result in an interference.  This is a good practice wherever the sample is analyzed, but especially important in the field.  Condensation can especially be a problem on warm humid days.Before ZEROING or READING a sample, confirm that the instrument cap is placed securely over the instrument.  If the cap is not secure, light could interfere with the detector and cause inaccurate readings.



Free and Total Chlorine DPD1 Methods
• Interferences:

• High acidity and alkalinity
• Extreme sample pH
• Various oxidants (MnO4, Mn4+, ClO2, O3)
• Organochloramines (with DPD total Cl2)

• Suggestions:
• Adjust sample pH, if applicable
• Pretreat samples containing MnO4
• Consider use of indophenol free Cl2 method
1 DPD – N,N-diethyl-p-phenylenediamine
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Presenter
Presentation Notes
Public water systems most commonly measure free chlorine or total chlorine using the DPD colorimetric method by Standard Methods.  Often times these measurements are analyzed by operators in the distribution system using a portable handheld colorimeter, like what is shown in the photo on this slide.Systems that use chloramines as a secondary disinfectant typically measure total chlorine using the DPD colorimetric method to demonstrate compliance with the SWTR and Stage 1 DBPR. The potential issue with DPD reagent is that it will readily react with chlorine and a variety of other oxidants, such as bromine, chlorine dioxide, oxidized manganese, others. As a result, this undiscerning reactivity can result in the overestimation of effective disinfectant residual in the presence of other oxidants, such as organochloramines or oxidized manganese.  Especially when using the DPD total chlorine method.  I will talk more about organochloramine and manganese interference in a moment.Suggestions to address interferences:If the acidity or alkalinity is excessive or if the pH of the sample is extreme; adjust the pH of the sample to 6-7 to minimize this interference.If permanganate is present, the sample can be pretreated with KI and NaAs to correct for the interference.If your primacy agency allows the use of the free chlorine indophenol method, that method could be used as an alternative to the DPD free chlorine method.  I will talk more about that shortly.



Indophenol Free Chlorine Method
• Interferences & Limitations:

• Not prone to oxidant interference, like DPD
• EPA approved method for compliance 

monitoring
• Ozone and sulfide
• Fine air bubbles can form in sample cell
• Reaction time highly influenced by sample 

temperature
• Suggestions:

• Gently tap or invert cells to remove bubbles
• Adjust reaction time based on temperature
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Presenter
Presentation Notes
The free chlorine indophenol method can be used for samples that contain compounds that commonly interfere with DPD.This method is less common than the DPD method, but is useful in certain situations.This method was approved by EPA for compliance monitoring about five years ago.This method is prone to interference with ozone and sulfide.  However, those compounds typically aren’t present with free chlorine.This method uses plastic sample cells which are prone to forming fine air bubbles on the inside walls of the cell.  These bubbles can interfere with the results of the method.To avoid this interference, gently tap the cell or invert it to remove the bubbles.The reaction rate of this method is highly influenced by sample temperature, so check the method procedure from the manufacturer to determine the appropriate reaction time before analysis.



Indophenol Monochloramine Method

• Utilizes the same chemistry as the indophenol free chlorine 
method

• Commercial method used for process control but currently 
not approved for compliance monitoring

• Draft EPA monochloramine method in progress:
• Draft method has been developed and validated
• Plan to publish EPA method in near future
• Pursue approval of method for compliance monitoring
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Presenter
Presentation Notes
A commercial colorimetric indophenol method has been used for determining monochloramine concentrations for process control in chloraminated PWSs and chloramine-related research for several years.Utilizes the same chemistry as the free chlorine indophenol method and is also prone to fewer interferences.That method specifically measures monochloramine and is not affected by the presence of organochloramines or other oxidants. This commercially available method was not available when EPA promulgated the SWTR and EPA has no requirements for the measurement of chloramine concentrations (or specifically monochloramine concentration). The patent on the Hach MonochlorF reagent, which is integral to monochloramine measurement, was filed on September 4, 1998 and expired 20 years after filing the patent application, which was September 4, 2018. Based on this and several other reasons, we decided to pursue the development of a new EPA method for monochloramine measurement in drinking water.The method has be developed and validated.  It is currently under agency review and we hope to publish it soon.  After it is published, we plan to pursue approval of the new method to support compliance monitoring.



Manganese Interference Example 

• Naturally occurring in both 
groundwater and surface water

• Found in various forms in 
drinking water (Mn2+, Mn3+, 
Mn4+, Mn7+)

• Will interfere with free chlorine 
DPD method, but not free 
chlorine indophenol method
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Location
Free Chlorine 

DPD
(mg/L as Cl2)

Free Chlorine 
Indophenol

(mg/L as Cl2)

Total 
Manganese

(mg/L as Mn)

Site #1 0.86 0.47 0.27

Site #2 0.56 0.15 1.54

Site #3 1.11 0.32 0.69

DS Sample Results – November 4, 2019 

Presenter
Presentation Notes
Manganese can be found in both groundwater and surface water supplies and can result in unpleasant taste, odor, and staining.Manganese can be found in drinking water various oxidative states, such as Mn2+, Mn3+, Mn4+, or even as Mn7+ in the form of permanganate.Manganese is one of the most common interreferences with the DPD chlorine methods, but is not known to interfere with the DPD indophenol free chlorine method.To illustrate this interreference, I have provided some actual data from a distribution system sampling event we conducted last year.



Organochloramines Interference Example
• Forms when chlorine reacts with 

dissolved organic nitrogen and have 
little to no disinfection efficacy

• Known to interfere with the total 
chlorine DPD method and may result 
in overestimation of the effective 
disinfectant

• Issue was noted by AWWA 
Disinfection Residual Strategy Panel 
memo, the Six Year Review 3 DBP 
support document, and in various 
peer-reviewed publications
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Lee, W., Westerhoff, P., Yang, X., & Shang, C. (2007). Comparison of colorimetric and membrane introduction mass spectrometry techniques for chloramine analysis. Water Research, 41, 3097-3102.

Wahman, D. G., & Pressman, J. G. (2015, August). Distribution System Residuals - Is "Detectable" Still Acceptable for Chloramines? Journal of the American Water Works Association, 107(8), 53-63.

Location Total Chlorine
(mg/L as Cl2)

Monochloramine
(mg/L as Cl2)

Difference
(mg/L as Cl2)

WTP 
Effluent 3.60 3.16 0.44

Site #1 0.70 0.28 0.42

Site #2 0.43 0.13 0.30

DS Sample Results – October 6, 2010 

Presenter
Presentation Notes
Organochloramines form when chlorine reacts with dissolved organic nitrogen that is present in the raw source water.  Similar to organic carbon, background levels of organic nitrogen can vary by source and can also vary seasonally.  Based on this and other factors, the amount of organochloramines that form can also vary.Unlike inorganic chloramines (monochloramine, dichloramine, and trichloramine), organic chloramines have little to no disinfection efficacy.  They are also relatively persistent and do not decay as quickly as inorganic chloramines. In particular, this becomes an issue in terms of accurately quantifying a “detectable” residual in a chloraminated distribution system using the total chlorine DPD method.This issue has been well-documented by a variety of sources including a memo from the American Water Works Association to the former EPA Office of Groundwater and Drinking Water Director, as well as EPA’s Six Year Review #3 DBP support document, and in various peer-reviewed publications.  I hope that it’s not too difficult to read, but I have included references to a couple of peer reviewed article below about this (Lee et al., 2007 and Wahman & Pressman, 2015).To further illustrate this issue, I have included some actual data from a distribution system monitoring study that we conducted at a chloraminated water system several years ago. During our monitoring study we collected samples from a variety of locations.  In this table, I am showing results from the WTP effluent and two distribution system locations.We measured total chlorine residual using the DPD method and monochloramine using the Hach indophenol method.  Results from each method, as well as the difference between them, is shown in the table.There was clearly a difference between the methods, which was assumed to be a result of a positive interference with the DPD method.  The difference between the methods was relatively consistent (0.44 to 0.30) as water left the WTP effluent and the chloramine residual decayed in the distribution system.  This is fairly typically when organochloramines are present because they are relatively persistent.This example also illustrates the significance of using different methods to determine if minimum residual requirements are met.  If this water system were in a state with a minimum residual requirement of 0.2 mg/L, they would either be in compliance or out of compliance depending on the method they use.



Investigative Sampling

• A distribution system (DS) monitoring study 
that may be used for various applications, 
such as:

• Identifying general areas of poor water quality
• Tracing water to identify specific locations 

contributing to poor water quality
• Siting locations to install automated flushers
• Assessing the impact of tank operations

• Intended to supplement established ongoing 
monitoring plans (e.g., RTCR, DBPR)
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Example I: Characterize System-Wide Water Quality 

• Evaluated entire DS to identify 
areas of poor water quality

• System divided into a high and 
low pressure zone

• Sampled at critical locations in 
both pressure zones, including 
pressure zone boundaries
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Example I: Characterize System-Wide Water Quality 

• Residual ranged from 3.30 to less 
than 0.12 mg/L

• Low monochloramine residual 
found at:

• Dead ends near pressure zone 
boundaries

• Remote areas of the system with 
high water age.

• System met the optimization goal 
at 14 of 23 locations
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Monochloramine (mg/L)

> 1.50

> 1.00 to 1.50

> 0.20 to 1.00

≤ 0.20 



Example I: Characterize System-Wide Water Quality 

• Elevated nitrite:
• is an indicator of nitrification
• was found at most of the 

locations with low residual
• Evidence of nitrification was 

not found at locations that 
met the disinfectant 
optimization goal
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Nitrite (mg/L)

≤ 0.020

> 0.020 to 0.030

> 0.030 to 0.050

≥ 0.050 



Example II: Diagnosing Cause 
of Poor Water Quality 

• Evaluated area of system with 
chronic low chlorine residual

• Several automated flushers 
were installed and operating 
in the area

• Sampling showed large 
differences in Cl2 at adjacent 
sample sites
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Example II: Diagnosing Cause 
of Poor Water Quality 

• Unknown closed valves were 
suspected to be contributing 
to high water age and low Cl2

• City later investigated and 
found multiple closed valves 
in this neighborhood
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Take Home Messages
• Monitoring location selection is 

critical
• Poor flushing practices can influence 

results
• Read and follow method protocols to 

understand method interferences 
and limitations

• Investigative distribution system 
studies can provide valuable 
information to operators
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Presenter
Presentation Notes
This is the end of my presentation, but I would like to recap some of the key points that I discussed.When assessing the disinfection barrier in the distribution system, monitoring location selection is crucial.  If “critical areas” of the system are not included, the monitoring data may not indicate any problems.  Systems should have the mentality that finding areas of low chlorine residual is not necessarily a bad thing, because those locations first need to be identified so that corrective action can take place to improve public health protection of the entire system.Adopting a technically sound sampling approach is an important aspect of collecting reliable chlorine data.  If the sample site is not flushed an appropriate amount of time, chlorine residual cannot be accurately assessed.Field methods are not perfect.  Like all methods, they are prone to interferences and have limitations.  However, accurate, reliable data can be obtained if the operator is familiar with the nuances of the method.  Just because the colorimeter gives you a reading does not mean that it is an accurate reading.Most of the information that I shared about methods can be found in the method protocols, which can be found on the manufacturer’s website.  Also, feel free to contact the manufacturer if you have specific questions about their methods.  They can be a great resource.
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Standards and Risk Management Division
Office of Ground Water and Drinking Water
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