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CHAPTER 9



DRINKING WATER SAMPLING



��9.1  PURPOSE�tc  \l 2 "9.1  PURPOSE"�.  To assist sampling personnel in collecting drinking water samples using standard procedures that comply with Federal guidelines.



9.2  SCOPE�tc  \l 2 "9.2  SCOPE"�.  This chapter provides procedures for sampling ground water and surface water supplies for monitoring drinking water quality.  A comprehensive framework designed to ensure the quality and safety of drinking water supplies to the public has been established under the Safe Drinking Water Act (SDWA), and other Federal, state, and local laws.  The Federal program sets minimum standards and regulations for collection, treatment, monitoring, storage, and distribution of drinking water.  State regulations must be at least as stringent as Federal regulations and may go beyond the minimum criteria established by the Federal program.



	The SDWA assigns initial responsibility to the EPA and provides states assumption of responsibilities if certain conditions are met. In this chapter regulators refers to the EPA or to the state when granted primacy by the EPA.  It is the public water works, water utility company, and public community water system's responsibility to monitor and sample drinking water under Federal and state regulations.  



NOTE:

	This chapter provides national guidelines for drinking water sampling.  Facilities may have special requirements depending on local law.  All sources of regulations and permits and their method references must be checked for the proper specifics of sampling, containers, preservation, holding times, and analysis methods.  The specifics will change from region to region, state to state, and permit to permit.  Contact state and local governments for sampling requirements.



	The SDWA establishes three general types of public water systems:  Community Water Systems (CWS), Nontransient Noncommunity Water Systems (NTNCWS), and Transient Noncommunity Water Systems (TNCWS).  CWS and NTNCWS follow similar sampling and testing criteria based on the population size or number of service connections within the water supply.  In most areas of the country, TNCWS only monitor for bacteria, nitrate, and nitrite.

	



The drinking water sampling plan should include procedural guidance to perform:



microbiological, inorganic, and organic sampling

monitoring of lead/copper at the tap

monitoring turbidity levels for surface water supplies



	The drinking water sampling plan should include a description of the entry point, treatment process, and distribution system.  Samples collected from the source water, entry point after treatment, and distribution system may be compared to determine the effect of treatment and the plumbing system on drinking water quality.  



	A Field Sampling Plan (FSP) should be prepared and reviewed by appropriate regulatory personnel prior to starting any sampling to ensure proper location, parameters, and number of samples are taken for meeting compliance requirements.  The specific monitoring and reporting requirements of the SDWA are beyond the scope of this manual. 



9.3  HAZARDS AND SAFETY PRECAUTIONS�tc  \l 2 "9.3  HAZARDS AND SAFETY PRECAUTIONS"�.  See Chapter 3, Section 3.3.3.



9.4  PREPARATION�tc  \l 2 "9.4  PREPARATION"�.  Every state certification regulation requires that drinking water samples collected for compliance with the SDWA be collected by "approved individuals".  Some states require the sampler to be certified for collecting drinking water samples.  Local health and environmental departments require that water samples  be collected in accordance with Federal, state, or local regulations. A review of the sampling plan must ensure that the samples collected will meet the necessary local and state requirements for sampling personnel.



	Only laboratories certified by the local, state, or Federal program with jurisdiction, are allowed to perform compliance testing for microbiology, inorganic, organic, and radiochemistry chemicals. Turbidity, chlorine residual, and pH monitoring are exceptions to the laboratory certification requirements for performing analysis.  These tests can be performed by any person acceptable to the state.



	The EPA or state certified laboratories should supply the blanks, containers, and preservatives for sampling.  The containers, blanks, and preservatives used must be free of the contaminants at the detection levels.  These materials should be traceable and documented as free of contaminants to aid the data reviewer and to avoid resampling due to avoidable contamination. 



NOTE:

	Refer to Section 9.6 and Appendix I for quality control sample requirements.



9.4.1  Number and Frequency of Drinking Water Samples�tc  \l 3 "9.4.1  Number and Frequency of Drinking Water Samples"�.  The number of drinking water samples to be collected is dependent upon the water source, the population served, contaminants found during initial monitoring, and source vulnerability.  The frequency of repeat sampling is based on detection, vulnerability, source, and system size.  The exact number of  samples and frequency of sampling is determined in conjunction with local or state regulatory authorities. 



	The EPA established a nine-year "compliance cycle" for all drinking water parameters.  The first cycle began in January 1993.  The cycle contains three "three-year compliance periods".  This cycle standardizes sampling frequency and waiver deadlines. A complete review of the Federal and state regulatory requirements is required to determine the number, parameters, and frequency of sample collection.



NOTE:

	The Federal drinking water regulations can be found in section 40 of The Code of Federal Regulations (CFR), part 141 and part 143. Local and state regulations can be obtained from their respective agencies.



9.4.2  Sampling Locations�tc  \l 3 "9.4.2  Sampling Locations"�.  The location for sample collection depends on:



the water source

analyses to be performed

purpose of the testing

regulatory requirements



	Samples may be collected from the source prior to treatment, at the point of entry (before or after treatment), at the point of use (at the tap), or within the distribution system.  For example, VOC sampling is performed at the entry point of the distribution system. Lead and copper samples are taken at the point of use.  The appropriate sampling point needs to be determined based on the criteria listed above. 



	If the water source is ground water, the well is considered the source water.  In some cases where a large number of wells are combined into a holding tank, the water from the holding tank is defined as the source water.  A review of the water system with the state sanitary engineer or drinking water compliance officer will assist in defining the water source, entry point after treatment, and location within the distribution system for sampling.



9.4.3 Analytical Methods�tc  \l 3 "9.4.3 Analytical Methods"�.  Methods approved by EPA must be used for samples taken for compliance with regulations.  Approved methods are listed in 40 CFR 141 and are also listed in Appendix H for your convenience.



9.5  SAMPLING PROCEDURES�tc  \l 2 "9.5  SAMPLING PROCEDURES"�.  The sampling procedures for regulated and unregulated contaminants are presented by group for the most frequently collected parameters.  Sampling procedures for new regulated contaminants and other parameters of concern may be found in EPA approved methods, ASTM Water Methods, Standard Methods for the Examination of Water and Wastewater, or other published standards.  The parameters and method specific quality control (QC) are found in the approved drinking water methods (See Appendix H and I). 



9.5.1  pH, Temperature, and Chlorine Residual�tc  \l 3 "9.5.1  pH, Temperature, and Chlorine Residual"�.  pH, temperature, and chlorine residual measurements are conducted in the field at the start of sample collection.  The field testing procedures for pH, temperature and chlorine measurements are presented in Chapter 14.  Chlorine residual must always be checked to determine preservation, holding time, and in the case of bacteria testing, data interpretation.  Chlorine residual is measured when collecting samples in the drinking water program as free chlorine residual.  Total chlorine residual is measured by water supply systems during treatment design, process control studies, or for distribution system problem solving.



	The Free Chlorine Residual method uses the reagent, Diethylphenylenediamine (DPD), in a colorimetric test to determine the amount of free chlorine available for disinfection.  Chlorine residual test kits are available for drinking water testing to measure free chlorine and/or total chlorine.  The reagent used must be clearly identified as measuring either free chlorine or total chlorine.  The results reported must also indicate free or total chlorine measurements.  Samples must be analyzed immediately, which generally means within 15 minutes of sample collection. 



	The test kit or method details the exact method for using the kit.  An example of a chlorine residual method is found in Chapter 14.  Most kits use either DPD powder, tablet, or drops of liquid placed in a glass tube containing the sample.  A color change after adding the reagent indicates free chlorine is present.  In some kits, the color is measured against a field comparator or portable spectrophotometer showing concentration in mg/L or ppm.  A free residual chlorine of 0.1 ppm is detected by this test as a trace of pink color.  Trace colors are visible by looking down the tube and against a white background which ensures no reflection from any red or pink surrounding surfaces.  Interferences in the measurement of chlorine may cause variations to the color or affect the color formation. Any unusual color formations or colors must be noted for proper data interpretation.  Note in the field record (Field Log Book or Field Notes), the results in mg/L, date, time, person, and observations if any.  If chlorine is not detected in the test, write "not detected."  



	A one time demonstration of technician proficiency should be on file in the training records.  The one time demonstration should include a standard curve, a low level measurement standard, and an annual performance evaluation sample for chlorine and pH.



9.5.2  Total Coliform�tc  \l 3 "9.5.2  Total Coliform"�.  The Total Coliform Rule (TCR), which became effective December 31, 1990, supersedes the old National Interim Primary Drinking Water Regulations (NIPDWR) for maximum microbiological contaminant levels (effective June 24, 1977).  The TCR differs from the old rule in that it is based on the presence or absence (P/A) of coliforms rather than the number of coliforms detected in the samples.  The new rule requires that coliform positive samples be further tested for fecal coliform or E.coli and that a set of repeat samples be collected for each total coliform positive sample.  When coliforms are detected, additional routine samples must be collected the following month.  



	Each system must have a written sampling plan that lists the frequencies and locations of samples to be collected including repeat samples.   Samples for the TCR are collected from the distribution system.  This

plan may be reviewed and revised by the regulatory agency.



	Maximum Contaminant Level (MCL).  For systems collecting less than 40 samples per month, no more than one (1) sample per month is allowed to be positive for total coliform.  For systems collecting greater than 40 samples per month, no more than 5% of all monthly samples are allowed to be positive.



	 Number of Samples.   The number of samples that must be taken monthly is based on the population served by the water system.  Table 9-1 provides an abbreviated list of minimum monthly monitoring requirements.  Many community systems routinely sample more than the minimum to keep track of the system's status.



	Table 9-1  Monitoring Frequency for Routine

	Sampling Public Water Systems���	Population Served�	Minimum Routine

	Samples/Month��	25-1,000*�	1��	1,001-2,500�	2��	2,501-3,300�	3��



NOTE:

	CWS serving more than 3300 must refer to the CFR.  Regulator may specify a sampling frequency of less than once per month for selected systems.  Contact your state drinking water representative for details.



	For each routine sample that is total coliform-positive, a system must collect a set of repeat samples and have it analyzed for total coliforms.  If total coliforms are detected in any routine or repeat sample, the sampler must collect at lease five routine samples the next month.  Table 9-2 provides an abbreviated list of the required frequency for repeat sampling.



	All repeat samples must be collected within 24 hours of notification of the total coliform-positive result, unless the state waives this requirement.



Each set of repeat samples must include the following:



One sample at the same tap as the original sample

One sample within five service connections upstream

One sample within five service connections downstream



	Table 9-2  Monitoring and Repeat Sampling

	Frequency After a Total Coliform-Positive

	Routine Sample����	Number of

	Routine

	Samples Per

	Month�	Number of

	Repeat

	Samples�	Number of

	Routine

	Samples

	Following

	Month��	1/month*�	4�	5/month��	2/month�	3�	5/month��	3/month�	3�	5/month��*	Or fewer.
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	If an additional repeat sample is required, it should be taken within five service connections, either upstream or downstream of the original sample.  If a system has only one service connection, it can collect:



One 100-mL sample on each of 4 separate days

Two 200-mL samples on 2 separate days

One 400-mL sample on 1 day



	Analytical Methods.  The method used for fecal coliform and E.coli analysis depends on that used for the total coliform test and must be listed as approved for compliance monitoring.  Regardless of analytical method, the analysis must use a minimum 100-mL sample volume per test.



	Sampling Containers.  Sample containers for collecting coliform samples must be sterilized and at least 120 mL (4 oz), (and contain sodium thiosulfate for chlorinated waters).  Bottles may be plastic or glass.  The laboratory normally supplies the container. Glass-stoppered bottles must be covered with aluminum foil or char resistant paper prior to sterilization.  The covering on the top is for protection from contamination.  Some labs furnish a single-service, sterilized, polyethylene bag or bottle containing a sodium thiosulfate tablet. The laboratory should perform sterility checks (1 per lot) prior to releasing the containers for collecting samples.



	Sampling Procedures.  The following instructions illustrate the general sampling procedures for collecting coliform analysis monitoring samples.  The lab supplying sampling containers normally provides instructions with the bottles for the type of monitoring intended.  Refer to those when provided.



Assemble all of the sampling supplies before you begin.  The proper preservative is added by the laboratory.  A dechlorinating agent is used when sampling chlorinated waters (such as those found in the distribution system).  Handle the sterilized containers carefully to avoid contamination.  

Go to the sampling location(s) specified in the sampling plan.  These representative sampling locations are usually located in the distribution system and are accessible during the day.  Examples include hospitals, city buildings, pump stations, restaurants, and dedicated sampling stations.  The tap should be clean, free of attachments (hoses, etc.), and in good repair (no leaks).  Avoid drinking fountains and faucets with swivel necks unless specific point of use concerns arise.  

If possible, remove any aerator, strainer, or hose present, as these may harbor bacteria.  (You may not be able to remove the aerator or find a non-swivel faucet.)

Open the cold water tap for about two to three minutes before collecting the sample to clear the service line.  (You may want to time this step —three minutes is a long time.)

Fill out the label, tag, and lab form in waterproof ink.

Adjust the flow to about 500 mL (one pint or two cups) per minute (approximately a 1/8-inch diameter flow).  Check for steady flow.  Do not change the water flow once sampling has started.  It could dislodge microbial growth.

For chlorinated systems, check the chlorine residual (refer to Section 9.5.1) and record.

Remove the bottle cap (stopper, etc.) or open the plastic bag.  Be careful not to touch the inside of the container with your fingers.  Do not put the cap of the container down on any surface. Position the bottle or bag under the water flow.  Hold the bottle in one hand and the cap in the other.



                       CAUTION
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Do not lay the cap down or put it in a pocket! Do not contaminate the sterile bottle (or bag) or touch the cap with your fingers or permit the faucet to touch the inside of the bottle or bag.  Do not rinse out the bottle or bag before collecting the sample!



Fill the bottle to the shoulder or to about 1/4 inch from the top ensure that at least 100 mL of sample are collected.  If using a plastic bag sampling container, fill it to the marked fill line.

Place the cap on the bottle and screw it down tightly.  If using a plastic bag, pull the wire tabs and whirl the bag three times for a tight seal.  Generally samples should be iced immediately although this is not a requirement per 40 CFR 141.21, June 29, 1995.

Turn the tap off.  Replace the aerator, strainer, or hose.

Check that the information on the label is correct.

Complete any additional forms that came with the sample bottle, including the Chain-of-Custody (COC) Record, with the necessary information.

 	If the laboratory is nearby, ice and deliver the samples there directly.  If not, send the samples overnight by U.S. mail or by an overnight courier.  All samples shall  be refrigerated or iced (cooled to below 10° C).  The time from sample collection to initiation of analysis may not exceed 30 hours for distribution sampling and 8 hours for surface water source sampling.
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9.5.3  Lead and Copper�tc  \l 3 "9.5.3  Lead and Copper"�.  The EPA has determined that lead and copper are health concerns at certain levels of exposure.  Young children and pregnant woman are especially at risk from high levels in their blood.  Some of the most pronounced effects in children are interference with growth, deficits in IQ, and altered physical and mental development.  Prior to December 1992, the MCL for lead was 0.05 mg/L.   Since then, instead of establishing a new MCL, a treatment technique requirement is triggered by exceeding an action level (AL).  The action level for lead is 0.015 mg/L and for copper is 1.3 mg/L measured at the 90th percentile at the consumer tap.  This means that some of your samples can exceed 0.015 mg/L  for lead and 1.3 mg/L for copper and still not exceed the AL.  Specific rules for calculating the 90th percentile can be found in 40 CFR 141.80.



	Location and Frequency.  A material survey must be conducted to determine sampling sites.  Sampling sites are rated on a tier system.  See 40 CFR 141.86(a)3 for specific information on selecting sampling sites.



	All systems must be monitored during at least two consecutive six month periods until either:

They exceed the lead and copper action levels. Then, additional samples from the distribution system and point of entry must be collected for water quality parameters and corrosion control treatment studies performed and reviewed by state personnel

They meet the lead and copper action levels for two consecutive periods.  Then, the water supply petitions the regulator to reduce the number of tap water sampling sites and reduce the frequency of collection



	Number of Samples.  The number of samples   taken during the six month sampling period is based on the population and results from previous samples.  After two six month sampling periods of meeting the action level, a system may request reduced monitoring.  (See Table 9-3)   Monitoring frequency may also be  reduced  after several years of meeting the action level.  Refer to 40 CFR 141 for specific information.

	

	Sampling Containers.  Sampling containers for lead and copper may be made of plastic or glass and must be 1-liter in volume.  A one-liter plastic bottle is most commonly used. 



Table 9-3  Number of Samples for Standard and Reduced Monitoring for Lead and Copper����System Size (Population Served)�Number of

Sites (standard monitoring)�Number of

Sites (reduced monitoring)��3,301 to 10,000�	40�	20��	501 to 3,300�	20�	10��101 to 500�	10�	5��	up to 100�	5�	5��

	Sampling Procedure.  There are two types of lead and copper sampling procedures:



First draw sampling

Service line sampling
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	First Draw Sampling.   First draw samples are taken to show compliance with the action levels.  The water in the plumbing must stand motionless in pipes for at least 6 hours.  The following is a detailed sampling procedure for lead and copper sampling:



All samples for compliance monitoring must be first draw samples, taken from kitchen cold water or bathroom cold water sink tap. 

Fill out sample label, indicating the date and time of sample collection, location, type of samples, and sampler's name.  The site should be sealed or a certification by the homeowner must be signed indicating the length of time the system was not used.  Taps within work site building may be secured with tape noting the date, time, and person securing the area.  Post signs to warn potential users not to turn on the water during the test period.



CAUTION
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Any use of the taps during the 6 hour rest time that the tap is to be secured will invalidate that tap for sampling.  Do not turn valves or otherwise mechanically shut down the tap as this may release high amounts of lead and copper into the waterline.  Secure taps by taping and posting notices.



Before turning the tap water on, remove the cap from the container and position the container under the kitchen or bathroom sink faucet.  Turn on the cold water and begin filling the container.

Fill to the 1-liter mark on the bottle.  Turn off the water tap.  Samples may be shipped to the laboratory and preserved by the laboratory within 14 days after sample collection.

If field preservation is performed, add approximately 3 mL of concentrated ultrapure nitric acid to the sample bottle to preserve the sample.  Be extremely careful when adding the acid.  Check the sample pH with litmus paper.  Indicate if the sample pH is less than 2.  If the pH is not less than 2, add acid in 1 mL increments until the pH is less than 2.  Record the amount of acid, pH, date, time, person, and acid source.  Indicate on the label whether the sample has been acidified.





  WARNING





Concentrated acids and other chemical preservatives represent a safety concern. Refer to safety plan or HASP, as appropriate to scope of project, and Chapter 3, Section 3.3.3 for precautions and personnel protective equipment (PPE).



6.  	Tightly cap the bottle to prevent leakage.  For samples collected in a collapsible container, a special insert can be used to provide a better seal.

7.  	Complete the necessary forms with the appropriate information such as Public Water System (PWS) identification number, exact sample collection location, date and time, and type of sample (e.g., raw, tap, entry point,  in distribution system).  Also mention the type of analysis to be run.  Complete a COC Record.

8.  	Pack the bottles and/or collapsible containers for shipment and return them to the lab for analysis. Samples preserved at the laboratory are not to be analyzed until 16 hours after preservation.



	Service line sampling.  Service line sampling is required  if  a  limited  lead  service  line  replacement program is being considered or when the service line material is unknown.



If a service line sample is required, there are three ways to help ensure that service line water is being sampled:

At the tap, flush a known volume of water from household plumbing before collecting the sample.  This is the water contained in the pipes between the sampling tap and the service lines.  Use the container such as a pitcher or bucket for measurement of the volume of water wasted.  Table 9-4 provides an abbreviated list of the volume to be wasted.

For single family homes, allow the water to run until there is a significant change in its temperature.  This indicates that you are now getting the water from the service line(s) outside the home.

Locate or install a sampling tap directly on the service line and sample from this tap.



Table 9-4 Approximate Volume in Gallons of Flushwater for Various Sizes and Length of Copper Pipe��Nominal 

Pipe Size 

(in.)�Length of Pipe (in.)���10�20�30�40�50�100��(�0.1�0.2�0.3�0.4�0.5�1.0��(�.23�.16�0.4�0.9�1.1�2.3��1�.41�.82�1.2�1.6�2.0�4.1��

After step 1a or 1b, immediately collect the sample in a 1-liter plastic bottle or collapsible container while the water is still flowing.  For 1c, turn the service line tap on and collect the water immediately.  Samples may be shipped to the laboratory and preserved by the laboratory within 14 days after sample collection.

If field preservation is performed, acidify the sample with approximately 3 mL of concentrated ultrapure nitric acid.  Be extremely careful while adding the nitric acid.  Check the sample pH with litmus paper.  Indicate if the sample pH is less than 2.  If the pH is not less than 2, add acid in 1 mL increments until the pH is less than 2. Record the amount of acid, pH, date, time, person, and acid source.  Indicate on the label whether the sample has been acidified.



   WARNING
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Concentrated acids and other chemical preservatives represent a safety concern.  Refer to safety plan or HASP, as appropriate to scope of the job, and Chapter 3, Section 3.3.3 of this manual for precautions and PPE.



Tightly recap the bottle to prevent leakage.  If using a collapsible container, a special insert can be used to provide a better seal.

Complete the necessary forms with the appropriate information such as Public Water System (PWS) identification number, exact sample collection location, date and time, and type of sample (e.g., raw, tap, entry point,  in distribution system).  Also mention the type of analysis to be run.  Complete a COC Record.

Pack the bottle and/or collapsible containers for shipment and return them to the lab for analysis. Samples preserved at the laboratory are not to be analyzed until 16 hours after preservation.



9.5.4  Nitrates/Nitrites�tc  \l 3 "

9.5.4  Nitrates/Nitrites"�.  Drinking water compliance samples for nitrates/nitrites are taken at the entry point to the distribution system after treatment.  Surface water supplies may take samples from the distribution system at a point which is representative of each source after treatment.   The MCL for nitrate is 10 mg/L and nitrite is 1 mg/L.



	Frequency.  Nitrate samples are collected every year for ground water sources and quarterly for surface water sources.



	Nitrite samples are collected every three years.  Increased sampling is required if results are greater than 50% of MCL.

  Number of Samples. The system shall take one sample from each entry point or at points in the distribution system that represent each source or treatment plant.



	Sampling Containers.  Nitrate samples should be collected in a 1-liter glass or plastic bottle and cooled to 4°C with ice.  Samples of non-chlorinated water should be preserved with sulfuric acid to pH < 2 and must be analyzed within 14 days.  Nitrate for chlorinated supplies must be analyzed within 28 days.

	Nitrite samples should be collected in a 1-liter bottle and chilled on ice, but should not be preserved with sulfuric acid.  Samples for nitrite must be analyzed within 48 hours of sample collection.  



	Sampling Procedures.  The general procedure for collecting samples from a tap follows:



Determine the appropriate sample location and assemble all necessary materials.  The proper preservative should be added by the laboratory or available in the field for addition to the sample. Handle all containers and materials carefully to ensure cleanliness.

Go to the sampling location(s) specified in the sampling plan.  These representative sampling locations are usually located in the distribution system and are accessible during the day.  Examples include hospitals, city buildings, pump stations, restaurants, and dedicated sampling stations.  The tap should be clean, free of attachments (hoses, etc.), and in good repair (no leaks).  Avoid drinking fountains, and faucets with swivel necks unless specific point of use concerns arise.  If the sampling location does not have an accessible tap then a separate, clean, one- liter plastic or glass (as appropriate) container should be used to dip the sample and fill the sample bottle(s).

When sampling from a tap, open the tap and allow the system to flush until the water temperature has stabilized (usually 10 min.). Remove hoses and other sources of contamination from around the tap prior to sampling.

Fill out the label in waterproof ink.  Be sure to clearly identify the exact sample collection location and the date and time of collection.  If the sample collection point has a specific coded identification, include it on the label and sample submission form.

When sampling from a tap, adjust the flow to about 500 mL (1 pint) per minute (approximately 1/8-inch diameter stream).

Add preservative if required.

Fill the bottle to the shoulder about 1/4 inch from the top of the bottle.

Place the cap on the bottle and screw the cap on the top.

Complete the necessary forms with the appropriate information such as Public Water System (PWS) identification number, exact sample collection location, date and time, and type of sample (e.g., raw, tap, entry point,  in distribution system).  Also mention the type of analysis to be run.  Complete a COC Record.

Pack the samples with ice to lower the temperature to 4°C.  Ship to the laboratory by overnight courier or deliver to the laboratory.



	Results may be reported as nitrate/nitrite, nitrate only, or nitrite only.  When nitrite and nitrate need to be determined separately the holding time of 48 hours for nitrite must be met. 



9.5.5  Other Primary and Secondary Contaminants�tc  \l 3 "9.5.5  Other Primary and Secondary Contaminants"�. The primary drinking water standards relate to contaminants with health affects and the secondary drinking water standards are for contaminants that affect taste, odor, and appearance of the water.  In some states and local municipalities, the secondary drinking water standards are monitored for compliance.  

	Primary contaminants include asbestos, barium, cadmium, chromium, copper, fluoride, lead, mercury, nitrate, nitrite, and selenium.  Some of these contaminants have been discussed above.  Secondary contaminants include aluminum, chloride, color, copper, corrosivity, fluoride, foaming agents, iron, manganese, odor, pH, silver, sulfate, total dissolved solids, and zinc.  These samples are collected from the entry point to the distribution system or within the distribution system.  The number of samples, frequency, and location of monitoring is dependent on source water, distribution size, initial monitoring results, and state requirements.  In general sampling is required every three years for ground water and every year for surface water supplies.



	Waivers are available for asbestos if it is determined that your system is not vulnerable to contamination (you do not have asbestos lined pipes or naturally occurring asbestos in the area, etc.).  Contact the state or Federal agency that regulates your system for the proper forms to submit and to see if waivers for other parameters are available for your system.



	Sampling Containers.  The containers used for sampling are specified by the methods that will be used for analysis.  Sample containers may be glass or plastic with volumes ranging from 50 mL to 1 liter. Most inorganic contaminants are sampled using a one-liter plastic container.  Some of the parameters may be combined and sampled in the same container if the preservation and sample handling are equivalent. Combining the parameters with like preservations allows the number of containers sent to the laboratory to be reduced.  



	Sampling Procedures.  The general sampling procedure should be used for collecting the sample as found in Section 9.5.4, Nitrate/Nitrites. The method of filling the container may be similar to microbiological sampling or specially designed to meet the data quality needs of the user of the data.  The bottles are not usually filled to the top, but should be filled to allow air space in the top for sample mixing prior to removing the sample for analysis.  The container used for drinking water samples should be free of the contaminants of interest at the level of detection.  The FSP should address the container size, material, quality, and method of filling.  Refer to Appendix H if the FSP is insufficient.  Additional information about the containers, preservation, and filling is available from the laboratory. 



	The preservative is added to the container in the field, in the laboratory or, in the case of metals, may be added after the sample is sent to the laboratory. Chemicals used for preservation include nitric acid, sulfuric acid, and sodium hydroxide.  The chemical used for preservations should be checked prior to use to ensure no contaminant is present at the level of detection.  Preservation requiring a specified pH level should be checked with a pH meter or litmus paper, after addition of the preservative, and noted as to the amount of preservative, final pH, date, time, and person preserving the sample.  The samples should be cooled to 4°C.  Samples for metal analysis are not required to be cooled. 



	Holding times vary depending on the parameter being measured.  Holding times are calculated from the date and time sampled to the date and time analyzed.  Holding times range from 48 hours to six months.  As with other kinds of samples, collectors should check with the regulator or approved methods to make sure they are using the correct preservation methods.



	The methods approved for drinking water testing list the information necessary for preservation, sampling, and quality control.  For secondary contaminants, the extent of method and field quality control is dependent on data needs.  In most cases, quality control is limited to proper performance of the method and does not include field QC samples, such as duplicates and blanks.  The data use, regulation or method will determine the extent and need for quality control samples. 



9.5.6   Volatile Organic Compounds (VOCs)�tc  \l 3 "

9.5.6   Volatile Organic Compounds (VOCs)"�.  Many organic compounds have been found in drinking water (surface and ground water supplies).  Contamination can be due to leaking underground storage tanks, landfills, wastewater disposal, injection wells, pesticide applications, etc.  Samples for VOCs are collected from the entry point to the distribution system after treatment.  Composite sampling is allowed but  must follow very specific sampling procedures.  The separate grab samples are taken by the sampling personnel, but the compositing must be performed by a certified laboratory at the time of analysis (Refer to state program prior to performing any compositing).  The parameters included in VOC monitoring are both regulated and unregulated parameters.  A complete list of VOCs can be found in 40 CFR 141.40.

Table 9-5 Recommended Preservation for Volatile Organic Compounds*����Constituents

�Chlorinated�Non-chlorinated��Halocarbons & Aromatics�HCl + reducing agent�HCl��THMs�Reducing agent (HCl optional)�None required��EDB/DBCP�None required�None required��

*From Standard Methods for the Examination of Water and Wastewater, 18th edition.
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	Trihalomethanes (THMs).  Trihalomethanes are also VOCs.  Monitoring is required for populations of over 10,000.  THMs are a result of chlorination and are produced during the treatment process.  The formation of these compounds depends on the precursor concentration, chlorine dose, contact time, and pH.  Unlike other VOCs, samples are collected  within the distribution system after treatment.  The four compounds of concern are chloroform, bromoform, chlorodibromomethane, and bromodichloromethane. 	



	Sample Containers.  The laboratory normally supplies the containers, preservatives, and blank water for VOC sampling.  Recommended containers are glass, 60-to-120 mL screw cap vials with a Teflon®-faced silicone septum.  The preservatives, containers, and blank water should be traceable and controlled to ensure no detectable VOCs are present.  Positive results in samples may result in increased monitoring and public notification.



	 Trip Blank.  Trip blanks (or transport blanks) are to be prepared by the laboratory.  These will be two lab filled vials in each shipping container used to ship  water samples.  The trip blank is used to show that contamination does not occur during transportation of the samples to the lab. 



	Field Blanks.  Field blanks are samples of reagent that is transferred from  one vessel to another at the sample site.  The reagent used for  the field blanks should be prepared by the laboratory by filling sample bottles with ASTM Type I or II water, sealing and shipping to the sampling site along with the empty bottles.  This blank is used to show that the atmosphere

WARNING
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Concentrated acids and other chemical preservatives represent a safety concern. Refer to safety plan or HASP, as appropriate to scope of project, and Chapter 3, Sections 3.33 for precautions and personnel protections equipment. (PPE).



at the sampling point has not caused contamination.



	Sample Preservation.  For collecting chlorinated samples, a dechlorinating agent such as 25 mg ascorbic acid should be pre-added by the lab supplying the sample containers.  If gases are not to be determined, sodium thiosulfate may be used as the dechlorinating agent.  It should rapidly dissolve as the bottle is filled.  For samples that require HCl, add one drop of 1:1 HCl (one part acid to one part of volatile organic free water) to each 20 mL of sample volume.  Sample pH should be less than 2 after adjustment.  Table 9-5 gives a summary of recommended preservation for different VOCs.

	

	Sampling Procedures.  Collect all samples in duplicate and prepare two field blanks for each sampling site.  Collect VOC samples as follows:



Determine the appropriate representative sampling location.  For a surface water system, the plant tap after treatment, as the water enters the distribution system may be appropriate.  For a well discharging directly into the distribution system, a tap on the well's discharge piping, after any treatment, may be appropriate.  For THM, a point within the distribution system will be selected.

When sampling from a tap, open the tap and allow the system to flush until the water temperature has stabilized (usually 10 min.). Remove hoses and other sources of contamination from around the tap prior to sampling.  Adjust the flow to about 500 mL (1 pint) per minute (approximately 1/8-inch diameter stream).

Hold the vial at an angle and fill it as near to the top as possible without overflowing (Be careful not to rinse out the preservative).  No air bubbles should pass through the sample as the bottle is filled. 

When sampling from an open body of water, fill a clean, empty (no preservative), one quart, wide-mouth bottle with sample and carefully fill two sample vials from the wide-mouth bottle.  (Discard water in wide-mouth bottle after filling vials.)

If a preservative is to be added, do not completely fill the vial until after the preservative has been added.  After the preservative is added, carefully complete filling the bottle.

When filling the bottle, form a meniscus (the curved upper surface of a liquid formed by 	surface tension) or use the vial cap to top off the bottle and form a meniscus.

Screw the cap on the bottle so that the shiny, Teflon® side of the septum is in contact with the water.  Do not touch the septum and do not over-tighten.

Invert the bottle, tap against your other hand, and check for air bubbles.  If any are present, add �additional water to reform the meniscus and check again until no air bubbles are present.



CAUTION

�seq Figure  \* Arabic�9�



Air bubbles larger than approximately 1 mm can invalidate the VOC sampleGlass vials must be filled completely and handled with care to prevent spillage.



Fill out the label in waterproof ink.  Be sure to clearly identify the exact sample collection location, date, and time of collection.  If the sample collection point has a specific coded identification, include it on the label and sample submission form.

Repeat steps 6 through 12 for duplicate and field blank samples.

Complete the necessary forms with the appropriate information such as Public Water Supply (PWS) identification number, exact sample collection location, date and time, and type of sample (e.g., raw, tap entry point, and at distribution).  Also mention the type of analysis to be run.  Complete a COC Record.

Pack the samples and blanks with ice to lower the temperature to 4°C.  Ship to the laboratory by overnight courier or deliver to the laboratory.



9.5.7  Pesticides and Synthetic Organic Chemicals (SOCs)�tc  \l 3 "9.5.7  Pesticides and Synthetic Organic Chemicals (SOCs)"�.  Samples are collected after treatment at the treatment plant, or at the entry point to the distribution system, making sure each individual source of water is represented in the sample.  The parameters to be measured are based on the size of the supply, use of the materials in the area and state discretion.  When initial monitoring indicates results below the MCL, repeat monitoring is reduced to two samples every three years for supplies serving a population of more than 3,300 and to one sample every three years for supplies serving a population of less than 3,300.  The state establishes the parameters, frequency, and timeline for monitoring for each water supply.



	The methods used for monitoring the SOCs must be approved for drinking water monitoring due to the low level of detection required.  Screening methods for PCBs are listed in the approved methods.  The methods include the quality control samples required for the laboratory and field operations.  The FSP must reflect the selected method requirements for sampling, preservation, holding times, and quality control samples.



	Depending on the specific pesticide and chemical to be analyzed, the sample container and preservative chemical will vary (See Appendix H).  The preservatives used vary in concentration, addition, and type, depending on the method, parameters to be measured, and the matrix (Refer to 40 CFR 141).  All samples should be cooled  to  4°C during transportation and storage.  Chlorinated and nonchlorinated water supplies are preserved using different preservatives.  Preservatives include sodium thiosulfate to remove chlorine, hydrochloric acid to stabilize the pH and reduce biological activity, and other chemicals such as mercuric chloride.  The use of mercuric chloride requires samples and waste material to be treated as a hazardous waste for mercury.  



	Sample Containers.  All methods require the sample to be collected in glass bottles with Teflon®-lined lids.  The size and number of containers will vary depending on the number of parameters to be monitored.  In most cases, samples are collected in two, one-liter amber-glass bottles and preserved. Exceptions exist and the methods must be reviewed prior to sampling to ensure the proper size, number, and types of containers are selected.



	Sampling Procedures.  The general sampling procedure should be used for collecting the sample as found in Section 9.5.4, Nitrate/Nitrites. 



9.5.8  Radionuclides�tc  \l 3 "9.5.8  Radionuclides"�.  Samples for radionuclides are collected once every four years unless more frequent sampling is required by the state.  Initial monitoring is performed by collecting a year long composite, one sample per quarter.  Repeat monitoring may be reduced to a single grab sample, if approved by the state.  



	If gross alpha particle activity is monitored and is found to be above the MCL, additional monitoring for radium-226 and radium-228 may be required.  If the water source is near nuclear facilities, additional parameters (e.g., Tritium, Strontium-89, Strontium-90, Iodine-131, and Cesium-134) may need to be monitored.  These additional parameters will be specified in the state or Federal permit. 

 

	Preservations for the radionuclides is based on the method, parameter, and state requirements. Cesium-134 is preserved with HCl to pH < 2.  Tritium and Iodine-131 are not chemically preserved.  All other regulated radionuclide parameters are preserved with nitric acid to pH < 2.  If preservation is not performed in the field, the preservative may be added upon arrival at the laboratory.  The preservative must be added within 5 days of collection and analysis must not be started until 16 hours after acidification.  Preservatives must be checked for the absence of the radionuclides being monitored.  Holding times are not directly addressed in the rule, but are commonly accepted to be six months, the same as samples for metals testing. 



	Sample Containers.  Radionuclide samples should be collected in a plastic or glass container.  The exception is Tritium, which must be collected in glass. 



	The size of the container is dependent upon the volume of sample needed to meet the required MCLs and the total dissolved solids present.  Sample volumes will range from 0.5 liters to 18 liters.  Sample volumes to be collected must be confirmed with the laboratory performing the analysis.



	Sampling Procedures.  The general sampling procedure should be used for collecting the sample as found in Section 9.5.4, Nitrate/Nitrites.

 

	The methods currently promulgated in 40 CFR 136 are from Standard Methods for the Examination of Water and Wastewater, 18th edition, although the 19th edition is available.  The Field Sampling Plan should include method references, preservation, containers, holding times, and sample size.



9.5.9 Sodium and Corrosivity�tc  \l 3 "9.5.9 Sodium and Corrosivity"�.  One sample per plant should be collected at the entry point to the distribution system for sodium and corrosivity.  The number of samples is based on the number of treatment plants used by the system.  



	Sodium.  The Secondary Maximum Contaminant Level (SMCL) for sodium is 20 mg/L.  Samples must be collected annually for surface waters and every three years for groundwater sources.  In areas where the sodium content is variable, more frequent analyses may be required.



	Corrosivity.  Determination of the corrosivity characteristics of the water includes measurement of pH, calcium, hardness, alkalinity, temperature, total dissolved solids, and calculation of the Langelier  Index.  Only one round of sampling is required unless the state specifies more.  For surface waters, two samples per plant shall be collected, one during mid-winter and one during mid-summer. For groundwater sources, one sample is required for each plant.  More samples and parameters may be required by the state.  

9.5.10  Surface Water Treatment Rule�tc  \l 3 "9.5.10  Surface Water Treatment Rule"�.  This rule, effective December 30, 1990, requires water treatment in lieu of water testing because the contaminants are difficult to detect and pose acute health risks.  Disinfection and filtration for surface water and groundwater under the influence of surface water are required if microbiological, turbidity, and other standards in the rule are not met.  Monitoring of disinfection and filtration treatment techniques is performed by measuring coliform density, heterotrophic bacteria, chlorine residual, and turbidity. 



	In some large supplies (populations greater than 100,000) and some states, sampling and testing for microorganisms is being conducted.  The sampling methods, test procedures, and results interpretation should be performed only by individuals specifically trained and experienced with the organism for which tests are being performed (e.g., Giardia Lamblia and Legionella).

	Bacteria monitoring.  Bacteria sampling for coliform is performed in the same manner as described in Section 9.5.2.  The reporting for bacteria testing for complying with this rule requires samples to be collected at the source prior to treatment.  The results reported must be numeric and not presence/absence as in the Total Coliform Rule.  



	The methods acceptable for bacteria testing differ from distribution system monitoring due to the reporting requirements of the Surface Water Treatment Rule.   The method used for Fecal Coliform and E.coli analysis depends on that used for the Total Coliform test and must be listed as approved for compliance monitoring in 40 CFR part 141.



	pH, temperature, and chlorine residual monitoring.  The sample should be representative of the disinfection system.  The sample should be collected at the point of entry after disinfection.  pH, chlorine and temperature field measurements procedures are presented in Chapter 14.  The chlorine residual should be 0.2 mg/L minimum at all times.





Turbidity monitoring.  The turbidity sample should be representative of the system's filtered water.  The regulator should specify where the turbidity samples must be taken for compliance.  The turbidity after conventional or direct filtration should be less than 5 Nephelometric Turbidity Unit (NTU) and less than 0.5 NTU in 95% of all samples collected. Slow sand and diatomaceous earth filtration systems must achieve a filtered water turbidity level of less than or equal to 1 NTU in the 95% of the measurements of each month (limits may vary by state).  At no time can the filtered water turbidity exceed 5 NTU.  Samples should be collected once per day.



	  Collect the sample in a clean glass or plastic one-liter bottle from the designated sample collection point. Samples should be analyzed on the same day collected or stored in the dark for a maximum of 24 hours.  If samples are transported or stored prior to analysis, pack samples with ice to lower the temperature to 4°C.



	Complete the necessary forms with the appropriate information such as Public Water Supply (PWS) identification number, exact sample collection location, date and time, and type of sample (e.g., raw, tap, entry point,  in distribution system).  Also mention the type of analysis to be run.  Complete a COC Record.



	The method used for measuring turbidity must use the standards and quality control required in the approved methods (Refer to Appendix H).  Only turbidity meters meeting the requirements of the approved methods should be used. A one time demonstration of technician proficiency should be on file in the training records.  The one time demonstration should include a standard curve, a low level measurement standard, and an annual performance evaluation sample.



9.6  QUALITY CONTROL / QUALITY ASSURANCE (QA/QC)�tc  \l 2 "9.6  QUALITY CONTROL/QUALITY ASSURANCE (QA/QC)"�.  The following protocol should be used to ensure integrity and accuracy of the data collected during drinking water sampling.  The 

laboratory analysis must be performed by a state certified laboratory for the method required.  



	All samples must be accompanied by a complete COC Record.  Field Blanks, Trip Blanks, and Field Duplicates may be collected as part of QA plan to enable data evaluation for accuracy and integrity of drinking water sampling.  



	QA/QC varies with the regulatory requirements and site location for each sample.  See Appendix I for required and recommended QC sample(s).



	The main elements of the Quality Assurance Plan (QAP) for drinking water sampling are:



QA objective for measurements

Sampling procedures

Sample custody

Calibration procedures�Analytical procedures

Preservation techniques

Lab performance evaluation samples

Performance audit

Data assessment or validation, if necessary

Quality assurance report

Corrective actions

 

9.7  SAMPLING EQUIPMENT LIST�tc  \l 2 "9.7  SAMPLING EQUIPMENT LIST"�.  Chapter 4, Section 4.8 provides a generic sampling equipment list applicable to most sampling events.  The following list provides additional specific equipment applicable to drinking water sampling:



Thermometer

Litmus Paper or pH meter

Field Blanks

Waterproof pens (blue or black)

Sample container labels

Clear wide plastic tape to cover sample container labels and shipping labels

Shipping container and materials such as:

Clear plastic resealable food bags for sample containers, and COC

Ice



	Additional equipment needed for sampling by constituent:



Chlorine

Chlorine Test Kit or Diethylphenylenediamine (DPD) Test Kit



Total Coliform/ Bacteria

120 mL Plastic or Glass Containers (sterilized)

Sodium Thiosulfate - a preservative



Copper and Lead

First Draw

Liter Bottle, Plastic or Glass

Nitric Acid - preservative

Warning Signs - to notify potential users to not turn on system during testing period



Service Line Samples

Pitcher or Bucket

Sampling Tap

Liter Bottle Plastic or Glass	

Nitric Acid - preservative



Nitrates/Nitrites

Two 1 Liter Plastic or Glass Bottles

Sulfuric Acid (For Nitrate non-Chlorinated water Only)



Inorganics

Liter Plastic Bottle

Preservative (Check FSP for specific preservative or see Appendix H)



VOCs

mL Screw Cap Vials with Teflon faced Silicon Septa

Dechlorinating Agent (Ascorbic Acid)

HCl - if sampling for halocarbons or aromatics

One Quart Wide Mouth Bottle



Pesticides and Synthetic Organic Chemicals

Sodium Thiosulfate - if chlorine is present

HCl - a preservative

Mercuric Chloride - a preservative

 	NOTE:  Samples will be a hazardous material

Liter Amber Glass Bottles with Teflon-lined Lids



Radionuclides

HCl - if sampling for Cesium-134

Nitric Acid - for all others except Tritium and Iodine-131

Plastic or Glass Bottles - volume dependent upon sample volume�
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