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	Step 10: How Will You Monitor to meet Data Quality Objectives


	[image: image2.jpg]




	“What is a deadline but a row of gravestones with rest in “PEACE” etched into each cold hard face?  I would not tear myself from the throes of passion for a date with a dead line—would you? No one can kiss you when you stand on the other side of the dead line, do the dance of life.”

Jane Evershed


About This Step – This step is designed to accomplish 3 things:
1. Set data quality objectives (How complete, representative, comparable, accurate and precise does the data you gather need to be in order to be useful?). 

2. Select sampling and analysis methods that meet your data quality objectives and match your capabilities. 

3. Describe your quality control system and how it will assure that you meet your data quality objectives.
Why Do This Step

Now that you've decided what indicators to measure, and where and when to measure them, the next step is to decide how to measure them. In previous chapters, we discussed the types of variability in watershed assessments (natural, human activities and experimental) and the need to determine how each affects your results. Measuring the variability due to natural and human activities is hard enough! You don't want to confuse the issue by introducing experimental variability: that which results from your data gathering methods. Unfortunately, you can introduce additional sources of variability at every step in sampling and analysis. Your goal is to be able to assume that any difference in watershed condition you see in your assessment is a result of the actual difference in the indicator (in time and/or space), rather than from differences you caused in sampling and/or analysis. 

Fortunately, you actually have some control over experimental variability by setting your own data quality objectives, choosing the right collection and analytical methods, and putting a quality assurance program in place to let you know whether you're meeting your objectives.

In Step 5, you chose data quality objectives (DQOs) to meet the needs of your data users.  In this step, you select analytical methods that will meet those objectives. In the process, you may find that the methods that meet your DQOs are too difficult, time consuming, or expensive. You may find that the method(s) you’ve been using are not precise or sensitive enough to meet your decision-makers’ needs. 

In this step, you select methods that meet your DQOs AND are within your capabilities. It’s critical that you find this out before you finalize your plan.

Where are we in the Big Picture Illustration?
Phase 1
 
Step 1: Share Watershed Vision and Desired Outcomes (Results)

Step 2: Scope Inventory (Physical, People and Information)

Step 3: Identify Monitoring Reason(s) and Data Use(s) (Assessment Type)


Step 4: Develop Monitoring Questions (Refinement of Monitoring Reason)


Step 5: Target Decision Makers and Info Needs (Refinement of Data Use)



Step 6: Summarize with Information Blue Print-Data Pathway Fact Sheet)
Phase 2
 
Step 7: What Will You Monitor?


Step 8: When Will You Monitor?



Step 9: Where Will You Monitor?
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Step 10: How Will You Monitor to Meet Data Quality Objectives? 



Step 11: Management of Raw Data (Data Management Plan Part 1)

Phase 3

Step 12: Data Summary and Analysis



Step 13: Interpretation, Conclusions and Recommendations


Step 14: Communicating and Delivery


 
Step 15: Management to Generate Info (Data Management Plan Part 2)
Phase 4

Step 16: Who Will Do What?  Task Identification


Step 17: Evaluation of Effectiveness (of Plan and Implementation)


Step 18: Documentation and Communication (of M & A Plan)

Products

· A summary of data quality objectives for sampling and analysis that meet the information needs of all decision makers per monitoring question per Assessment Type. 

· A list / documentation of sampling collection and analysis methods.

· A quality control plan.
[image: image1.jpg]


[image: image38.wmf]

What Should Be Done Before This Step?
A list of indicators (Step 7) for each monitoring question per Assessment Type, a characterization of monitoring frequency for each indicator (Step 8) and sample sites and where within each site a sample will be collected (Step 9).  

The information listed in the Final Information Blue Print-Data Pathway Fact Sheet, Worksheet 6.3.a in Step 6.  This information needs to be provided for every monitoring question per each Assessment Type.  The summary sheet should be completed as much as possible but is a starting point.  Worksheet 5.4.a and 5.4.a lists the information needed by targeted decision makers and associated data quality objectives.  You may also have found valuable information from the Scoping Inventory, especially Worksheet 2.9.a, Worksheet 2.11.a, Worksheet 2.12.a and Worksheet 2.13.a.

· Worksheet 6.3.a is the summary Information Blue Print – Data Pathway Fact Sheet for each monitoring question per Assessment Type, selection of Assessment Type was Worksheet 3.4.a.

· Worksheet 5.4.a and 5.4.b, information needed by targeted decision makers and associated data quality objectives

· Worksheet 2.9.a, Physical Attributes of target water bodies

· Worksheet 2.11.a, Impact Features of target water bodies.

· Worksheet 2.12.a Water body stressor Identification.

· Worksheet 2.13.a Water body Status and/or condition

The assessment type narrows down the parameters you need to consider. Further, tables later in this chapter will help you narrow the field even further. 

Steps 1 through 6, Phase 1, do not need to be completed per say, but the information that is a result of those steps are necessary to identify and define to design the monitoring components of what, when, where and how you will gather data. This information is also necessary to plan how the data will generate information, be managed, analyzed, interpreted, delivered to decision makers and evaluated. Information generated in Steps 1-6, Phase 2 are the foundation of every monitoring program. 

Thus, ideally you need to have identified a watershed vision and desired outcomes with associated assumptions and external factors. Defined combination of monitoring reasons and uses, we call Assessment types. For each assessment type a list of monitoring questions the data is to answer and how that question will be answered. For each monitoring question, a list of targeted decision makers, their decision, how they make that decision and what information they need to make the decision. Once you have this, you can summarize the results in any format, we suggests the information blueprint we suggests the information blueprint – data pathway fact sheet from Step 6, Worksheet 6.3.a. 
Basic Tasks

Basic Tasks are numbered to correlate with the overall 1-18 Steps provided in these guidance modules followed by the basic task sequence step to complete. For example Step 4, basic task 2 would be numbered as Basic Task Step 4.2, Step 3.3 correlates to Step 3, Basic Task 3.

[image: image6.wmf]  10.1
Identify who will make the decisions about this step and who should be involved in the planning process (they may be different).

[image: image7.wmf]  10.2
Self Assessment: If you’ve been monitoring before you’ve undertaken this process, have the parameters you’ve measured worked well? 

[image: image8.wmf]  10.3
Sampling Methods and Data Quality Objectives

[image: image9.wmf]  10.4
Analytical Methods and Data Quality Objectives

[image: image10.wmf]   10.5
Update Inventory Master List and Plan.

[image: image11.wmf]   10.6
Update Information Blueprint – Data Pathway Fact Sheet for each monitoring question.

[image: image12.wmf]  10.7
Place Products in your Watershed Monitoring and Assessment Plan.

[image: image13.wmf]  10.8
Place your identified gaps and needs regarding this step in the Action Plan (what you need to plan to complete this step and or overall monitoring and assessment plan).

Worksheets 

Work sheets are listed below. Not all Basic Tasks have an associated work sheet. To simplify completion of products for each step, the worksheets or broken into small subsets of tasks. This requires moving the results of one task into the next task and will seem redundant, especially if completing worksheets by hand. Worksheets are provided in word here for ease of reproducibility. These are a starting point; we encourage you to customize these and reproduced them in an electronic format, in Excel for example, where it is easy to move information from one area to another by cutting and pasting. 

Work Sheets are numbered to correlate with Basic Steps and the overall Steps in these guidance modules. Each consecutive work sheet is lettered a, b, c and so forth, preceded by the Basic Task sequence step, preceded by the Step number. For example, Worksheet Step 4.2.a and Step 4.2.b, correlates to Step 4, Basic Task 2, Worksheet a and Worksheet b. In theory worksheet a needs to be completed before worksheet b. 

Worksheet 10.2.a
Self Assessment Step 9 Worksheet and Products to be completed Prior to this Step, Part 1 and Part 2.  If you’ve been monitoring prior to using this planning process, you’ve got some experience with some of the parameters. In this worksheet, you will evaluate the use and effectiveness of your current parameters.
Worksheet 10.3.a
Select Sampling Data Quality Objectives

        10.3.b 
Select Sampling Methods

Worksheet 10.4.a
Select Analytical Data Quality Objectives

        10.4.b
Select Sample Analysis Methods 

Worksheet 10.5a   
Quality Control Measures

Worksheet 10.7.a
Place Products in your Watershed Monitoring and Assessment Plan.
Worksheet 10.8.a
Place your identified gaps and needs regarding this step in the Action Plan (what you need to plan to complete this step and or overall monitoring and assessment plan).

How To Do Worksheets 

For Sheet 10.2.a  
Self Assessment Step 10 Worksheet and Products to be completed Prior to this Step. Part 1.
Part 1. Complete the self assessment section of the worksheet to evaluate what you have or what decisions have already been made.  This will help you focus on what you need from this step and incorporate valuable existing information or products into this plan.

Part 2. Next, to prepare to complete this step the following, you need to have the following items addressed:  
· Desired set of outcomes or results that the monitoring and assessment activities will be designed to help achieve
· Identified monitoring and assessment activities, specific combinations of a monitoring reason plus an associated data use; we call this an Assessment Type. You may have multiple Assessment Types.  
· For each Assessment Type, the list of specific monitoring questions the monitoring and assessment will be designed to answer.
· For each monitoring question, the targeted decision makers, the type of decisions they will make and the information they need to make them (as specific as possible).  
· A minimal scoping inventory that identifies the watershed boundary and water bodies you are focusing on (rivers, lakes or wetlands), physical attributes of water bodies (including status, uses, etc.), relevant cultural or historical aspects, existing data sets or monitoring efforts and others in the watershed who either you want to influence or could help you implement.
· Technical sample plan including what monitor (indicators, benchmarks, criteria, etc.), where and when monitor, how will meet data quality objectives (methods, how good does the data need to be for decision makers, quality assurance and control measures), and how will manage and verify raw data/information- AT THIS  POINT WHAT YOU KNOW, if you don’t know it, Phase 2 and 3 help you determine these items.

· Set of indicators from Step 7 and frequency characterization from Step 8, station locations from Step 9
This is the ideal list, if you do not have any of these, they become a gap or need that should be addressed before any data is collected or analyzed, even if the answers aren’t perfect or you don’t have a large degree of confidence surrounding them, they should be attempted as the starting point.  This is what you are evaluating in this step-your monitoring and assessment plan.

Worksheet 10.2.a  
Self Assessment Step 10 Worksheet and Products to be completed Prior to this Step. Part 2.
Part 1 Self Assessment of Known Evaluation Products and Processes

1. Determine if you “have” or “don’t have” the item, mark the appropriate box.  If you don’t have it and determine you don’t need it, explain why in the comments document.  You may not need to know but perhaps your target decision makers, board or membership might want to know.
2. If you have the item “documented”, mark that box.  If so, list in the comments where, hard copy, chapter in a document, electronic file name and location, etc.  The assumption is you value the ultimate goal to document and communicate your M & A plan, activities and results.
3. If you have the item, assess the use of it, use the scale below or provide your own answer and comments.

Rating Scale for USE:


0=doesn’t exist so use is nil


1=don’t know why would need or understand item


2=exists, don’t know where it is, if it is used, etc. so use is essentially nil


3=exists and use some of time


4=exists and use all the time


5=wish it existed, would use it lots
4. If you have the item, assess the effectiveness of it, just because something exists or is used does not mean it is effective in its use, use the effectiveness scale below or provide your own answer and comments.
Rating Scale for EFFECTIVENESS, assumes material exists:


0=not effective or functional at all


1=incomplete (all elements are not there) and some existing parts need revising


2=incomplete but what is there is okay


3=complete (all elements are there), some parts okay but need revising


4=complete and effective
	Item
	Have
	Don’t Have
	DOC
	Assessment of Use

(Scale 0-5)


	Assessment of value / effectiveness

(Scale 0-4)
	Comments/Notes

	27. Written field/collection methods
	
	
	
	
	
	

	28. Written Laboratory Protocols
	
	
	
	
	
	

	29. Identified source of monitoring protocols (collection, field, lab, etc.)
	
	
	
	
	
	

	Other?
	
	
	
	
	
	



*DOC=Documentation,  *M & A= Monitoring and Assessment

5. To make this assessment useful, determine what your gaps and needs are regarding this step in order to focus your effort in completing this step.  

Worksheet 10.2.a   
Self Assessment Step 10 Worksheet and Products to be completed Prior to this Step.

Part 2 Products to be completed before this step, in order to complete this step, what know from Step 5 and Step 6, Worksheet 6.3.a.  Step 7 finalized indicators to this point. If you don’t know, you will after this Step.

	Item
	Response

	Desired set of outcomes or results that the monitoring and assessment activities will be designed to help achieve:
	

	Assessment Types, specific combination of one monitoring reason and data use(r):
	

	For each Assessment Type, the list of specific monitoring questions: 
	

	For each monitoring question, the targeted decision makers, the type of decisions they will make and the information they need to make them (as specific as possible):  
	

	Watershed(s) and Water bodies of focus:
	

	Physical attributes of Water bodies (status, use, etc.)
	

	Existing Data or monitoring efforts:
	

	Indicators, benchmarks and criteria list (STEP 7):
	

	For each indicator, when monitor? (STEP 8):
	

	List of monitoring locations/rationale (STEP 9):
	

	List of monitoring frequencies:
	

	Methods list, list of data quality objectives (methods, how good does the data need to be for decision makers), quality assurance and control measures)
	

	What you know now about decision makers data-to-information needs, analyses, interpretation and reporting
	


For sheet 10.3.a
Select Sampling Data Quality Objectives

List your objectives for completeness, representiveness, and comparability. Please refer to the background section above for detailed descriptions and information.

[image: image39.wmf]For sheet 10.3.b 
Select Sampling Methods

1. 
What you are going to sample? (e.g., the water column, the bottom of the lake, riparian habitat, etc.)

· Rainfall might be measured by recording the water level in a gauge. 

· Abundance of waterfowl might be estimated with counts. 

· Human health might be assessed by taking blood or hair samples to analyze the amount of the contaminant that has been absorbed or deposited. 

· pH of the water column will be measured. 

· Trends in the smell of fish might be assessed by direct observation and narrative descriptions. 

· Stream flow or discharge might be measured by using information about the area of the channel and the velocity of the water.

	Some other examples include:

	stream or lake water

groundwater

benthic macroinvertebrates

discharge

fish

habitat 
	sediment

macrophytes

 algae

maps

periphyton

phytoplankton
	zooplankton

wastewater

rain

storm water


2. What you will use to collect samples? (e.g., your eyes, a meter, sample container type, etc.)

· Invertebrates might be collected with a kick net. 

· Bacteria might be collected in a Whirl-pak bag. 

· Fish might be collected by electro-shocking.

· Water samples might be collected in a plastic bottle.

	Sampling Containers or Devices

	plastic bottle 

BOD bottle 

glass bottle

Dredge
	collection net 

rock basket 

Whirl-pak bag

acid-rinsed glass 
	Surber sampler

meter secchi disk 

integrated depth sample


3. 
Whether and how you will preserve samples? (e.g., freezing, acidification, immersing critters in alcohol or some other preservative)

· Invertebrates might be preserved with alcohol. 

· Bacteria samples taken downstream of a wastewater treatment plant should be mixed with sodium thiosulfate in order to preserve colony numbers. 

· Dissolved oxygen samples, being analyzed with the Hach Azide Modification of the Winkler titration method, will need to be "fixed" in the field using manganous sulfate, alkaline iodide-azide and sulfamic acid.

	Preservation Methods

	Acidified

Fixed
	Alcohol

formalin 
	Refrigerated

dark


4.
Quantity of sample to be collected: How much of the sample will be collected? This is determined by the needs of your analytical method. 

	Some examples include:

	milliliters 

# of organisms 

area sampled
	cubic centimeters

# of transects 

# of measurements


5.
Number of samples to be collected per site: How many samples will be collected at each site? Examples to explain, “How many samples and how much?” could include: , 2 - 500 mL samples of the water column, 3 - 1 square-meter samples of the bottom of the lake, one observation of 300 feet of riparian habitat, etc. 

· You might collect 500 ml water samples at 3 different depths. 

· You might assess the habitat of one riffle in 10 different locations. 

· You might assess the smell of 5 different fish from one spot. 

· You might collect two secchi depth readings at each lake site. 

· You might need to collect at least 3 benthic macroinvertebrate samples from 1 square meter of river bottom. 

· You might count waterfowl at 10 locations to get a good average.

6.  Methods Reference: Reference the source of your sampling method.

Worksheet 10.3.a 
Data Quality Objectives for Sampling

For each sample type, list the objectives.

	Sample Type
	Completeness
	Representativeness
	Comparability

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	


Worksheet 10.3.b 
Sample Collection Methods

	Indicator
	What will be sampled
	Sampling containers or devices/

preservation
	Quantity of sample to be collected
	Number of samples to be collected per site
	Methods Reference

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	


For Sheet 10.4.a

Select Analytical Data Quality Objectives
List your objectives accuracy, precision, and detection limit/measurement range. Please refer to the background section above for detailed descriptions and information.

For Sheet 10.4.b
Select Analytical Methods

There is usually more than one way to collect the information you're after. Sample collection and analysis methods range from simple and inexpensive, to complex and cost-prohibitive. On one end of the spectrum, systematic observations or photographs may be all you need to document obvious pollution problems. At the other end, you may need to use difficult and expensive methods to find a very low concentration of a pollutant that is causing the problem. To add to the confusion, equipment manufacturers want to sell you equipment, and people who have used a certain method for a long time may be biased and recommend methods that won't meet your needs or capabilities.

1. 
How you will transport the samples to the lab, and how long you can keep the samples before they must get there? (e.g., in coolers within 6 hours) 

· Samples taken for bacteria analysis will need to be refrigerated so that the number of colonies does not change. 

· Dissolved oxygen samples will need to be kept in a dark container. 

· Samples taken for pH analysis typically need to be analyzed as soon as possible.

2.
What is the maximum time a sample can be kept before it must be analyzed? The maximum amount of time that the sample can be held before it must be analyzed. Some holding times for common water column indicators are listed in the table below. Some indicators don’t have a limit on the amount of time they can be held. For these, fill in “NA” for “not applicable.” See table below. Examples include:

· Bacteria samples must be analyzed within 8 hours of collection. 

· Macroinvertebrate samples preserved in alcohol may be kept indefinitely. 

· Chlorophyll a must be analyzed within 30 days.Sample Handling Requirement

	from Standard Methods

	Indicator
	Container

Type
	Minimum

Size (mL)
	Preservation
	Max. Holding

Time

	Alkalinity
	P, G
	200
	Ref.
	24 h

	Bacteria
	P, G (S)
	200
	Ref.
	6 h

	BOD
	P, G
	1000
	Ref.
	6 h

	Chlorophyll
	P, G
	500
	Dark
	30 d

	Conductivity
	P, G
	500
	Ref.
	28 d

	N-Ammonia
	P, G
	500
	ASAP or acidify
	7 d

	N-Nitrate
	P, G
	100
	ASAP or ref.
	48 h

	N-Kjeldahl
	P, G
	500
	Ref., acidify
	7d

	Oxygen
	G-BOD
	300
	Fix
	8 h

	pH
	P, G
	-
	ASAP
	2h

	Phosphate
	G(A)
	100
	Ref.
	48 h

	Solids
	P, G
	-
	Ref.
	7 d

	Turbidity
	P, G
	-
	Ref., Dark
	24 h

	Abbreviations

P = Plastic, G = Glass
Ref. = refrigerate

G(A) = acid-rinsed glass
h = hours, d = days

(S) = sterile


3.
Methods Reference: Cite a specific method and reference the source of your sampling method. This will often be a numeric reference code typically in Standards Methods of EPA Methods. For example, “grab sample per Standard Methods 9500A.”See the background section above for more information.

4.
Brief Description of Methods: Include a 1-2 sentence description of the method. For example: “Membrane filtration and incubation for two hours at 35° C followed by 18 – 24 hours incubation at 44.5° C”.  You can find these in the background section above or in the methods column of the Assessment Tables.

5. 
How will you report the results? (e.g., as a concentration of mg/L, # of critters in each family, percentage of habitat in each vegetative type, etc.)

· Bacteria results are typically reported as number of colonies per 100 milliliters (cfu/100ml). 

· Benthic macroinvertebrate results are usually expressed as the number of critters of each type (taxon). 

· Abundance of waterfowl might be reported as number per square area. 

· Medicinal plants, invasive species or dead fish might be reported as present or absent.

	Common reporting units include:

	mg/l 

cfu per 100 mL 

cubic ft/sec
	NTUs

°C or °F 

meters or feet


Worksheet 10.4.a  
Data Quality Objectives for Analysis

For each indicator, list the objectives.

	Indicator
	Accuracy
	Precision
	Detection Limit/Measurement Range

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	


Worksheet 10.4.b 
Sample Analysis Methods 

	Indicator
	How Sample Transported to Lab
	Maximum holding time
	Method Reference
	Brief Description of Method
	Reporting Units

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	


For Sheet 10.5.a 
Quality Control Measures

This worksheet lists the quality control measures you will follow to enable you to assess whether you’ve met your data quality objectives for sampling and analysis.

Quality control details the technical activities used to identify and control errors resulting from sampling and analysis procedures.  There are two general types of quality control measures used to assess the precision and accuracy of your monitoring results:  

· Internal Quality Control Measures:  Internal quality control measures are samples collected and analyzed by project field volunteers, staff and laboratory.  Most of the QC measures you choose will be internal, and the focus of your plan.   

· External Quality Control Measures:  External quality control measures are samples collected and analyzed by non-volunteers field staff and or certified laboratories that aren’t normally part of your monitoring program. 

Parameter(s)

List the parameters you will be monitoring and the quality control samples you will run on each. If a group of parameters will be measured out of each sample, you can list all the parameters in one cell, call it sample group 1, or anything you would like to call the group.

% Quality Control Samples

List the %  of your total samples that will be quality control samples. The column headings in the worksheet are filled in (Field Blanks
Field Duplicates, Lab Duplicates, Calibration Standards, and Spikes) but you can change any of those. As a general rule of thumb, 5-10% of your samples should be quality control samples.  These recommendations are starting points only.  You will need to work with your technical committee and especially your primary data user to make this decision.  

Remember who you have identified as the primary data user and the expected data use.  If data is strictly for educational purposes, extensive QC measures are probably not required.  On the other hand if you are doing monitoring to assess water use for state standards, stricter QC measures are required.  You’ll probably be somewhere in between.  Refer back to the Step 3 Exercise:  Talking to Your Data User, to make note of any specific data user requirements.  

Some examples of quality control measures include (see the background and Content section of this step for more detail):

Field Blanks:  A field blank is de-ionized or distilled water that is poured into a sample container in the field as if it were a lake or stream sample.  

Trip Blank:  A trip blank is appropriate “blank” water placed in a sample container (with appropriate preservation) prior to going out to collect samples. 

Sampler Blank (aka rinsate or equipment blank): a sampler blank is de-ionized or distilled water that is rinsed through the sampling device, collected and analyzed.  

Method Blank:  A method blank is de-ionized water or distilled water process like any of the other samples.  

Calibration Blanks:  A calibration blank is de-ionized or distilled water processed like any of the samples and used to “zero” the instrument.

Calibration Standards:  Calibration standards are used to calibrate a meter.  

Field Duplicates:  A field duplicate is a duplicated stream or lake sample collected and analyzed.  

Laboratory Duplicates: A laboratory duplicate is a sample that is split into two or more sub-samples at the laboratory.

Spike Samples: A sample is “spiked” by adding a known amount of a known concentration of the parameter being measured.

Negative and Positive Plates (for bacteria): 

Negative plates:  Buffered rinse water (the sterile water used to rinse down the sides of the filter funnel during filtration) is filtered in the same manner as a sample.  

Positive plates: Water known to contain bacteria (such as wastewater treatment plant influent) is filtered the same way manner as a sample.

Evaluation of Results: the results for negative planes should be “zero.”  The results for positive plates should be “too numerous to count” (TNTC).

You may want to review additional choices of quality control measures.  A complete description of internal and external quality control measures and how they are evaluated is found in the Background and Content section of this step. Recommended Quality Controls for Advanced and Basic Assessments can be found in Appendix 10.5.

% Quality Control Samples

The percentage of your samples that will be subject to a specific quality control measure is not set in stone.  It will vary for a number of reasons, such as, the parameter sampled, the level of rigor you have chosen, your data user requirements, the goals of your project, etc.  As a general rule of thumb, 5-10% of your samples should be quality control samples.  These recommendations are starting points only.  You will need to work with your technical committee and especially your primary data user to make this decision.  

Evaluation

Evaluation involves calculating the accuracy and precision of your quality control measures and comparing them to your data quality objectives. In this column, list who and how you will evaluate the quality control samples in terms of whether you met your data quality goals. 

The decision to accept or reject data or a portion of it is made after the analysis of all the QC data.  

Problem Avoidance and Response Actions

Describe how you will avoid problems and, when they occur, respond to them.  See the Background and Content section of this step for a fuller description and examples.

Example of Worksheet 10.5.a  Quality Control Measures


	Parameter
	% Quality Control Samples
	Evaluation



	
	Field Blanks
	Field Dups.
	Lab Dups.
	Calib

Stds.
	Spikes
	

	Total Phosphorus
	10% of all sites
	10% of all sites
	10%
	Each run
	1/run
	Performed by certified lab

	Secchi Disk
	NA
	Each sample
	NA
	NA
	NA
	Performed by trained volunteers in field (see precision goals in worksheet 5.4) RPD

	T-Tube
	NA
	Each sample
	NA
	NA
	NA
	Performed by trained volunteers in field (see precision goals in worksheet 5.4)

	Dissolved Oxygen (by meter)
	NA
	10%of all samples
	NA
	Each sampling day – using an oxygen saturated sample
	NA
	Performed in field with trained volunteers and read as the expected concentration within defined limits. Help is gotten if accuracy & precision isn’t reached (see worksheet 5.4)


NA = Not applicable to this parameter
Response Action: If a response action is needed, we will define the problem and troubleshooting to determine the problem source.  Once identified the problem will be resolved according to established guidelines.

Worksheet 10.5.a:
Quality Control Measures


	Parameters
	% Quality Control Samples
	Evaluation


	
	Field Blanks
	Field Dups.
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	


Response Action: If a response action is needed, we will define the problem and troubleshooting to determine the problem source.  Once identified the problem will be resolved according to established guidelines

For Sheet 10.6.a   
Instrument and Equipment Requirements

Your results are only as good as your sampling and analytical equipment.  Therefore, it is important to routinely maintain, inspect and calibrate it.  It is also important to document these activities and keep records in a logbook or on data sheets.  This will help in troubleshooting should problems arise with your quality control samples.  It is also important to know when the equipment was purchased and where it was purchased.  It may be necessary to contact the manufacturer for information.  They will also need to know the model and serial number.  It is good to have it documented in your plan, as this information is easily lost.  

In this worksheet you will outline your plan for the routine inspection, calibration and preventative maintenance of field and laboratory equipment.    This includes how frequently, types of standards or certified equipment that will be used for calibration and documentation. The following is the type of information you will need.

· Equipment Type:  Include the specific name of the equipment, model number, serial number and what the equipment is used for.

· Documentation: Include when purchased, where purchased, and if there are instructions.

· Inspection, Calibration and Maintenance
Example 1 of Worksheet 10.6.a  Instrument and Equipment Requirements

1. Equipment Type and Parameter: Portable field YSI 60 pH meter, # 01- 56972

2. Documentation: Purchased January 2002, from YSI; will follow instruction manual

3. Inspection, Calibration, and Maintenance: Prior to each sampling event: Check electrolyte level in electrode, and fill with KCl as necessary. Results kept in logbook.  Use manufacture’s instructions for calibrations.

Example 2 of Worksheet 10.6.a  Instrument and Equipment Requirements

1. Equipment Type and Parameter: Integrated Sampler for total phosphorus and chlorophyll ‘a’

2. Documentation: Purchased May 2001 from XYZ Laboratories, manufacturer’s instructions

3. Calibration: is not required

Inspection: Check to make sure stored and cleaned as directed below.

Maintenance: 

a. Clean at the beginning of each sampling season
· In a clean container dissolve 1/2 box of baking powder in 1 gallon of water

· Plug one end and fill half way with cleaning solution

· Plug other end and rotate and tilt sampler to clean all surfaces, making sure not to sampler ends

· Discard cleaning solution and repeat until all the cleaning solution is used

· Rinse thoroughly 3 times with tap water

b. 
Storage when not in use

· Store DRY and corked on both ends

· Store away from kids, pets and other animals such as mice

· For added protection, cover each end with a new plastic bag and fasten them

Worksheet 10.6.a  
Instrument and Equipment Requirements
1) Equipment Type:


2) Documentation:


3) Inspection, Calibration, and Maintenance: 

---

1) Equipment Type:


2) Documentation:


3) Inspection, Calibration, and Maintenance: 

---

1) Equipment Type:


2) Documentation:


3) Inspection, Calibration, and Maintenance: 

---

1) Equipment Type:


2) Documentation:


3) Inspection, Calibration, and Maintenance: 

---

For Sheet 10.7.a
Place Products in your Watershed Monitoring and Assessment Plan. 
· Documentation of methods and procedures in field and laboratory and all other processes, identification and documentation of data quality objectives necessary to meet information needs of target decision makers, monitoring questions, Assessment Type desired outcomes and a quality control plan
Worksheet 10.7.a
Add products of Step to Watershed Monitoring and Assessment Plan.
If you completed any Steps this Worksheet is cumulative, use that document.  If you have not you complete that aspect that is highlighted for your plan documentation. *Italics mean a sub plan that might be attached or live somewhere else, location of document and contact is what would go in the plan.
I. People Design, Phase 1

A. Shared Watershed Vision and Desired Outcomes (Step 1) 

1. Logic Model of Desired Outcomes/Results and activities/target audiences to employ to achieve outcomes

B. Keepers of the M & A Plan (Step 1)

C. Watershed Boundary (Step 2)

D. Water bodies of Interest (Step 2)

E. Scope Inventory Master List* (Step 2)

1. Physical Inventory * (Step 2)

2. People Inventory* (Step 2)

3. Information Inventory* (Step 2)

a. Existing Monitoring Efforts (Step 2)  

b. Existing Data Sources (Step 2)

4. Inventory Action Plan* (Step 2)

F. Assessment Type(s) List – Monitoring Reason + Use (Step 3)

1. Monitoring Question(s)  (Step 4)

2. Targeted Decision Maker(s)  (Step 5)

a. Information Needs (Step 5)

3. Information Blue Print – Data Pathway Fact Sheet Per Monitoring Question* (Step 6)

II. Technical Design, Phase 2

A. What (Indicators, Benchmarks, etc.) and why? (Step 7)

B. When and why? (Step 8)

C. Where and why? (Step 9)

D. [image: image14.png]


W(how) will meet data quality objectives? (Step 10)

1. [image: image15.png]


Methods and Data quality objectives (Step 5 and 10)

2. [image: image16.png]


Quality Assurance and Control Measures (Quality Assurance and Control Plan)* (Step 10)

E. Data Management for Raw Data (Data Management Plan Part 1)* (Step 11)

III. Information Design, Phase 3

A. Data Summary and Analyses  (Step 12)

1. Starting Point (Step 12)

2. Changes (Later)

B. Data Interpretation, Conclusions, Recommendations

1. Starting Point (Step 13)

2. Changes (Later)

C. Communication and Delivery

1. Starting Point (Step 14)

2. Changes (Later)

D. Management Plans to Generate Information (Data Management Plan Part 2)* (Step 15)

IV. Evaluation Design, Phase 4

A. Who Will Do What?  (Step 16)

1. Task Identification Matrix (Step 16)

2. Communication Structure and Tools (Step 16)

B. Evaluation Plans (Step 17)

1. Evaluation Plans for M & A Components (Step 17)

2. Evaluation Plans for M & A Implementation (Step 17)

3. Evaluation of inter/intra M & A Activities (Step 17)

C. Documentation and Communication (Step 18)

1. M & A Plan (this document, updated Sub documents) (Step 18)

2. Communication and Peer Review Plan (Step 18)

3. Action Plan* (Step 17)

For Sheet 10.8.a  
Place your identified gaps and needs regarding this step in the Action Plan (what you need to plan to complete this step and or overall monitoring and assessment plan).
Worksheet 10.8.a 
Final Action Plan Part 1, Summary:

If you have completed each Step, or for those you have, you have a cumulated list of gaps and needs related to that Step. Use that same worksheet/document.  If you did not complete each Step, look at what each Step is supposed to accomplish and record what your gaps and needs are related to that topic.  The goals are to get the gaps and needs in one place to evaluate and prioritize.
	Phase 1 Step 1: (completed in Step 1)

	Phase 1 Step 2: (completed in Step 2)

	Phase 1 Step 3: (completed in Step 3)

	Phase 1 Step 4: (completed in Step 4)

	Phase 1 Step 5: (completed in Step 5)

	Phase 1 Step 6: (completed in Step 6)

	Phase 2 Step 7: (completed in Step 7)

	Phase 2 Step 8: (completed in Step 8)

	Phase 2 Step 9: (completed in Step 9)

	Phase 2 Step 10:


	Phase 3 and 4 Steps:  Will add Action and Needs as complete each Step and at the end prioritize




Background and Content

Set Data Quality Objectives

· Overall Data Quality Objective 

· Data Quality Objectives for Collecting Samples 

· Data Quality Objectives for Analysis 

There is more than one way to measure most indicators. How do you choose among the myriad methods? One of the key questions to ask is, “What quality of data do you need to produce in order to use it for your purposes?” Data quality objectives (DQOs) are statements and/or numerical descriptions of the benchmarks you set for your sampling and analysis methods. While data quality objectives are not your only consideration, they can help you identify the methods that most closely match your needs.

In this section, we'll briefly review some of the basic concepts. EPA has produced detailed guidance for developing data quality objectives. Data quality objectives serve two purposes: 

1.
Before you collect any field data, they help you select appropriate methods. 

2.
After you've begun collecting field data, they help you track whether the methods are working. 

Setting data quality objectives before you've gathered field data may be the most challenging step in the assessment process. In part, it's a "chicken-and-egg" situation because it is difficult to know whether the objectives are reasonable before you've taken any measurements. You may decide to collect measurements during a "testing phase" to establish a record of whether your methods can meet your DQOs. You can also consult with other tribes or agencies, to see if their experience can help you set reasonable objectives.

You may not need to set data quality objectives. Three reasons to set DQOs include:

1.
You are using federal funds and preparing a QAPP-DQOs are required. 

2.
You are letting others use your data and they require DQOs. 

3.
You want to collect data of a particular quality. 

Data quality objectives are an integral part of a Quality Assurance Plan (QAP), which may be required if you are using federal money for monitoring (See section 3 of this chapter). In a QAP, you set up quality control checks. These checks are designed to test your sampling and analytical processes, and produce data which you compare with your objectives.

Overall Data Quality Objective

Before developing specific objectives, it's usually helpful to come up with an overall objective that describes how you will use the data. This can be a simple narrative statement.

Your data quality objectives will describe in more detail how you will meet this overall objective. Detailed DQOs will help you select the right methods, both for collecting samples and analyzing them.

Data Quality Objectives for Collecting Samples

Data quality objectives for sampling describe your targets for: 

Completeness: How many measurement samples will you need for a complete data set? You need to consider the overall number of samples needed, as well as the number needed at particular sites and under any different conditions dictated by your study question.

Representativeness: How many samples will you collect, and where will you collect them to ensure that they represent the actual environmental condition or population you are sampling? This is important because, in most cases, you are only sampling a very small part of the watershed. 

the appropriateness of your sampling site selection for describing the general characteristics of the water body and specific impacts. 

the appropriateness of the location of the sample collection point: spatial location (mid-stream, mid-lake, etc.), sampling depth, number of sites, etc. 

the appropriateness of the parameters to the type of impact. Later sections evaluate these issues in greater detail and should be consistent with the statement here. 

Comparability: How comparable will your data be to previously collected data? There are statistical methods for setting data quality objectives for sampling, but they are beyond the scope of this guide.

Data Quality Objectives for Analysis

Analysis is the process of measuring the indicators you've chosen. Measurements can be done in the field (for example, by using a field meter) or the lab. Data quality objectives for analysis describe the quality targets you must hit in order to provide useful data.

Precision is the degree of agreement among repeated measurements of the same indicator and gives information about the consistency of your methods. 

Accuracy or Bias is a measure of confidence that describes how close a measurement is to its ‘”true” value.

Measurement Range is the range of reliable readings of an instrument or measuring device in actual use on real samples; both the upper and lower limits that you might expect must be considered. To help in determining the measurement range for your project and also help you to properly select methods or instruments that will meet your needs, your measurement range should reflect the part of the total “expected” range that your study will encounter, and your methods or instruments should provide a detection limit that can properly measure that range. 

Detection Limits include several different types, and it is important to understand the difference because it affects your choice of methods and instruments. Only the Method Detection Limit (MDL) or Practical Quantitation Limit (PQL) is relevant for your QAPP, but you will probably encounter the others in product specifications or other studies. Since the other limits provide a rosier picture of the method or instrument capabilities, it is extraordinarily important for your project that you make sure your MDL or PQL matches the measurement range. 

Instrument detection limit (IDL) is three times the standard deviation above the instrument noise level, for practical purposes the lower limit of the indicator that the instrument is capable of detecting. This is the value commonly reported in instrument advertisements. 

Lower level of detection (LLD) is the level of measurement that can be reproduce with 99% certainty, everything else remaining constant. It is typically twice the IDL. 

Method detection limit (MDL) is the level of measurements that can be reproduced with 99% certainty after going through the entire analytical method by an experienced operator. It is typically four times the IDL. Reporting Detection Limit (RDL) is sometimes used synonymously with MDL. 

Practical quantitation limit (PQL) that is the level that several labs can achieve using the same samples. The PQL is customarily about four to five times the MDL or ten times the IDL. 

For most instrument specifications, IDL is reported. For most methods, MDL is reported. 

The question for your project is whether the MDL or PQL (if you use more than one lab for the same analysis) matches or is lower than the lowest value of your expected range for each parameter, reporting limit requirements, action limit, or regulatory requirements as set by federal or state agencies. For example, if you need to determine total phosphate values as low as 0.005 mg/l (5 ppb), the MDL or PQL must be 0.005 mg/l or lower. QAPP reviewers will check that your methods and instruments are appropriate for your target measurement range . 

Example Data Quality Objectives for Typical Indicators Measured by Volunteers in Massachusetts.
 

These example DQOs are based on the range of analytical methods and field/lab instrumentation available to volunteers, and on historical results for quality control samples, where available. Each volunteer group must determine project goals, select project-based equipment, assess field and lab capabilities, and review historical quality control data, in order to choose reasonable project-specific data quality objectives.

	Indicator 
	Units 
	Minimum Detection Limit 
	Accuracy/Bias (1,2) 
	Overall Precision (3)
	Approx. Potential Range

	DO 
	mg/l 
	0.0 
	+0.5 for zero standard 
	<0.5 difference between dups 
	0.0-15.0 

	BOD 
	mg/l 
	0.0 
	Within lab control limits for glucose-glutamic acid and dilution water blank checks 
	<1.0 difference between dups 
	0.0-10.0 

	Temperature 
	°C 
	0.0 
	+0.5 °C in comparison to NIST-traceable thermometer 
	+/- 0.5 °C 
	0.0-30.0 

	Conductivity 
	µS/cm 
	25 
	+5% of known QC std. 
	10% RPD 
	10-2000 (freshwater) 

	pH 
	pH units NA 
	+0.2 
	of QC standard 
	+ 0.2 
	4.0-10.0 

	TP (water) 
	mg/l P 
	0.005 
	80-120 % recovery for QC std. and lab fortified matrix 
	+ 0.005 mg/l if less than 0.050 mg/l or 20% RPD if more than 0.050 mg/l 
	0.000-0.500 

	Alkalinity 
	mg/l CaCO3
	-5.0 
	80-120 % recovery for QC std. and lab fortified matrix 
	+ 2.0 mg/l if less than 20 mg/l or 20% RPD if more than 20 mg/l 
	-5.0 to 150.0 

	Ammonia Nitrogen 
	mg/l N 
	.010 
	80-120 % recovery for QC std. and lab fortified matrix 
	+ 0.01 if less than 0.1 mg/l or 20% RPD if more than 0.1 mg/l 
	0.00-1.0 

	Nitrate Nitrogen 
	mg/l N 
	.010 
	80-120 % recovery for QC std. and lab fortified matrix 
	+ 0.02 if less than 0.1 mg/l or 20% RPD if more than 0.1 mg/l 
	0.00-2.0 

	Kjehldahl Nitrogen 
	mg/l N 
	.025 
	80-120 % recovery for QC std. and lab fortified matrix 
	+ 0.20 if less than 0.5 mg/l or 20% RPD if more than 0.5 mg/l 
	0.00-2.0 

	Secchi disk Transparency 
	m 
	0.2 
	NA 
	+ 0.2 m for duplicate readings by the same monitor, as well as different monitors. 
	0.0-10.0 

	Color 
	PCU 
	5 
	80-120 % recovery of color standard 
	+ 10 PCU if less than 50 PCU or 25 % RPD if more than 50 PCU 
	0-500 

	Turbidity 

 
	NTU 
	5 
	90-110% recovery of turbidity std.  
	+ 5 NTU if less than 1 NTU or 20% RPD if more than 1 NTU 
	0-200 

	Salinity 
	SU 
	0.1 
	80% -120% recovery of seawater standard of known conductivity 
	20% RPD 
	0.0-40.0 

	Total Suspended Solids, TSS 
	mg/l 
	0.01 
	75-125 % recovery for QC std. 
	+ 1.0 or 25% RPD whichever is higher 
	0.0-500 

	Total Dissolved Solids, TDS 
	mg/l 
	0.01 
	75-125 % recovery for QC std. 
	+ 1.0 or 25% RPD whichever is higher 
	0.0-500 

	Chlorophyll a 
	µg/l 
	1.0 
	75-125 % recovery for QC std. 
	+ 2.0 if less than 15 µg/l or 25% RPD if more than 15 µg/l 
	0.0-100 

	Hardness 
	mg/l 
	1.0 
	80-120 % recovery for QC std. and lab fortified matrix 
	20% RPD 
	0-100 

	Fecal Coliform, Enterococcus, 

 E-coli 
	# of colonies/100 ml 
	0 
	“TNTC” on positive control and/or less than reporting limit for negative control 
	30% RPD for log 10 transformed duplicate data 
	0-100,000 

	Macrophyte% Cover Map 
	% area 
	5 
	NA (if true % cover were known, results would be expected to be 

 +/- 20%) 
	NA 

 
	0-100% 

 

	Macrophyte Identification 
	NA 
	NA 
	Qualitative assessment by aquatic plant experts by spot checking/testing the accuracy of identification using the same plants. 
	Qualitative assessment based on same-plant identifications by other volunteers in the same group. 
	NA 

	Macroinvertebrates (taxonomy) 
	NA 
	NA 
	Qualitative assessment based on spot checks for taxonomic accuracy using the same samples, by macroinvertebrate experts. 
	Qualitative assessment based on same-sample identification by other volunteer taxonomists in the same group. 
	NA 

	Flow (not generally recommended for volunteers to take) 
	cfs 
	NA 
	NA (based on studies using known flows, generally excepted to be 80% - 120% of true flow for scientific staff using best available equipment. For volunteers, the estimated expected accuracy would be reduced significantly (ex. 50-150% or worse)). 
	35% RPD, based on duplicate flow measurements taken sequentially by two separate volunteers using the same equipment (ex. velocity meter/depth rod, bucket/watch for pipe flows). 
	0-100 for lo flows potentially sampled by volunteers 


1 Accuracy is determined by the analysis of spiked sample except as noted in the table. QC sample recoveries may also be used to assess accuracy when spiked sample analysis is not possible. The general DQO for all analyte blanks is no exceedances of the MDL. 

2 For accuracy determination, spiked samples are preferred 

3 Overall precision is measured using the relative percent difference, RPD (or std. deviation for n>2) of field duplicate samples. Lab precision is based on an estimate of the RPD between duplicate aliquots of the same lab sample. If the same lab sample is split to two or more labs for analysis, a measure of inter-lab precision can be made. 

4 Contact MWWP, MADEP or EPA-NE for additional specific experience.

Revisit your data quality objectives after your first round of data collection. Did you meet them? Can you meet them? Don't be afraid to adjust your data quality objectives (and possibly your goals) according to actual experience.
Once you've set your data quality objectives, the next step is to find sampling and analysis methods that are likely to meet them.

Basic Information About Analytical Methods

This section describes the basic laboratory methods used to analyze water samples. These methods are referred to in the next section on methods for each indicator.

Titration: Determining the concentration of an indicator in a sample by adding to it a standard reagent of known concentration in carefully measured amounts until a color change or electrical measurement is achieved, and then calculating the unknown concentration. Common indicators measured this way are dissolved oxygen and alkalinity.

Colorimetric: Determining the concentration of an indicator in a sample by adding to it a reagent that causes a color change in direct proportion to the concentration of the indicator being measured. The intensity of the color (as measured by the extent to which it absorbs or transmits light) is either read with a visual color comparator or measured using a meter and either read directly in appropriate reporting units or read in “% absorbance” or “% transmittance” units and converted to reporting units. Common indicators measured this way are nutrients.

Electrometric: Determining the concentration of an indicator in a sample by using a meter with an attached electrode which measures the electric potential (millivolts) of the sample. This amount of electric potential is a function of the activity of ions or molecules in the sample and proportional to the concentration of the indicator being measured. The electrode is selected based on its response to specific ions (known as an “Ion Selective Electrode” (or ISE), general ionic activity (conductivity) or molecules (for example, a Membrane Electrode). The meters can either display results in either millivolts (mV) or in appropriate reporting units. Common indicators measured this way are dissolved oxygen, pH, conductivity, and nutrients.

Gravimetric: Determining the concentration of an indicator in a sample by filtering a specified quantity of the sample and determining the weight of the material retained on the filter. Common indicators measured this way are total solids and total suspended solids.

Nephelometric: Determining the clarity of a sample by measuring the intensity of light scattered by particles in the sample and comparing this with a known solution. The higher the intensity of the scattered light, the higher the turbidity, reported in nephelometric turbidity units (NTU’s).

Membrane Filtration and Incubation: Determining the bacteria concentration of a water sample by filtering a specified quantity through a specified gridded membrane filter, which retains the bacteria and other particles larger than 0.45 microns. After filtration, the membrane containing the bacterial cells is placed on a specific nutrient medium and then incubated at a specified temperature for a specified length of time. Colonies of a specified color growing on the filter are then counted.

Selecting Methods for Assessment

Please refer to the table: “Assessment Tables.” From here, you will be able to start selecting methods. The table allows you to:

· Examine how the indicators relate to your monitoring question
· Compare basic examples of different methods for each indicator or parameter
· Relate those method choices to data use
· Factor in basic expectations (of time, initial costs, and on-going costs) for those methods 

Scientific Considerations in Selecting Methods

Here are some things to consider when selecting methods:

· Does it meet your data quality objectives? 

· How accurate is it? 

· How precise (reproducible) is it? 

· What is its detection limit?

· Will it measure the indicator in the range that you need? 

· What lab facilities are required? 

· What equipment is required? 

· Does it yield samples that are representative? 

· Is it comparable to methods used by agencies collecting similar information? 

Practical and Program Considerations in Selecting Methods

· Do you have the human and financial resources to do it? 

· How difficult is it? 

· How time-consuming is it? 

· Will it produce data useful to the target audience? 

Following is a description of the analytical methods used for each indicator/ parameter:
Acidity

Acidity is the water’s ability to resist a change in pH when a base is added. This is largely caused by carbon dioxide, salts of strong acids and weak bases, and other factors. Above a pH of 8.3, there is no measurable acidity. Acidity is the reverse of the alkalinity buffering effect. It is measured as the concentration of CaCO3.

Analytical Methods: Acidity is measured by titrating a sample to either 3.7 (methyl orange acidity using bromphenol blue indicator) or 8.3 phenolpthalein acidity using penolpthalein indicator). Acidity (in mg/L as CaCO3) is calculated from the amount of titrant (sodium hydrozide) needed to bring the sample to either pH.
Alkalinity, Total: 

This is a measure of the water’s ability to neutralize acids -- the higher the alkalinity levels, the more acid-neutralizing capacity the water has. This is important for aquatic ecosystems because it protects against changes in pH, which can harm aquatic life. 

Analytical Methods: Basic Methods use titration. Advanced Method uses a meter to measure the pH at two endpoints

	Basic Method
	Advanced Method

	Sulfuric Acid Titration w/ Bromcresol Green/Methyl Red

· the sample is collected and treated with bromcresol green-methyl red. 

· It is then titrated with sulfuric acid until the solution turns pink. 

· The amount of acid added to reach this point is converted to total alkalinity.
	Double End Point Sulfuric Acid Titration w/ pH Meter

· the sample is collected and the pH measured

· It is then titrated with sulfuric acid until the pH is 4.5, the 4.2. 

· The amount of acid added to reach this point is converted to total alkalinity.


Benthic Macroinvertebrates

Samples can be collected in many different ways:

Qualitative Net Collection: A sample is collected directly off the bottom using a net. The level of effort is not standardized.

Semi-Quantitative Net Collection: A sample is collected directly off the bottom using a net such as a D-net. The level of effort is standardized by collecting from a specified area in front of the net. Since the area is not precisely delineated, the method is not strictly quantitative.

Quantitative Collection: A sample is collected by using a Surber sampler or by placing rock-filled baskets on the stream bottom and allowing them to be colonized. The time the rock-filled baskets are left out is standardized at six weeks and the colonization area in each basket is roughly the same. A Hess sampler or Hester Dendy multiplate sampler can also be used in stream. Quantitative algal samples from lake water column can be collected using a plankton net of known diameter being pulled through the water column at a known speed for a known distance.

Biochemical Oxygen Demand (BOD): 

BOD is a measurement of the amount of oxygen consumed by organic matter and associated microorganisms and through chemical oxidation in the water over a period of time, usually five days. Measuring the biochemical oxygen demand (BOD) of the water tells us whether oxygen demanding wastes might cause low DO levels at times.

Analytical Methods: Basic and advanced methods use a version of Winkler Titration. As with dissolved oxygen, the main difference is the type of titrator or use of a meter.
	Basic Methods
	Advanced Methods

	Modified BOD-5 Day Method (Hach via Mitchell & Stapp)

· Two samples are collected in glass-stoppered BOD bottles (one clear and one black) as in the DO method. 

· The DO is determined for the clear bottle, using Modified Winkler Titration with a syringe or eyedropper. 

· The black bottle is placed in the dark and incubated for five days at 68°F. 

· The DO for this sample is then determined the same way. 

· BOD is determined by subtracting the DO level of the black bottle from the clear bottle.
	Modified BOD-5 Day Method w/ modified Winkler Titration or Meter (Standard Methods #521 O-B or equivalent)

· Two samples are collected in glass-stoppered BOD bottles (one clear and one black) as in the DO method. 

· The DO is determined for the clear bottle, using Modified Winkler Titration with a buret, syringe, digital titrator:, or meter

· The black bottle is placed in the dark and incubated for five days at 68°F. 

· The DO for this sample is then determined the same way. 

· BOD is determined by subtracting the DO level of the black bottle from the clear bottle.


Chlorophyll a: 

Chlorophyll a is a green pigment found in all plants. It is used to quantify the abundance of algae in water. When chlorophyll a degrades, it converts to pheophytin. The ratio of chlorophyll a to pheophytin is used to determine the health of the algae sampled.

Analytical Methods: Measuring chlorophyll a involves a sophisticated process for which there are no simple methods.
	Basic Methods
	Advanced Methods

	None 
	Pigment extraction followed by spectrophotometry (Adapted by Paul Godfrey from Standard Methods #10200 H)

· Collect an integrated water sample using a clean container (at least one qt). 

· Filter subsample (quantity depends on a secchi reading) using a glass fiber filter and vacuum pump. 

· Analyze filters immediately, frozen, or dried. 

· Extract pigment by grinding the filter, steeping the ground mass in 90% acetone, and centrifuging in tubes to de-suspend fibers from the solution. 

· Read color with a spectrophotometer and calculate concentration. 

· Add hydrochloric acid to the sample to convert all chlorophyll to pheophytin. 

· Read color again with a spectrophotometer and calculate the concentration of pheophytin.


Chlorine, Total Residual

Chlorine is a gas in its natural state. It is toxic to microbes and animals and is widely used to disinfect drinking water and wastewater. It can also combine with a wide variety of organic and inorganic chemicals to produce toxic compounds. It does not appear to be toxic to humans, except when it combines with other compounds. Total Residual Chlorine consists of Free Chlorine (hypochlorite ion, hypochlorous acid – the disinfecting agent) and chloramines (formed when chlorine reacts with ammonia or nitrogen).

Analytical Methods: Amperometric Titration: Chlorine is tricky to sample because it is volatile (tends to convert to gas quickly) and has tricky flow patterns. We recommend consulting with your regional DEP biologist. The analytical method involves titrating a prepared sample with Phenylarsine Oxide sing an Amperometrc Titrator to an endpoint. 
Conductivity: 

This is a measure of the water’s ability to pass an electrical current. This ability depends on the presence of inorganic dissolved solids made up of ions (particles that carry a positive or negative electrical charge). Since it measures a wide range of materials, its primary importance is as an indicator of general pollution, rather than a specific pollutant.

Analytical Methods: Basic and advanced methods use a conductivity meter. This meter contains a probe with two electrodes. The probe is lowered into the water, voltage applied, and the drop in voltage caused by the resistance of the water is measured and converted to conductivity. The basic method uses a relatively inexpensive “pen.” The advanced method uses a high-quality meter to measure the pH at two endpoints. 
	Basic Methods
	Advanced Methods

	Electrometric Using A Conductivity Pen

· Collect water sample or measure directly with pen. 

· Measure collected sample with pen
	Electrometric Using A Conductivity Meter (EPA Method 120.1)

· Collect water sample or measure directly with meter. 

· Measure collected sample with meter.


Dissolved Oxygen (DO): 

DO is the presence of oxygen gas molecules in the water. Since it is critical to many biological and chemical processes in the water and essential for aquatic life, dissolved oxygen is an indicator of the capability of the aquatic ecosystem to support life.

Analytical Methods: Basic and advanced methods use a version of Winkler Titration. The main difference is the size of the increment of titrant added to the sample – smaller increments increase sensitivity.
	Basic Methods
	Advanced Methods

	Modified Winkler Titration w/ a syringe or eyedropper (Hach via Mitchell & Stapp)

This is essentially the Modified Winkler Titration described above, with some changes. The titrant is phenylarsine oxide solution and the titrator is an eyedropper. The eyedropper gives less accuracy and sensitivity than other titrators because it dispenses larger drops -- each drop equals 0.5 mg/l.
	Modified Winkler Titration w/ a buret, syringe, or digital titrator: Standard Method #4500-OG (or equivalent)

· Collect surface samples in 300 mL “BOD” bottles with glass stoppers so that no air bubbles are trapped. In lakes, an integrated sample is collected using a length of garden hose. 

· Samples must be analyzed immediately or fixed and analyzed within 8 hours. 

· The level of oxygen in the sample is “fixed” by adding reagents which produce a chemical reaction producing iodine in direct proportion to the amount of oxygen in the water. 

· Sodium thiosulfate is then added incrementally using a digital titrator (Hach) or syringe (Lamotte). The amount of sodium thiosulfate it takes to turn the solution clear is proportional to the amount of iodine (which has taken the place of the oxygen) in the sample.

	
	Meter (Membrane Electrode) Method: Standard Methods #4500-OG (or equivalent)

· A membrane-covered electrode probe is lowered into the water. 

· The meter electronically measures the diffusion of oxygen from the water across a membrane-covered electrode, which is directly proportional to the DO concentration.

	Notes On Methods: 

· Water samples for dissolved oxygen should be collected in glass-stoppered BOD bottles or some other container designed so that no air is trapped in the sample.
· If you have a limited budget for this indicator (<$300), we recommend that you use the Hach or Lamotte Adaptation of Winkler Titration. The Hach digital titrator dispenses smaller increments of the sodium thiosulfate than the Lamotte syringe and therefore increases the sensitivity. But, it’s more expensive.

· If you have the budget ($600-800) to purchase a meter and you need frequent (or continuous) measurements from a few sites, a meter will work best. However, if you have a large number of sites and can only use one meter, we recommend titration.


Fecal Coliform and E. coli Bacteria: 

Fecal coliforms and E. coli are bacteria that are common in the intestines and feces of warm-blooded animals. They are used both as an indicator of the presence of sewage or animal manure in the water and as an indicator of the health risk of swimming and other water contact recreation. Fecal coliforms are the indicator used in Pennsylvania’s water quality standards, E. coli (a species of fecal coliforms) are used in other states, per their water quality standards.

Analytical Methods: The basic methods will either detect the presence of bacteria (but don’t give you a count) or they give you an estimate of density (but not a reliable count). Advanced methods are EPA-approved and give reliable counts. The most reliable count is produced by the mTEC method. Note that the mColiBlue method does not identify fecal coliforms. E. coli colonies are used as the equivalent, but these counts will underestimate fecal coliforms.
	Basic Methods
	Advanced Methods

	Estimates of Density

These methods estimate the number of bacteria in a sample in various ways:

· Easygel: Using one subsample size, usually 1-5 mL, bacteria are grown on nutrient medium without filtration. Colonies of specified color are counted. Estimates total coliforms and E. coli. Fecal coliforms are estimated using E. coli counts.

· Colilert: A reagent is added to various subsample sizes, which turns yellow if colifomrs are present and fluoresces if they are E, coli. A statistical table is used to estimate density based on which subsamples turn yellow and/or fluoresce.
	Fecal coliforms and E. coli: Membrane Filtration Using mTEC: EPA Method #1103.1

· Collect water sample in sterile container

· Filter several subsample sizes through 0.45 micron filters

· dry incubate on mTEC nutrient medium in petri plates at 35°C for 2 hours

· incubate at 44.5°C in a water bath for 22 hours. 

· Count fecal coliforms after incubation. 

· Incubate at room temperature for 20 minutes on a urea solution and count E. coli.

	Presence-Absence

These methods detect the presence of selected bacteria types by whether or not bacteria grows on the plate (as detected by a certain color) or whether a special broth turns color when exposed to sample water. These methods tell you bacteria is present, but not how many are there 
	Fecal Coliforms: Membrane Filtration Using mFC: Standard Methods #9222 D

· Collect water sample in sterile container

· Filter several subsample sizes through 0.45 micron filters

· incubate at 44.5°C in a water bath for 24 hours on mFC nutrient medium in petri plates

· Count fecal coliforms after incubation. 

	
	Fecal Coliforms: Membrane Filtration Using mColiBlue24 (Hach)

· Collect water sample in sterile container

· Filter several subsample sizes through 0.45 micron filters

· incubate at 44.5°C in a water bath for 24 hours on mColiBlue nutrient medium in petri plates

· Count E. coli colonies after incubation (use to estimate fecal coliforms).


Habitat is typically sampled in one of two ways:
· Visual estimates of each of the habitat characteristics; or

· Field measurements of each of the habitat characteristics.

Public health is sampled for exposure and for the incidence of disease. 

Hardness

Hardness is a measure of the calcium and magnesium positively charged ions in the water. These ions reduce the surface tension of the water, and soap does not produce lather in hard water. When hardness is primarily calcium, it is closely related to alkalinity. Hardness frequently reduce the impacts of metals on aquatic life: the higher the hardness, the lower the toxicity. Hardness is reported as mg/l of CaCO3 at a given pH.
Analytical Methods: There are no basic methods. The advanced method involves either a titration or calculating the hardness from previously-determined calcium and magnesium concentrations.
	Basic Methods
	Advanced Methods

	None
	EDTA Titration Method (Standard Method 2340C, EPA Method 130.2)

· Collect water sample

· Add dye (EBT indicator) which turns sample purple.

· Titrate with EDTA reagent until solution turns blue.

· Calculate hardness from amount of titrant used as CaCO3


Nitrogen: 

Nitrogen is a gas in the atmosphere. It combines with oxygen or hydrogen to produce various compounds -- ammonia, nitrates, and nitrates. It is an essential nutrient for plant growth and metabolic reactions in plants and animals. Together with nitrogen, it is the primary source of food energy in the aquatic ecosystem. Too much of certain forms of nitrogen can cause too much biological activity and cause undesirable effects. It is also toxic to babies in high concentrations. Nitrogen occurs in various forms, both organic and inorganic in the water, some of which are more available for plant growth than others. In some waters, nitrogen is the nutrient in short supply, so that relatively small amounts can cause impacts. Three forms of nitrogen are recommended as indicators in this handbook: ammonia, nitrates, and total. Their descriptions and methods follow:

Nitrogen - Ammonia Nitrogen: 

Ammonia (NH3 -) is produced when organic nitrogen and/or urea break down. It is a byproduct of sewage decomposition. It is naturally present in surface waters, and can be toxic to aquatic life at relatively low concentrations (<1.0 mg/l).

Analytical Methods: Measuring ammonia involves a sophisticated process for which there are no simple methods. The Hach adaptation is the easiest, though it uses the distillation step only if known interferences are present.
	Basic Methods
	Advanced Methods

	None
	Distillation followed by Nesslerization (Standard Methods #4500-NH3 C or equivalent)

· Add borate solution to sample for buffering

· Distill
 sample using a distillation apparatus. This removes certain interferences. 

· Nesslerization. This involves pretreatment to remove turbidity-producing compounds and adding a Nessler reagent. 

· This produces a yellow to brown color that is measured with a spectrophotometer. 

· The reading is compared with a set of standard concentrations and reported as mg/l NH3 -N.


Nitrogen - Nitrate Nitrogen: 

Nitrate (NO3 -) is produced naturally by nitrogen-fixing plants and lightning acting on atmospheric nitrogen or ammonia. Nitrate is a form of nitrogen readily used by plants. In excess, it can cause excessive biological activity in surface waters and can be toxic to infants.

Analytical Methods: Basic and advanced methods use a variation on the same procedure, except that in the basic method the color is read using a visual color comparator. In the advanced method, the color is read using an electronic meter. 
	Basic Methods
	Advanced Methods

	Cadmium Reduction followed by Color Comparator (Hach via Mitchell & Stapp) 

· A cadmium reduction reagent is added to a water sample. This causes a chemical reaction and turns the sample yellow-orange. 

· The sample color is matched to colors labeled in pH units on a color comparator. 

· The analyst determines the closest color match and records the nitrate concentration. 
	Cadmium Reduction followed by spectrophotometry (Standard Methods #4500-NO3- E or equivalent)

· A cadmium reduction reagent is added to a water sample. This causes a chemical reaction and turns the sample yellow-orange.

· This color is measured with a spectrophotometer. 

· The reading is compared with a set of standard concentrations and reported as mg/l NO3 -N. 

	Notes on Methods: The basic method should be considered an approximation only. This method is not acceptable for federal and state agency assessment, but is fine for education and awareness and some community assessments.



Nitrogen - Total Kjeldahl Nitrogen (TKN): 

This refers to the total of organically bound nitrogen and ammonia. By analyzing samples for both ammonia and total Kjeldahl nitrogen, organic nitrogen can be calculated. This enables you to estimate how much nitrogen in the system is in organic form, intermediate form (ammonia) and inorganic form (nitrate). It may tell you how much comes from sewage, versus fertilizer, for example.

Analytical Methods: Measuring TKN involves a sophisticated process for which there are no simple methods. The Hach adaptation is the easiest, though it uses the distillation step only if known interferences are present.
	Basic Methods
	Advanced Methods

	None 
	Digestion followed by Nesslerization followed by spectrophotometry (Standard Methods #4500-Norg B or equivalent) 

· Digest
 water sample to convert organic and ammonia compounds to ammonia nitrogen. 

· Ammonia is then measured using the Nesslerization Method (see ammonia methods). 

· The reading is compared with a set of standard concentrations and reported as mg/l TKN.


pH: 

pH is a measure of the acidity of the water. Since pH affects many biological and chemical reactions in the water and most organisms have a preferred range, it is a good indicator of capability of the aquatic ecosystem to support life.

Analytical Methods: Basic methods use colorimetry. The advanced method uses a meter. 
	Basic Methods
	Advanced Methods

	Colorimetric Method (Hach via Mitchell & Stapp)

· This method involves the addition of pH indicator solution to a water sample which changes color according to the pH. 

· The sample color is matched to colors labeled in pH units in a color comparator. 

· The analyst determines the closest color match and records the pH. This should be considered an approximation only.
	Electrometric Method (EPA Method 050.1 or Equivalent)

· Collect sample or measure directly with a meter

· Measure on a collected sample using a laboratory-quality meter with an electrode suitable for ionic-strength of waters. 

· There are less expensive pH pens or “pocket pals” on the market. These should be checked against a reliable, laboratory-quality meter to establish accuracy and precision.

	pH Paper

This is similar to the colorimetric method, except that a specially coated paper is dipped in the sample and turns color according to the pH. This should be considered an approximation only.
	

	Notes on Methods: 

· For waters that are low in ionic strength, accurate pH measurements require a probe that will respond in these types of waters.
· pH samples should be collected so that no air is trapped in the sample.

· The colorimetric method is subject to variation in the light source and the judgments of the analyst. It is inherently imprecise.


Phosphorus: 

Phosphorus is an essential nutrient for plant growth and metabolic reactions in plants and animals. Together with nitrogen, it is the primary source of food energy in the aquatic ecosystem. Too much phosphorus can cause too much biological activity and cause undesirable effects. Phosphorus occurs in various forms in the water, some of which are more available for plant growth than others. 

Phosphorus - Total Orthophosphates: 

This is primarily the dissolved and most available form. It is a good indicator of enrichment from various sources, such as sewage, manure, or fertilizer. 

Analytical Methods: Basic and advanced methods are basically the same colorimetric method. The main difference is that the advanced method measures the color of the treated sample using an electronic instrument.
	Basic Methods
	Advanced Methods

	Ascorbic Acid Method

· Collect a sample in a phosphorus-free container. 

· Analyze by adding ascorbic acid reagent which turns the sample blue (ascorbic acid method) in proportion to the amount of phosphorus in the sample. 

· Compare this blue color to various shades using a visual color comparator to get a concentration.
	Ascorbic Acid Method (EPA Method #365.2 or equivalent)

· Collect a sample in a phosphorus-free container. 

· Analyze by adding ascorbic acid reagent which turns the sample blue (ascorbic acid method) in proportion to the amount of phosphorus in the sample. 

· Measure the intensity of this blue color using a spectrophotometer or colorimeter and compare with results for a set of standard concentrations.

	Notes on Methods

The basic method should be considered an approximation only. This method is not acceptable for federal and state agency assessment, but is fine for education and awareness and some community assessments.


Phosphorus, Total 

Total phosphorus includes all the forms. It is a good indicator of enrichment from various sources, such as sewage, manure, or fertilizer.

Analytical Methods: Basic and advanced methods are basically the same colorimetric method. The main difference is that the advanced method measures the color of the treated sample using an electronic instrument.
	Basic Methods
	Advanced Methods

	Persulfate Digestion Followed by Ascorbic Acid Method

Collect a sample in a phosphorus-free container. 

Boil, acidify, and oxidize a sub-sample to convert all forms of phosphorus to orthophosphate (persulfate digestion). 

Analyze Orthophosphate by adding ascorbic acid reagent which turns the sample blue (ascorbic acid method) in proportion to the amount of phosphorus in the sample. 

Compare this blue color to various shades using a visual color comparator to get a concentration.
	Persulfate Digestion Followed by Ascorbic Acid Method (EPA Method #365.2 or equivalent)

Collect a sample in a phosphorus-free container. 

Boil, acidify, and oxidize a sub-sample to convert all forms of phosphorus to orthophosphate (persulfate digestion). 

Analyze Orthophosphate by adding ascorbic acid reagent which turns the sample blue (ascorbic acid method) in proportion to the amount of phosphorus in the sample. 

Measure the intensity of this blue color using a spectrophotometer or colorimeter and compare with results for a set of standard concentrations.

	Notes on Methods: The basic method should be considered an approximation only. This method is not acceptable for federal and state agency assessment, but is fine for education and awareness and some community assessments.


Phosphorus, Total Dissolved

Total dissolved phosphorus includes all the forms after a sample is filtered. It is a good indicator of the available forms from various sources, such as sewage, manure, or fertilizer.

Analytical Methods: Basic and advanced methods are basically the same as the method for total phosphorus, with the addition of filtering the sample before digestion and analysis. 
Solids: 

Solids include materials that are dissolved, suspended, or settled in the water column. Total solids include all of these. 

Solids - Total Suspended:

Total suspended solids consist of solids that are filtered out of a water sample. Suspended solids affect water clarity and can reduce photosynthesis and cause higher temperatures. 

Analytical Methods: Measuring total suspended solids involves a sophisticated process for which there are no simple methods.
	Basic Methods
	Advanced Methods

	None 
	Gravimetric Method: Total Suspended Solids Dried at 103-105° C (Standard Methods #2540D)

weigh a glass fiber filter 

filter a sample through the filter, and transfer it to a Gooch crucible. 

Dry filters and crucibles in an oven at 103-105°C for an hour. 

Weigh filters and crucibles again.

Calculate total dissolved solids by subtracting the weight of the filter and crucible from the weight after filtering and drying. Results are reported as mg/l.


Solids - Total Dissolved:

Dissolved solids include various ions of calcium, chlorides, nitrate, phosphate, iron, sulfur and others that will pass though a two-micron pore. These affect the water balance in the cells of aquatic organisms, making it difficult for them to maintain position in the water column.

	Basic Methods
	Advanced Methods

	None 
	Gravimetric Method: Total Dissolved Solids Dried at 180°C (Standard Methods #2540C)

· Filter a sample through a glass fiber filter

· weigh a ceramic dish

· pour the filtered sample into the dish

· evaporate the water in an oven at 180°C, and weighing the dish plus residue. 

· Calculate total dissolved solids by subtracting the weight of the dish from the weight of the dish with residue. Results are reported as mg/l.


Secchi Depth Transparency (for lakes only): 

Transparency describes scattering and absorption of light by small particles and molecules in the water. This is most commonly expressed as the depth at which a black and white patterned device known as a secchi disk disappears from sight. The more transparent the water, the lower the depth at which the disk disappears. Reduced transparency has the same effects as elevated turbidity.

	Basic Methods
	Advanced Methods

	Secchi Disk

· Lower secchi disk into the water until it disappears from sight 

· Bring disk up until it appears again. 

· The average of these two depths is the secchi depth transparency.
	Same as basic


Temperature: 

Since temperature affects many biological and chemical reactions in the water and most organisms have a preferred range, it is a good indicator of capability of the aquatic ecosystem to support life. It is measured in degrees Fahrenheit (°F) or degrees Celsius (°C).

	Basic Methods
	Advanced Methods

	Direct Measurement with thermometer
	Direct Measurement with thermometer, thermocouple, thermistor or a multi-use meter


Turbidity (for streams only):
Turbidity describes how the particles suspended in the water affect its clarity by scattering light. It is an indicator of the presence of suspended sediment from erosion, which can decrease biological activity, raise water temperatures, and clog fish gills and gravel spawning areas. Turbidity results are usually reported as nephelometric turbidity units (NTUs).

Analytical Methods: The basic methods involve measuring transparency, which includes both light scattering and absorption. The advanced method measures just light scattering. Thus, the results of basic and advanced methods are not comparable with each other. The “advanced” method is actually fairly simple, though it involves an expensive meter. 
	Basic Methods
	Advanced Methods

	Turbidity Tubes (Lamotte) 

· Two graduated cylinders with black dots on the bottom are filled to a specific volume -- one with sample water the other with turbidity-free water. 

· A reagent is added to the turbidity-free water cylinder, until the visibility of the dot on the bottom is equivalent to that of the cylinder with the sample. 

· The results are reported in unspecified units. 

· This method actually measures absorbance plus scattering, so the results are not actually NTUs.
	Nephelometric Method (Standard Methods #2130 or equivalent)

· Turbidity is measured by collecting and analyzing a water sample using a nephelometer. 
· A nephelometer consists of a light source that projects a beam of light through the water sample and a photo-electric cell that measures the intensity of light scattered by particles at a 90° angle from its original path.
· The results are reported as nephelometric turbidity units (NTUs).

	Turbidity Tube (Tennessee Valley Authority)

· These tubes are marked in increments of NTUs on the side and a wave pattern on the bottom. 

· The sample is poured into the tube until the wave pattern disappears. 

· The NTU increment level of the sample is reported. 

· This method actually measures absorbance plus scattering, so the results are not actually NTUs. In fact, they should be reported in centimeters or inches.
	

	Notes on Methods

· Measure turbidity in rivers.
· Make sure that the meter you purchase is a nephelometer that measures light scattered at a 90° angle.

· Turbidity tubes are not acceptable substitutes for a nephelometer, since they actually measure transparency (light scattering and absorption), rather than just light scattering. Because of this, they are unreliable in colored waters, which absorb light, though may not be turbid at all. They are really more analogous to secchi disks, in that your eye responds to absorption. If you use these tubes, report your results as a depth (in centimeters or inches) rather than NTUs.


Water Column Metals and Other Elements Recommended for Sampling Only (Advanced Assessments)

Many naturally-occurring metals are toxic to aquatic life, when present in high enough concentrations. The most common process is when they bind to gill surfaces on fish and insects. The metals of concern are mostly those that are “available” as dissolved ions in the water column. 

The following metals and other elements are recommended by several of the advanced assessments. However, the analysis methods require techniques and equipment are beyond the means of community-based groups and schools (except universities). Therefore, we recommend sampling only. Even for sampling, we recommend consulting with your regional DEP biologist as to sampling procedure

Sampling (Standard Methods 3010B)

Because some metals are toxic in very small amounts (micrograms per liter), the methods must be able to detect very low concentrations. Contamination of sampling containers is a real concern. Samples for metals are usually collected in special acid-rinsed containers made of polypropylene, linear polyethylene, or borosilicate glass. Samples to be analyzed for dissolved metals are immediately filtered through a 0.45 micron filter. Otherwise they are preserved by acidifying with concentrated nitric acid to a pH of <2.

Analytical Method (EPA Method 200.7)

Various forms of metals can be analyzed, depending on how the sample is treated:

· Dissolved Metals: The filtered sample is analyzed.

· Suspended Metals: Metals trapped on the filter.

· Total Metals: Metals detected in an unfiltered sample after digestion or the sum of dissolved and suspended metals.

· Acid-extractable Metals: Metals in solution after treatment of the sample with hot mineral acid.

Metals are usually analyzed as a suite using Inductively Coupled Plasma - Atomic Emission Spectrometry. An inductively coupled plasma source (a machine) vaporizes the sample and heats it to about 6000-8000˚C. Molecules separate and atoms become active and ionized (reactive). In this state, each element produces a unique spectral (colored) pattern which is read by a spectrometer. 

Needless to say, this is an extremely technical and expensive method beyond the reach of volunteer monitoring programs. 

Aluminum (sampling only)

Aluminum is a naturally occurring element in rocks, soils, and the waters in contact with them. It occurs as a soluble salt, a colloid, or an insoluble compound. No information on aquatic life toxicity or human health effects was found as of this writing.

Arsenic (sampling only)

Arsenic is a naturally occurring element in rocks, soils, and the waters in contact with them. Recognized as a toxic element for centuries, arsenic today also is a human health concern because it can contribute to skin, bladder, and other cancers (National Research Council, 1999).

Arsenic is widely distributed throughout the earth's crust and is used commercially, primarily in alloying agents. It is introduced into water through the dissolution of minerals and ores, from industrial effluents, and from atmospheric deposition; concentrations in groundwater in some areas are elevated as a result of erosion from local rocks

Arsenic is highly toxic, though its toxicity is dependent on its form and environmental conditions.

Used in groundwater assessment only.

Barium (sampling only)

Barium is a lustrous, machinable metal which exists in nature only in ores containing mixtures of elements. It is used in making a wide variety of electronic components, in metal alloys, bleaches, dyes, fireworks, ceramics and glass. In particular, it is used in well drilling operations where it is directly released into the ground.

EPA has found barium to potentially cause gastrointestinal disturbances and muscular weakness. when people are exposed to it at unsafe levels for relatively short periods of time

In water, the more toxic soluble barium salts are likely to be converted to insoluble salts which precipitate. Barium does not bind to most soils and may migrate to ground water. It has a low tendency to accumulate in aquatic life and does not seem to be an aquatic life health concern. 

Used in groundwater assessment only.

Cadmium (sampling only)

Cadmium is a metal found in natural deposits as ores containing other elements. The greatest use of cadmium is primarily for metal plating and coating operations, including transportation equipment, machinery and baking enamels, photography, television phosphors. It is also used in nickel-cadmium and solar batteries and in pigments.

EPA has found cadmium to potentially cause vomiting, diarrhea, muscle cramps, nausea, salivation, sensory disturbances, liver injury, convulsions, shock and renal failure when people are exposed to it at unsafe levels for relatively short periods of time. Cadmium has the potential to cause kidney, liver, bone and blood damage from a lifetime exposure at unsafe levels.

Cadmium occurs naturally in zinc, lead, copper and other ores which can serve as sources to ground and surface waters, especially when in contact with soft, acidic waters. Major industrial releases of cadmium are due to waste streams and leaching of landfills, and from a variety of operations that involve cadmium or zinc. In particular, cadmium can be released to drinking water from the corrosion of some galvanized plumbing and water main pipe materials. 

Some cadmium compounds are able to leach through soils to ground water. When cadmium compounds do bind to the sediments of rivers, they can be more easily bioaccumulated or re-dissolved when sediments are disturbed, such as during flooding. Its tendency to accumulate in aquatic life is great in some species, low in others. Toxicity increases as hardness decreases.

Calcium (sampling only)

Calcium is a naturally-occurring element that enters surface water from surrounding rocks. It is a vital micro-nutrient for both plants and animals. In various compounds, calcium is an important part of the water’s buffering system (see alkalinity, acidity, hardness). Used in groundwater assessment only.

Chromium (sampling only)

Chromium is a metal found in natural deposits as ores containing other elements. Though chromium occurs in nature mostly as chrome iron ore and is widely found in soils and plants, it is rare in natural waters. The greatest use of chromium is in metal alloys such as stainless steel; protective coatings on metal; magnetic tapes; and pigments for paints, cement, paper, rubber, composition floor covering and other materials. Its soluble forms are used in wood preservatives.

Short-term: EPA has found chromium to potentially cause skin irritation or ulceration.when people are exposed to it at unsafe levels for relatively short periods of time. Chromium has the potential to cause damage to liver, kidney circulatory and nerve tissues; skin irritation from a lifetime exposure at unsafe levels. 

When released to land, chromium compounds bind to soil are not likely to migrate to ground water. They are very persistent in water as sediments. There is a high potential for accumulation of chromium in aquatic life.

Copper (sampling only)

Copper is a metal found in natural deposits as ores containing other elements. It is widely used in household plumbing materials.

Copper is an essential nutrient, required by the body in very small amounts. However, EPA has found copper to potentially cause stomach and intestinal distress, liver and kidney damage, and anemia when people are exposed to it at high levels for relatively short periods of time. 

Copper may occur in drinking water either by contamination of the source water used by the water system, or by corrosion of copper plumbing. Corrosion of plumbing is by far the greatest cause for concern. Copper is rarely found in source water, but copper mining and smelting operations and municipal incineration may be sources of contamination. 

All water is corrosive toward copper to some degree, even water termed non-corrosive or water treated to make it less corrosive. Corrosivity toward copper is greatest in very acidic water. Many of the other factors that affect the corrosivity of water toward lead can also be expected to affect the corrosion of copper.

Copper is toxic to aquatic life at high levels, though it does not appear to accumulate in the edible portions of freshwater fish. Toxicity increases as hardness decreases.

Iron, Total (sampling only)

Iron is a metal common in rocks and soils and in varying quantities in surface water. It is an essential trace element required by both plants and animals. Iron is not considered a problem for aquatic life.

Lead (sampling only)

Lead is a metal found in natural deposits as ores containing other elements. It is sometimes used in household plumbing materials or in water service lines used to bring water from the main to the home.

Lead can cause a variety of adverse health effects when people are exposed to it at unsafe levels for relatively short periods of time. These effects may include interference with red blood cell chemistry, delays in normal physical and mental development in babies and young children, slight deficits in the attention span, hearing, and learning abilities of children, and slight increases in the blood pressure of some adults. Lead has the potential to cause stroke, cancer and kidney disease from a lifetime exposure at unsafe levels.

Lead may occur in drinking water either by contamination of the source water used by the water system, or by corrosion of lead plumbing or fixtures. Lead is rarely found in source water, but lead mining and smelting operations may be sources of contamination. Corrosion of plumbing is by far the greatest cause for concern. 

When released to land, lead binds to soils and does not migrate to ground water. In water, it binds to sediments. It does not accumulate in fish, but does in some shellfish, such as mussels. Toxicity increases as hardness decreases.

Used in groundwater assessment only.

Manganese (sampling only)

Manganese does not occur naturally as a metal. It is frequently found in various salts and minerals, frequently with iron. It is a vital micro-nutrient for both plants and animals. It occurs in surface waters in soluble or suspended form, but rarely in concentrations considered toxic to aquatic life. 

Potassium (sampling only)

Potassium is an abundant element found in many minerals. It is an essential plant and animal nutrient and is also common in fertilizers. Used in groundwater assessment only.

Silica (sampling only)

Silicon is an abundant element and most waters contain it in the form of silica (SiO2) and silicates. The chief concern is deposits on industrial equipment. Used in groundwater assessment only.

Sulfate (sampling only)

Sulfate occurs in natural waters in a wide variety of concentrations. It can occur in high concentrations in mine drainage from the oxidation of pyrite and the use of sulfuric acid. 

Zinc (sampling only)

Zinc is common in natural waters, but is increased by the deterioration of galvanized pipes. It is essential to human metabolism, but can be toxic to aquatic life

Quality Control Measures

Quality control details the technical activities used to identify and control errors resulting from sampling and analysis procedures.  There are two general types of quality control measures used to assess the precision and accuracy of your monitoring results:  

· Internal Quality Control Measures:  Internal quality control measures are samples collected and analyzed by project field volunteers, staff and laboratory.  Most of the QC measures you choose will be internal, and the focus of your plan.   

· External Quality Control Measures:  External quality control measures are samples collected and analyzed by non-volunteers field staff and or certified laboratories that aren’t normally part of your monitoring program. 
How Many QC Samples?

The percentage of your samples that will be subject to a specific quality control measure is not set in stone.  It will vary for a number of reasons, such as, the parameter sampled, the level of rigor you have chosen, your data user requirements, the goals of your project, etc.  As a general rule of thumb, 5-10% of your samples should be quality control samples.  These recommendations are starting points only.  You will need to work with your technical committee and especially your primary data user to make this decision.  

What Kind Should Be Collected?

Both internal and external quality control measures are taken to quantify precision and accuracy.  This ensures that your data will meet defined quality standards.  Don’t worry about distinguishing between internal and external measures on this worksheet, but know that both are options for your plan.  The choices can be overwhelming both in cost and time.  So, how much is too much?  Remember who you have identified as the primary data user and what is the expected data use.  If data is strictly for educational purposes, extensive QC measures are probably not required.  On the other hand if you are doing monitoring to assess water use for state standards, stricter QC measures are required.  You’ll probably be somewhere in between.  Refer back to the Step 3 Exercise:  Talking to Your Data User, to make note of any specific data user requirements.  Some examples of quality control measures include:

Field Blanks: 

A field blank is d-ionized or distilled water that is poured into a sample container in the field as if it were a lake or stream sample.  This type of blank helps to determine if there is any environment/atmosphere contamination.

Evaluation of Results:  The results should be at least a factor of 5 below all sample results.

Trip Blank: 

A trip blank is appropriate “blank” water placed in a sample container (with appropriate preservation) prior to going out to collect samples.  This type of blank helps to determine if there is any in-transit contamination of results.  
Evaluation of Results: The result should be “zero” contamination. 

Sampler Blank (aka rinsate or equipment blank):

 a sampler blank is de-ionized or distilled that is rinsed through the sampling device, collected and analyzed.  It is used to determine if the equipment was properly handled in the field.  Results indicate if the field equipment is being properly cleaned between sampling sites.

Evaluation of Results: The result should be “zero” contamination.  If not, you need to determine if you need to improve your field procedures and if the results are significant enough to affect the results of other samples collected that day.

Method Blank:  

A method blank is de-ionized water or distilled water process like any of the other samples.  

Evaluation of Results:  The results should not be detected above the reporting limits. If it is detected, the analytical equipment is not accurate since it did not read the true value.

Calibration Blanks:  

A calibration blank is de-ionized or distilled water processed like any of the samples and used to “zero” the instrument.

Evaluation of Results:  The results of periodic checks should be “zero.”

Calibration Standards:  

Calibration standards are used to calibrate a meter.  They consist of one or more “standard concentrations” (made up in the laboratory to specified concentrations) of the indicator being measured.

Evaluation of Results:  The meter should read the expected concentration within defined limits.

Field Duplicates: 

A field duplicate is a duplicated stream or lake sample collected and analyzed.  They are used to evaluate precision.

Evaluation of Results:  The results for two samples should be compared using the relative percent difference between them.   The results for three or more samples should be compared using the standard deviation among them.  In either case, results are compared with your data quality objectives

Laboratory Duplicates:  

A laboratory duplicate is a sample that is split into two or more sub-samples at the laboratory.  They are used to evaluate precision.

Evaluation of Results: The results for two samples should be compared using the relative percent difference between them.   The results for three or more samples should be compared using the standard deviation among them.  In either case, results are compared with your data quality objectives.

Spike Samples:

 A sample is split into two sub-samples in the laboratory.  One is analyzed according to the specified procedure.  The other is “spiked” by adding a known amount of a known concentration of the parameter being measured.  It is also analyzed according to the specified procedure.  This should increase the concentration in the spiked sample relative to the un-spiked sample by a predictable amount. This is used to evaluate accuracy.

Evaluation of results:  The percent of the parameter “recovered” by comparing the spiked to the un-spiked sample is determined.  Results are compared with you data

Negative and Positive Plates (for bacteria): 

Negative plates:  Buffered rinse water (the sterile water used to rinse down the sides of the filter funnel during filtration) is filtered in the same manner as a sample.  

Positive plates: Water known to contain bacteria (such as wastewater treatment plant influent) is filtered the same way manner as a sample.

Evaluation of Results: the results for negative planes should be “zero.”  The results for positive plates should be “too numerous to count” (TNTC).

External Field Duplicates:  An external field duplicate is a duplicate lake or stream sample, collected and processed by an independent (e.g. professional) sampler or team.  It is used to estimate the accuracy of sampling and laboratory analysis.

Evaluation of Results:  The results for two samples should be compared using the relative percent difference between them.  Results are compared with your data quality objectives.

Split Samples: A split sample is a sample that is split into two sub-samples at the laboratory or in the field.  One sub-sample is analyzed at the project lab and the other is analyzed at the independent lab and the results compared.  Where field analyses are required, one sub-sample is analyzed in the field and the results compared.  It is used to estimate accuracy.

Evaluation of Results:  The results for the two samples should be compared using the relative percents difference between them.  Results are compared with your data quality objectives.

Knowns: A quality control laboratory sends samples labeled with the concentration of selected parameters, to the project lab for analysis.  Knowns are used to evaluate accuracy.

Evaluation of Results:  The results of the sample analysis should be compared with the known concentration using the relative percent difference between them.  Results are compared with you data quality objectives.

Unknowns: A quality control laboratory sends samples for selected parameters to the project laboratory for analysis.  The concentrations of these samples are unknown to the project laboratory until after it analyzes them.  Unknowns are used to evaluate accuracy.

Evaluation of Results:  The results of the samples analysis should be compared with the know concentration using the relative percent difference between them.  Results are compared with you data quality objectives.

Taxonomic Verification (for Benthic Macroinvertebrates):  Benthic macroinvertebrate samples identified by volunteers should be preserved and archived for verification by experienced taxonomist.

Evaluation of Results:  The identifications are compared.

Evaluation

Evaluation involves calculating the accuracy and precision of your quality control measures and comparing them to your data quality objectives. In this column, list who and how you will evaluate the quality control samples in terms of whether you met your data quality goals.

The decision to accept or reject data or a portion of it is made after the analysis of all the QC data.  

Statistics are used to evaluate QC measures.  If you are having an outside source run your QC, you may want to list, “performed by certified lab.”  If you are doing the evaluation yourself, refer back to Worksheet , which listed your own precision and accuracy data quality objectives 

Problem Avoidance and Response Actions

Describe how you will avoid problems and, when they occur, respond to them.  See the Background and content section of this step for examples.

Before you can develop a response action, you have to know there is a problem.  In Step 11 data validation will be covered from the data management aspect, before and after it is entered into the computer.  Your first line of defense is to have a clear set of standard operating procedures for both sampling and analysis.  You should develop a consistent way of recording all your measurement, QC results, observations of sampling conditions, instrument calibration, etc.  These records will help you track data, identify problems and provide clues to their solution.

Problem avoidance begins at the collection of your first sample.  Here are a few ideas of what you can do.

· Double-check the sample bottle label to make sure that you are filling the proper ones.

· Make sure your meter has been properly calibrated, and recheck it at each new site.

· If sampling is done in pairs, one can be the data taker and the other the recorder.  The recorder should repeat the recorded information to make sure he/she heard and recorded it correctly.

· Record sampling times, to make sure sample holding times were observed.
· If you are performing measurements in the field, make sure your QC measures meet your requirements before leaving the site.  It’s easier to redo your measurements at that time.

· Look for results that don’t make sense, like a pH of 15, or out of the range of results that you usually encounter at that sampling site.

If you find a problem, define the problem and evaluate the possible causes.  What are some of the follow-up investigations actions will you take if you don't meet your data quality objectives or if you find errors or problems in your monitoring?   First consider if the problem is sampling or analytical.  Once that is decided, some areas to investigate are:

· SOPs are a good place to begin your investigation.  Were they followed?  

· Equipment maintenance and calibration records. Was the equipment maintained properly? Was if broken? 

· Records of historic data provide information on the normal range of values usually encounter at the site.
· Cleanliness.  Was equipment and glassware clean?   

· Reagents.  Have they outdated?  Were they stored properly?  Were they mixed properly?

Once the problem and cause have been defined, what will you do?  It is important to consider your response actions before you need them.  It is also important not just to solve the problem, but to also take steps so the problem doesn’t arise again. Some possible responses are:

· Troubleshooting will occur to determine the source of error and steps will be taken to remedy the problems.
· If any data doesn’t meet project specifications, it may be discarded and re-sampling may occur in order to meet our completeness data quality objective.
· If the problem is sampling error, team members will be retrained.  

· If the problem is lack of understanding by team members, they will be retrained and SOPs may be updated.

· If the cause is equipment failure, calibration and maintenance techniques will be reassess and improved.
· Instruments will be calibrated after the problem is resolved.
· Error will be detailed in any projects related reports.
· Data use limitations will be detailed in any project related reports and other documentation as needed.

· Data may need to be flagged and qualified depending upon the nature and extent of the contamination.

· If calibration standard accuracy doesn’t meet the specified specifications, the cause of failure will be evaluated.  

If the problem originates at the laboratory were you have your samples processed, they will troubleshoot the problem, identify the problem, solve the problem and repeat the analysis.  They will also take the necessary steps to ensure that similar problems do not arise in subsequent sampling events. For additional information on problem evaluation, refer to Appendix 7A:  Common Internal and External Quality Control Samples and How They Are Evaluated.

Assessment Tables, A tool for making decisions:
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	Inventories of Forces of Change: Causes and Sources 

Select the indicators based on the monitoring objective and/or question(s) you’re trying to answer; select the method based on how you intend to use the data. Keep in mind the limits of your human and financial resources.


	Indicator or Tool
	Why?

Relates to monitoring question you’re trying to answer
	Methods
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	Pollution and Alteration Sources

A. Point Pollution Sources (e.g. discharges)

B. Land-based Non-point Pollution Sources (e.g. urbanization)

C. Altered Flows (e.g. Dams, water withdrawals, diversions)
	To determine the potential sources of pollution and alterations to the aquatic ecosystem and human uses. 
	· Research Existing Information
	(
	(
	(
	(((
	
	

	
	
	· Uses, Values, and Threats Survey
	(
	(
	
	((
	
	

	
	
	· Windshield Surveys
	(
	(
	
	(((
	
	

	
	
	· Stream-walks
	(
	(
	
	(((
	
	

	
	
	· Pipe inventories
	(
	(
	(
	(((
	
	

	Rainfall
	To see if there is a relationship between rainfall, runoff, pollution, habitat quality, etc.
	Gauges
	(
	(
	
	(
	$
	$

	Stream Flow
	To see if there is a relationship between rainfall, runoff, pollution, habitat quality, etc.

To be able to calculate pollution loads.
	USGS  Method (EPA)
	(
	(
	
	(
	$k
	$

	Max. Air Temperature
	To establish a relationship between air temperature and water temperature
	Direct Measurement or existing NWS data
	(
	(
	
	(
	$
	$


· * (((: >4hrs; ((: ~2hrs; (<1hour.  $$$k: 2-4k; $$k: 1-2k; $k: <1K   $$$: >100; $$: ~50; $: <25
· * (((: >4hrs; ((: ~2hrs; (<1hour.  $$$k: 2-4k; $$k: 1-2k; $k: <1K   $$$: >100; $$: ~50; $: <25
	Water Sampling and Analysis 

Select the indicators based on the monitoring objective and/or question(s) you’re trying to answer; select the method based on how you intend to use the data. Keep in mind the limits of your human and financial resources.


	Indicator or Tool
	Why?

Relates to monitoring question you’re trying to answer
	Methods
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	Fecal Indicator Bacteria Present in feces of animals and humans. Indicator of farm run-off (cattle), failing or non-existent septic systems, failing sewage treatment plants, CSO problems.

	Escherichia coli and Total Coliforms
	Indicator of sewage contamination and health risk in recreation waters and drinking water (total coliform)
	Chromagenic with Easy Gel


	(
	
	
	( (+ overnight incubation)
	$$
	$

	Fecal Coliforms


	Indicator of sewage or animal manure contamination
	Membrane Filtration mFC (EPA ???? or equivalent) – used by many states, no longer recommended by EPA
	(
	(
	
	(((
	$$$k
	$k

	Escherichia coli and Fecal Coliforms
	Indicator of sewage contamination and health risk in recreation waters
	Membrane Filtration mTEC (EPA 1103.1 or equivalent) – EPA recommended


	(
	(
	(
	(((
	$$$k
	$k

	Escherichia coli and Total Coliforms
	Indicator of sewage contamination and health risk in recreation waters and drinking water (total coliform)
	Membrane Filtration MI (EPA #600-R-00-013) – EPA recommended, approved for drinking water


	(
	(
	(
	((( + incubation
	$$$k
	$$

	Enterococcus
	Indicator of sewage contamination and health risk in recreation waters
	Membrane filtration mE (EPA #1106.1 or equivalent) – EPA recommended
	(
	(
	(
	((( + incubation
	
	

	Escherichia coli
	Indicator of sewage contamination and health risk in recreation waters
	Colilert with Quantitray
	(
	(
	?
	( + incubation
	$$$k
	$$

	Biochemical Oxygen Demand
	Measures the amount of oxygen used by bacteria to break down organic waste (e.g. sewage).  It is a measure of the amount of organic pollution.
	BOD 5-day procedure w/Modified Winkler Titration w/syringe or eyedropper (Mitchell/Stapp,)
	(
	
	
	
	$
	$

	Biochemical Oxygen Demand (BOD5)
	Measures the amount of oxygen used by bacteria in 5 days to break down organic waste (e.g. sewage).  It is a measure of the amount of organic pollution.
	BOD 5-day procedure w/Modified Winkler Titration w/syringe or eyedropper (Mitchell/Stapp,)
	(
	
	
	(
	$
	$

	Biochemical Oxygen Demand (BOD5)
	Measures the amount of oxygen used by bacteria in 5 days to break down organic waste (e.g. sewage).  It is a measure of the amount of organic pollution.
	BOD 5-day procedure w/Modified Winkler Titration w/buret or digital titrator 
	(
	(
	(
	(
	$
	$

	Dissolved Oxygen
	Measures the amount of oxygen in streams. Essential to understanding the habitat available for most aquatic organisms, including macroinvertebrates and fish.
	Modified Winkler Titration w a syringe or eyedropper (Mitchell/Stapp)
	(
	(
	
	(
	$
	$

	
	
	Modified Winkler Titration w/buret or digital titrator
	(
	(
	(
	(
	$$
	$

	Water Temperature
	High water temperatures and/or wide fluctuations can stress aquatic life
	Direct measurement with thermometer
	(
	(
	(
	(
	
	

	Total Phosphorus
	Essential nutrient for plant growth. Often nutrient in shortest supply in fresh waters. Indicator of animal and human wastes (run-off or sewage treatment plants), fertilizer, detergents and disturbed lands where naturally occurring P may be released. 
	Persulfate digestion followed by ascorbic acid method and color comparator (Mitchell/Stapp)
	(
	(
	
	((
	$
	$

	
	
	Persulfate digestion followed by ascorbic acid method and colorimetry (EPA Method 365.2)
	
	(
	(
	(((
	$$$
	$

	Total Ortho-phosphate
	See total P above. Inorganic P, or orthophosphate is the amount actually available for plants to use (which in turn convert it to organic P)
	Ascorbic acid methods and color comparator
	(
	(
	
	(
	$
	$

	Total dissolved P
	Provides insight as to how much of the P entering a stream is from point vs. non-point sources (NPS) Streams with high total phosphorus and low dissolved phosphorus levels usually have most phosphorus input from NPS pollution.
	Filtration, followed by persulfate digestion followed by ascorbic acid method and colorimetry (EPA Method 365.2)
	
	(
	(
	(((
	$$$
	$

	Nitrogen Series

Total Kjeldahl Nitrogen
	The total amount of organic nitrogen. Typically associated with domestic or agricultural contamination.
	Digestion followed by Nesslerization +

spectrophotometry (SM #4500-Norg B or equivalent)
	
	(
	(
	(((
	$$$
	$

	Nitrates
	Form of nitrogen essential to plant growth. Can cause excessive plant growth and O2 depletion. Toxic to humans in drinking water.
	Cadmium reduction + spectrophotometry

(SM #4500-NO3-E or equivalent)
	
	(
	(
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	Cadmium reduction + color comparator (Mitchell/Stapp)
	(
	(
	
	((
	$
	$

	Ammonia (NH3)


	Generated by fish urine, the decay of dead fish and plants. Toxic to fish. Examine in low DO water, where NH3 tends not to be converted to nitrate.
	Distillation followed by Nesslerization +

spectrophotometry (SM #4500NH3 C or equivalent)
	
	(
	(
	(((
	$$$
	$

	Temperature
	Habitat. Critical for aquatic life. Each organism has tolerance range. Relates to amount of O2 that can be dissolved in water. 
	Direct measurement with thermometer, thermocouple or thermister
	(
	(
	(
	(
	$
	$

	Conductivity
	Indicator of potential pollutants that conduct. Presence of electrolytes such as salt. Metals, chloride, phosphate, nitrates raise. Oil and organic matter lower.
	Direct measurement with a meter (EPA Volunteer Methods Manual)
	(
	(
	(
	(
	$$
	$

	pH
	Indicates degree of acidity of water. Habitat. Organisms have a tolerance range.  Indicator of acid mine drainage, acid deposition from burning of fossil fuels, acid discharges.
	Sample collected and measured with a pH meter, pocket meter or litmus paper
	(
	(
	(
	(
	$
	$

	
	
	Direct measurement with pH meter with probe suitable for low ionic strength waters (EPA Method 150.1)
	
	(
	(
	(
	$$
	$

	Total Alkalinity
	Measure of capacity of water to neutralize acids. Presence of limestone  ( a source of calcium carbonate) and other rocks/minerals that provide alkaline buffers.
	Single end point sulfuric acid titration w/ bromcresol green/methyl red using dropper bottle (ALLARM)
	(
	(
	
	
	
	

	
	
	Double end point sulfuric acid titration w/ digital titrator and pH meter (RN Manual)
	
	(
	(
	
	
	

	Acidity
	The base neutralizing capacity of water is known as acidity.
	Titration with measured amount standard acid to pH

of 4.0, EPA#305.1


	
	(
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	Phenolphthalein Indicator followed by tritration with sodium

hydroxide (Delaware Riverkeeper Network)


	(
	
	
	
	
	

	Hardness
	The hardness of a water is a measure of the concentration of positively charged particles in the water, but primarily it is equivalent to the calcium and magnesium concentration of the water.
	Computed from results of calcium and magnesium

or titrated (SM #3500Ca, EPA 130..2 or equivalent)


	
	(
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	Iron
	The most important trace element for plants. Iron above 0.3 mg/L is objectionable in water because of staining of laundry and plumbing fixtures
	Sampling: 500 mL pre-cleaned plastic bottle, iced to

4C

Analysis: Inductively Coupled Plasma Atomic

Emission Spectrometric Method, EPA #200.7


	
	(
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	Treatment with FerroVer Iron Reagent followed by color

comparator (Delaware Riverkeeper Network)
	(
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	Total Suspended Solids
	The weight of suspended matter in water after filtering. Indicator of sedimentation. 
	Gravimetric method, dried at 103-105C. (SM#2540D

or equivalent) 
	
	(
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	Filtration of sample through glass fiber filter + drying

& weighing – based on SM #2540D (Delaware Riverkeeper Network)
	(
	(
	
	
	
	

	Total Dissolved Solids
	The concentration of dissolved organic and inorganic chemicals. Dissolved solids may include calcium, magnesium, sodium, potassium, bicarbonate, sulfate, chloride and silica. High total dissolved solids may effect the aesthetic quality of the water
	Gravimetric method, filtrate dried at 1800C.

(SM#2540C or equivalent)


	
	(
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	Manganese
	Primarily regulated because of aesthetic problems associated with elevated levels, Elevated levels can disrupt the nervous system and regeneration of hemoglobin.
	Sampling: 500 mL pre-cleaned plastic bottle, iced to 4C

Analysis: Inductively Coupled Plasma Atomic

Emission Spectrometric Method, EPA #200.7
	
	(
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	Turbidity
	Measure of cloudiness or opaqueness of water. Influenced by the amount and nature of suspended organic and inorganic material. The source could be fine sand, silt, and clay (i.e., soil separates); organic material, particles of iron and manganese or other metal oxides, rust from corroding piping, or carbonate precipitates.
	Sample collected and measured with a nephelometer

(RWN adaptation of Standard Methods #2130)


	(
	(
	(
	
	
	

	Sulfate
	Widely distributed in natural waters, but is typically less than a few mg/L. Higher levels may be from acid mine drainage
	1) Turbidimetric: Sulfate ion converted to a suspension. The resulting turbidity is determined by a nephelometer, and compared to a curve

prepared from standard sulfate solutions, EPA#375.4

2) Colorimetric, Automated, Methylthymol

Blue, using an Autoanalyzer II, EPA

#375.2Standard Methods
	
	(
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	Total Residual Chlorine
	Chlorine remaining in water after treatment.
	Sampling: Consult with biologist for sampling method. This is tricky due to TRC’s dissipation and flow patterns. Analysis: Amperometric Titration Method, SM#4500ClD.
	
	(
	(
	
	
	


	Biological Sampling and Analysis 

Select the indicators based on the monitoring objective and/or question(s) you’re trying to answer; select the method based on how you intend to use the data. Keep in mind the limits of your human and financial resources.


	Indicator or Tool
	Why?

Relates to monitoring question you’re trying to answer
	Methods
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	Benthic Macro-invertebrates - Intensive
	Direct assessment of aquatic life reflects health of aquatic ecosystem.

Robust indicator

Reflect conditions over time
	Intensive: 

Collection: Quantitative or semi-quantitative field collection of 3 composite replicate samples w/ net, Surber, or artificial substrate in wadeable waters, 

Subsampling: 

100 and 1/4 sample or entire sample.

Identification

Families

Assessment:

Based on comparison to reference site or biocriteria

EPA RBP-based
	
	(
	(
	(((
	$$k
	$$

	Benthic Macro-invertebrates - Moderate
	Direct assessment of aquatic life reflects health of aquatic ecosystem.

Robust indicator

Reflect conditions over time
	Moderate: 

Collection: Semi-quantitative field collection of 3 replicate samples w/ net in wadeable waters, 

Subsampling: 

100 and 1/4 sample or entire sample.

Identification

Major groups

Assessment:

Based on internal guidelines 


	(
	(
	
	((
	$k
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	Benthic Macro-invertebrates - Basic
	Direct assessment of aquatic life reflects health of aquatic ecosystem.

Robust indicator

Reflect conditions over time
	Streamside: Field collection and identification of major groups, assessment based on relative abundance and estimated richness (EPA, RWNRN)
	(
	
	
	(
	$k
	$


· * (((: >4hrs; ((: ~2hrs; (<1hour.  $$$k: 2-4k; $$k: 1-2k; $k: <1K   $$$: >100; $$: ~50; $: <25
	Physical Habitat Sampling and Analysis 

Select the indicators based on the monitoring objective and/or question(s) you’re trying to answer; select the method based on how you intend to use the data. Keep in mind the limits of your human and financial resources.


	Indicator or Tool
	Why?

Relates to monitoring question you’re trying to answer
	Methods
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	Habitat Walk
	Sometimes you can learn more from visual inspection that monitoring. Note adjacent banks and land use. 
	Visual Assessment of various habitat characteristics (EPA and others)
	(
	(
	
	((
	
	


	Benthic Macro-invertebrate Habitat Assessment
	Habitat quality is a key factor in determining the biota that lives in the water body.
	Field observation and rating of key habitat characteristic relative to reference condition (RWN Benthic Macroinvertebrate Monitoring Manual or

EPA Volunteer Stream methods Manual – muddy bottom Assessment adaptation of EPA RBP II or equivalent)
	(
	(
	
	((
	
	

	Indicator or Tool
	Why?

Relates to monitoring question you’re trying to answer
	Methods
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	Stream Channel Measurements

Embeddedness
	A measure of sedimentation that can reduce attachment surfaces for invertebrates.
	Estimated for four particles at each of cross sections at site (EPA EMAP Protocol or equivalent)
	(
	(
	
	(((
	
	

	Stream Channel Measurements 

Channel Cross-sections
	Reveals deposition al areas and how they change over time.
	Measure elevations at intervals across stream ("Stream Channel Reference Sites" USFS or equivalent)
	
	(
	
	
	
	

	Stream Channel Measurements
Longitudinal Profile
	Reveals deposition al areas and how they change over time.
	Elevations of channel bottom and water surface

("Stream Channel Reference Sites" USFS or equivalent)
	
	(
	
	
	
	

	Stream Channel Measurements
Bottom Composition
	A more quantitative measure of bottom composition, which is a key habitat feature for benthic dwellers.
	Pebble Count: Collection and measurement of at least 100 stream bottom particles at 10 cross sections to determine distribution among various size classes. ("Stream Channel Reference Sites" USFS or equivalent)
	(
	(
	
	
	
	


Case Study 1

Case Study 2
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Raw Data Management (part 1)





General Terms Used In Sampling Grab Samples:


Samples are collected in some type of container by dipping the container in the water and filling it to some pre-determined level. 


*	Integrated Depth Samples: Samples are collected from various depths or locations across a transect that are combined into one sample for analysis. 


*	Multiple Depth Samples: Individual samples are collected at various depths and analyzed separately. 


*	Artificial Substrate: A sampler is placed in the water column or on the bottom and colonized by critters or plants. 


*	Direct Measurement: The indicator is measured directly from the water without collecting a sample. 





EXAMPLES: Analysis Data Quality Objectives


* To produce results within 10% of known metal concentrations (accuracy) 


* To produce results within 10% between multiple tissue samples (precision)





EXAMPLE:


Suppose you want to evaluate the impact of an upstream municipal wastewater treatment plant on tribal waters. Your overall data quality objective might be:


To produce data that the tribe can use to determine whether the treatment plant is impairing aquatic life and ceremonial uses of tribal waters. 





A word of caution: As of this writing, most of the guidance for setting data quality objectives is aimed primarily at collecting and analyzing samples of chemical indicators in the water itself. Some methods, such as those that involve observation, may not lend themselves to numerical objectives.
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� Godfrey, Paul, Jerome Schoen, and Geoff Dates, 2001. The Massachusetts Volunteer Monitor’s Guidebook to Quality Assurance Project Plans, MA Department of Environmental Protection, Worcester MA.


� Distillation involves boiling the sample and collecting the steam.


� The process of disintegration by means of chemical action, heat, and/or moisture.
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