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Presenter Notes
Presentation Notes
Welcome to the basics of assessment!  We’ll talk about analyzing data, quality assurance procedures, finding outside data to supplement analyses, and comparing data to criteria.  Please note the slides in the presentation were taken from other presentations that were created for EPA by a contractor.  These slides have been reviewed by EPA HQ staff, but not by Office of General Counsel.  

Note: This presentation was produced for EPA with contractor support. It has been reviewed by EPA HQ staff, but has not been reviewed by senior EPA management or the Office of General Counsel. The exercises associated with this module are incorporated into the slides – i.e., there are no handouts or other items existing as external files that need to be printed or circulated. 




Section 1: 
Learning 

Objectives

To understand the potential data sources and 
formats that may be available from both the 
Tribe and other data partners for use in 
producing a water quality assessment

To identify the factors that can affect the 
quality of data used for a water quality 
assessment

Presenter Notes
Presentation Notes
The learning objectives for this session are to: 

We’re going to look at potential data sources and formats that may be available from your work as well as outside data that you may use in determining water quality attainment
We’ll also identify the factors that can affect the quality of data used for a water quality assessment




Can we use any and all data we find?
 There are LOTS of data out there

 Tribal data, university data, watershed group data, state 
data, federal data, etc.

 Before using the data: 
 How is your tribe generating quality data? Such as:

 Do you calibrate your field sensors?
 Do you have documented field and lab protocols?
 QAPP in place?

 Established Data Quality Objectives?
 Do you perform QA of results?

 How can you assess the quality of outside data? Such as:
 Who collected it?
 Where was it collected?
 How was it collected/analyzed?
 How old is it?
 How was it managed?

Presenter Notes
Presentation Notes
Can we use all data we find?  Maybe.  Maybe not. [CLICK]

There are lots of data – physical, chemical, and biological data, from lots of sources, tribes, universities, state and federal data, watershed groups, etc. 

Before diving into everything that’s out there, let’s understand our own data and how we generate data. [CLICK] For instance: Do you calibrate your field sensors? Have you documented field and lab protocols, like SOPs? Do you have a QAPP?  Are there established Data Quality Objectives? Is Quality Assurance performed? These are things we need to think about for our own programs so we can apply the same thinking to programs others run. 

Now let’s talk about outside data: You’ve heard of the term “metadata”?  Metadata is basically data about data, or information about an aspect of your data. [CLICK] For instance, who collected the data and from where?  How were the data analyzed?  What’s the age of the data?  How was the data managed?  
Knowing this information helps us determine whether the data we gather to make attainment decisions – be that from our programs or from external sources – is useful. In other words, will an analysis of the data help us construct an accurate and timely assessment of the quality of our waters.

<ASK THE GROUP> Show of hands
How many of you incorporate data from an outside entity into your water quality attainment decision-making process?  
How many of you want OTHERS to incorporate your data into THEIR attainment decisions? 




Considerations for Assessing Data
How are water quality data managed? 
 Hard copy v. electronic management
 Consistency among parameters over time for analysis

Does each data set have supporting metadata? 
 Documents when, where, why, how of sampling
 Allows comparability of data over time
 Enhances validity 
 Explains irregularities 
 Ability to combine data/comparable 
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Presentation Notes
Let’s talk about some basic considerations to determine whether data are usable. Like…

How are the data managed? 

A basic step in assessing data is ensuring data are managed in a way that allows you to summarize and analyze the data easily. Let’s think about that…are your data maintained on paper monitoring sheets or have data been entered into an electronic format like a spreadsheet or a database. 

It’s possible that no two tribal programs will have exactly the same approach, but each of you should strive to establish a consistent approach to data management for your program based on available staff and resources. When getting ready to conduct your water quality assessment for a cycle, you may need to invest time and resources to get all existing water quality data into a uniform format, ideally electronic, to allow for easier analysis and storage over time.

[Participation] Show of hands
Who has electronic systems in place to manage your data?
Who uses monitoring data sheets or hardcopy records?
Who uses both electronic and hardcopy records?
Does anyone want to briefly describe their system? 

What are the challenges and benefits to these data management approaches? 
[Challenges: data loss through computer failure, misplacement of hardcopies; benefits: easy to find electronic records and perform assessments, hardcopies won’t be lost due to computer failure.]

Another data usability consideration is whether metadata are associated with the data set that will give the data set context? Like we talked about on the last slide, metadata is documentation about the when, the where, the why, and the how that’s related to each water quality sample collected. Good metadata will allow you to determine whether data sets from year to year are comparable by providing information on whether sampling occurred during the same season, using the same procedures, at the same locations. Knowing this information increases the validity of the data set and helps to explain any irregularities in the data. All of this information will help you determine whether the water quality data sets are usable for the assessment. How are the metadata for your water quality monitoring data documented? 

[Participation]  Does anyone want to share their approach for documenting and managing metadata?





Considerations for Assessing Data
Are there procedures for validating data?
 Decision points to accept, reject, or qualify data
 Procedures could include:
 Examining results for high/low results
 Checking calculations
 Calculating precision & accuracy 

of instruments

Are data adequate for a water quality 
assessment? 

Presenter Notes
Presentation Notes
We mentioned data validity on the last slide. This is a really important piece of data assessment that links directly to your water quality monitoring program. 

Data validation is another important consideration for assessing data before conducting a water quality assessment. 

Do you have procedures in place for validating the data? These procedures will help you decide whether to accept, reject, or qualify data for use in the water quality assessment. 

Data validation procedures could include activities such as examining data for results that are too high or too low, verifying calculations, calculating precision and accuracy. Your Quality Assurance Plan, often referred to as a QAPP, should document these data validation procedures and decision points. 

Upon assessing the data based on these considerations, you can then ask: [CLICK]

Are these data adequate for a water quality assessment? 

Keep in mind: there will almost ALWAYS be data gaps. No data set is perfect but is it sufficient for your purposes?

If you can confirm the water quality data are adequate for the water quality assessment, the next step would be to compile these data sets to analyze against applicable water quality standards. 

If the assessment of existing water quality data reveal there are data gaps, you will have to determine the appropriate next steps. In some cases, this may be additional water quality monitoring. In other cases, it could be using existing data and documenting any associated data issues. There could also be a decision to look for non-tribal data that could be used to supplement existing tribal water quality data. 

Once you can thoughtfully examine your own data, you can look at other data sets with a discerning eye to determine whether you can use outside data to supplement your data.  You can also better understand the types of information other entities might need to be able to use your data.  




A Note…
 Tribes need established procedures for:

 Providing data stewardship – who will oversee 
the collection, management and storage of 
data, and how will it be done?

 Protecting their data – storage of paper files, 
transferring results to electronic databases, 
maintaining backup databases

 Encompasses data collection, analysis, 
evaluation, assessment and data management

Also:
 Tribal data collected with 106 funding must be 

shared with EPA at the end of each grant cycle.
 Tribal data collected using other resources 

does not have to be shared
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Presentation Notes
We often receive questions about data privacy, data protection etc. 

Tribes, like any organization, should establish procedures for:
Data stewardship – who will oversee the collection, management and storage of data, and how will that be done?
Data protection – storage of paper files, transferring results to electronic databases, maintaining backup databases

Additionally:
Data collected with 106 funding must be shared
Data collected using other resources does not have to be shared

Note if state programs are in the audience that all data collected by state agencies, regardless of funding source, are to be shared in order for states to be eligible to receive 106 grants.




Why Consider Other Data?
Might help to create a more 

comprehensive water quality 
assessment 

To fill data gaps
 Important for tribes interested in 

TAS for Section 303(d)

USGS 
Gage

Tribe 
Site

Tribe 
Site
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Why would you think about using outside data?  

If the data meets the quality objectives in the QAPP, it can help create a more comprehensive water quality assessment.  You could also use outside data to fill in data gaps again if it meets the DQOs. 

On the screen is a great example.  We might want to use USGS gage data, especially their FLOW data here to help us gain more knowledge about what’s going on in our systems.  But if data are collected from WAY outside our boundaries…is that going to be useful for our purposes?  Probably not. That’s why we need to document our metadata and look at data sets that have their metadata documented.  We don’t want to use data from Clear Creek when we’re trying to assess Mud Creek.  Very basic example.  

Also….considering outside data is actually a Clean Water Act requirement under Section 303(d). This is something to consider for those tribes with interest in Treatment as a State (TAS) for Section 303(d). Section 303(d) requires that States and authorized Tribes assemble and evaluate all existing and readily available water quality-related data and information to develop the required list of impaired waterbodies (§§ 130.7(b)(5))





Types of Data to Consider

 Volunteer monitoring data
 Beach closure notices
 Fish kills
 Land use/cover data 
 Waste site inventories

 Source water assessments
 Fish consumption advisories
 Hydrology, climate, geological 

studies/reports
 And more!

Presenter Notes
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Other types of existing data beyond tribal water quality monitoring data could include beach closure information, fish consumption advisories, fish kill information, Tribal or state source water assessment under the Safe Drinking Water Act, and other studies and reports. 




Possible Sources: Tribal Agencies
Bureau of Indian Affairs
Indian Health Services
Tribal commissions and 

ceded territory agencies
Nearby Tribes
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Presentation Notes





Possible Sources: State and Local Agencies
Water Utilities
Soil and Water Conservation Districts 
Universities
Watershed Groups
State Departments of Environmental 

Protection/Management/Quality 
Departments of Natural Resources
Departments of Health

Presenter Notes
Presentation Notes





Possible Sources: Federal Agencies
 U.S. Environmental Protection Agency (ATTAINS, NARS)
 EPA & USGS Water Quality Portal (WQX/WQP)
 U.S. Department of Agriculture Forest Service 
 National Oceanic Atmospheric Administration (coastal and estuarine data for 

both oceans and Great Lakes)
 U.S. Geological Survey 
 U.S. Fish and Wildlife Service 



Presenter Notes
Presentation Notes
Now that we’ve talked about data format, management, and sources, let’s dig deeper into data quality. 



Aspects of Data Quality 

Quality assurance elements
Quality control data
Quality assessment procedures
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Three aspects of evaluating data quality are (1) quality assurance elements, (2) Quality Control data, and (3) quality assessment procedures. 

The quality assurance elements refer to procedures that are used to manage those unmeasurable components of a project, such as 

Sampling at the right place and time – sampling Mud Creek instead of Clear Creek. 
Sampling with the proper equipment – not using a metal bucket if I want to test for metals, and 
Using the correct techniques – not taking my samples downstream of where I disturbed the sediments. 
These elements are often found in your QAPP and some of you may have SOPs for sampling techniques.  

Quality control data are generated from the collection and analysis of QC samples and are used to estimate the magnitude of errors related to obtaining the data. Think Blanks, Replicates, and Duplicates. 
[Field Blanks. A trip blank (also known as a field blank) is deionized water which is treated as a sample. It is used to identify errors or contamination in sample collection and analysis. Duplicate samples: two samples taken from and representative of the same population and carried through all steps of the sampling and analytical procedures in an identical manner. Two samples from the stream. Duplicate samples are used to assess variance of the total method including sampling and analysis. Replicate samples: two or more samples representing the same population characteristic, time, and place, which are independently carried through all steps of the sampling and measurement process in an identical manner. Split from ONE sample. Replicate samples are used to assess total (sampling and analysis) method variance.]

Quality assessment is the overall process of determining the quality of the data by reviewing the application of the Quality Assurance elements and the analysis of the Quality Control data. 

Every measurement is subject to potential errors that can cause the result to differ from the true value and can also cause results of repeated measurements to differ from each other. Measurement errors include random errors and systematic errors.  

Measurement errors are the difference between a measured quantity and the true value.  Random errors are naturally occurring errors that aren’t able to be corrected. Systematic errors occur when an instrument hasn’t been properly calibrated. 
[Random: can occur in any direction, but cluster around true value, due to reagent bubbles, inadequate mixing. Systemic: always occurs in a certain direction, such as due to calibration – stretched measuring tape]

Measurement errors are a part of any measurement process and should not be considered mistakes. Generally, the goal of QC data analysis is to quantify the random and systematic errors in the measurement process and to reduce the overall error where possible. 




Quality Assurance Project Plan (QAPP)
Documents the procedures to ensure 

the data collected for a particular 
purpose meet data quality objectives
Can address data that:
 Include direct measurements (data 

collected by the tribe writing the 
QAPP)

 Non-direct measurements (secondary 
data collected from other sources)

Presenter Notes
Presentation Notes
Let’s do a quick review of Quality Assurance Project Plan, or QAPP. 

Any tribe that conducts Section 106 monitoring has a QAPP in place. The QAPP describes data collection activities and the procedures in place to ensure the data are of high quality to support data quality objectives or DQOs. – Sound Familiar?  QAPPs hold your Quality Assurance Elements that we talked about on the last slide. 

QAPPs apply to water quality monitoring data and can also include secondary sources of data that could also be incorporated into an assessment. According to EPA’s 106 Guidance, if you choose to use data from secondary sources in decision making, then the QAPP must also include a discussion of how you will review and evaluate data from that secondary source to determine that it meets the DQOs set for the purposes of supporting a water quality assessment (EPA Final 106 Guidance). 




Data Quality Objectives (DQOs) and Water Quality 
Assessments
 Establishes the quality and quantity of 

data needed to support decisions 
 Clarify study objectives
 Define the appropriate type of data

 Specifies data performance and 
acceptance criteria 
 Quantitative 
 Qualitative 

 EPAs DQO Guidance: 
https://www.epa.gov/sites/default/files
/2015-06/documents/g4-final.pdf
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Data Quality Objectives establish the quantity and quality of data used to support decisions and the DQOs are documented.  

For instance, the objective of a water quality assessment is to determine whether water quality is meeting water quality standards to support a specific designated use or uses. 
The appropriate type of data and amount of data will depend on the uses we are examining.  
If we’re looking at aquatic life use, we might want to examine dissolved oxygen, turbidity, nutrients perhaps all year.  
If we’re looking at contact recreation, we’ll be looking at bacteria and maybe only during months when people are swimming in the water.  

There are the quantitative and qualitative criteria, these are called Data Quality Indicators.  DQIs are used to describe how good the data need to be to meet a project's objectives. In this case, the project we’re discussing is a water quality assessment. The data are intended for important decision-making purposes that affect aquatic life, cultural, and public health. As a result, the associated DQOs are going to be more rigorous than if the project was intended to be more educational in nature, such as raising key stakeholders’ basic water quality awareness, or establishing water quality trends.

EPA DQO guidance available at https://www.epa.gov/sites/default/files/2015-06/documents/g4-final.pdf 

https://www.epa.gov/sites/default/files/2015-06/documents/g4-final.pdf
https://www.epa.gov/sites/default/files/2015-06/documents/g4-final.pdf


Data Quality Indicators (DQIs) for Water Quality 
Assessments
DQIs are quantitative and qualitative measures of the 

quality of the data 
DQIs to meet DQOs will vary, but often include:
 Precision 
 Bias 
 Accuracy
 Representativeness
 Comparability
 Completeness

Presenter Notes
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Like we said, data quality indicators, or DQIs, are quantitative and qualitative measures of the quality of the data collected for a project, based on the DQOs. 
 
Datasets are typically evaluated for six indicators to assess the sufficiency of a particular dataset to be used for a particular purpose, such as an assessment. The indicators are: Precision, bias, accuracy, representativeness, comparability, and completeness. 

The QAPP should address the process or method for evaluating data against the data quality indicators. 
 
Let’s take a close look at each indicator. 



Bias
Systematic error or persistent distortion in data
Causes constant errors in a particular direction
Coupled with precision to determine accuracy
Site selection can introduce bias

Presenter Notes
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Bias is a systematic error in a method or measurement system, and can affect all results. Systematic errors always occur in a certain direction. Bias can result from mishandling sampling containers, using uncalibrated equipment, sensor drift, sampling only certain types of sites (e.g., only near-bank areas), or other issues. 

Bias is coupled with precision to determine data accuracy. 

Positive bias, typically comes from contamination introduced in the sample collection and analysis process, causes the results in the samples to be consistently higher than what is actually present in the environment. 

Negative bias causes the results to be consistently lower than what is actually occurring in the environment. 

Things to be mindful of: the approach for selecting sites to sample can introduce bias because you may only be sampling near a discharge rather than a pristine area. Using a randomized design for selecting sample locations avoids bias.




Precision
 Assessment of the degree to which two or more measurements agree with 

each other
 Amount of random error in a data set
 Measure of the “scatter” of the results

 Data with high precision = less scatter 
(results are clumped together) 

 Data with less precision = more scatter 
(results are dispersed over a wider area)

 Coupled with bias to determine accuracy
 Can be measured as Relative Percent Difference (RPD)

RPD = (𝑥𝑥1−𝑥𝑥2)
⁄(𝑥𝑥1+𝑥𝑥2) 2
∗ 100

Where: RPD = Relative Percentage Difference
x1 = largest sample value
x2 = smallest sample value

Presenter Notes
Presentation Notes
Precision the degree to which a set of observations of the same property, obtained in similar conditions conform to themselves. 

Duplicate samples are used to check the precision of field collection or laboratory analyses and verifies repeatability of the sample data. Duplicates are collected at the same time as the water quality sample. It shows the amount of random error exists in a data set. 

Precision is a measure of the scatter of results. To connect with earlier discussions – random errors can impact precision.  Results that are clumped together have less scatter. They have high precision. Results that are dispersed over a wider area have more scatter and would have less precision. 

Precision coupled with bias helps determine the overall accuracy of the data. 

One way to calculate precision is by using Relative Percent Difference. This is the difference between duplicate results for the analyses of a sample, relative to the mean or average value of those results. RPD is expressed as a percent. You may see this type of calculation in your QAPP. In this equation, X1 is the largest sample value and X2 is the smallest sample value. The desired RPD may vary between field duplicate precision and lab sample precision. 





Accuracy
 Degree of agreement of an analytical result with the true value 

 Results closer to the true value = higher data accuracy
 Results farther from the true value = less accurate data

 Affected by both systematic errors (bias) and random errors (imprecision)
 Can be measured with spiked samples and calculated as Percent Recovery

%R = (𝑹𝑹𝟏𝟏

𝑹𝑹𝟐𝟐
) * 100

Where: %R = percent recovery of a parameter
R1 = the observed value for a parameter, obtained via testing/analysis 
R2 = the actual value of the parameter in the sample

Presenter Notes
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Accuracy is a measure of confidence that describes how close a measurement is to its true value. 

Results closer to the true value have higher accuracy. Results that are farther from the true value have less accuracy. 

Think about this with respect to calibrating probes. You use calibration solutions to ensure the meter is reading accurately before sampling, right? You want the meter to read as close to the known value of the calibration solution as possible, right? Because that’s the most….accurate.  

Accuracy is a combination of systematic errors associated with bias and random errors associated with precision, or imprecision. 

Accuracy can be measured with spiked samples and calculated as Percent Recovery (%R).  

This is the equation.  Percent Recovery is the observed concentration (R1) divided by the true concentration (R2) and that value is multiplied by 100 to get a percentage . These types of accuracy checks are important to make sure you trust your data.  
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Let’s look at this visually.

This “target” graphic illustrates how bias and precision in sampling results can affect the accuracy of your data, and the likelihood that your assessment will reflect actual waterbody conditions. 

The bull’s-eye, which represents the “true” value for a parameter in the waterbody at that particular time and place. 

You can see in the left targets, how bias in your results tends to skew things off to one side, the dots are in the lower right, or around another relative value rather than the true value. [CLICK] So the targets on the left exhibit high bias, while the targets on the right exhibit low bias.  [CLICK]

You can also see the effects of high precision and low precision. [CLICK] You see the top graphs have low precision and the dots are more spread out. Whereas the dots on the bottom are clustered showing the high precision. [CLICK]

Our pursuit of quality data is in large part an effort to reduce bias and improve precision, [CLICK] We want to obtain low bias (right side of the graphs) and [CLICK] high precision (lower level of the graphs). The lower right target is the ideal, [CLICK] so we have an accurate picture of water quality conditions.




Representativeness
The extent to which measurements 

characterize the true environmental 
condition or population at the time a 
sample was collected.

Two Types of Representativeness 
should be considered:
 Spatial Representativeness
 Site Selection Considerations
 Field Method Considerations

Temporal Representativeness
National Rivers and Streams Assessment Field Methods Application --
https://riverstreamassessment.epa.gov/fieldmethods/ 

Presenter Notes
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Representativeness is the degree to which the measured data reflect actual conditions.

Field method considerations are important to ensure that how the sample is collected is representative of what you are trying to measure. 

Spatial representativeness can be examined from determining which sites to select and through field methods employed at each individual site.  

Site Selection Considerations are necessary to ensure your representative requirements are met. Selecting sites through judgmental or targeted designs is appropriate if the project objectives require representation of specific sites or areas.  Selecting sites through a probability or randomized design is appropriate when the project requires representativeness for a broader population of waters that cannot all be sampled for resource or other reasons (i.e. all lakes in a watershed or reservation; all streams within a specific region). 

Field methods such as do you need to collect one grab sample, collect several samples at different locations or create a composite sample should be considered.  
Also, do you need to sample at several transects or from different habitats to effectively represent the condition of interest?  

Some knowledge of the indicator and likely variability is necessary to decide on the method that will be used.  

For an interactive example of how different indicators may require different approaches for collecting representative data AT A SITE, see the National Rivers and Streams Assessment Field Methods Application -- https://riverstreamassessment.epa.gov/fieldmethods/.  Examples from the tool are shown on the slide. Here you will see that for the NRSA objectives, some indicators are collected throughout the entire reach while others are collected at just one location.

To ensure appropriate temporal representative, it is necessary to consider the sample frequency required to reflect the range of conditions across relevant time intervals (e.g., seasonal, diurnal, high/low flow conditions) pertinent to the project objectives and in line with water quality standards or criteria.




Comparability
Degree to which data can be compared 

directly to similar studies
 Repeated use of standardized sampling 

protocols and analytical methods = 
more comparable

Different sampling protocols and 
analytical methods = less comparable 
 E.g.: Arsenic – one method Detection level 

is 1 mg/l and another is 0.25 mg/l (yield very 
different results)

 Important to document data procedures 
to verify/evaluate comparability

Presenter Notes
Presentation Notes
Comparability is the degree to which data sets, methods, and/or decisions agree or can be represented as similar
   
Using standardized sampling protocols, the same or comparable analytical methods, and units of reporting with comparable sensitivity helps ensure comparability. Selecting testing methods that are EPA-approved and/or currently being employed by other water quality monitoring programs tend toward increased comparability of primary and secondary data.  

Selecting sites where previous water quality monitoring has taken place can also help increase data comparability – in trend analyses, for example. 

If our data are more comparable, our data are more usable by others and we can use more data sets to supplement our own information.  It’s harder to compare differing protocols and interpret what our data mean in conjunction with data collected by someone else. 

This is also why it’s so important to document our processes.  




Completeness
Amount of usable data collected 

versus the amount of data called for 
in the sampling plan 
Measured as target percentage of 

valid results obtained compared to 
the total number of samples taken 
for a parameter
Target percentage will vary from 

program to program 

Presenter Notes
Presentation Notes
Comparison between the amounts of usable data collected versus the amount of data called for in the sampling plan. Why would there be a difference between the amount of usable data and what’s in the sampling plan?  Drought, flooding and unsafe sampling conditions, equipment failure, etc.  

Completeness is measured as target percentage of valid results obtained compared to the total number of samples taken for a parameter. 

You can set a target completeness goal. For example, the expected completeness for a water quality monitoring program might be greater than 90%, given the efficiency of past sampling activities conducted by your program. 



Presenter Notes
Presentation Notes
Now that we’ve discussed data management, sources of data, DQOs, and DQIs, let’s talk about what to do with the data we have collected!



Section 2: 
Learning 

Objectives

 Introduce basic approaches of assessing 
data for specific water quality parameters

Acute and chronic water quality criteria
Sample size when evaluating water quality 

data
How parameters are evaluated against 

water quality criteria

Presenter Notes
Presentation Notes
In this next part, we are going to talk about: 

Basic approaches of assessment
The distinction between acute and chronic water quality criteria
The importance of sample size
How some parameters are evaluated against water quality criteria




Numeric Water Quality Criteria
 EPA develops recommended human health and aquatic life water 

quality criteria as guidance for use in developing criteria. Levels 
adopted are applied to monitoring data to assess water quality

Numeric criteria are expressed as
 Less than, such as nitrate is not to exceed 10 mg/L
Greater than, such as the 7-day average of the daily mean 

dissolved oxygen should be at least 8.5 mg/L
A range, such as pH shall be within the range of 6.5 to 8.5 S.U.
No more than one exceedance of the calculated criteria in three 

years: WQC = (𝑒𝑒(𝑥𝑥 ln ℎ𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎 +𝑦𝑦))*z

Presenter Notes
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Before we can start assessing data, we need to understand WQC.  Cristina talked about this in her presentation earlier.  We’ll do a quick refresher to pull things together.

A numeric water quality criterion sets a threshold or benchmark for a parameter to protect aquatic life or human health. The numeric water quality criterion is a part of a water quality standard, along with designated uses and antidegradation provisions. The numeric criteria are the actual numbers that need to be met. EPA has developed water quality criteria for states and tribes to use in developing their own criteria.  For example, a certain concentration in streams. 
 
Here are examples of water quality criteria expressions. 

A numeric criterion can be a number that should not be exceeded, such as nitrate is not to exceed 10 mg/L. 

Conversely, Dissolved oxygen criteria are written as minimums, such as dissolved oxygen needs to be at least 8.5 mg/L. 

Criteria can also specify a range of values, such as pH shall be within the range of 6.5 to 8.5. In that case, pH in the water body shouldn’t go below 6.5 and shouldn’t go above 8.5. 

Criteria can be calculated such as hardness-based criteria such as metals.  




Parts of a Numeric Water Quality Criterion

Example: Should not exceed 10 mg/L as an annual average, 

and cannot be exceeded more than 10% of the time.

Explicit Value = actual 
number/magnitude

Duration = 
period of time

Frequency = 
recurrence interval 

Presenter Notes
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Numeric water quality criterion usually have 3 parts, magnitude, duration, & frequency.

The “magnitude” [CLICK] is the actual number here, it is 10 mg/L. 

The “duration” [CLICK] is the period of time over which the standard applies, in this case 1 year since it’s an “annual” average. The duration often derived from the studies used to develop the standard. It is the period of time over which aquatic life can be exposed to slightly elevated levels of pollutants without harm, as long as the average is not exceeded for the specified time period. 

The “frequency” [CLICK] is the amount an excursion can occur over time without impacting the use. The assumption is that the organisms can recover over time, as long as the stress is infrequent and the recovery period is sufficient. The recurrence interval in this case is “no more than 10% of the time.” This 10% recurrence interval is a common value used in criteria for conventional pollutants. Another recurrence interval provided in EPA guidance for toxic criteria is “no more than once in three years.” 

Expression of the magnitude, duration and frequency greatly aid application and interpretation of water quality criteria.  Some states and tribes that do not specify the 10% recurrence interval in their water quality standards instead employ the 10% recurrence interval in their assessment and listing methodology to interpret variability associated with natural conditions or sampling uncertainty.  Did you catch that? Assessment methodology.  We’ll be talking about that next session.

Which do you think is preferable?  To specify duration & frequency in the criteria/WQS or to have an interpretation in the assessment methodology? 




Considerations for Acute and Chronic Water 
Quality Criteria – Aquatic Life
Acute: Toxicity at higher concentrations 

over short time periods
Chronic: Lower concentrations, longer 

term exposures
Example: chloride criteria for aquatic 

life
Acute 860 mg/L
Chronic 230 mg/L

Presenter Notes
Presentation Notes
The averaging period is shorter for acute criteria and longer for chronic criteria. This is based on the concept that aquatic life can tolerate longer periods of exposure to a pollutant when the pollutant is at a lower concentration. It’s important to note that some aquatic species are more sensitive to pollutants than others – and some life stages of organisms are more sensitive. Criteria are developed by testing pollutant concentrations on a wide range of organisms – fish, mollusks, insects, and plants. 

Let’s look at an example with different criterion for acute and chronic exposure—chloride. 



Lummi Nation Chloride Example

860 mg/L

230 mg/L

Presenter Notes
Presentation Notes

The Lummi Nation has both acute and chronic chloride criteria, shown on this slide (Lummi Indian Business Council 2007). 

This graph shows the chloride concentration in milligrams per liter on the Y-axis; and consecutive days from zero to 32 on X-axis.  You’ll see, the acute and chronic chloride water quality criteria, with the acute level in gold at 860 mg/L and the chronic level in red at 230 mg/L.  Blue dots show the chloride concentrations on each sampling day. 

To evaluate whether the stream violates the chronic 4-day average criterion, we first calculate consecutive 4-day averages of the chloride concentrations. Four of the 4-day averages exceed the chronic standard of 230 mg/L chloride based on sample results from day 11 to day 17. You can see those different four-day periods listed in green. (we probably have enough data to figure 17 different 4-day averages, so if we’re looking at 10% excxeedance rate, we would be at ~23% exceeds)

Does it make sense to compare data from individual days to the 4-day average chronic criterion?  Not really, we aren’t comparing these samples to the 230 mg/L.  We’re comparing the averages of 4 days of data. I probably wouldn’t have graphed this. I’d have used my spreadsheet to calculate my 4-day averages and compared those to the 230 mg/L.  We need to make sure that we’re comparing the correct things, so we need to review our water quality criteria/standards to make sure we’re looking at the data correctly. 




Considerations for Sample Size
Sample size should target research questions:
 Types of waterbodies to be assessed
 High/low flow conditions to be considered
 Parameters of interest & seasonality

Number of samples to be taken
 Balance cost and completeness of dataset (seasonality 

coverage, etc)
 Note: Not meeting minimum sample size does not always 

mean you cannot make a decision

Presenter Notes
Presentation Notes
In the last slide, we had enough data to calculate the criteria – we had data over 4 days in order to calculate the 4-day average. 

The number of samples that you have for each parameter, each type of waterbody, and each type of flow condition should be considered when you evaluate data. If you only have a few data points, or if they represent only one type of sampling site or flow condition, there is less confidence in the analysis than if you have a full season or multiple seasons of data, collected from multiple sites over a range of conditions. 

For instance, if my bacteria sampling is to answer whether the primary contact DU is being met – and the season is April 1-October 31.  Are samples in January going to be useful?  

You have to balance cost as well as a number of other factors, choose wisely.  Ask someone for advice if you’re unsure.  

[CLICK] I want to emphasize that just because you haven’t met a determined minimum sample size, does NOT mean a decision can’t be made.  



Sample 
Size

Example

Presenter Notes
Presentation Notes
Note concentrations of an unnamed pollutant listed on the y-axis and consecutive days listed on the x-axis. Two data sets are shown, one as three purple squares, and another as many more blue dots.

What differences do you notice in the data sets? 

In the example shown here, if you only sampled on the days indicated with a purple square, you would not have observed any exceedances of the criterion. But if you took samples every four days, indicated by the blue circles, you would see that the criterion was exceeded on day 32. The more frequently you collect samples, the more likely you are to find an exceedance if such a condition exists.



Considerations for Sample Size 
Aim to collect enough 

data to interpret the 
numeric criterion

You may need to make 
decisions with a small 
dataset

Numerous factors are 
considered when 
developing a sampling 
frequency, but that is for 
another module

Presenter Notes
Presentation Notes
If you are evaluating a criterion that is assessed on a seasonal basis, use caution drawing conclusions based on only a few samples. For example, in the data set shown here, if you only had the one sample shown by the purple square, you might think that the water body is impaired. However, with a full season of data, shown by the blue circles , you see that the seasonal average concentration – and most datapoints displayed – are below the criterion. 

However: interpretation is dependent upon the type of parameter. What if the data shown in the graph reflected the results for a toxic parameter that has duration/frequency of no more than one exceedance in 3 years, would there be a violation of the criterion?  Yes, between Day #20 and Day #30.  (there are ~22 points, so even 3 exceedances at 22, with a 10% exceedance rate, it would be impaired). 
 



WQS: Designated Uses
Examples of beneficial use designations:
 Drinking water source
 Swimming (primary contact)
 Boating (secondary contact)
 Aquatic life support (fish, etc.)
 Cultural and traditional uses
 Agricultural, industrial, other uses

Mississippi River Headwaters

Presenter Notes
Presentation Notes
Quick reminder that tribes and states designate their lakes, rivers, streams, wetlands, and coastal water according to their beneficial uses. 

A single waterbody might be used for more than one thing – for example, most waters are at least designated for primary and secondary contact recreation, and aquatic life support. 

You can designate all the use categories you think are appropriate. For example, you may have “recreation” split up into primary contact recreation – swimming, skiing, and so on – as well as secondary contact – boating, fishing, and so on. 

Aquatic life support can be divided into cold water and warm water – salmon and trout for coldwater, and bass protection for warmwater, etc. (US EPA, 2018).  If you have approved WQS, be sure to check them to see what DUs apply to your waters.





Overview of Water Quality Standards
Conventional: DO, pH, 

Temperature, Turbidity
Nutrients

Presenter Notes
Presentation Notes
Here are some typical parameters you might have WQS for.  We will mostly talk about conventionals. 

The Clean Water Act (CWA Section 304(a)(4)) designates dissolved oxygen, pH, water temperature, and turbidity as “conventional.” Conventional parameters can be measured fairly easily and cheaply, and they provide basic information about aquatic life support and other qualities of the water. 






Dissolved Oxygen

Critical for life!
Causes of low dissolved oxygen 
Relationship with temperature
Discrete and continuous measurements
How can you be confident of your DO 

readings?

Presenter Notes
Presentation Notes
Dissolved oxygen is a measure of how much oxygen is dissolved in the water. Dissolved oxygen is important because animals need it to survive. Just like we humans need oxygen from the air to breathe, animals need oxygen from the water for respiration. 

Dissolved oxygen numeric criteria are usually in the form of a minimum concentration; that is, the concentration of dissolved oxygen can’t go below the numeric criteria. 

These graphs show monitoring results for dissolved oxygen, with the concentrations on the Y-axis and the sampling dates listed on the X-axis. You can see four monitoring results in the top graph, and almost hourly sampling results in the bottom graph.

What causes dissolved oxygen to drop too low? When bacteria and other microorganisms breakdown organic matter such as algae, manure, dead plants, or leaf litter, they use up oxygen, and often cause low dissolved oxygen. This can happen if there is too much dead and decaying organic matter in a waterbody. When there are lots plants in a waterbody, dissolved oxygen tends to fluctuate greatly over the course of the day when photosynthetic processes are peaking – low in the early morning and high in the late afternoon.

The warmer the water, the less DO the water can hold.  

Dissolved oxygen can be measured with readings at just one point in time (like the figure on the top), or can be monitored continuously, which is usually at an interval such as hourly or every 15 minutes (like the figure on the bottom). 

How can you be confident of your DO readings? [CLICK] CALIBRATION! (reinforce)

 



Examples of Dissolved Oxygen Criteria: 
Makah TribeSalmon and trout spawning

7-day average of the daily mean 
dissolved oxygen: 11 mg/L

Minimum: 9.5 mg/L
Salmon and trout rearing and 

migration
7-day average of the daily mean 

dissolved oxygen: 8.5 mg/L
Minimum: 6.5 mg/L https://nwtreatytribes.org/loomis-great-day-salmon-tribal-

treaty-rights-everyone-lives/

Presenter Notes
Presentation Notes
Some dissolved oxygen criteria also have averaging periods. The Makah Tribe dissolved oxygen criteria has more than one value to consider—a 7-day average and a single sample minimum (Makah Tribe 2006) and more than one season to consider. Spawning and rearing/migration.  

In order for a water body to support the designated use, the dissolved oxygen has to meet both criteria – that is if it fails either it is not meeting the designated use. 

To assess waters for the 7-day average criteria, the data need to be averaged over the 7 day period that the criterion uses. To assess waters for the single sample minimum, individual samples are compared with the minimum value.





Dissolved Oxygen Assessment
Salmon and trout 

spawning water
7-day average of the 

daily mean dissolved 
oxygen: 11 mg/L

Minimum: 9.5 mg/L
 7-day average: 12 mg/L
Range: 7–16 mg/L

Presenter Notes
Presentation Notes
DO concentrations on the y-axis, and sampling dates on the x-axis. The minimum criterion is shown by the continuous red line, the 7-day average is shown by the dashed red line.  Blue dots are The average of the data is depicted by the dotted blue line at 12 mg/L.

In this example data set, dissolved oxygen concentration was measured daily for a week. Dissolved oxygen started off a little low, and then increased partway through the week.  The 7-day average needs to be at least 11 mg/L [point to the dashed red line]. Does this data set meet that value? 
[Pause and wait for a response.] 

If you average these 7 values, the average is 12 mg/L [point to the dashed blue line], so the water body does meet the criterion, because the 7-day average is greater than 11.

The minimum value can’t be below 9.5 
[Point to the solid red line]. 

Does this data set meet that criterion? 
[Pause and wait for a response.] 

The lowest dissolved oxygen concentration measured was 7.0 mg/L, which is less than the minimum criteria of 9.5 mg/L. So, even though the 7-day average meets the dissolved oxygen criterion, the minimum recorded value does not since we have no further information about interpretation of the criteria, we can take this as an absolute minimum that should not be crossed.. Therefore, this water body does not meet the dissolved oxygen criteria based on this data set. 

Something else to consider, with just one value below the minimum, that might suggest you need to additional sampling -- including consideration of diurnal cycles -- to determine whether this is really a problem. If you keep it in perspective, it could be that only one of a number of low values was observed or could it be that sample just happened to be an outlier.



Dissolved Oxygen Assessment
Salmon and trout 
spawning water 
criteria:
 7-day average of 

the daily mean 
dissolved 
oxygen: 11 mg/L

 Minimum:      9.5 
mg/L

Presenter Notes
Presentation Notes
Let’s look at the same criteria with respect to data with hourly sampling results for dissolved oxygen.

In this second dissolved oxygen data set, dissolved oxygen was measured hourly over two weeks. See the daily cycle of dissolved oxygen, in that it is lowest in the early morning and highest in the late afternoon. This is why, if you’re just getting one measurement, it’s good to go in the early morning to see how low the dissolved oxygen concentration has dipped. See that the dissolved oxygen drops to close to the minimum criterion, but it never goes below the criterion. The dissolved oxygen therefore meets that component of the standard. 





pH Criteria 
 A measure of acidity and 

alkalinity of the water
 Criteria require keeping pH 

within a specific range
 To protect human health, 

the pH must be within the 
range of 5 to 9

 To protect aquatic life, the 
pH must be within the 
range of 6.5 to 9.0 for 
freshwater and 6.5 to 8.5 
for saltwater

Presenter Notes
Presentation Notes
Here’s a graph of pH monitoring data, with the pH values on the y-axis and the sampling dates on the x-axis. The acceptable range for pH is shown by the red lines.

As you may know, pH is a measure of the acidity and alkalinity of the water. Most aquatic life cannot survive if the water is either too acidic or too alkaline. Because of this, pH criteria typically have a minimum and a maximum value. 

For the protection of human health for the consumption of water or organism, EPA Section 304(a) pH criterion is within the range of 5 to 9.
https://www.epa.gov/wqc/national-recommended-water-quality-criteria-human-health-criteria-table 

For protection of aquatic life, EPA Section 304(a) pH criterion continuous concentration (i.e., chronic) is within the range of 6.5 to 9.0 for freshwater and 6.5 to 8.5 for saltwater. Saltwater also shouldn’t deviate more than 0.2 from natural.

https://www.epa.gov/wqc/national-recommended-water-quality-criteria-aquatic-life-criteria-table 

In the example data set on this slide, two of the pH measurements are below the minimum value of 6.5. There are no measurements that exceed the maximum value of 8.5. Because there are two values outside of the acceptable range, this water body does not meet the pH criteria. Some states and tribes allow a 10% exceedance for the pH criteria. In this example, if a 10% exceedance exception were allowable, the water body would still not meet the criteria because two of 10 samples exceed criteria.



Temperature
 Criteria focused on aquatic life support—warmwater 

and coldwater
 “In a stream, the introduction of heat by other than 

natural causes shall not increase the temperature, as 
measured upstream from the point of introduction, by 
more than 2.7° C (5° F), based on the weekly average 
of the maximum daily temperatures measured at mid-
depth or three feet, whichever is less.”

Presenter Notes
Presentation Notes
Water temperature criteria are often expressed differently. Criteria are typically focused on ensuring that fish and other aquatic organisms can live and reproduce. Sometimes the approach will specify an acceptable range of water temperatures. 



Temperature

Downstream 
Monitoring 
Station

Point Source 
Discharge

Upstream 
Monitoring 
Station

Presenter Notes
Presentation Notes
The diagram shows a stream with a point source that discharges into the stream. Monitoring stations are located on the stream at points both upstream and downstream of the point source. Daily temperatures would be collected to determine if the temperatures in the stream exceeded the water quality criterion. 



Temperature 
“No increase in the 
weekly average of 
the maximum daily 
temperature 
between upstream/ 
downstream 
locations that is 
greater than 2.7° C”

Presenter Notes
Presentation Notes
Temperature is shown along the Y-axis, with sampling dates on the x-axis. This time, we have two data sets: one for the upstream sampling sites, shown in blue, and another in orange, for the downstream sites. The blue stars show the weekly averages at the upstream station, and the orange stars show the weekly averages at the downstream station. The difference in the weekly averages of the maximum daily temperatures have been calculated and are shown on the graph in black text. 

The temperature water quality criterion is no increase in the weekly average of the maximum daily temperature between upstream and downstream locations that is greater than 2.7 degrees Celsius.

Does this stream meet the temperature criterion? [Pause and wait for a response.] 

The stream does NOT meet the criterion. In the first week, the maximum temperature increased on average by 2.9 degrees Celsius, which is greater than 2.7 degrees Celsius. The temperature change was smaller in the second week, and the temperature actually went down slightly in the third week. But, because the difference in the first week was greater than the allowed increase in temperature, this stream does not meet the temperature criterion. 

Remember: this can be complicated there could be other sources of increased water temperature and it might not actually be the point source causing the issue. 



Turbidity
Measure of cloudiness of water
 Turbidity shall not exceed 5 NTU over 

background when background turbidity is 50 
NTU or less, with no more than a 10 percent 
increase when background turbidity is more 
than 50 NTU. Background turbidity shall be 
measured at a point immediately upstream of 
the turbidity-causing activity.” (Pueblo of 
Sandia Tribe 2010)

 “Turbidity shall not exceed 25 NTU.” (Pueblo 
of Tesuque 2015)

Presenter Notes
Presentation Notes
Turbidity is a measure of the cloudiness of water, which can be caused by organic and inorganic matter such as sediment, soluble organic compounds, algae, and other microscopic organisms. Similar to temperature criteria, turbidity criteria can also be expressed as an acceptable increase over background turbidity. High turbidity can directly affect aquatic life by limiting visibility for swimming organisms or indirectly affect aquatic life by limiting light penetration for submerged aquatic vegetation that is habitat for fish and macroinvertebrates. Nephelometric

EPA does not have Section 304(a) criteria for turbidity. States and tribes often investigate natural background conditions or use a reference stream approach to develop their turbidity criteria. In some cases, the methods for determining background conditions are included in the listing criteria or assessment methodology.

In this example from the Pueblo of Sandia, the acceptable increase in turbidity from a turbidity-causing activity is based on the background turbidity. If the background turbidity is less than 50 nephelometric turbidity units (NTU), then the turbidity is not allowed to increase by more than 5 NTU. If the background turbidity is more than 50 NTU, the turbidity is not allowed to increase by more than 10 percent (Pueblo of Sandia Tribe 2010). Other turbidity criteria are a not-to-exceed value, such as the Pueblo of Tesuque’s turbidity shown here in the second example (Pueblo of Tesuque 2015).



Turbidity: Increase over Background Turbidity 
Example
 Pueblo of Sandia: “Turbidity 

shall not exceed 5 NTU over 
background when background 
turbidity is 50 NTU or less, 
with no more than a 10 percent 
increase when background 
turbidity is more than 50 NTU. 
Background turbidity shall be 
measured at a point 
immediately upstream of the 
turbidity-causing activity.”

 Note conditions when criteria 
is exceeded

Presenter Notes
Presentation Notes
Using the turbidity criteria from the Pueblo of Sandia, this slide shows a hypothetical turbidity data set collected to evaluate the effect that an activity has on a stream’s turbidity. As the standard states, background turbidity is measured at a point upstream of the turbidity-causing activity. 

The purple diamonds in the figure are from the upstream background site. Note that all of the purple diamonds are less than 50 NTU. Because the standard states that “Turbidity shall not exceed 5 NTU over background when background turbidity is 50 NTU or less,” the criteria that we will compare the downstream turbidity data to are the background turbidity measurements (dark diamonds) plus 5 NTU, represented by the green line. The data downstream of the turbidity-causing activity are the orange markers. The conclusion of this analysis would be that the activity leads to a violation of the water quality standard at times. 



Copper
 Aquatic Life Use
 Relationship with hardness 
 Toxic
 Criteria often expressed as an equation:

WQC = (𝑒𝑒(0.8545 ln ℎ𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎 −1.3862))*0.960

Where: WQC = water quality criteria
𝑒𝑒 = Euler’s number (~2.71828)
ln = natural log
hardness = hardness collected concurrent with your sample

Presenter Notes
Presentation Notes
Let’s go through a metals example.  

Metals generally play into the Aquatic Life Use, 
they have a relationship to the hardness in the water.  
They are considered toxics – so we’re usually looking at a frequency of no more than one exceedance of the criteria within a 3 year period.
And metals are generally expressed as an equation.  Here we have an example of a chronic Copper criteria equation.  

Here, our water quality criteria are equal to the result of Euler’s number, or approximately 2.71828 raised to the product of this value times the natural log (or log base e), minus this value.  This whole term is then multiplied by a conversion factor.  

Many hardness-based metals criteria will follow this similar formula, but you will plug in different values depending on the parameter you’re examining.  The result from this equation will come out in units of µg/L.  



Copper – Example 
The Aquatic Life beneficial use designated for a waterbody shall be deemed 
to be fully supported with respect to any individual toxicant parameter if no 
more than one of the sample concentrations from the waterbody exceeds 
the acute or chronic criterion for that toxicant listed in the table within a 
three year period:

Parameter Acute (µg/L) Chronic (µg/L) Conversion Factor

Copper 𝑒𝑒(0.9422[ln(hardness)] − 1.3844) 𝑒𝑒(0.8545[ln(hardness)] − 1.3862) 0.960

Lead 𝑒𝑒(1.273[ln(hardness)] − 1.460) 𝑒𝑒(1.273[ln(hardness)] − 4.705) 1.46203 – 0.145712 
*[ln(hardness)]

Zinc 𝑒𝑒(0.8473[ln(hardness)] + 0.884) -- 0.978

Presenter Notes
Presentation Notes
Here is an example where an entity has multiple hardness-based criteria, so they have language stating the use will be fully supporting with respect to any parameter if no more than one sample concentration in the water exceeds the acute or chronic criterion listed in the table.  You can see that not all of them have chronic calculations.  

[CLICK] we’re going to examine copper and we’re going to look at chronic copper.



Copper - Assessment
Date Copper (µg/l) Hardness, Ca, Mg 

(mg/L)
Water Quality Criteria 

Calculation (µg/L)
11/12/2021 0.895 27.3 3.926
2/18/2022 4.582 25.9 3.755
8/25/2022 1.789 36.4 5.006
11/17/2022 6.465 44.4 5.921
3/9/2023 0.815 25.2 3.669

(𝑒𝑒(0.8545 ln ℎ𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎 −1.3862))*0.960 = WQC

Presenter Notes
Presentation Notes
You see we have 5 data points from the past 3 years.  We have results for both Copper and Hardness taken on the same day. 

We need to take the hardness for each sampling date and plug it into our equation [CLICK] so that we can determine what the Copper value should be [CLICK] in µg/L and compare that to our sampling results.  [CLICK]

We can then see where we have 2 sample results higher than our calculated criteria [CLICK]. Here, we would not be supporting the aquatic life use due to Copper.



Nutrient Parameters: 
Nitrogen and Phosphorus
Essential for aquatic life—food for 

algae and plants
Too much can lead to excessive 

algae and/or plants: 
eutrophication, harmful algae 
blooms and fish kills
Other nutrients can be directly 

toxic: ammonia

Presenter Notes
Presentation Notes
Nutrients are found naturally in the environment and are essential for aquatic life and other organisms to survive. Nutrients are also released into the environment by anthropogenic sources; for example, fertilizer-application, discharge of untreated sanitary waste, and deposition of animal waste. 

While nutrients are essential for life, high levels of nutrients in a water body can lead to excessive growth of algae and plants and can be harmful to aquatic ecosystems. This nutrient enrichment or “nutrient pollution” of a water body is known as eutrophication. With eutrophication, the excess algae grow, eventually die and are decomposed by bacteria that consume dissolved oxygen for their metabolic processes. As a result, oxygen levels in the water decrease. Nitrogen and phosphorus are two nutrients that, in excessive quantities, can lead to eutrophication. In addition, some nutrients can be directly toxic to organisms. For example, high concentrations of ammonia can lead to toxic buildup of ammonia in internal tissues and blood, and potentially death.




Example
Nitrogen and 
Phosphorus 
Aquatic Life 
Criteria

To support fishing, frogging, recreation, and the propagation 
and maintenance of a healthy, well-balanced population of fish 
and other aquatic life and wildlife, the total phosphorus level 
shall not exceed 10 parts per billion (Miccosukee Tribe 2010, R4).

Aquatic life: References EPA’s ecoregional criteria for TP, TN, and 
water clarity (Pueblo of Laguna 2014, R6 & 
https://www.epa.gov/nutrient-policy-data/ecoregional-nutrient-
criteria-rivers-and-streams ) 

High quality coldwater fishery: total inorganic nitrogen shall not 
exceed 1.0 mg/L and total phosphorus shall not exceed 0.1 mg/L 
(Pueblo of Nambé 2017, R6).

EPA has issued final recommended ambient numeric nutrient 
water quality criteria recommendations for lakes and reservoirs. 
https://www.epa.gov/nutrient-policy-data/ambient-water-
quality-criteria-address-nutrient-pollution-lakes-and-reservoirs

Presenter Notes
Presentation Notes
Some tribes have developed numeric criteria for nitrogen and/or phosphorus. Most nutrient criteria address total nitrogen and total phosphorus, rather than inorganic nitrogen, phosphates, and other nutrient subfractions. 

Here are examples of nutrient criteria for aquatic life. Note that the uses are slightly different from one another, but all are for aquatic life. Remember that duration and frequency might be found in assessment methodology.  

Nutrient criteria might only be expressed as narrative standards – like “no nuisance algal growth”  In this case, usually a surrogate measure is developed to establish a benchmark for what that means in terms of a parameter that can be assessed. For example, in lakes, sometimes chlorophyll α concentrations are used as an indicator to measure algal growth.

https://www.epa.gov/nutrient-policy-data/ecoregional-nutrient-criteria-rivers-and-streams
https://www.epa.gov/nutrient-policy-data/ecoregional-nutrient-criteria-rivers-and-streams
https://www.epa.gov/nutrient-policy-data/ambient-water-quality-criteria-address-nutrient-pollution-lakes-and-reservoirs
https://www.epa.gov/nutrient-policy-data/ambient-water-quality-criteria-address-nutrient-pollution-lakes-and-reservoirs


Nutrients: Freshwater v. Saltwater 
Ecosystems
Source: Lian and Wu, 2017.
Freshwater: typically more 

sensitive to phosphorus?
Saltwater: typically more 

sensitive to nitrogen?
Important to understand 

nutrient effects

Presenter Notes
Presentation Notes
Nutrients have different effects on different types of ecosystems. In the past, it was thought that freshwater systems were more sensitive to phosphorus inputs than nitrogen inputs, and saltwater systems were more sensitive to nitrogen than phosphorus inputs. However, nutrients can affect ecosystems in different ways. 

We now know that nitrogen inputs can affect freshwater systems, and phosphorus can affect saltwater environments more than previously thought – research is continuing on this complex subject.  In lakes, it is also important to consider chlorophyll α concentrations and Secchi depth alongside nutrients, and to understand trophic state. Not every eutrophic lake should be considered impaired, since for some that is their natural state.




Nutrient Criteria for Other Uses

Primary contact ceremonial use: 
Total inorganic nitrogen not to 
exceed 10.0 mg/L (Isleta Tribe, 
R6)

Drinking water: Nitrate not to 
exceed 10 mg/L (Laguna Tribe, 
R6)

Presenter Notes
Presentation Notes
Other tribes have nutrient criteria for uses such as ceremonial uses and drinking water. These are based on the Safe Drinking Water Act maximum contaminant level or MCL for nitrate, which is intended to prevent health impacts related to methemoglobinemia, also called “blue baby syndrome.”

Assessing nutrients will depend upon how the criteria are written, assessment methods, and data availability. 




Questions
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