Quality Assurance Project Plan Guidance:

Environmental Monitoring
MDEQ-Water Bureau

Nonpoint Source Unit

Introduction
Nonpoint source (NPS) projects perform monitoring activities for many purposes, including assessing water quality status, identifying pollution sources, tracking water quality trends, and assessing the effectiveness of best management practices.  The Quality Assurance Project Plan (QAPP) process provides a framework for assessing how environmental data will be collected to achieve specific project objectives, and describes the procedures that will be implemented to obtain data of known and adequate quality.  More specifically, a QAPP is intended to ensure that project decisions are based on data consisting of:

· an adequate number of samples collected in…

· the right place, at the right time, at the right frequency and analyzed for…

· the right parameters using…

· the right analytical techniques.

All projects that are funded with Federal or State monies and that conduct monitoring must submit a QAPP to DEQ for review and approval prior to all data collection activities.  Failure to obtain approval on a project QAPP prior to the initiation of field work may result in nonpayment for those field activities.
This guidance document describes the expected organization and contents of an approvable QAPP for an environmental monitoring project (e.g., sampling water chemistry, biological communities, stream channel stability, etc.), and is based on EPA requirements for QAPP content.  Guidance for social monitoring QAPPs is provided elsewhere on this web site.

An environmental monitoring QAPP typically has three major sections:

1. QAPP Organization and Project Description
2. Measurement/Data Acquisition

3. Data Validation and Reporting
The expected contents of these sections are described below, after a discussion of some common QAPP shortcomings.
Common QAPP Shortcomings
Most QAPP shortcomings concern components of the survey design:

· Parameter selection
· Sampling frequency
· Wet weather vs. dry weather sampling
· Analytical detection limits
Parameter selection:  Most NPS projects address a limited number of contaminants; nutrients, bacteria, sediments, or flow.  The following factors should be considered when choosing which parameters to measure:

· Does each parameter directly address the question(s) being investigated?
· Are there standards or other criteria against which to compare the data?
· Avoid “laundry lists” of parameters; each project is unique and there’s no such thing as a standard suite of parameters to measure.
Sampling frequency:  Sampling frequency depends on both the purpose of the study and on the parameter.  For example, baseline (status) sampling typically requires fewer samples than trend monitoring, and chemical monitoring of any sort typically requires more samples than biological or certain kinds of physical monitoring (Table 1).

Table 1.  Example of Parameter and Sampling Frequency for Baseline (Status) Monitoring.

	At least bi-weekly
	Yearly
	> Yearly

	Suspended solids

Nutrients

Dissolved oxygen

Bacteria
	Macroinvertebrates

Fish

Instream habitat
	Geomorphology




In addition, in some circumstances certain parameters are best measured with continuously recording meters (dissolved oxygen, temperature, flow), or with frequent grab sampling (bacteria, if compared to State water quality standards).

Wet weather vs. dry weather sampling:  Though often unstated, most NPS monitoring programs are intended to characterize water quality conditions for a certain time period (an instant, a season, a year, before or after a project is completed, etc.) or for certain conditions (dry-weather baseflow, rain fall events, etc.).  Generating a data set suitable to characterize, or represent, a time period or a particular condition depends on matching the sample collection frequency with the variability of the parameter(s) during that time period or condition.  Certain water quality parameters can vary with time of day, time of year, sampling depth, location in the stream or lake, etc., but the most important factor affecting the variability of many parameters is weather condition; most parameters are much more variable during rain events than during dry-weather, baseflow conditions.  This is especially true for bacteria, nutrients, and suspended sediments.
For example, Figure 1 illustrates a simple data set from a particular location in the Rouge River in Wayne County, consisting of 9 grab water samples analyzed for total phosphorus that were collected before, during and after a several-hour rain event, plus simultaneous measurements of water level (stage).  Phosphorus concentrations were low before the rain began, peaked shortly after the rain started (the “first-flush” phenomenon), fell to back to pre-rainfall concentrations, and rose again more than a day after the rain began (presumably due to phosphorus runoff upstream of the sampling location, that was transported to this location even after the water level had returned to normal).
Figure 1.  Example of Phosphorus Variability During a Wet Weather Event.
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This sampling scheme; 9 samples collected over close to 70 hours; was adequate to illustrate the difference between dry-weather and wet-weather phosphorus concentrations, to characterize the change in phosphorus concentrations during the storm, and to calculate the mass of phosphorus loadings to the stream as well as an event mean concentration.  It was also rather labor-intensive and therefore expensive, but collecting significantly fewer samples (e.g., 1 to 3) would greatly reduce the information content of the data set.
There are a few techniques to minimize the greater labor and expense of wet weather sampling:

· Using autosamplers rather than collecting grab samples
· Compositing many samples based on flow to generate a few or even a single sample for analysis
· Using continuously recording meters (available only for a few parameters; dissolved oxygen, temperature, pH, conductivity, etc.)
· Measuring surrogate parameters that are less labor intensive; for example, sediment embeddedness or grain size distribution rather than suspended solids or turbidity.  Unfortunately there are no acceptable surrogates for many standard NPS parameters, such as bacteria or nutrients.
Analytical detection limits:  Many water quality parameters can be measured by several different techniques, and each analytical technique has its own detection limit.  The detection limit of an analysis is the lowest concentration a particular test can reliably distinguish from zero.  Fortunately the analytical techniques for the parameters most often of interest in NPS projects are usually sensitive enough to easily generate useful, reliable data sets (Table 2).

Table 2.  Detection Limits and Environmentally Significant Concentrations of Selected Water Quality Parameters.

	Parameter
	Typical Detection Limit
	Minimum Environmentally Significant Concentration

	Nitrate-nitrite
	0.05 mg/L
	1 mg/L

	Suspended solids
	10 mg/L
	10 mg/L

	Dissolved oxygen
	~ 0.1 mg/L
	1 mg/L

	E. coli bacteria
	< 10 colony-forming units
	10-50 colony-forming units*


* Or higher, depending on the water body use.
An exception, however, is phosphorus.  The minimum environmentally significant phosphorus concentration is around 0.01 to 0.03 mg/L; higher concentrations often cause excessive algae or aquatic plant growths and the other symptoms of eutrophication.  There are several laboratory techniques for measuring phosphorus, with detection limits ranging from 0.01 to 0.1 mg/L.  Rapid, inexpensieve phosphorus test kits are also available, but these have detection limits of around 1 mg/L.  Figure 2 illustrates an example of the potential for information loss from an inadequate detection limit (DL), using the same data in Figure 1:
· DL = 0.01 mg/L (green line) = measurable concentrations for every sample, including the low-concentration baseflow samples

· DL = 0.1 mg/L (blue line; used by certain waste water treatment plants) =  “non-detect” for some baseflow samples

· DL ≈ 1 mg/L (red line) = “non-detect” for all samples.

Consequently, phosphorus test kits are not recommended for use on NPS projects.

Figure 2.  Example of Different Phosphorus Detection Limits.
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Recommended NPS QAPP Outline
1.  QAPP Organization and Project Description

[image: image1]
· Title and Approval Page (See attached)
· Project title, date, version number

· Name of organization that prepared the QAPP

· Grant name and tracking number

· Signature line for DEQ QAPP reviewer

· Table of Contents

· Section headings with page numbers

· Distribution List

· Individuals and organizations that will receive copies of the final QAPP, including the Project Administrator and all groups participating in the monitoring
· Project Organization

· Key individuals and organizations, with responsibilities, contact names and phone numbers/email addresses
· Project Description

· Brief description of the overall project the monitoring is supporting
· Schedule of individual project tasks
· Training Requirements/Certification (if any)
· Identify any specialized training needed by project participants, how training will be provided, and the performance evaluation process

2.  Measurement/Data Acquisition

[image: image2]
· Study objectives
· Question(s) to be answered or issue(s) to be addressed (be as specific as possible)
· Study design description

· Study design details
· Site selection criteria
· Include station map if possible
· If appropriate, describe provisions for dealing with unexpected changes such as weather or site access

· Sample collection methods
· Collection procedures & sample handling
· Number of samples

· Sampling frequency

· Sampling period (time of day, season, etc., as pertinent)
· Sample labeling

· Parameters to be measured

· Chemical, biological, physical, or social

· Relationship between study data needs and parameters to be measured

· Data Quality Objectives (DQOs) for all measurements (can be in a table; see Appendix 1)
· Accuracy

· Precision

· Comparability (to other studies)

· Representativeness (of actual field conditions)

· Completeness (numeric DQO; actual amount of useable data collected vs. expected amount)
· Sample/data collection and analysis procedures
· Chemical sample collection and analysis methods (see Table 1 for an example)
· Collection techniques, container & sample preservation requirements, decontamination and cleaning requirements, sample storage & custody, holding times, etc.
· Analytical method descriptions, detection limits, sample volume requirements, etc.
· If standard analytical methods are used, they can be identified by method number (APHA, ASTM, SW-846, etc.); step-by-step protocols do not have to be included unless requested

· Biological sample collection and processing methods

· Macroinvertebrate sorting techniques, identification procedures and references

· Biological condition metric calculations (diversity index, IBI, P-51 score, etc.)

· May be described in detail, or summarized and a standard operating procedure (SOP) attached in an appendix

Table 1.  Example of Reporting Selected Sample Collection and Analysis Details.
	Parameter
	Method
	Detection Limit
	Sample Volume (mL)
	Bottle Type
	Preserva-tive
	Hold Time

	Total phosphorus
	365.2
	0.01 mg/L
	50
	Plastic
	H2SO4
	28 days

	BOD
	405.1
	2.0 mg/L
	1,000
	Plastic
	None
	48 hours

	E. coli
	9223B
	Lower: 10/100 mL Upper: 24,192/100 mL
	1,000
	Glass
	None
	6 hours

	Dissolved oxygen
	YSI 95 probe
	~ 0.1 mg/L
	Not applicable; measured with field instrument


· Field techniques for physical measurements

· Stream or riparian habitat survey, road/stream crossing survey, erosion pins, Bank Erosion Hazard Index observations, pebble counts, etc.

· May be described in detail, or an SOP attached.

· Quality control requirements

· All:  field and laboratory instrument calibration frequency

· Chemical:  field duplicates, blanks, etc. – collection frequency and data analysis procedures
· Biological:  identification confirmation, resampling stations generating unexpected data, etc.
· Physical:  surveying close-out accuracy, remeasuring erosion pins or revisiting Bank Erosion Hazard Index stations that generate unexpected data, etc.

· Data analysis and interpretation

· Calculations, statistics, comparison to standards, etc.

· Instrument/equipment calibration, testing, inspection and maintenance

· SOPs (including instrument’s operations manual) may be cited, but normally do not have to be included
· Supplies inspection, if applicable (expiration date on chemicals, etc.)
· Data acquisition activities not covered by this QAPP (non-sampling data)
· Data that will be used in this project but is not collected under this QAPP; GIS data, historic data, data sets from other groups
· Describe, to the degree possible, the quality of the data, their likely limitations, and the process for accepting these data for use
3.  Data Validation and Reporting

[image: image3]
· Data review, validation and verification

· Data evaluation, including inspection of field forms, field and laboratory quality assurance data, etc.

· By whom, how often

· Corrective actions
· Reconciliation of data with DQOs

· Compare data quality with DQOs

· Describe corrective actions for data quality problems

· Data management

· Data storage and records retention

· Data reporting

· Written by whom, submitted to whom and when

· Field and laboratory audits (if necessary)

· Performed by whom, and when, and how reported

· Describe corrective actions, if necessary
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4.  References Cited (if any)
Appendices (if any)
· Standard Operating Procedures (SOPs)

· Field sampling protocols should be included as an appendix.

· SOPs for routine laboratory analyses do not have to be included; e.g., those taken from Standard Methods or other recognized method manuals.

· Field forms

Appendix 1.  Examples of Data Quality Procedures and Objectives for Common Monitoring Activities
	Activity
	Accuracy
	Precision
	Representativeness*/

Comparability

	Chemical sampling (laboratory analyses; nutrients, solids, toxic chemicals, etc.)
	Analyze standard solutions, in lab;
DQO standardized in SOP; usually measured value within 20% of known standard concentration
	Analyze field duplicates; 1 in 10 or 1 in 20; DQO = RPD of ≤ 20%
	Use standard sampling and analysis methods

	Chemical sampling (field instrument analyses; oxygen, pH, conductivity, etc.)
	1. Oxygen:  calibrate meter according to instructions

2. Other parameters:  calibrate instrument according to instructions.  Might also analyze standard solution in field, once a day; measured value within 20% of known standard concentration
	Analyze field duplicates; 1 in 10 or 1 in 20; DQO = RPD of ≤ 20%
	Use standard sampling and analysis methods

	Biological sampling:  Macroinvertebrates, fish, plankton
	1. Follow sampling protocol

2. Sampling pseudo-accuracy = resample by experienced person

3. ID accuracy = experienced person, and standard taxonomic keys
	Same as accuracy
	Use standard sampling techniques and accepted taxonomic keys

	Instream habitat condition
	1. Follow field protocol

2. Sampling pseudo-accuracy = resample by experienced person
	Same as accuracy
	Same as accuracy

	Geomorphology
	1. Surveying accuracy target; close-out, etc.
2. Follow field protocol and use proper equipment
	Use proper equipment and keep it calibrated
	Use standard protocols

	Hydrology
	1. Follow field protocol

2. Use proper equipment and keep it calibrated
	Same as accuracy
	Same as accuracy


Note:  Data quality calculations (e.g., relative percent differences for duplicates, matrix spike recoveries, or blank concentrations) must be reported with the other lab data.








Note – all data generated under federally- or state-funded grants must be submitted to DEQ in a format compatible with EPA’s STORET database.  Data submission templates will be provided by DEQ.








This section explains the question(s) or issue(s) to be addressed, how the study design relates to these questions, and how the data will be collected, analyzed and interpreted.  Where standard operating procedures will be used, they may be cited, and included in an appendix if not readily available.





This section contains some informational items basic to all projects.





This section covers review, verification and corrective aspects of the project execution and the data, as well as data storage and reporting.
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