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3.0
 QAPP DISTRIBUTION AND APPROVAL

3.1 QAPP Distribution

The following persons will receive a draft review copy of this Quality Assurance Program Plan (QAPP): Richard Chase, Arthur Johnson, Richard McVoy.  See Table 1 for personal titles, agencies and responsibilities.

A hard copy will be placed in the DWM library for general reference and a disk copy will be placed on the W drive (W:\DWM\Sop\CN 226.0_QAPPforBenthicMacroinvertebrateBiomonitoringandHabitatAssessment). 

3.2 QAPP Approval

The review and approval process within DWM is generally the same for all projects, but can vary depending on the distribution list and type of project. The Benthic Macroinvertebrate Biomonitoring and Habitat Assessment QAPP will be reviewed by those persons identified above, given a defined comment period. Any comments will be addressed as needed in the finalization of the QAPP. The final draft QAPP shall be submitted to those identified on the cover/signature page for timely, formal approval. 
Once approved, the QAPP process is completed, except for any proposed changes before/during (not after; no “as-built QAPPs”) monitoring. In these situations, the approval process is repeated for concurrence with proposed changes.  If/when any changes are made to this QAPP, they will be included as errata-type amendments in an annual addendum and will be provided to all of the above individuals, as well as to the library copy.  Changes will be retained on the network drive as well; the name of the file will be changed to reflect the document’s revised status. This QAPP will serve as a DWM programmatic QAPP. Specific information regarding macroinvertebrate and habitat assessment activities (site locations, rationale for sampling a particular site, sampling dates, etc.) for each sampling year will be outlined in annual project-specific Sampling and Analysis Plans (SAP) which will be prepared by DWM personnel.
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4.0
PROGRAM ORGANIZATION

4.1 Program Organization and Responsibilities:
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4.2
Responsible Persons, Qualifications, and Special Training:

See Table 1 for personal responsibilities, as they relate to this program plan. 

All sampling crews will have at least one staff member who is trained in environmental monitoring.  All full-time and seasonal sampling personnel are given copies of the required standard operating procedures and are trained how to perform the necessary sampling operation. 

TABLE 1.
Personnel Responsibilities, Qualifications and Training   

A detailed summary of all personnel involved in the program plan, their general and project-specific responsibilities, qualifications and special training received relevant to their resposibilities.

	Program Personnel, Titles/ Affiliations
	Responsibility and Qualifications
	Special Training
	Training Date/ Instructor
	Location of Training Records

	Rick Dunn, Program Supervisor of Watershed Planning, Division of Watershed Management
	The Program Supervisor is in charge of overall management of activities in the Watershed Planning Program at the DWM.
	---
	---
	---

	Arthur Johnson, Environmental Monitoring Manager
	Is responsible for the overall coordination and planning of all Environmental Monitoring of surface waters in Massachusetts by DEP.  This includes establishing the overall goals for the program, approving the QAPP, and oversight of all aspects of the program, including staff assignments and scheduling.
	---
	---
	---

	Rick McVoy, Environmental Assessment Manager 


	Is responsible for oversight of the federal Section 305(b) data collection and assessment. Data collected will be used in the 305(b) reports and Watershed Water Quality Assessment Reports
	---
	---
	---

	Richard Chase, DWM Quality Control Analyst
	Is responsible for reviewing QAPPs and overall quality assurance and quality control for environmental monitoring and data handling at DWM.  The QA/QC analyst is responsible for writing the QA/QC summary for the project, including data validation.
	---
	---
	---

	Thomas Dallaire; Robert Nuzzo, 

DWM Benthic Macroinvertebrate Database Managers


	Are responsible for post-collection data management 


	---
	---
	---

	John Fiorentino, Survey Coordinator (macroinvertebrates)

Robert Nuzzo, Survey Coordinator (macroinvertebrates)


	The Survey Coordinators are responsible for the development of the QAPP including: establishing data quality objectives, indicating survey goals and documenting a projects’ minimum data requirements. The Survey Coordinator is responsible for managing all field sheets used during the survey.
	CPR Training; First Aid Training 


	6/04 and 6/05 (pending)
American Red Cross Association
	Central Massachusetts Chapter, Worceser, MA



	John Fiorentino, Sample Coordinator (macroinvertebrates)

Robert Nuzzo, Sample Coordinator (macroinvertebrates)


	The Sample Coordinators are responsible for organizing field logistics including but not limited to: the preparation of sample containers, field inventory, and container labels. The Sample Coordinators are responsible for sample collection, sample preservation, sample processing and analysis, sample/data management, and sample tracking.
	CPR Training; First Aid Training 


	6/04 and 6/05 (pending)
American Red Cross Association
	Central Massachusetts Chapter, Worceser, MA
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5.0
PROGRAM DEFINITION AND BACKGROUND INFORMATION 

5.1 Program Definition, Goals & Objectives and Intended Use of the Data

Biological monitoring is a useful means of detecting anthropogenic impacts to the aquatic community. Resident biota in a water body are natural monitors of environmental quality and can reveal the effects of episodic and cumulative pollution and habitat alteration (Plafkin et al. 1989, Barbour et al. 1995). Biological surveys and assessments are the primary approaches to biomonitoring. The Massachusetts Department of Environmental Protection/Division of Watershed Management (MA DEP/DWM) samples macroinvertebrates as part of their routine biological monitoring and habitat assessments. 

The advantages of using benthic macroinvertebrates in a biomonitoring program to assess water quality conditions and biological integrity in a waterbody are outlined in Barbour et al. (1999) and include the following: 

· Macroinvertebrate assemblages are good indicators of localized conditions.

· Macroinvertebrates integrate the effects of short-term environmental variations.

· Degraded conditions can often be detected by an experienced biologist with only a cursory examination of the benthic macroinvertebrate assemblage.

· Benthic macroinvertebrate assemblages are made up of species that constitute a broad range of trophic levels and pollution tolerances, thus providing strong information for interpreting cumulative effects.

· Sampling is relatively easy, requires few people and inexpensive gear, and has minimal detrimental effect on the resident biota.

· Benthic macroinvertebrates serve as a primary food source for fish, including many recreationally and commercially important species.

· Benthic macroinvertebrates are abundant in most streams.

· Many state water quality agencies that routinely collect biosurvey data focus on macroinvertebrates.

For the puposes of this document “macroinvertebrate” is defined to include all aquatic members of the Annelida; all aquatic Mollusca; aquatic macro Crustacea; aquatic Arachnida; and the aquatic life stages of Insecta—the exception being the Collembola, Hemiptera, and adult Coleoptera other than Elmidae, as these groups are not true benthic inhabitants. Benthic surveys and assessments are the primary approaches to biological monitoring using macroinvertebrates. 

The main objectives of biomonitoring in “Year 2” watersheds (i.e., watersheds in the monitoring phase of their 5-Year Basin Cycle) are: (a) to determine the biological health of rivers/streams within the watershed by conducting assessments based on biological (aquatic macroinvertebrates and habitat) communities; and (b) to identify problem stream segments so that efforts can be focussed on developing or modifying NPDES and Water Management Act permits, stormwater management, and control of other nonpoint source (NPS) pollution. 

Specific tasks are:

1. Conduct benthic macroinvertebrate sampling and habitat assessments at select locations throughout the “Year 2” watersheds.

2. Based upon the benthic macroinvertebrate and habitat data, identify river segments within the watershed with potential point/nonpoint source pollution problems.

3. Using the benthic macroinvertebrate and field/habitat data, assess the types of water quality and/or water quantity problems that are present, and if possible, make recommendations for remedial actions. Provide data to DWM’s Environmental Monitoring and Assessment Program to be used in making Aquatic Life and Aesthetics use assessments required by Section 305b of the Clean Water Act. Provide biological and habitat data for other informational needs of Massachusetts regulatory agencies.

During the winter prior to the biological sampling season problem areas, potential problem areas, and areas lacking historical data within the “Year 2” watersheds are better defined through such processes as coordination with appropriate groups (MA DEP, EPA, watershed associations, USGS), examining historical data, identifying “unassessed” (i.e., waters never before assessed by DEP) waters, conducting site visits, examining GIS datalayers (landuse information), and reviewing NPDES and water withdrawal permits. Following these activities, the benthic macroinvertebrate biomonitoring and habitat assessment program can be more closely focused and the study objectives better defined. 

5.2 Data Gaps

Data gaps are inherent in DEP/DWM’s monitoring and assessment programs, often the result of limited resources or logistic complications. Data gaps exist in the form of historically unmonitored/unassessed stream segments or other waters, historically “evaluated” data that is currently too old (i.e., greater than five years) or otherwise insufficient to be used for assessment purposes, and stream segments or other waters “in need of further investigation.” The identification and compilation of available information (water quality, biological, physical habitat, land use, etc.) determines information gaps which contributes to the development of an appropriate environmental monitoring plan that will ultimately lead to the “filling of” data gaps.

During the winter prior to the biological sampling season DEP/DWM gathers all pertinent data and information relative to water resource management as a precursor to identifying data gaps and needs for additional information in their respective watersheds. This process culminates in the development of a project-specific Sampling and Analysis Plan (SAP) which is prepared and implemented by DWM personnel.
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6.0
PROGRAM DESCRIPTION AND SCHEDULE

6.1 Program Description

As part of the Massachusetts Department of Environmental Protection/Division of Watershed Management’s (MA DEP/DWM) watershed assessments, benthic macroinvertebrate biomonitoring and habitat assessments are conducted to evaluate the biological health of various portions within a watershed.  Biomonitoring stations are typically sampled between July and September to investigate the effects of various unknown and/or perceived (point source and nonpoint source) stressors on resident macroinvertebrate communities.

In some cases, a site-specific sampling approach is implemented, in which the aquatic community and habitat downstream from a known stressor (downstream study site) is compared to an upstream reference station (control site) representative of the “best-attainable” biological conditions in the waterbody. While the alternative to this site-specific approach is to compare the study site to a regional reference station, the site-specific approach is more appropriate for an assessment of a known impact site (e.g., point source discharge), provided that the stations being compared share basically similar instream and riparian habitat characteristics (Plafkin et al. 1989). Since both the quality and quantity of available habitat affect the structure and composition of resident biological communities, effects of such features can be minimized by sampling similar habitats at stations being compared, providing a more direct comparison of water quality conditions (Plafkin et al. 1989). 

To provide information necessary for making basin-wide Aquatic Life use and Aesthetics use designations required by Section 305b of the Clean Water Act, biomonitoring stations are compared to a regional reference station. Use of a regional reference station is particularly useful in assessing nonpoint source (NPS) pollution impacts (e.g., physical habitat degradation), including NPS pollution at upstream control sites as well as suspected chemically-impacted sites downstream from known point source stressors (Hughes 1989). 

The macroinvertebrate sampling methodologies are described in the CN 39.2 Water Quality Monitoring In Streams Using Aquatic Macroinvertebrates standard operating procedures (Nuzzo 2003).  The biosurveys, which focus on the standardized sampling of benthic macroinvertebrates, are supplemented with a habitat assessment to evaluate water quality and habitat quality at each study site. 

6.2 Program Schedule

Table 2 includes a general program schedule timeline for all monitoring and assessment activities performed during the biomonitoring and habitat assessments. Included in the table are activities, dates of initiation and completion, deliverables, and deliverable due dates. Refer to watershed-specific SAPs for exact dates.

TABLE 2.
Program Schedule Timeline

	Activity
	Anticipated Date(s) of Initiation
	Anticipated Date of Completion
	Deliverable
	Deliverable Due Date

	QAPP/SAP development and planning
	December prior to sampling season
	February prior to sampling season
	Draft QAPP
	

	QAPP/SAP approval 
	January prior to sampling season
	March prior to sampling season
	Approved (Signed) QAPP
	TBD*

	Project meetings
	As needed
	As needed
	Meeting summary memos
	As needed

	Field reconnaissance (site visits)
	May prior to sampling season
	June prior to sampling season
	Finalize sampling stations
	TBD*

	Sampling events (biomonitoring and habitat evaluation)
	July (the beginning of sampling season)
	September (the end of sampling season)
	Field data; benthos samples
	TBD*

	Biological Sample processing
	July (during the sampling season) 
	September (during the sampling season)
	Samples should be processed during week following survey. 
	TBD*

	Biological Sample taxonomy
	October following the sampling season
	January following the sampling season (the next calendar year)
	Taxonomy data sheets completed and ready for data entry.
	TBD*

	Biological Data entry and QC
	January following the sampling season
	February following the sampling season
	Final taxa Ids generated following QC checks. Data ready for analyses.
	TBD*

	Biological Data Reduction/Analyses (metric calculations, scoring, and QC)
	March following the sampling season
	April following the sampling season
	Metric calculations/scoring completed and checked for errors
	TBD*

	Final Project Report (Technical Memorandum)
	April following the sampling season
	June following the sampling season
	Bioassessment Report (to be appended in water quality assessment report.
	TBD*


 *To be determined


TABLE 3.
Analytical Services

The following laboratories/organizations will provide analytical services for the project, including field screening, field analytical and fixed laboratory work.  

	Matrix
	Analytical Parameter(s)
	Analytical Method/

SOP reference
	Approximate Data Package Turnaround Time
	Laboratory/Organization (Name, Address, and Contact Persons)
	Backup/Secondary Laboratory and Organization 

	In-stream
	Benthic macroinvertebrate identification and analysis, and aquatic habitat assessment 
	DWM SOP CN 39.2 (macroinvertebrates/

habitat)
	Approx. 6-9 months for validated final data (in final Tech Memos)
	Department of Environmental Protection

Division of Watershed Management

627 Main Street, 2nd floor

Worcester, MA  01608

Contacts: John Fiorentino, Robert Nuzzo 
	None identified
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7.0 
DATA QUALITY OBJECTIVES (DQOs) AND PERFORMANCE CRITERIA

7.1
Data Quality Objectives (Narrative)

Benthic macroinvertebrate biomonitoring will result in data meeting the data quality objectives (DQO) outlined below. Not meeting these planned DQOs may subject data to censoring during post-monitoring quality control review.  For specific definitions of DQO terms, refer to QAPP Glossary toward the end of this QAPP.  A brief summary of the chosen DQOs for this program plan is as follows.

7.1.1 
Accuracy:  Accuracy is determined by how close a reported result is to the true or expected value. Accuracy of biological data is checked for transcription errors through the entire sample processing and analyzing phases. Each data entry is checked to the original field sheet and random quality control checks are made on subsequent data that have been analyzed or manipulated. A detailed description of quality control/quality assurance measures taken to ensure accuracy of biological data (e.g., correct taxonomic identification, accurate metric calculations) is outlined in the CN 39.2 Water Quality Monitoring In Streams Using Aquatic Macroinvertebrates standard operating procedures (Nuzzo 2003). 

7.1.2
 Representativeness:  Representativeness refers to the extent to which measurements actually represent the true environmental condition.  For each project, the sampling stations are selected with this in mind to ensure that the sites are appropriate in meeting the survey’s objectives.  

7.1.3
Completeness:  Completeness refers to the amount of valid data collected using a measurement system. It is expressed as a percentage of the number of valid measurements that should have been collected. DWM expects 100% of samples to be collected and analyzed.

7.1.4

Comparability:  Comparability refers to the extent to which the data from this study is comparable to other studies conducted in the past or from other areas. The use of standardized sampling and analytical methods, units of reporting, and site selection procedures are used to ensure comparability of data.

7.1.5 Holding Times:  While there is no established holding time for benthic macroinvertebrate samples that have been collected and preserved in 95% ethyl alcohol, some sample maintenance may occasionally be required. In particular, samples that may not be processed immediately (i.e., within one week) or that may preserve poorly (e.g., samples collected with a large amount of accompanying sediment or organic material) should be drained of the original ethyl alcohol added in the field and replenished with fresh 95% ethyl alcohol until processed. Sample maintenance will help to prevent sample decomposition or deterioration, as well as keep offensive odors to a minimum.

7.1.6
Precision:  Precision is a measure of the degree of agreement among repeated measurements or enumerated values of the same property. Precision is estimated through sampling and analysis of replicate samples. Appropriate methodology and adequate training and instruction of personnel in methods application is the most certain way to ensure precision. Precision will be calculated from replicate (i.e., duplicates) biological samples using Relative Percent Difference.

.  

7.2 
Performance Auditing (Field)

Unscheduled field audits will be performed by the DWM QC Analyst to evaluate implementation of field methods, consistency with this QAPP and compliance with DWM SOPs.   Field audits will attempt to evaluate at least one survey per watershed and, ideally, each survey crew member a minimum of one time over the monitoring period. 

7.3
Planned/Potential Analysis of Data

Non-statistical analysis of the macroinvertebrate data is outlined in section 12.2 of this document. At stations where replicated data (i.e., triplicate Hester-Dendy samples) are collected, statistical analyses may be performed, as outlined in section 12.2.
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8.0
SAMPLING DESIGN

8.1
Design Rationale
As part of the Massachusetts Department of Environmental Protection/Division of Watershed Management’s (MA DEP/DWM) watershed assessments, aquatic benthic macroinvertebrate biomonitoring is conducted to evaluate the biological health of various portions of the “Year 2” watersheds. Where resources allow, biomonitoring stations are sampled to investigate the effects of various known and unknown (point source and nonpoint source) stressors—both historical and current—on resident aquatic communities. Some stream segments are currently “unassessed” (have never been sampled or assessed) by DEP, while historical DEP monitoring stations (data greater than five years old) are reevaluated to determine if water quality and habitat conditions have improved or worsened over time. The biosurveys (discussed in this section), which will focus on the standardized sampling of resident benthos (macroinvertebrates) populations. These are supplemented with a habitat assessment (discussed in Section 11.0) to evaluate water quality and habitat quality at each study site.

8.2
Sampling site selection

The station selection process involves an exhaustive review of historical DEP biological data as well as a review of the most recent DEP/DWM water quality assessment reports for the upcoming “Year 2” watersheds to identify the assessment status of streams for the Aquatic Life and Aesthetics uses.  Potential stations located in stream/river segments recommended for “additional monitoring” in the assessment report, and in segments listed as “impaired” (i.e., 303d-listed) in the Massachusetts Year 2002 Integrated List of Waters (MA DEP 2002) often receive highest priority.  Stream/rivers not included as “segments” in the assessment reports are considered “unassessed” –the status of their designated uses has never been reported to the United States Environmental Protection Agency (EPA) in the Commonwealth’s Summary of Water Quality report (or 305b report) nor is information on these waters maintained in the Waterbody System (WBS). Potential monitoring stations in these “unassessed” waters are selected following extensive map searches, then finalized after field reconnaissance activities.  Due to resource limitations, monitoring cannot be conducted in every waterbody—priority may be given to waters most threatened by anthropogenic perturbations as determined through topographic map investigations and GIS data review; waters with other environmental significance (e.g., the potential to support coldwater fisheries; potential reference conditions); and waters that are of particular interest to DEP, other state or federal agencies, or non-governmental organizations (watershed associations, concerned stakeholders, etc.).  Nearness to waterbody mouth, ability to safely conduct sampling activities, and other logistic-related factors are considered in the finalizing of monitoring station locations.

8.3
Reconnaissance

Requested and/or potential monitoring station locations are investigated during field reconnaissance. Station siting of both study sites and reference (regional and/or site-specific) sites ideally takes place during June of the sampling year. Reconnaissance activities prior to June are not desirable, as instream conditions—most notably flow regimes—during this time are often dramatically different than during the sampling index period. To meaningfully evaluate biological condition, sampling locations must be carefully selected to ensure generally comparable physical habitat. Unless basically comparable physical habitat is sampled at all stations, community differences attributable to habitat degradation will be difficult to separate from those resulting from water quality degradation (Plafkin et al. 1989). Sampling highly similar habitats will also reduce metric variability, attributable to factors such as current speed and substrate type. Field conditions (e.g., instream and riparian habitat characteristics, flow regimes, surrounding land use, observations of NPS pollution or other pertinent information) during the time of reconnaissance will be noted and recorded in a field notebook. Specific station location, accompanied by a sketch of the potential sampling reach should be included as well. 

8.4
Sampling Locations

For detailed descriptions of each station for a given watershed, see the watershed-specific SAPs. It is anticipated that additional field reconnaissance may increase the detail of some site descriptions prior to actual sampling activities.

8.5        Sampling Period

Sample timing should be consistent to reduce variability within or among datasets. A critical value to assess when considering data variability is the most appropriate period for sample collection; seasonal influence, community succession and life stages, and habitat/substrate disturbance should be considered (US EPA 1995).  Sampling periods should be selected in order to maximize the efficiency of the chosen sampling gear; maximize the accessibility of the targeted assemblage; minimize natural variability; and maximize the availability of technical personnel (US EPA 1995). Sampling periods should also be selected so that extremes in climatic conditions are avoided, unless the object of the study is to investigate the limiting affects of seasonal variations on biota. 

Sampling of benthos typically takes place during the months of July through September, when baseflows are at there lowest of the year and water quality is presumed to be at its worst. When possible, the sampling index for a specific watershed approximates historical sampling periods for each watershed respectively. 

8.6
 Sampling Frequency
Sampling of the benthic macroinvertebrate community and evaluation of associated habitat is conducted once at each monitoring station during the sampling period for that watershed.

8.7
Data Use and Presentation

Biomonitoring and habitat data are used to evaluate the biological health of various portions of the “Year 2” watersheds. Biomonitoring and habitat data also provide additional information necessary for making basin-wide Aquatic Life use and Aesthetics use designations required by Section 305b of the Clean Water Act. Guidance regarding these uses is outlined in the Massachusetts Surface Water Quality Standards (MA DEP 1996). Most biomonitoring stations are compared to a regional reference station. Use of a regional reference station is particularly useful in assessing nonpoint source (NPS) pollution impacts (e.g., physical habitat degradation), including NPS pollution at upstream control sites as well as suspected chemically-impacted sites downstream from known point source stressors (Hughes 1989).

A bioassessment report in the form of a technical memorandum is completed to describe in detail the objectives and findings/results of each biological monitoring survey completed in a given watershed. Finalized bioassessment reports for each watershed sampled can be immediately made available to DEP, various state agencies, watershed groups, and other interested parties, and will ultimately be incorporated as an appendix into the final DWM water quality assessment report for each watershed.
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9.0      FIELD SAMPLING REQUIREMENTS AND PROCEDURES 

9.1
DWM Field Manual.


All field sampling follows the standard operating procedures outlined in CN 39.2 Water Quality Monitoring In Streams Using Aquatic Macroinvertebrates standard operating procedures (Nuzzo 2003). 

9.2 Field Safety

With regard to personal safety, the survey coordinators and crewmembers shall use best professional judgment at all times, and at no time allow personal safety to be compromised.  In addition, all crewmembers have been generally instructed what to do in the event of an emergency.

A complete first aid kit containing basic first aid equipment shall be brought (in the vehicle) on each field survey.  In situations where sampling stations are far from the vehicle, crews have been instructed to take the first aid kit to the station.   At least one member of the survey team shall be trained in cardiopulmonary resuscitation (CPR) and basic first aid procedures. 
All crewmembers shall bring personal protective gear, such as raingear, footgear (i.e., hip boots), plastic gloves, sunscreen, insect repellant, and disposable hand towels.  Some of these items are provided in the standard field kit, which shall accompany each survey.  Each crewmember is expected to dress appropriately for the season and weather.  Each crewmember has been advised to wear orange, reflective safety vests at all times during a survey, especially when sampling in high vehicular traffic areas. These vests are available at DWM, Worcester. 

If available, a portable, cellular phone may be brought on each trip, and inclusion of personal cellular phones on surveys is encouraged.

9.3 Field Equipment Use

Macroinvertebrate Surveys:

The main field equipment used includes a kick-net, Hester-Dendy multiplate samplers, plastic sample bottles, and denatured 95% ethanol. The requirements and procedures for use and maintenance are provided in Table 4.

Table 4.   Field Sampling Equipment/Instrument and Maintenance

All field equipment and procedures that require inspection, maintenance and testing, as well as the SOP reference and person responsible for corrective action for each type of equipment, are provided.

	Equipment
	Person Responsible
	Frequency of Calibration
	Inspection Activity and Frequency
	Maintenance Activity and Frequency
	Corrective Action (CA)
	SOP Reference

	Kick nets


	John Fiorentino

Robert Nuzzo
	NA
	Visual, as needed
	Repair/Replacement,

as needed
	NA
	39.2

	Hip boots/

waders
	John Fiorentino

Robert Nuzzo
	NA
	Visual, as needed
	Repair/Replacement,

as needed
	NA
	NA


9.4 Field Documentation

In order to provide a permanent record of field activities, observations made and measurements taken in the field are recorded using DWM Biomonitoring Field Data Sheets as outlined in Massachusetts DEP Preliminary Biological Monitoring and Assessment Protocols for Wadeable Rivers and Streams. Method 001 (Tetra Tech, Inc. 1995) and included in CN 39.2 (Nuzzo 2003). These field sheets (Form 1.0, Biomonitoring Field Data Sheets) can be found in the Appendix of this document.  
Field notebooks are used to record detailed information at each site, including but not limited to the following:  Site location, ID #, date/time, personnel present, recorded field data, lab samples taken, air temperature, weather, percent cloud cover, approx. wind speed and direction, staff gage height will be recorded when applicable, unusual events/sightings observed, etc.   In most cases, the field notebook provides necessary and desired duplication of information provided in the Field Sheet.  Copies of field notebook pages will become part of the final data file for the project. All reconnaissance activities, including observations made while visiting potential biomonitoring stations, are recorded in the field notebook. Pertinent information to be recorded includes a description of station location and surrounding land use, current habitat conditions, and any other relevant observations made.


All field notes are recorded on the DWM Biomonitoring Field Data Sheets (Form 1.0 in the Appendix).  Field sheets must be completed on-site at the time sampling occurs.  The sampling crews record the identification number, location, date and time a sample was collected, name of each team member and any aberrant conditions observed during sample collection.  Hard copies of all field sheets are managed by the Survey/Sample Coordinators (John Fiorentino, Robert Nuzzo) and kept in files at the DWM in Worcester. 

At a minimum, the following information must be included on the DWM Biomonitoring Field Data Sheets:

· Site name and location

· Sample project name

· Names of personnel on-site

· Dates and times of sample collection and observations

· Site location by longitude and latitude, if known

· Weather conditions

· Site observations and aberrant sample handling comments

· Sample collection information, including sample collection methods and devices, estimates of habitat types sampled, and station location numbers

· Site map sketch

· Description of stream characterization, instream and riparian features, sediment/substrate components, and algae/vegetation (both riparian and instream) present.

· Observations of conditions pertinent to the Aesthetics use determination (discussed in section 12.4)

Hard copies of the DWM Biomonitoring Field Data Sheets are stored at DWM’s Worcester office with associated watershed documentation and managed by the biomonitoring Survey/Sample Coordinators (John Fiorentino and Robert Nuzzo). Information recorded on the DWM Biomonitoring Field Data Sheets will ultimately be entered into the Microsoft Access-based DWM Benthic Macroinvertebrate Database (files:  MAbenthosDraft; MAbenthosFinal). The formatting, utilization, and management of this database are discussed in Section 15.0 of this document.

9.5 Field (Sampling) Procedures: Macroinvertebrate Sampling

For routine biomonitoring in streams with coarse substrates (mixed gravel and cobble, or larger) and riffle habitats, benthic invertebrates will be collected by kicking-over the substrate materials (“kick sampling”) and capturing the dislodged organisms in a kick-net (500 (m mesh) pressed firmly against the stream bottom immediately downstream of the material being kicked (Figure 1).  Where desirable (e.g., when substrates are too large or difficult to kick), organisms may be dislodged by rubbing the substrate item.  Generally, a stream sampling site is a 100 m long reach representing the best available habitat in a portion of the watershed where data are desired.  Ten kick samples from a square area with dimensions equal to the width of the net opening (i.e., 0.46 m x 0.46 m) are composited for a total area sampled of approximately two square meters.  In streams where the riffles within the reach are inadequate to allow for a two-square-meter composite, other productive habitats may be sampled by jabs into snags, or rubbing substrates.  In such cases, notes will be recorded on the field sheets indicating the number of kicks or jabs in each habitat category that contributed to the composite sample.

[image: image11.jpg]



Figure 1. MA DEP/DWM biologist collecting macroinvertebrates 

using the “kick-sampling” technique.

Any large debris (rocks, sticks, etc.) caught in the net will be rinsed in the net and returned to the stream, once any macroinvertebrates clinging to it have been removed.  The residue in the net will be placed in a container with enough denatured 95% ethanol added to cover the residue.  A label (Figure 2) indicating the sample identification code (consisting of the watershed code and station number separated by a dash; e.g., 12-KC01), date, water body name, sampling location, and the collector will be placed inside the sample container.  The date, sample identification code, and the words, “preservative: denatured 95% ethanol,” will be marked on the outside of the container, as well.  Upon arrival at the taxonomy laboratory the sample will be recorded in the “Sample Log” notebook.  

In deep rivers or where kick sampling is inappropriate or impractical, multiplate (modified Hester-Dendy) samplers may be used. Samplers with round plates and spacers assembled to EPA specifications (Klemm, et al. 1990) are used.  In deep water the multiplate sampler is tethered to an anchored float so that the sampler is suspended one meter below the surface (Figure 2).  In shallow waters the sampler may be mounted on a patio block or “four inch” cinder block (Figure 3); all samplers to be compared should be placed in comparable current velocities, preferably in the range 15 and 76 cm/s (0.5 and 2.5 ft/s).  Samplers will be left in place and undisturbed for a period of six to eight weeks. Three replicate samplers will be employed at each station.



At the end of the exposure period each sampler is harvested by enveloping it with a 500(m mesh net, plastic bag, or 2 l wide mouth jar.  The sampler is placed in a 2 l wide mouth jar with enough water to cover it completely, tightly capped, placed on ice, and transported to the laboratory.  Labeling procedures are the same as for kick samples—the only additional information being the replicate # (1-3) assigned to each multiplate.  Upon arrival at the taxonomy laboratory the sample will be recorded in the “Sample Log” notebook and placed in a refrigerator.  Samplers will be processed in a manner similar to kick samples (as described in 12.2 below), and as soon as possible following receipt at the laboratory so that the sample can be preserved with ethanol. Each replicate sampler will be logged in and processed separately (i.e., replicates will not be composited prior to processing).
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Kinderhook Creek dnst. fr. Brodie Mountain Road, Hancock, MA

coll. R. Nuzzo

Figure 4.  Example of label to be placed in containers with benthos samples.
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10.0 
SAMPLE HANDLING AND TRACKING

10.1
Assignment of Sample Field Numbers/Labels: 

Each sampling event must be assigned a Field ID, Sample IDs (both Benthic and Habitat), and a Unique_ID. The Field ID is usually assigned at the sampling location.  The Sample IDs, in the form of a 4-digit year code plus a 3-digit number, must be assigned when the samples are returned to the laboratory and logged into the Sample tracking log book.  The BenSampID and HabSampID will be the same number, except that if benthic samples were collected as replicates from the same sample location, then each will have the same seven-digit BenSampID, with a decimal point and a sequential number beginning with “1” added (e.g., three replicates might be numbered 2002014.1, 2002014.2, 2002014.3).  If benthic samples are subsequently split into subsamples in the lab, then the same BenSampID will be assigned to each subsample and a sequential letter will be added to the end of the ID to distinguish between them (e.g., three distinct subsamples taken from sample #2002014.3 would be 2002014.3A, 2002014.3B, 2002014.3C).  The Unique_ID is assigned when a new station is designated in GIS using ArcView.  It is possible that the Unique_ID for a station has already been created from a previous sampling event.  In that case, the collector(s) would need to verify that the Unique_ID location in ArcView is acceptable for the new location.  

10.2
Sample Preservation/Transport:  

Benthos samples collected in the field are preserved on-site in denatured 95% ethyl alcohol and transferred on the same day of collection to the DWM laboratory (Mary Wheeler Microscopy Facility) in Worcester by the Sample/Survey Coordinators. Refer to CN 39.2 Water Quality Monitoring In Streams Using Aquatic Macroinvertebrates standard operating procedures (Nuzzo 2003) for additional information regarding the proper sample volumes, preservation and transportation techniques. 

10.3

Sample Tracking:

At DWM, progress of samples is tracked and updated using the Sample Tracking Sheets (Form 2.0 in the Appendix) as described in Section 12.1 of this document.
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11.0 
FIELD ANALYTICAL METHOD REQUIREMENTS

11.1
Habitat:

Analytical procedures in the field are limited to Habitat Assessments performed at each benthic macroinvertebrate sampling station. An evaluation of physical and biological habitat quality is critical to any assessment of ecological integrity (Karr et al. 1986; Plafkin et al. 1989). Habitat assessment supports understanding of the relationship between physical habitat quality and biological conditions, identifies obvious constraints on the attainable potential of a site, assists in the selection of appropriate sampling stations, and provides basic information for interpreting biosurvey results (US EPA 1995). 

Before leaving the biomonitoring reach during the upcoming “Year 2” biosurveys, habitat qualities are scored on the DWM Habitat Assessment Field Scoring Sheets for either high gradient or low gradient streams. The scoring sheets are based on modifications to the habitat evaluation procedure outlined in Plafkin et al. (1989) and can be found in the Appendix of this document (Form 3.0, Habitat Assessment Field Scoring Sheets). The matrix used to assess habitat quality is based on key physical characteristics of the water body and surrounding land use. Most parameters evaluated are instream physical attributes often related to overall land use and are potential sources of limitation to the aquatic biota (Plafkin et al. 1989). For wadeable riffle/run prevalent streams typical of moderate to high-gradient landscapes, the ten habitat parameters are as follows: instream cover, epifaunal substrate, embeddedness, sediment deposition, velocity/depth combinations, channel flow status, right and left (when facing downstream) bank vegetative protection, right and left bank stability, right and left bank riparian vegetative zone width. For glide/pool prevalent streams in low to moderate gradient landscapes, the habitat parameters are:  bottom substrates, pool substrate characterization, pool variability, channel alteration, sediment deposition, channel sinuosity, channel flow status, right and left (when facing downstream) bank vegetative protection, right and left bank stability, right and left bank riparian vegetative zone width. Habitat parameters are scored and totaled on the scoring sheets, then compared to a regional reference station and/or a site-specific control (upstream reference) station to provide a final habitat ranking. Also included in the Habitat Assessment Field Scoring Sheets are station identification number, investigators present, stream name and location, date of evaluation, and river basin.
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12.0
LABORATORY METHODS REQUIREMENTS AND PROCEDURES

12.1
Documentation and Records

Macroinvertebrates

Information on samples received at the taxonomy laboratory are recorded in the Sample Log notebook.  Progress of each sample is recorded on the Sample Tracking Sheets (Form 2.0 in the Appendix). The tracking sheets will be updated as each step is completed (sorting, mounting of midges and worms, taxonomy) for a particular sample.

All sample information is recorded in a taxonomist’s bench notebook on notebook pages (usually two, facing) dedicated to that particular sample, with only one sample to a page.  The information recorded on the first page for the sample includes:

1. all sample label information;

2. the number of grids used to reach the target number for the subsample;

3. the identity (usually at family level) and count of the organisms in the subsample;

4. a list of macroinvertebrates observed in the sample but not in the final subsample.

Once all of the samples have been processed, identification of the sorted specimens to genus/species can take place.  These determinations are usually recorded on the second notebook page dedicated to the respective samples.  When the taxonomy is completed all information from the bench notebook is transcribed to the Taxonomy Data Sheets (Forms 4.0 and 5.0 in the Appendix).

Once the appropriate QC checks (discussed in Section 13.3) of the taxonomy have been completed by a reviewer, the data sheets can be used for entry of data into an electronic data entry and management application (currently data are entered into the Microsoft Access-based DWM Benthic Macroinvertebrate Database, first under file: MAbenthosDraft, and ultimately file: MAbenthosFinal) to create tables listing taxa present and counts at each station. After the data are entered, a reviewer (not the data entry person) checks for transcription errors by comparing the entered data against the data sheets. Once any errors are corrected data tables can be printed out for release to the appropriate watershed team. Once data tables and/or taxa lists have been generated, data reduction and analyses can take place. Data reduction and analysis techniques are described in detail in the CN 39.2 Water Quality Monitoring In Streams Using Aquatic Macroinvertebrates standard operating procedures (Nuzzo 2003) as well as Section 12.2 of this document. Each step in the analysis process, including biological metric scoring (metric values are calculated through queries run in the DWM Benthic Macroinvertebrate Database), comparisons to reference station metrics, and generation of impairment designations, are recorded on the Data Analysis Summary Sheet (Form 6.0 in the Appendix). Metric scores, comparisons to reference station metrics, and impairment designations are “spot-checked” before they can be finalized. Any errors are brought to the attention of the original taxonomist and reconciled before results can be incorporated into the final macroinvertenbrate biomonitoring report and the finalized DWM water quality assessment report.

12.2
Laboratory Analytical Methods and Procedures

12.2.1
Sample Processing

In general terms, sample processing involves separating macroinvertebrates from other materials in the sample.  For the purposes of this document “macroinvertebrate” is defined to include:

· all aquatic Annelida;
· all aquatic Mollusca;
· aquatic macro Crustacea;
· all aquatic Arachnida; and
· the aquatic life stages of Insecta except Hemiptera and adult Coleoptera other than Elmidae.

Those macroinvertebrates excluded from the above list are not used for one or more of the following reasons: there is insufficient ecological information on them to make them useful for biomonitoring, they are surface film dwellers, or they are capable of escaping the aquatic environment at will to avoid temporarily unfavorable conditions.  One further exception is crayfish (Class Crustacea, Family Cambaridae), which often are seen evacuating the immediate area as kick-sampling begins, and even swimming out of the kick-net.  Crayfish species are noted when present in the sample but are not counted toward total numbers.

While each of the different sample types below require slightly different sorting procedures, the methodologies share certain basic components.  All sample sorting is done with the aid of a dissecting microscope set on low power.  Only specimens with a sufficiently complete head capsule are removed and counted (i.e., no headless bodies or fragments are counted, though heads alone are).  Once the specimens are separated from the sample residue they then are sorted by taxonomic group (usually family), stored in glass screw-cap vials (typically 2-4 dram—8-20 ml), and preserved in denatured 70% ethanol until further taxonomic determination can be made.  Each vial is to contain a label (Figure 2) with the following information (in this order): sample identifier (either the field id. number—e.g., 12-KC01—or the BenSampID# for samples prior to 2003; for 2003 and later samples, the BenSampID#, with the field id. optional); sample collection date; and name of taxon contained in vial.  For convenience in reading the labels once inside the vials, all labels are inserted left-edge-first.  All remaining sample residue is returned. 
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Philopotamidae

Figure 5.  Example of label to be placed in specimen vials after sorting.

The specimen vials, grouped by station and date, are placed in 1l Nalgene Polymethylpentene (PMP) jars, tightly capped, and set aside for further taxonomic determination.  The enclosure in these jars drastically reduces, if not eliminates, ethanol loss from the specimen vials during long-term storage.  A stick-on label is placed on the outside of the jar indicating: sample identifier; date; denatured 70% ethanol used as preservative.

Hazardous Materials Handling, Storage, and Record-Keeping

Alcohol greater than 24% v/v is a Class 1B flammable liquid requiring handling and storage in a manner consistent with local fire codes.  The alcohol used for preserving benthic macroinvertebrate samples is typically either 100% reagent alcohol (5% methanol, 5% isopropanol, and 90% ethanol) or a 70% v/v solution of the reagent alcohol, and must be stored in the lab inside flammables cabinets.  When processing samples containing alcohol preservative, the used alcohol (typically 1l per sample bottle) must be collected because of its hazardous waste status.  It can then be diluted to a concentration of less than 24%, as allowed by DWM’s Very Small Quantity Generator (VSQG) permit.  This can be accomplished by adding enough water to bring each liter of collected alcohol up to a volume of four gallons.  This diluted waste then can be disposed of by pouring it down the drain.

This treatment of the waste is only permitted so long as the DWM laboratories continue to qualify as VSQG status.  This means that the total generation of hazardous wastes from the DWM laboratories (instrumentation, chlorophylls, fish, bacteria, and microscopy) cannot exceed 27 gallons per month or 100 kg per month. Therefore, it is very important to keep on-going records of wastes that are generated.  A Hazardous Waste Generator Record form (Form 7.0 in the Appendix) will be maintained in the DWM microscopy lab to keep a daily record of each sample that is processed and the total amount of alcohol collected before dilution and disposal. These records will be monitored to make sure the total waste generation from DWM lab operations is not exceeding the monthly limits, or to evaluate the need to reassess DWM’s generator status.  Record forms will be collected at the end of each month and kept in a file for at least three years.

Samples that have been collected from areas where environmental data or best professional judgement suggest possible contamination with hazardous materials will be processed the same as other samples with the following exceptions:

· Alcohol used to preserve the sample, as well as rinses of the sample, will be collected and disposed of as hazardous waste.  

· Solid materials from the sample likewise will be retained and disposed of as hazardous waste.

The decision to handle sample wastes as hazardous will be based on the procedure shown in Figure 6.  Any resultant hazardous wastes will be stored in containers with the appropriate hazardous waste labeling, and the containers will be stored in approved flammable-liquid safety cabinets until transported to DEP’s Wall Experiment Station (Lawrence, MA) for disposal.  Amounts accumulated before transport for disposal shall not exceed quantities allowed for self transport under the VSQG permit.


Figure 6.  Decision tree for disposal of benthic samples.

RBP-Kick Samples

Routine benthic macroinvertebrate samples for biological monitoring are analyzed using Rapid Bioassessment Protocols based on Plafkin, et al. (1989).  Samples to be analyzed by protocol II (RBP II) or III (RBP III) are generally collected by the kick technique and are processed in the laboratory to obtain 100-organism subsamples.  Each sample is emptied onto a 600 (m mesh sieve held over a waste collection vessel (WCV) for collection of the alcohol preservative (see Hazardous Materials Handling, Storage, and Record-Keeping section).  Three water rinses of the sample bottle are used to assure complete transfer of the sample onto the sieve.  The sample is then allowed to drain on the sieve for one minute before proceeding with the following steps: 

1. The sample is homogenized and spread evenly across pans with inside dimensions of 30.5 cm by 30.5 cm (12 in by 12 in) and marks at the edges for grids 6 cm by 6 cm.  The sample is distributed (with enough water added to aid in distributing the material evenly) among a sufficient number of pans (usually four) to reduce the density of organisms per grid to a workable number.  Each pan used is assigned a letter at random such that pan “A” contains grids 1-25, “B” contains grids 26-50, etc.  

2. A set of random numbers is generated in the range dictated by the number of pans used.  For example, when four pans are used pan labels will be “A” through “D” and valid random numbers will be in the range of 1 to 100, inclusive; for seven trays pan labels will be “A” through “G,” and valid numbers will be 1 to 175, inclusive.  

3. Materials from the identified grids (in the order the grids were generated at random) are scooped into a petri dish divided into quarters.  

4. One of the petri dish quadrants is selected at random and all organisms within it are removed and become part of the subsample.  

5. The unused material from the other quadrants of the petri dish are emptied onto the sieve over the WCV with the spent alcohol preservative.  

6. Material from the next randomly generated grid is then transferred to the petri dish and all organisms within a randomly selected quadrant are again removed to add to the subsample.  

7. Steps 5 and 6 are repeated until the target subsample size of approximately 100 is reached.  

Because the subsampling procedure cannot assure that subsample size will be exactly 100, the subsample will be considered acceptable if it contains no fewer than 90 organisms and the spread between the highest and lowest count among subsamples being compared is not greater than (10% of the average of these extremes.  The total number of grids used to reach the target is recorded in the bench notebook . Since samples will no longer be archived (2003 and later) an additional 100-200 organisms must be picked at random from the sample and kept separate from the “original” 100.  This allows for a randomized repicking of the sample should it be discovered that the final count in the subsample is less than 90, or that there is some other problem with the subsample.  These should be labeled as “subsample extras.”  

The unpicked portion of the sample should be examined for specimens of taxa not included in the subsample.  Good-condition specimens of taxa that also appeared in the subsample may be retained, as well, to aid in taxonomic determinations.  These specimens may be kept unsorted in a vial and the words “large/rare/voucher specimens” included along with the usual label information.  

All remaining sample residues are returned to the sieve, rinsing them with water from the sorting trays to the sieve, and collecting the rinse water in the WCV with the spent alcohol preservative.  The material collected on the sieve can then be discarded (after draining for a few minutes) in an appropriate manner (see Hazardous Materials Handling, Storage, and Record-Keeping section).  If the sample wastes are not deemed “hazardous” the collected liquids must be brought to a total volume of four gallons (per liter of alcohol preservative used in the sample) by adding water (see Hazardous Materials Handling, Storage, and Record-Keeping section) before being poured down the drain.  If the wastes are regarded as hazardous, the contents of the sieve and the WCV will both be retained (in separate containers) for proper hazardous waste disposal.

Multiplate (Hester-Dendy) Samples

Within 48 h of field retrieval the refrigerated multiplate samples are processed.  Processing begins by emptying the sampler and surrounding water into a large pan.  The sample container is rinsed three times with small volumes of water—and added to the tray—to assure transfer of all material from the sample.  Processing continues as follows:

1. disassemble sampler;

2. rinse into water in the tray or pick organisms off of plates, spacers, and hardware;

3. scrape off any material still adhering to plates, spacers, or hardware (set aside sampler parts when clean);

4. pour water with sample from the tray through a #30 mesh sieve and rinse tray, sending the rinses through the sieve, also;

5. transfer all of the material collected on the sieve to a jar and preserve with denatured 70% ethanol if sample will not be processed immediately;

6. label jar in the same manner as the original sample container.

The sorting procedures applied to multiplate samples will be dictated by the study design and data requirements.  In general it is expected that all qualifying macroinvertebrates (as defined at the beginning of the Sample Processing section) will be sorted from the sample.  Extreme densities of organisms, however, may make subsampling desirable.

12.2.2
Taxonomy

General

Most invertebrate taxonomic determinations will be accomplished by using keys to genus or species and examining specimens under a dissecting microscope with high quality optics.  The most commonly used keys are:

· Annelida--Klemm 1985; Brinkhurst 1986

· Mollusca--Jokinen 1983; Smith 1986; Smith 1987

· Crustacea--Smith 1988

· Insecta--Merritt and Cummins 1996; Peckarsky et al. 1990

Proper determination of the identity of aquatic macroinvertebrates at the genus or species level is dependent on several factors:

1. Maturity--the specimen must be mature enough to exhibit representative diagnostic characteristics;

2. condition--the specimen must be sufficiently undamaged to possess the critical diagnostic structures;

3. keys--taxonomic keys including relevant genera and species for the New England geographic region must be available.

If any of these three factors are not satisfactory then taxonomy may have to rest at the family or order level.

Following identification to genus/species (where possible), specimens will be placed in glass vials and preserved with denatured 70% ethanol.  Each vial will contain a label (Figure 4) with the following information (in this order): sample identifier (made up of the watershed identification number and the station identification number, separated by a dash—e.g., 12-KC01); sample collection date; water body sampled; location descriptors (e.g., dnst. fr. Brodie Mountain Road); names of municipality and state; name of taxon contained in vial; and "det." plus the first initial and last name of the person who identified the specimen(s).  For convenience in reading the labels once inside the vials, the labels all will be inserted left-edge-first.  The specimen vials, grouped by station and date, will be placed in jars with a small amount of denatured 70% ethanol, and tightly capped.  The ethanol level in these jars can then be examined periodically, and replenished as needed, before ethanol loss from the specimen vials takes place.  A stick-on label will be placed on the outside of the jar indicating: sample identifier; date; “denatured 70% ethanol used as preservative.”
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Kinderhook Creek dnst. fr. Brodie Mountain Road, Hancock, MA

Chimarra sp.

det. R. Nuzzo

  Figure 7.  Example of label to be placed in specimen vials after specimens

  have been identified to lowest practical taxonomic level.
Oligochaeta (aquatic worms) and Chironomidae (midges)

Because taxonomic determination of specimens of the Oligochaeta and Chironomidae requires examination under a compound microscope, these specimens must be mounted on microscope slides in permanent or semi-permanent mounting medium.  The following mounting procedure is used:

1. Place a 3” by 1” microscope slide on the work surface with the label end of the slide to the left;

2. place three worms or three midges (avoid mixing midges and worms on the same slide) side by side with heads toward the top;

3. place a sufficient amount of CMC-10 around the specimens to completely cover and surround them;

4. for worms, uncoil specimen with forceps and leave resting on its side (if possible);

5. for midges, separate head from body using forceps and an insect pin, orient the body on its side, and orient the head with its ventral surface facing up;

6. place a number one cover slip over the three specimens and apply gentle pressure to force out air bubbles;

7. for midges apply enough gentle pressure to coax the mandibles open;

8. repeat steps #2 through #7 for a second mount on the slide (if desired);

9. turn slide around so that the label end is now to the right and fill in label information from the sample label;

10. ring edge of cover slips with CMC-10 (or a non-aqueous sealant);

11. allow mounts to dry in a horizontal position for at least 48 h before placing in slide storage boxes.

By the time the mounts have dried the specimens have usually cleared sufficiently for examination and taxonomic determination.  The most frequently used keys for these groups are:

· Oligochaeta--Brinkhurst 1986

· Chironomidae--Bode 1990, Coffman and Ferrington 1996, Wiederholm 1983, Wiederholm 1986

12.2.3
Data Analysis 

Non-statistical (RBP-Kick samples)

The data generated from the 100 organism subsamples are analyzed by a multimetric approach, based on a modification of Rapid Bioassessment Protocol III (RBP III) metrics and scoring (Plafkin et al. 1989). Specimens will be identified to genus or species as allowed by available keys, specimen condition, and specimen maturity.  Based on the taxonomy various community, population, and functional parameters, or “metrics,” are calculated which allow an investigator to measure important aspects of the biological integrity of the community. This integrated approach provides more assurance of a valid assessment because a variety of biological parameters are evaluated. Deficiency of any one metric should not invalidate the entire approach (Plafkin et al. 1989). Metric values for each station are scored based on comparability to the reference station, and scores are totaled. The percent comparability of total metric scores for each study site to those for a selected unimpaired reference station (i.e. “best attainable situation”) yields an impairment score for each site. RBP III analysis separates sites into four categories: non-impaired, slightly impaired, moderately impaired, and severely impaired. Impairment of the benthic community may be indicated by the absence of generally pollution-sensitive macroinvertebrate taxa such as Ephemeroptera, Plecoptera, and Trichoptera (EPT); dominance of a particular taxon, especially the pollution-tolerant Chironomidae and Oligochaeta taxa; low taxa richness; or shifts in community composition relative to the reference station (Plafkin et al. 1989). 

Tables 5 and 6 show the routine metrics used for the RBP III analyses and the scoring ranges, as well as the final scoring for impact determination. 

Table 5.  RBP III metrics and scoring ranges.

	METRIC
	SCORING RANGES

	
	6
	4
	2
	0

	Taxa Richness
	>80%
	60-80%
	40-59%
	<40%

	EPT
	>90%
	80-90%
	70-79%
	<70%

	EPT/Chironomidae (abundance ratio)
	>75%
	50-75%
	25-49%
	<25%

	HBI (modified)
	>85%
	70-85%
	50-69%
	<50%

	Scraper/Filtering collector Ratio
	>50%
	35-50%
	20-34%
	<20%

	% Contribution of Dominant Taxon
	<20%
	20-29%
	30-40%
	>40%

	Similarity Index: Community Loss



% Similarity



% Reference Affinity
	<0.5

>70%

>64%
	0.5-1.5

50-70%

50-64%
	1.6-4.0

30-49%

35-49%
	>4.0

<30%

<35%


Table 6.  Scoring ranges for RBP III determination of level of biological impact.

	% Comp to Reference
	Impact category

	>83%
	Not Impacted

	54-79%

	Slight Impact

	21-50%
	Moderate Impact

	<17%
	Severe Impact


The RBP data analyses, including biological metric scoring (metric values are calculated through queries run in the DWM Benthic Macroinvertebrate Database), comparisons to reference station metrics, and generation of impairment designations, are recorded on the Data Analysis Summary Sheet (Form 6.0 in the Appendix). Those biological metrics to be calculated and used in the analysis of the upcoming “Year 2” watershed biosurvey data are listed and defined below. For a more detailed description of metrics used to evaluate benthos data see Plafkin et al. (1989):

1. Taxa richness—a measure based on the number of taxa present. The lowest possible taxonomic level is assumed to be genus or species.

2. EPT Index—a count of the number of genera/species from the orders Ephemeroptera (mayflies), Plecoptera (stoneflies), and Trichoptera (caddisflies). As a group these are considered three of the most sensitive aquatic insect orders. Therefore, the greater the contribution to total richness from these three orders, the healthier the community.

3. Biotic Index—based on the Hilsenhoff Biotic Index (HBI), is an index designed to produce a numerical value to indicate the level of organic pollution. Organisms have been assigned a value ranging from zero to ten based on their tolerance to organic pollution. A value of zero indicates the taxon is highly intolerant of pollution and is likely to be found only in pollution-free waters. A value of ten indicates the taxon is tolerant of pollution and may be found in highly polluted waters. The number of organisms and the individually assigned values are used in a mathematical formula that describes the degree of organic pollution at the study site. The formula for calculating HBI is:

HBI= ( xitI
               n

where, 

xi = number of individuals within a taxon
ti = tolerance value of a taxon
n = total number of organisms in the sample

4. Ratio of EPT and Chironomidae Abundance—The EPT and Chironomidae abundance ratio uses relative abundance of these indicator groups as a measure of community balance. Skewed populations having a disproportionate number of the generally tolerant Chironomidae relative to the more sensitive insect groups may indicate environmental stress.

5. Percent Contribution Dominant Taxon—is the percent contribution of the numerically dominant taxon (family) to the total numbers of organisms. A community dominated by few taxa indicates environmental stress. Conversely, more balance among taxa indicates a healthy community.

6. Ratio of Scraper and Filtering Collector Functional Feeding Groups—this ratio reflects the community food base. The proportion of the two feeding groups is important because predominance of a particular feeding type may indicate an unbalanced community responding to an overabundance of a particular food source (Plafkin et al. 1989).

7. Community Similarity—is a comparison of a study site community to a reference site community. Similarity is often based on indices that compare community composition. Most community similarity indices stress richness and/or richness and abundance. Generally speaking, communities will become more dissimilar as stress increases. For the upcoming “Year 2” watershed bioassessments, an index of macroinvertebrate community composition will be calculated based on similarity (i.e., affinity) to the watershed reference community, expressed as percent composition of the following organism groups: Oligochaeta, Ephemeroptera, Plecoptera, Coleoptera, Trichoptera, Chironomidae, and Other. The reference site affinity (RSA) metric is calculated as:

100 – (( ( x 0.5)


where ( is the difference between the reference percentage and the sample percentage for each taxonomic  grouping.

Statistical (Multiplate samples)

A determination of whether or not the perceived stressor has caused an impact to the downstream macroinvertebrate community will be made by DWM based on the combined results of all calculated metrics. Mean metric values for replicates may be compared between sites, with mean values scored and compared using the same multi-metric approach outlined above. 

Additionally, statistical analysis of data (metrics values) may be performed for the test site and compared to the control site using tests of significance:

Student’s t-test

For those stations where artificial substrate (i.e., Hester-Dendy multiplates) samplers are used, mean metric values for downstream test-site replicate samplers are compared to those for the upstream control site using the Student’s t-test. The general description of this parametric test can be found in Sokal and Rohlf (1969). The t-test’s assumption of equal population variances (homoscedasticity) should be determined by performing a variance ratio test, for which one calculates

F = s21
   or
F = s22   ,  whichever is larger

                                                                            s22                                          s21
where F is the calculated ratio of sample variance; s21 is the variance of  sample 1; s22 is the variance of sample 2. A calculated F value which is less than critical F at 0.05 significance leads to an acceptance of Ho (i.e. the variances of the two populations are equal). The Student’s t-test then, which tests the null hypothesis that the difference between two means is equal to zero, is performed as follows:





             t =                       (x1 – x2)


     [(s1)2/n2] + [(s2)2/n1]

where x1 – x2 is the difference between the two means; (s1)2 is the variance of population 1 ; (s2)2  is the variance of population 2; n1 is the number of samples in population 1;  n2 is the number of samples in population 2. A calculated t-statistic (t) greater than the critical magnitude, which is determined after defining the critical regions for t with (n1 + n2 –2) degrees of freedom, leads to a rejection of Ho. The t-statistic values are then used as the basis for evaluation of impairment, which is determined by DWM biologists.

Mann-Whitney test

Another important assumption of the parametric Student’s t-test is that the populations being compared are normally distributed. If this assumption is untenable, the Mann-Whitney Test is one of the most powerful non-parametric tests, and can be a useful alternative to the t-tests and their assumptions of normality (Zar 1984). The general description of this parametric test can be found in Sokal and Rohlf (1969). The statistic is calculated as follows:

U = n1n2 + n1(n1 + 1)    - R1

            2

where n1 and n2 are the number of observations in samples 1 and 2, respectively, and R1 is the sum of the ranks of the observation in sample 1. If U is found to be as great or greater than the critical value at 0.05 significance, the null hypothesis (i.e. the two means are equal) is rejected.

12.3
Biological Assessment – Aquatic Life Use Determinations

The percent comparability of total metric scores for macroinvertebrate assemblages at each study site to those for a selected “least-impacted” reference station yields an impairment score for each site. The analysis separates sites into four categories: non-impacted, slightly impacted, moderately impacted, and severely impacted. Impact category designations can then be used by DEP/DWM’s Assessment Group to make specific aquatic life use-support determinations used in the CWA Section 305(b) water quality reporting process—e.g., non-impacted and slightly impacted communities are assessed as “support” in the 305(b) report; moderately impacted and severely impacted communities are assessed as “impaired.” A definition of the Aquatic Life use designation, as well as the guidance used to assess the Aquatic Life use, is provided in the Massachusetts Surface Water Quality Standards (SWQS) (MA DEP 1996). 

12.4
Biological Assessment – Aesthetics Use Determinations

Much of the field/habitat information recorded during the macroinvertebrtate biosurveys are considered when making Aesthetics use determinations at each biomonitoring station. The assessment of Aesthetics is used in the CWA Section 305(b) water quality reporting process.  A definition of the Aesthetics use designation, as well as the guidance used to assess the Aesthetics use, is provided in the Massachusetts Surface Water Quality Standards (SWQS) (MA DEP 1996). Generally speaking, observations of objectionable deposits, suspended solids, floating debris, scum, turbidity, offensive odors and color, and nuisance aquatic life (especially excessive macrophyte and algal cover) during the biomonitoring survey will result in an “impaired” Aesthetics assessment for that station; their absence “supports” the Aesthetics use. 
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13.0
QUALITY CONTROL REQUIREMENTS 

13.1
Field Sampling Quality Control    

Field Sampling QC (Table 7) will entail the following:

Macroinvertebrate Sampling

Field Sampling QC (Table 7) will entail: 1) Pre- and post-sampling rinses, inspection of, and picking of nets , sieves, and pans to prevent organisms collected from one station to be transferred to samples taken elsewhere. 2) On-site preservation of benthos sample in 95% ethanol to ensure proper preservation, and 3) Collection of a duplicate sample at 10% of the stations sampled for each watershed.  Two samples are collected “side by side” —a second kick sample (i.e., the duplicate) is taken adjacent to (where different assessment results are not expected due to the apparent absence of additional stressors) the original kick at each of the ten kicks conducted in a given 100 m sample reach. Duplicate samples are composited in a similar manner as the original sample; yet, they are preserved in a separate sample bottle marked “duplicate” and with all other information regarding station location remaining the same. Duplicate samples will be used in the calculation of precision of the benthos data. 

13.2 
Field Analytical Quality Control

Field Analytical QC (Table 8) will entail the following:

Habitat Assessment

Field Analytical QC (Table 8) entails multiple observers (at least both sample/survey coordinators, and ideally a third person) performing the Habitat Assessment at each biomonitoring station. A standardized Habitat Assessment Field Scoring Sheet will be completed at all biomonitoring stations. Disagreement in habitat parameter scoring will be discussed and resolved before the Habitat Assessment can be considered complete.

13.3
Fixed Laboratory Quality Control    

Fixed Laboratory QC (Table 9) will entail the following:

Macroinvertebrate Taxonomy Data

Taxonomy bench sheets will be examined by a reviewer (the sample/survey coordinator not responsible for the initial taxonomic identifications) for errors in transcription from bench notebook, count totals, and spelling. All bench sheets will be examined, and detected errors will be brought to the taxonomists attention, discussed, and corrected.  

Taxonomic duplication, in which “spot checks” are performed by a reviewer (the sample/survey coordinator not responsible for the initial taxonomic identifications) on taxonomy, will be performed at the reviewer’s discretion.  In general, all taxa that are rarely encountered in routine benthos samples, or taxa that the primary taxonomist may be less than optimally proficient at identifying, will be checked. Spot checks must be performed for all stations.

Data reduction and analyses, including biological metric scoring (metric values are calculated through queries run in the DWM Benthic Macroinvertebrate Database), comparisons to reference station metrics, and impairment designations, will be checked by a reviewer (the sample/survey coordinator not responsible for performing the initial taxonomy and data analyses) for all benthos data at all stations. Detected errors will be brought to the original taxonomist’s attention and resolved.  

Precision, a measure of mutual agreement among individual measurements or enumerated values of the same property of a sample, will be compared using raw benthos data and metric values. Guidance regarding the calculation of Precision, including Relative Percent Difference (RPD) calculations and recommendations, can be found in US EPA (1995).

Table 7.
Field Sampling Quality Control Requirements for Biota (Macroinvertebrates)

	Sampling SOP
	CN 39.2
	
	
	
	
	

	Analyte
	Benthic macro-

invertebrates
	
	
	
	
	

	Analytical Method/Reference
	CN 39.2
	
	
	
	
	

	Survey Coordinator
	John Fiorentino

Robert Nuzzo


	
	
	
	
	

	Sampling Organization
	DWM
	
	
	
	
	

	Field QC
	Frequency Number
	Method/

SOP QC Acceptance Limits
	Corrective Action (CA)
	Persons Responsible for CA
	Data Quality Indicator
	Measurement Performance Criteria

	Post-sampling rinse,

inspection, and pick of nets, sieves, and pans 
	At all “kick”

stations
	NA
	Discard sample and re-sample if not performed
	Macroinvertebrate Survey/Sample Coordinators


	NA
	NA

	Pre-sampling rinse,

inspection, and pick of nets, sieves, and pans
	At all “kick”

stations
	NA
	Discard sample and re-sample if not performed
	Macroinvertebrate Survey/Sample Coordinators


	NA
	NA

	On-site sample

preservation (95% ethanol-macroinvertebrates)
	All macroinvertebrate samples

 
	NA
	Preserve at DWM lab in Worcester or discard
	Macroinvertebrate Survey/Sample Coordinators


	NA
	NA

	Collection of duplicate samples at various stations to assess the consistency of the collection effort


	10% of total number of 

samples collected for each watershed
	NA
	Re-sample if not performed 
	Macroinvertebrate

Survey/Sample Coordinators


	NA
	NA


Table 8.
Field Analytical Quality Control Requirements for Biota (Habitat)

	Sampling SOP
	CN 39.2
	
	
	
	
	

	Analyte
	Habitat
	
	
	
	
	

	Analytical Method/ Reference
	CN39.2
	
	
	
	
	

	Field Analytical Organization
	DWM
	
	
	
	
	

	Survey Coordinator
	John Fiorentino

Robert Nuzzo


	
	
	
	
	

	Field Analytical

Quality Control 
	Frequency/

Number
	Method/

SOP QC Acceptance Limits
	Corrective Action (CA)
	Persons responsible for CA
	Data Quality Indicator
	Measurement Performance Criteria

	Standardized Habitat Assessment Field

Scoring Sheet


	Used at all stations for all habitat evaluations.


	NA
	Assessment may be omitted
	Macroinvertebrate Survey/Sample Coordinators
	NA
	NA

	Multiple observers perform habitat assessment
	At all stations
	NA
	Assessment may be omitted
	Macroinvertebrate  Survey/Sample Coordinators
	See Tetra Tech (1995); Plafkin et al. (1989) for guidance
	NA

	Habitat assessment training required to minimize variability in final conclusions
	All stations evaluated by trained observers
	NA
	Assessment may be omitted
	Macroinvertebrate Survey/Sample Coordinators
	See Tetra Tech (1995); Plafkin et al. (1989) for guidance
	NA


Table 9.    Fixed Laboratory Quality Control Requirements for Biota (Macroinvertebrate Taxonomy Data)

	Medium/Matrix
	instream
	
	
	
	

	Sampling SOP
	CN 39.2
	
	
	
	

	Analyte
	Benthic

Macroinvertebrates
	
	
	
	

	Analytical Method/Ref.
	CN 39.2
	
	
	
	

	Laboratory Name
	Mary Wheeler Microscopy Facility, Worcester, MA (DWM)
	
	
	
	

	Laboratory Contact
	Robert Nuzzo
	
	
	
	

	Laboratory QC
	Frequency/

Number
	Corrective Action (CA)
	Persons responsible for CA
	Data Quality Indicator
	Measurement Performance Criteria

	Bench sheets examined for errors in transcription from bench notebook, count totals, and spelling
	All bench sheets/stations are examined
	Detected errors are brought to taxonomists attention and corrected.
	Macroinvertebrate Survey/Sample Coordinators
	NA
	NA

	“Spot checks” (i.e., taxonomic duplication) are performed on taxonomy as outined in CN 39.2 


	Performed on all samples and at the reviewer’s discretion for specific taxa and/or specimens.
	Work with taxonomist toward determining correct identity when there is disagreement.

Seek assistance from authority on the taxonomic group if identity of organism cannot be resolved. Findings for specimens sent out for validation will be recorded and specimens will be placed in reference collection upon return.
	Macroinvertebrate Survey/Sample Coordinators
	Taxonomic keys (see CN 39.2 for references)
	NA

	Data reduction/analysis (metric scores, comparability to reference, and impairment designations) is checked by a reviewer
	All calculations  are checked
	Detected errors are brought to taxonomists attention and corrected.
	Macroinvertebrate Survey/Sample Coordinators
	Plafkin et al. (1989) may be used for guidance
	NA

	Database entries are checked for transcription errors by comparing entered data against data sheets 
	All entries are checked 
	Detected errors are brought to taxonomist’s attention and corrected.
	Macroinvertebrate Survey/Sample Coordinators
	NA
	NA

	Precision is calculated from the duplicate field samples
	Compare raw data, metric values, metric scoring, etc. for all duplicates
	If values are significantly different (i.e., beyond an acceptable Relative Percent Differences) between duplicate samples, investigate and determine the cause of the problem.
	Macroinvertebrate, Survey/Sample Coordinators
	Refer to US EPA (1995) for guidance (i.e., calculation of Relative Percent Difference (RPD).
	Refer to US EPA (1995) for guidance regarding RPD.
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14.0
DATA ACQUISITION REQUIREMENTS (Non-Direct Measurements) 

Table 10 contains information pertaining to data collected, generated or procured outside this project that will be used to make decisions for this project.

Table 10.
Data Acquisition Requirements (Non-direct Measurements) 

Information and/or data generated/collected outside of the current data collection activity that will be used to make environmental decisions for the project is provided

	Non-Direct Measurement (Secondary Data)
	Data Source (Originating Organization, Report Title and Date)
	Data Collection Type, Locations and Dates, etc…
	 How Data Will Be Used
	Limitations on Data Use

	Taxonomy validation (macroinvertebrates)


	Stream Biomonitoring Unit

NYS DEC

50 Wolf Road

Albany, NY 12233


	MA DEP/DWM

627 Main Street, Second Floor

Worcester, MA 01608
	Validated taxonomic identifications will be incorporated into generated taxa lists and resulting analyses
	Only definitive taxa validations will be incorporated into taxa list and analyses

	Topographic maps


	United States Geological Survey,

Department of the Interior

Denver, CO 80225


	MA DEP/DWM

627 Main Street, Second Floor

Worcester, MA 01608
	Station siting, Station locating
	Outdated maps may lack pertinent information (e.g., inaccurate land-use or infrastructure information). May be discarded.
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15.0
DATA MANAGEMENT AND DOCUMENTATION

15.1 DWM Data Management and Procedures

15.1.1
Field Data Sheets

Hard copies of the DWM Biomonitoring Field Data Sheets are stored at the Worcester office with associated watershed documentation and managed by the biomonitoring Survey/Sample Coordinators.  

15.1.2
Macroinvertebrate Taxonomy Data Sheets
Raw macroinvertebrate data exist in the form of taxa lists and enumerations recorded in each taxonomists bench notebook and lists that have been trancribed to the Taxonomy Data Sheets. It is the reponsibility of each taxonomist to maintain and manage his own bench notebook; however, all Taxonomy Data Sheets will be maintained and managed by the Survey/Sample Coordinators (John Fiorentino and Robert Nuzzo) and will be stored as hard copies filed by watershed in DWM’s Mary Wheeler Microscopy Facility in Worcester. Final data exist in the form of macroinvertebrate taxa lists—which include taxa present, total counts of each taxon and for each station, tolerance values, and functional feeding group information—and are stored electronically in the DWM Benthic Macroinvertebrate Database (Access files: MAbenthosDraft; MAbenthosFinal) . This database is jointly maintained and managed by Thomas Dallaire and Robert Nuzzo. In addition, a “master taxa list” which was used in creating the DWM Benthic Macroinvertebrate Database, exists as a d-Base file that is maintained, updated, and managed by Robert Nuzzo.  Data analysis results—including metric calculations, metric scoring, and impairment designations—are recorded in the Data Analysis Summary Sheets which are filed as hard copies in the DWM Mary Wheeler Microscopy Facility in Worcester and electronically as Microsoft Word files. These sheets/files are maintained and managed by the Survey/Sample Coordinators (John Fiorentino and Robert Nuzzo). 

15.1.3
DWM Document Tracking:  Control Numbers 

The Quality Control Analyst assigns document control numbers (CN) to all Quality Assurance Program Plans, SOPs, Assessment Reports and other important, internal documents.  Assigning a control number ensures that the most current version of the QAPP is being used.  A listing of all DWM CN documents is available electronically in the Document Control Number Database (W:\DWM\SOP). 

15.1.4
Documentation Protocols
DWM logbooks, forms, data sheets, lab notebooks and chain-of- custody forms are formal laboratory records.  Records should be made in indelible black ink or extra fine point permanent marker.  There should be no omissions in the data.  Erasing, "white-outs", removal of pages, and multiple crossovers are not used to correct errors.  Corrections should be kept to a minimum by exercising caution when transcribing data.    

When errors occur, they should be corrected according to the following procedures:  1) Draw a single line through the incorrect entry, insert the correct entry into the closest space available and initial and date the correction; 2) Groups of related errors on a single page should have one line through the entries and should be initialed and dated with a short comment supplied for the reason of data deletion.

15.1.5
DWM Database

As of 1/2004, the DWM database system is composed of the following primary databases:

· Water Quality Data

· Benthic Macroinvertebrates
· Fish Contaminant Monitoring
· Toxicity Testing Data

· River Flow Data 

· Herbicide Applications 

· 303d list/TMDLs

· 305b Water body System

The majority of these are formatted via MS Access and are dynamically linked to the GIS. Other formats used include DbaseIII and Foxpro. Each database has specific uses, but it can be said that most serve to allow fast, easy and standardized access to final data for various purposes. DWM is currently working on a revised assessment database for 305(b)/303(d) reporting, and a newly-structured “monitoring database” for DWM internal data needs and for  improved uploading to external databases, such as EPA’s STORET. 

Field data and benthos (taxonomic) data originally entered in the DWM Biomonitoring Field Data Sheets, Habitat Assessment Field Scoring Sheets, and Taxonomy Data Sheets respectively will be entered into the DWM Benthic Macroinvertebrate Database, first in file: MAbenthosdraft, and ultimately in file: MabenthosFinal. The DWM Benthic Macroinvertebrate Database was originally created by Susan Connors (2000) of DEP/DWM, and is currently jointly managed by Robert Nuzzo and Thomas Dallaire of DEP/DWM.  A complete description of the DWM Benthic Macroinvertebrate Database—including the “objects” (i.e., tables, queries, forms, and reports) used to store and analyze the biomonitoring data—is detailed in the Benthic Macroinvertebrate Database Summary (Connors 2000). Benthos and habitat data for a given watershed, originally entered in Access file: MabenthosDraft, is transferred to file MabenthosFinal after the finalization of quality control steps outlined in the Benthic Macroinvertebrate Database Summary.
Table 11.
Project Documentation and Records

The documents and records that will/may be generated for all aspects of this project are as follows.

	Sample Collection Records
	Field Analysis Records
	Fixed Laboratory Records
	Data Assessment Records

	Field Notebook


	Field Notebook (optional)


	Bench Notebook
	Final Watershed Water Quality Assessment Report

	Sample Logbook


	DEP/DWM Habitat Assessment Field Scoring Sheet; Biomonitoring Field Data Sheet (Tetra Tech 1995) 
	Bench Sheets
	Macroinvertebrate Biomonitoring Reports (in form of Technical Memoranda and appended in Final Watershed Water Quality Assessment Report

	Sample Tracking Sheets
	
	Taxonomy QC Notebook
	Technical Correspondences (i.e. e-mail)

	
	
	Taxonomy Validation Notebook
	Corrective Action Forms 

	
	
	Raw and final data tables (Access database files: MAbenthosDraft and MAbenthosFinal)
	

	
	
	Data Analysis Summary Sheet
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16.0
ASSESSMENT AND RESPONSE ACTIONS

16.1
Planned Assessments

Review of field activities is the responsibility of the Survey Coordinator, in conjunction with the Environmental Monitoring Coordinator and the Quality Control Analyst.  In addition, DWM’s field audit process calls for the QC Analyst to accompany survey crews to evaluate adherance to SOPs and this QAPP by crews and individual crew members.  Field audits attempt to evaluate at least one survey per watershed and, ideally, each survey crew member a minimum of one time.  DWM sampling staff in need of performance improvements will be directed to re-read the relevant standard operating procedure and may be re-trained on-site during the evaluation.  In addition, yearly field collection sampling reviews may be scheduled if modifications to sample procedures occur.  If errors in sampling techniques are consistently identified, mandatory re-training will be scheduled.  

Review of laboratory data is the responsibility of the Survey/Sample Coordinators. The Survey/Sample Coordinators review the data requirements/goals and are responsible for all data entry.  Benthic macroinvertebrate data management will be the joint responsibility of Thomas Dallaire (DWM, database manager) and Robert Nuzzo (DWM).  

16.2
Corrective Action Responses

A Corrective Action Form must be submitted for all field and laboratory deviations and deficiencies that cannot be handled immediately.  Refer to the standard operating procedure, CN 5.0 Corrective Action (MA DEP 1999).
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17.0
QUALITY ASSURANCE AND PROJECT REPORTING

The DWM Quality Control Analyst is responsible for ensuring that monitoring (sample collection and analysis) by DWM results in usable data.   With respect to “Year 2” monitoring data, the DWM QC Analyst assists in training staff on proper field and laboratory procedures, prepares and reviews QAPPs, SAPs, and SOPs as needed, and validates draft data for finalization.  An annual Data Validation Report (DVR) for DWM’s “Year 2” monitoring is produced that summarizes data decisions (e.g., sensored and qualified data).   Assistance regarding data quality and other technical considerations is also provided by the QC Analyst to authors of watershed-specific Technical Memoranda for individual watersheds (Year 3 assessments).    

Bioassessment reports in the form of a technical memoranda will be completed to describe in detail the objectives and findings/results of each biomonitoring survey completed during “Year 2” activities in a given watershed. Draft copies of the bioassessment report are reviewed by three readers, including one of the sample/survey coordinators, and the Environmental Assessment Coordinator. After making the necessary revisions, and/or discussing comments and potential revisions suggested by each reviewer, finalized bioassessment reports for each watershed sampled can be immediately made available to DEP, various state agencies, and other interested parties, and will be incorporated as an appendix into the final DWM water quality assessment report for each watershed.

The Assessment Coordinator is responsible for reviewing and distributing the final water quality assessment report.  Final reports will be forwarded to individual watersheds groups, the DEP Coordinator for watershed management, and the Region 1 Environmental Protection Agency.  Furthermore, at the time of first printing, eight (8) copies of each report published by this office are submitted to the State Library at the State House in Boston; these copies are subsequently distributed as follows:

· On shelf; retained at the State Library (two copies)

· Microfilmed; retained at the State Library

· Delivered to the Boston Public Library at Copley Square

· Delivered to the Worcester Public Library

· Delivered to the Springfield Public Library

· Delivered to the University Liberary at Umass, Amherst

· Delivered to the Library of Congress in Washington, DC

· DEP web site

These reports will consist of data results, interpretation of data, survey highlights, results of quality control assessment, summary of the project assessment, conclusions and recommendations.
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18.0
DATA VERIFICATION AND VALIDATION REQUIREMENTS

Biological (Macroinvertebrates) and Habitat Data

The Survey/Sample Coordinators and the Monitoring Coordinator review field and laboratory biological data to determine if the data meet program QAPP objectives.  Decisions to reject or qualify data are made by the Survey/Sample Coordinators and the Monitoring Coordinator.


As soon as possible after each sampling survey, calculations and determinations for data quality objectives will be made and corrective actions implemented if needed.  If data quality objectives do not meet the project’s specifications, data may be discarded and re-sampling may occur.  The cause of non-conformance will be evaluated.  If the cause is found to be a sampling technique, equipment failure, calibration/maintenance techniques will be reassessed and improved.  If the problem is found to be sampling team error, team members will be retrained.  Any limitations on data use will be documented as needed. If non-conformance to meet project specifications is found to be unrelated to equipment, methods or sample error, specifications may be revised for the next sampling season.
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19.0
DATA VERIFICATION AND VALIDATION PROCEDURES

19.1 Data Review, Validation, and Verification Requirements

Biological (Macroinvertebrates) and Habitat Data

The Survey/Sample Coordinators and the Monitoring Coordinator review field and laboratory data to determine if the data meets the QAPP objectives.  Decisions to reject or qualify data are made by the Survey/Sample Coordinators and the Monitoring Coordinator.

19.2
Validation and Verification Methods
Biological (Macroinvertebrates) and Habitat Data

As part of DWM protocol, any sample results outside the data quality objectives will be reported to the Survey/Sample Coordinators, Quality Control Analyst, Monitoring Coordinator, and the Assessment Coordinator.  All supporting data including DWM Field Sheets, Chain of Custody sheets, laboratory quality control results, outliers, aberrant sampling /analysis trends and non-sensical readings are used to verify the data.  

Once the Survey/Sample Coordinators or data entry person have entered data into the data entry application (macroinvertebrate data are entered into the Access-based DWM Benthic Macroinvertebrate Database, files: MAbenthosDraft; MAbenthosFinal)) all outliers and inconsistencies will be flagged for further review or discarded.  Problems with data quality will be discussed with the Survey/Sample Coordinator, Monitoring Coordinator, Quality Control Analyst, Database Manager, and Assessment Coordinator before final assessment decisions are made. 

19.3
Reconciliation with User Requirements
As soon as possible after each sampling survey, calculations and determinations for data quality objectives will be made and corrective actions implemented if needed.  If data quality objectives do not meet the project’s specifications, data may be discarded and re-sampling may occur.  The cause of non-conformance will be evaluated.  If the cause is found to be a sampling technique, equipment failure, calibration/maintenance techniques will be reassessed and improved.  If the problem is found to be sampling team error, team members will be retrained.  Any limitations on data use will be documented as needed. If non-conformance to meet project specifications is found to be unrelated to equipment, methods or sample error, specifications may be revised for the next sampling season.

19.4
“QC Status” Levels for DWM Data

The following categories of “data readiness” are currently used at DWM, as it relates to the use and transmission of draft and final data.  All DWM data, including biological data, are categorized into five levels, reflecting the status of review and validation (finalization).   The preferred QC Status for use and/or release of DWM data is QC Status 5.  Although not recommended, all levels (QC1-5) can be shared with others if requested (e.g. for Freedom of Information Act purposes) with the appropriate disclaimers based on the QC status of the data.  

QC Status 1:

Raw data.  Not suitable for use or transmission to other parties.

QC Status 2:

Draft data that has been entered into the appropriate DWM database and for which data entry QC has taken place.  Not suitable for use or transmission to other parties, except with extreme caution and disclaimer (no technical or project-level review). 

QC Status 3:

Draft data for which technical QA/QC review (e.g. QC sample results, outlier identification, comparison to QAPP, DQOs, etc.) has taken place.  Not suitable for use or transmission to other parties, except with caution and disclaimer (no project-level review).

QC Status 4:

Final Data.  This level of data reflects project-level review by appropriate staff for reasonableness, completeness and acceptability.   This data can be freely used and cited in documents without caution or caveat.   

QC Status 5:

Final data are presented in a published, citable report.  
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20.0
DATA USABILITY AND EVALUATION

20.1
Data Usability

If certain data do not meet the Data Quality Objectives (DQO’s), data may be censored, qualified or left as draft subject to further review. Causes of aberrant data will be sought and evaluated as soon as possible, and corrective actions recommended. Any limitations on data use will be detailed in both interim and final reports and other documentation as needed.

Censored data do not become part of the permanent database, and are reported as “censored data”.  Data flagged with qualifying language will become part of the database with appropriate denotation. 

As soon as data is of known and documented quality (i.e. “QC Status 4” and “5”) it can be used without caveats for analysis and decision making.  As explained above, the extent to which data is determined to be useful is an on-going in-house evaluation based on issues such as confidence in the data, data conclusiveness, results of data analysis and the degree to which it is actually used appropriately by BRP/DEP/DWM staff and by others.

Final “Year 2” monitoring data will be made available in watershed-specific technical memoranda, which will include summary quality control evaluations. These memoranda shall support determinations made as part of the watershed assessment. 

20.2 
Recommendations for Future Work

Based on the usability of data collected in this project, future monitoring needs in the “Year 2”monitored watersheds will be examined.   This review will include an assessment of QC activities and potential ways to improve and/or preserve data quality.

20.3  
Project Evaluation

The success of “Year 2” monitoring is evaluated on a continuous basis from QAPP finalization to data validation and use. The usefulness of the data for each watershed is evaluated with regard to both programmatic and watershed-specific objectives.   Final data is used to answer important questions related to the current health of surface waters in the Commonwealth, as well as the potential for improvement in environmental quality.   
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GLOSSARY:

A common understanding of terminology is critical to an effective QA program. All project personnel should have the same working knowledge of these terms. The following terms are commonly-used in describing project QA/QC, from QAPP development to lab analysis and reporting. In most cases, these suggested definitions are entirely consistent with EPA guidance (1996).  Some of these terms may not be applicable to “Year 2” benthic macroinvertebrate biomonitoring activities.

PARCC Concepts:

Precision: A data quality indicator, precision measures the level of agreement or variability among a set of repeated measurements, obtained under similar conditions. Precision is usually expressed as a standard deviation in absolute or relative terms.

Accuracy: A data quality indicator, accuracy is the extent of agreement between an observed value (sampling result) and the accepted, or true, value of the parameter being measured.  High accuracy can be defined as a combination of high precision and low bias.

Representativeness: A data quality indicator, representativeness is the degree to which data accurately and precisely portray the actual or true environmental condition measured.

Comparability: A data quality indicator, comparability is the degree to which different methods, data sets, and/or decisions agree or are similar.

Completeness:  A data quality indicator that is generally expressed as a percentage, completeness is the amount of valid data obtained compared to the amount of data planned.

General QA/QC:

Analyte: Within a medium, such as water, an analyte is a property or substance to be measured. Examples of analytes would include pH, dissolved oxygen, bacteria, and heavy metals.

Bias:  Often used as a data quality indicator, bias is the degree of systematic error or inaccuracy present in the assessment or analysis process. When bias is present, the sampling result value will differ from the accepted, or true, value of the parameter being assessed in one direction. Bias should not be used interchangeably with accuracy.

Censored data: Data that has been found to be unacceptable as a result of the data validation process, including review for conformance to the approved QAPP and data quality objectives for the project (ex. required holding times for analysis, required frequency of field blanks and duplicates/splits, acceptability of precision estimates (standard deviation, SD or relative percent difference, RPD).

Chain-of-Custody: Used for routine sample control for regulatory and non-regulatory monitoring. The chain-of-custody form contains the following information: sample IDs, collection date/time/samplers, sample matrix, preservation reqts., delivery persons/date/time, etc. Used also as a general term to include sample labels, field logging, field sheets, lab receipt and assignment, disposal and all other aspects of sample handling from collection to ultimate analysis. 


Data users: The group(s) that will be applying the data results for some purpose.  Data users can include the principle investigators, as well as government agencies, schools, universities, watershed organizations, and business and community groups.

Data quality objectives (DQOs): Data quality objectives are quantitative and qualitative statements describing the degree of the data's acceptability or utility to the data user(s). They include indicators such as accuracy, precision, representativeness, comparability, and completeness (PARCC). DQOs specify the quality of the data needed in order to meet monitoring project goals.

Matrix: A matrix is a specific type of medium, such as surface water or sediment, in which the analyte of interest may be contained.

Method Validation: Testing procedure for existing, new  and modified methods, in which several evaluation steps are typically employed: determinations of MDL, method precision, method accuracy, and sensitivity to variation in method steps.

Performance Audit: Unscheduled evaluation of field sampling QC or laboratory QC procedures by a third party not directly involved in the taking, transport and analysis of the samples; used to detect deviations from accepted SOPs. 

Protocols: Protocols are detailed, written, standardized procedures for field and/or laboratory operations.

Quality assurance (QA):  QA is an integrated management system designed to ensure that a product or service meets defined standards of quality with a stated level of confidence. QA activities involve planning quality control, quality assessment, reporting, and quality improvement. These activities can be internal (within the main group) or external (involving outside parties).

Quality assurance project plan (QAPP):  A QAPP is a formal written document describing the detailed quality control procedures that will be used to achieve a specific project's data quality requirements. A QAPP is a planning tool to ensure that project goals are achieved. Typically, QAPPs are finalized prior to monitoring activities and any deviations from the final QAPP made during the actual monitoring are noted in a subsequent task, such as the data reporting phase of the project.     QAPPs can be of two main types:

A “project-specific QAPP” provides a QA blueprint specific to one project or task and is considered the sampling and analysis plan/workplan for the project.

A “generic program QAPP” is an overview-type plan that describes program data quality objectives, and documents the comprehensive set of sampling, analysis, QA/QC, data validation and assessment SOPs specific to the program. An example is a macroinvertebrate monitoring program performed throughout many watersheds within a State.

Quality control (QC): QC is the overall system of technical activities designed to measure quality and limit error in a product or service. A QC program manages quality so that data meets the needs of the user as expressed in a quality assurance project plan. Specific quality control samples include blanks, check samples, matrix spikes and replicates. 

Standard operating procedures (SOPs): An SOP is a written, official document detailing the prescribed and established methods used for performing project operations, analyses, or actions. Each DWM SOP is reviewed and approved for accuracy and applicability by DWM managers.

Random Sample: A sample chosen such that the choice of each event in the sample is left entirely to chance; an unbiased sample generally representative of the population. Randomness is a property of a sample that must exist for almost any statistical test, but may not be appropriate for all sampling designs (ex. Non-random site selection based on targeting specific conditions or based on practical considerations).

Relative standard deviation (RSD): A measure of precision calculated by dividing the std. deviation by the mean, expressed as a percentage. Used when sample number exceeds two.  

Relative percent difference (RPD): A measure of precision used for duplicate sample results. It is calculated by dividing the difference between the two results by the mean of the two results, expressed as a percentage. Used when sample number equals two.  

Sensitivity: Similar to resolution, sensitivity refers to the capability of a method or instrument to discriminate between measurement responses.

Standard deviation(s): Used in the determination of precision, standard deviation is the most common calculation used to measure the range of variation among repeated measurements. The standard deviation of a set of measurements is expressed by the positive square root of the variance of the measurements.

Variance: A statistical term used in the calculation of standard deviation, variance is the sum of the squares of the difference between the individual values of a set and the arithmetic mean of the set, divided by one less than the numbers in the set.

Field Quality Control:

Duplicate sample: Used for quality control purposes, field/lab duplicate samples are two samples taken generally at the same time from, and representative of, the same site/sample that are carried through all assessment and analytical procedures in an identical manner. Field duplicate samples are used to measure natural variability as well as the precision of field sampling and lab analytical methods. Lab duplicates are used as a measure of method precision. More than two duplicate samples are referred to as replicate samples.

Environmental sample: An environmental sample is a specimen of any material collected from an environmental source, such as water or macroinvertebrates collected from a stream, lake, or estuary.

Field composite sample: A sample taken by mixing equal volumes of a pre-determined number of grab samples from the same location at different times, i.e., a time-composite.  Used to assess average conditions present between the first and last grab samples that are composited. Use time-composite sampling only for those parameters that can be shown to remain unchanged under the specific conditions of composite sample collection. Flow-weighted composite sampling is a variation to time-composite sampling, in which sample volume adjustments are made to each grab based on variations in flow, such as occurs during stormwater monitoring loading studies.  

Field Split: A second sample generated from the same sampling location and at the same time by splitting a large volume sample from one sampler deployment into two equal volume samples. Used to measure  precision, except that associated with actual sample collection, and excludes natural variability. Also referred to as duplicate subsample.     

Field Duplicate (sequential): A second sample generated from the same sampling location as the initial sample, but from a second sampler deployment immediately after the first. Used to measure overall field sampling precision and includes an unknown amount of natural variability (spatial and temporal), if present. 

Field Duplicate (simultaneous): A second sample generated from the same sampling location and at the same exact time as the other sample by simultaneous deployment of two identical sampling devices or by the simultaneous filling of two separate sample bottles. Used to measure overall field sampling precision and includes an unknown amount of natural variability (spatial), if present. Also referred to as a co-located duplicate. 

Laboratory Quality Control:

Lab Split: A sample that has been divided into two or more subsamples. Splits are submitted to different analysts or laboratories and are used to measure the precision of the analytical methods. Lab splits are an external QC protocol.

Lab duplicate: A sample that has been divided into two or more subsamples. It is processed concurrently and identically with the initial sample by the same laboratory.   It is used to measure the precision of the analytical methods. Lab duplicates are also referred to as lab splits.

Qualifier: Used to indicate additional information about the data, and generally denoted as capital letters in data reports.   Qualifier acronyms or terms are unique to each laboratory.

Quality Assurance Plan (QAP): A comprehensive laboratory document detailing lab quality control procedures (eg. WES QAP).     
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FORM 1.0 – Biomonitoring Field Data Sheets
Massachusetts DEP/DWM              Biomonitoring Field Data Sheet   (page 1 of 2)
Revision Date: June 1999
	Investigator(s)
	
	
	
	

	
	
	
	
	

	River Basin
	
	Stream Name
	
	Saris #
	

	
	
	
	
	

	RECONNAISSANCE
	HABITAT
	INVERTEBRATE
	FISH
	FLOW
	WATER QUALITY
	ALGAE
	

	
	
	
	
	

	Describe Site Location:
	

	

	STREAM CHARACTERIZATION

	( Subsystem Classification
	( Stream type
	
	
	
	

	
	□ Tidal
	
	□ Coldwater
	
	
	
	

	
	□ Lower Perennial
	
	□ Warmwater
	
	
	
	

	
	□ Upper Perennial
	
	
	
	
	
	

	
	□ Intermittent
	
	
	
	
	
	

	

	RIPARIAN ZONE/INSTREAM FEATURES

	(Surrounding Land Use
	
	(Local Water Erosion
	( Estimated Stream Width _____m

	
	_____% Forest
	
	
	□ None
	

	
	_____% Field/Pasture
	
	
	□ Slight
	( Estimated Stream Depth

	
	_____% Agriculture
	
	
	□ Moderate
	
	Riffle           
	_____m

	
	_____% Residential
	
	
	□ Heavy
	
	Run              
	_____m

	
	_____% Commercial
	
	
	
	
	Pool           
	_____m

	
	_____% Industrial
	
	( High Water Mark _____m
	

	
	_____% Other ______________________
	
	
	( Velocity

	
	
	( Dam Present   □ Yes □ No
	
	_____ m/sec at deployment

	( Local Watershed NPS Pollution
	
	
	_____ m/sec at recovery

	
	□ No evidence
	( Channelized   □ Yes □ No
	
	

	
	□ Some potential sources______________________________
	( Estimated Fish Reach Length _____m

	
	□ Obvious sources___________________________________
	

	
	
	( Canopy Cover ____%

	SEDIMENT/SUBSTRATE

	
	( Odors
	( Deposits
	( Oils
	( Are the undersides of stones not deeply embedded black?

	
	□ Normal
	□ Sludge
	□ Absent
	
	□ Yes

	
	□ Sewage
	□ Sawdust
	□ Slight
	
	□ No

	
	□ Petroleum
	□ Paper fiber
	□ Moderate
	

	
	□ Chemical
	□ Sand
	□ Profuse
	

	
	□ Anaerobic
	
	□  Relict shells
	

	
	□ None
	
	□ Other _________________

	
	□ Other_________________
	
	

	
	
	

	INORGANIC SUBSTRATE COMPONENTS
	WATER QUALITY
	

	Substrate
	Diameter   (Minshall  1984)
	% Composition in Sampling
	
	

	
	
	Area
	Reach
	( Temperature _____OC
	(Water Odors

	
	
	______ %
	______ %
	( Specific Conductance _____
	
	□ Normal/None

	Boulder
	>256mm (10in)
	______ %
	______ %
	( Dissolved Oxygen _____
	
	□ Sewage

	Cobble
	64-256mm (2.5-10in)
	______ %
	______ %
	( pH _____
	
	□ Petroleum

	Pebble
	16-64mm (0.6-2.5in)
	______ %
	______ %
	( Turbidity _____
	
	□ Chemical

	Gravel
	2-16mm (0.1-0.6in)
	______ %
	______ %
	( hydrolab H2O No. _____
	
	□ Fish

	Sand
	0.06-2mm (gritty)
	______ %
	______ %
	( hydrolab SRV3 No. _____
	
	□ Other  _________

	Silt
	0.004-0.06mm
	______ %
	______ %
	( Other____________________
	

	Clay
	<0.004mm (slick)
	______ %
	______ %
	
	

	ORGANIC SUBSTRATE COMPONENTS
	
	□ Slick
	
	□ Clear

	Substrate
	Characteristic
	% Composition in Sampling
	
	□ Sheen
	
	□ Slightly turbid

	
	
	
	Reach
	
	□ Globs
	
	□ Turbid

	Detritus
	Sticks, wood, coarse plant materials (CPOM)
	
	
	□ Flecks
	
	□ Opaque

	
	
	______ %
	
	□ None
	
	□  Water color  ___________

	Muck-mud
	Black, very fine organic (FPOM)
	
	
	
	
	

	
	
	______ %
	
	

	Marl
	grey, shell fragments
	______ %
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	Investigator(s)
	
	
	
	

	
	
	
	
	
	

	River Basin
	
	Stream Name
	
	
	
	

	
	
	
	
	
	

	City/State
	
	
	Time
	
	

	
	
	
	
	
	

	Describe Site Location
	

	
	
	
	
	
	

	(Weather Conditions
	storm

(heavy rain)
	rain

(steady rain)
	showers

(intermittent)
	% cloud cover
	clear/sunny

	Now
	□
	□
	□
	_____%
	□


	Past 24 hours
	□
	□
	□
	_____%
	□

	
	
	
	
	

	( Has there been heavy rain in the past 7 days?
	( How were samples collected?

	
	□ Yes      □ No
	
	
	□ wading      □ from bank      □ from boat

	
	
	
	
	

	( Riparian vegetation   (18 meter buffer)

Mark the dominant type and record the dominant species present
	( Aquatic Vegetation  (coverage within reach: _____%)
Mark the dominant type and record its percent coverage; record the dominant species present.

	
	□ trees
	
	
	□  rooted emergent  _____%
	
	

	
	□ shrubs
	
	
	□  rooted submergent  _____%
	
	

	
	□ grasses
	
	
	□  rooted floating  _____%
	
	

	
	□ herbaceous
	
	
	□  free floating  _____%
	
	

	
	
	
	
	□  mosses  _____%
	
	

	( Algae  (coverage within reach: _____%)
	
	
	
	

	forms
	color
	substrate
	microhabitat

	
	green
	brown
	other
	rock
	wood
	plant
	other
	pool 
	riffle
	other

	□ filamentous
	□
	□
	
	□
	□
	□
	
	_____%
	_____%
	

	□ flock
	□
	□
	
	□
	□
	□
	
	_____%
	_____%
	

	□ thin film
	□
	□
	
	□
	□
	□
	
	_____%
	_____%
	

	□ other ___________
	□
	□
	
	□
	□
	□
	
	_____%
	_____%
	

	
	
	
	
	
	
	

	
	
	Riffles
	Snags
	Stream Banks
	Submerged Macrophytes
	Other

	( Number of jabs/kicks taken in each habitat type:
	
	
	
	
	

	

	( Percent Habitat Types:
	____%
	____%
	____%
	____%
	____%

	
	
	
	
	
	

	( Site/location map  (Draw a map of the site and indicate the areas sampled.)

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	( General comments:
	
	
	
	
	


FORM 2.0 – Sample Tracking Sheet

SAMPLE TRACKING SHEET

2005

	Sample

Description
	Sample

CODE
	Date
	Date ID Completed
	    Qc
	  nOTES

	
	
	COLLECTED
	SORTED
	MOUNTED
	MIDGES
	WORMS
	OTHERS
	
	

	
	
	
	
	Midges
	Worms
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	


FORM 3.0 – Habitat Assessment Field Scoring Sheets

Massachusetts DEP/DWM              Habitat Assessment Field Scoring Sheet   (page 1 of 2)
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	Investigator(s)
	
	Reference Site 
	
	

	
	
	
	
	

	River Basin
	
	Stream Name
	
	Saris #
	

	
	
	
	
	

	Describe Site Location:
	
	
	
	

	
	
	
	
	

	
	
	
	
	


Protocols for Wadable Riffle/Run Prevalent Streams: those in moderate to high-gradient landscapes that sustain water velocities of approximately 30 cm/sec or greater.  Natural streams have substrates primarily composed of coarse sediment particles (i.e., gravel or larger) or frequent coarse particulate aggregations along stream reaches.

	Habitat Parameter
	Category

	
	Optimal
	Suboptimal
	Marginal
	Poor

	1. Instream Cover  

     (Fish)
	A mix of snags, submerged logs, undercut banks, rubble, or other stable habitat in greater than 50% of the sample area


	30-50% of area with a mix of stable habitat; adequate habitat for maintenance of populations
	10-30% of area with a mix of stable habitat; habitat availability less than desirable; substrate frequently disturbed or removed.
	Less than 10% of area with a mix of stable habitat; lack of habitat is obvious; substrate unstable or lacking.

	SCORE          
	20
	19
	18
	17
	16
	15
	14
	13
	12
	11
	10
	9
	8
	7
	6
	5
	4
	3
	2
	1
	0

	2. Epifaunal Substrate

     (in sampled area only)
	Well-developed riffle and run; riffle is as wide as stream and length extends two times the width of stream; abundance of cobble.   (Boulders prevalent in headwater streams).


	Riffle is as wide as stream but length is less than two times width; abundance of cobble; boulders and gravel common.
	Run area may be lacking; riffle not as wide as stream and its length is less than 2 times the stream width; gravel or bedrock prevalent; some cobble present.
	Riffles or runs virtually nonexistent; bedrock prevalent; cobble lacking.

	SCORE          
	20
	19
	18
	17
	16
	15
	14
	13
	12
	11
	10
	9
	8
	7
	6
	5
	4
	3
	2
	1
	0

	3. Embeddedness

     (riffles/runs)
	Gravel, cobble, and boulder particles are 0-25% surrounded by fine sediment.


	Gravel, cobble, and boulder particles are 25-50% surrounded by fine sediment.
	Gravel, cobble, and boulder particles are 50-75% surrounded by fine sediment.
	Gravel, cobble, and boulder particles are more than 75% surrounded by fine sediment.

	SCORE          
	20
	19
	18
	17
	16
	15
	14
	13
	12
	11
	10
	9
	8
	7
	6
	5
	4
	3
	2
	1
	0

	4. Channel Alteration
	Channelization or dredging absent or minimal; stream with normal pattern.
	Some channelization present, usually in areas of bridge abutments; evidence of past channelization, i.e., dredging, (greater than past 20 y) may be present, but recent channelization is not present.


	New embankments present on both banks; and 40 to 80% of stream reach channelized and disrupted.
	Banks shored with gabion or cement; over 80% of the stream reach channelized and disrupted.

	SCORE          
	20
	19
	18
	17
	16
	15
	14
	13
	12
	11
	10
	9
	8
	7
	6
	5
	4
	3
	2
	1
	0

	5. Sediment Deposition
	Little or no enlargement of islands or point bars and less than 5% of the bottom affected by sediment deposition.
	Some new increase in bar formation, mostly from gravel, sand or fine sediment; 

5-30% of the bottom affected; slight deposition in pools.
	Moderate deposition of new gravel, sand or fine sediment on old and new bars; 30-50% of the bottom affected; sediment deposits at obstructions,  constrictions, and bends; moderate deposition of pools prevalent.


	Heavy deposits of fine material, increased bar development; more than 50% of the bottom changing frequently; pools almost absent due to substantial sediment deposition.

	SCORE          
	20
	19
	18
	17
	16
	15
	14
	13
	12
	11
	10
	9
	8
	7
	6
	5
	4
	3
	2
	1
	0
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	Habitat Parameter
	Category

	
	Optimal
	Suboptimal
	Marginal
	Poor

	6. Velocity-Depth Combinations

1. slow deep

2. fast deep

3. slow shallow

4. fast shallow

(frequency of riffles or bends)


	All 4 velocity/depth patterns present.  Occurrence of riffles  relatively frequent; ratio of distance between riffles divided by width of the stream <7:1 (generally 5 to 7); variety of habitat is key.  In streams where riffles are continuous,  placement of boulders or other large, natural obstructions is important.


	Only 3 of 4 velocity/depth patterns present (i.e., slow [<0.3 m/s]-deep [>0.5 m]; slow-shallow; fast-deep; fast-shallow).  Occurrence of riffles infrequent; distance between riffles divided by the width of the stream is between 7 to 15.  
	Only 2 velocity/depth patterns present; usually lacking deep areas.  Occasional riffle or bend; bottom contours provide some habitat; distance between riffles divided by the width of the stream is between 15 to 25.  
	Dominated by one velocity/depth pattern.  Generally all flat water or shallow riffles; poor habitat; distance between riffles divided by the width of the stream is a ratio of >25.  

	SCORE          
	20
	19
	18
	17
	16
	15
	14
	13
	12
	11
	10
	9
	8
	7
	6
	5
	4
	3
	2
	1
	0

	7. Channel Flow Status

	Water reaches base of both lower banks, and minimal amount of channel substrate is exposed.


	Water fills >75% of the available channel; or <25% of channel substrate is exposed.
	Water fills 25-75% of the available channel, and/or riffle substrates are mostly exposed.
	Very little water in channel and mostly present as standing pools.

	SCORE          
	20
	19
	18
	17
	16
	15
	14
	13
	12
	11
	10
	9
	8
	7
	6
	5
	4
	3
	2
	1
	0

	8. Bank Vegetative Protection (score each bank)

Note: determine left or right side by facing downstream.
	More than 90% of the streambank surfaces covered by naturally occurring vegetation, including trees, understory shrubs, or nonwoody macrophytes; vegetative disruption through grazing or mowing minimal or not evident; almost all plants allowed to grow naturally.
	70-90% of the streambank surfaces covered by naturally occuring vegetation, but one class of plants is not well-represented; disruption evident but not affecting full plant growth potential to any great extent; more than one-half of the potential plant stubble height remaining.


	50-70% of the streambank surfaces covered by vegetation; disruption obvious; patches of bare soil or closely cropped vegetation common; less than one-half of the potential plant stubble height remaining.
	Less than 50% of the streambank surfaces covered by vegetation; disruption of streambank vegetation is very high; vegetation has been removed to 

5 centimeters or less in average stubble height.

	SCORE                           (LB)
	Left Bank
	10
	9
	8
	7
	6
	5
	4
	3
	2
	1
	0

	SCORE                           (RB)
	Right Bank
	10
	9
	8
	7
	6
	5
	4
	3
	2
	1
	0

	9. Bank Stability (score each bank)
	Banks stable; evidence of erosion or bank failure absent or minimal; little potential for future problems.  <5% of bank affected.
	Moderately stable; infrequent, small areas of erosion mostly healed over.  5-30% of bank in reach has areas of erosion.
	Moderately unstable; 30-60% of bank in reach has areas of erosion; high erosion potential during floods.
	Unstable; many eroded areas; "raw" areas frequent along straight sections and bends; obvious bank sloughing; 60-100% of bank has erosional scars.



	SCORE                           (LB)
	Left Bank
	10
	9
	8
	7
	6
	5
	4
	3
	2
	1
	0

	SCORE                           (RB)
	Right Bank
	10
	9
	8
	7
	6
	5
	4
	3
	2
	1
	0

	10.  Riparian Vegetative Zone Width (score each bank riparian zone)
	Width of riparian zone >18 meters; human activities (i.e., parking lots, roadbeds, clear-cuts, lawns, or crops) have not impacted zone.


	Width of riparian zone 12-18 meters; human activities have impacted zone only minimally.
	Width of riparian zone 6-12 meters; human activities have impacted zone a great deal.
	Width of riparian zone <6 meters: little or no riparian vegetation due to human activities.

	SCORE                           (LB)
	Left Bank
	10
	9
	8
	7
	6
	5
	4
	3
	2
	1
	0

	SCORE                           (RB)
	Right Bank
	10
	9
	8
	7
	6
	5
	4
	3
	2
	1
	0

	
	
	
	
	

	TOTAL 

SCORE
	
	
	
	

	
	
	
	
	

	comments:

	


FORM 4.0 – Taxonomy Data Sheet (non-mounted organisms)


	MASSACHUSETTS DEPARTMENT OF ENVIRONMENTAL PROTECTION, DIVISION OF WATERSHED MANAGEMENT

Aquatic Macroinvertebrate Data Sheet
Watershed:

Waterbody name:


Station Code #:


Date collected:

L     
Location description:



Collector:


Taxonomist:







Sorted by:







Sample Type:

Form revision date: 20 August 2002





Mollusca
  Gastropoda





Plecoptera

  Pelecypoda








Megaloptera

Annelida
  Oligochaeta








Trichoptera

  Hirudinea

Crustacea
  Isopoda

  Amphipoda








Coleoptera

  Decapoda


Hydracarina








Diptera (Chironomidae spp. on back)

Insecta
  Ephemeroptera








Other Insecta

  Odonata






Other Invertebrata


Life stage is larva, nymph, or naiad, unless indicated as: (P) = pupa or (A) = adult

Total No. of Organisms:
Total No. of Kinds:

Family QC check completed by:                                        Genus/species QC check completed by:

date:                                                                                    date:

FORM 5.0 – Taxonomy Data Sheet (mounted organisms)

Page ____ of ____
MASSACHUSETTS DEPARTMENT OF ENVIRONMENTAL PROTECTION/DIVISION OF WATERSHED MANAGEMENT 
WATERSHED NAME:





WATERSHED CODE:

SLIDE BOX: ______ of ______




SURVEY DATE:
	SLOT/

STATION
	COVER/TAXA
	COMMENTS
	SLOT/

STATION
	COVER/TAXA
	COMMENTS

	____/________
	A/______________________

A/______________________

A/______________________

B/______________________

B/______________________

B/______________________


	
	____/________
	A/______________________

A/______________________

A/______________________

B/______________________

B/______________________

B/______________________
	

	____/________
	A/______________________

A/______________________

A/______________________

B/______________________

B/______________________

B/______________________
	
	____/________
	A/______________________

A/______________________

A/______________________

B/______________________

B/______________________

B/______________________
	

	____/________
	A/______________________

A/______________________

A/______________________

B/______________________

B/______________________

B/______________________
	
	____/________
	A/______________________

A/______________________

A/______________________

B/______________________

B/______________________

B/______________________
	

	____/________
	A/______________________

A/______________________

A/______________________

B/______________________

B/______________________

B/______________________
	
	____/________
	A/______________________

A/______________________

A/______________________

B/______________________

B/______________________

B/______________________
	

	____/________
	A/______________________

A/______________________

A/______________________

B/______________________

B/______________________

B/______________________
	
	____/________
	A/______________________

A/______________________

A/______________________

B/______________________

B/______________________

B/______________________
	



FORM 6.0 – Data Analysis Summary Sheet


Page ____ of ____
MASSACHUSETTS DEPARTMENT OF ENVIRONMENTAL PROTECTION/DIVISION OF WATERSHED MANAGEMENT 
WATERSHED NAME:





WATERSHED CODE:





SURVEY DATE:
	STATION #


	
	
	
	
	
	
	
	

	STREAM


	
	
	
	
	
	
	
	

	HABITAT SCORE


	
	
	
	
	
	
	
	

	TAXA RICHNESS


	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	BIOTIC INDEX


	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	EPT INDEX


	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	EPT/CHIRONOMIDAE


	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	SCRAPERS/FILTERERS


	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	% DOMINANT TAXON


	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	COMMUNITY SIMILARITY


	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	TOTAL METRIC SCORE


	
	
	
	
	
	
	
	

	% COMPARABILITY TO

REFERENCE STATION
	100%
	
	
	
	
	
	
	

	BIOLOGICAL CONDITION

-DEGREE IMPAIRMENT
	REFERENCE
	
	
	
	
	
	
	



FORM 7.0 –Hazardous Waste Generation Record Form


HAZARDOUS WASTE GENERATION RECORD

Month_________Year________
	Date
	Initials
	Description
	Volume or weight
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Figure 3. Multiplate samplers for shallow water deployment.
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64





No





Yes





Fine grain





Coarse grain





Dispose of as “regular” trash





Dispose of as HW





Dispose of as HW








Yes





NO





Yes





Field/Lab Support





Do data support HW status?





Robert Nuzzo


Thomas Dallaire


Macroinvertebrate Database Managers





John Fiorentino


Robert Nuzzo


Macroinvertebrate Survey/Sample Coordinators





Richard McVoy


Environmental Assessment Coordinator





Richard Chase


QAQC Analyst
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NO
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Figure 2. Deployment of multiplate samplers in deep water.
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Arthur Johnson


Environmental Monitoring Coordinator





61





Dennis Dunn


Program Supervisor


Watershed Planning


DWM























Do sediment data exist?





At or downstream from known source of hazardous contaminants?
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