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SYNOPSIS: A standardized method for collecting benthic macroinvertebrates for
ecological assessment. This procedure is based on USEPA Rapid Bioassessment Protocol
III. Protocols for sample collection and handling are provided.

1.0  PURPOSE

The purpose of this Standard Operating Procedure (SOP) is to provide a standardized method for
sampling the benthic population at hazardous waste sites. This protocol summarizes the USEPA
Rapid Bioassessment Protocol IIT (RBP III) for benthic macroinvertebrates. RBP III utilizes the
systematic field collection and analysis of major benthic taxa, and can detect subtle degrees of
impairment at potentially contaminated sites. Discrimination of four levels of impairment should
be possible with this assessment. This SOP may be used by employees of USEPA Region 8, or
contractors and subcontractors supporting USEPA Region 8 projects and tasks. Deviations from
the procedures outlined in this document must be approved by the USEPA Region 8 Remedial
Project Manager, Regional Toxicologist or On-Scene Coordinator prior to initiation of the
sampling activity.

2.0  RESPONSIBILITIES

The Field Project Leader (FPL) may be an USEPA employee or contractor who is responsible
for overseeing the benthic macroinvertebrate sampling activities. The FPL is also responsible for
checking all work performed and verifying that the work satisfies the specific tasks outlined by
this SOP and the Project Plan. It is the responsibility of the FPL to communicate with the Field
Personnel regarding specific collection objectives and anticipated situations that require any
deviation from the Project Plan. It is also the responsibility of the FPL to communicate the need
for any deviations from the Project Plan with the appropriate USEPA Region 8 personnel
(Remedial Project Manager, Regional Toxicologist or On-Scene Coordinator).

Field personnel performing benthic macroinvertebrate sampling are responsible for adhering to
the applicable tasks outlined in this procedure while collecting samples.

3.0 EQUIPMENT

. D-frame dip net - 0.3 m? "D"-shaped net (500um nytex screen) where the net attaches to a
long pole. Net is cone-shaped for capture of organisms.

. Kick-net - 1 m? net (500um nytex screen) attached to 2 poles, which functions in a
similar manner to a fish kick seine.
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4.0

Ponar/Ekman Dredge - for collection of sediment-dwelling invertebrates in non-wadable
waterbodies.

Elutriator Bucket or 500 um Mesh Sieve Bucket - used to remove invertebrates from
sediment.

Collection containers - wide-mouth bottles (500 to 1,000 ml capacity).

Gloves - for personal protection and to prevent cross-contamination of samples. May be
plastic or latex; should be disposable and powderless.

Field notebook - a bound book used to record progress of sampling effort and record any
problems and field observations during sampling.

Three-ring binder book- to store necessary forms used to record and track samples
collected at the site. Binders will contain the Benthic Macroinvertebrate Field Data
Sheet, Physical Characterization/Water Quality Field Data Sheet, and sample labels.
Example forms are provided in Attachment 1.

Permanent marking pen - used to label samples and to record information in field
logbooks and data sheets.

Sieve Buckets - with 500um mesh. Must have 10 - 12 liter capacity.
Forceps - to pick organisms from mesh screens and collection nets.
95% Ethanol - to preserve samples for analysis.

Trash Bag - used to dispose of gloves and any other non-hazardous waste generated
during sampling.

METHOD SUMMARY

Benthic macroinvertebrates are collected systematically from all available in-stream habitats by
kicking the substrate or jabbing with a D-frame dip net. A total of 20 jabs (or kicks) are taken
from all major habitat types in the reach, resulting in sampling approximately 3.1 m* of habitat.
An organism-based subsample (usually 100, 200, 300, or 500 organisms) is sorted in the
laboratory and identified to the lowest practical taxon, generally genus or species.
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5.0  SAMPLING PROCEDURES

A 100m reach that is representative of the characteristics of the stream should be selected.
Whenever possible, the area should be at least 100m upstream from any road or bridge crossing
to minimize its effect on stream velocity, depth and overall habitat quality. There should be no
major tributaries discharging to the stream in the study area. If a 100m reach is not available for
sampling, a standard number of stream widths can be used to measure the stream distance. For
example, the EPA's Environmental Monitoring and Assessment Program (EMAP) uses a
standard of 40 stream widths for sampling. This approach allows variation in the length of the
reach, based on the size of the stream.

Before sampling, complete the physical/chemical field sheet to document site description,
weather conditions, and land use. Example forms are provided in Attachment 1. After
sampling, review this information for accuracy and completeness.

Draw a map of the sampling reach or stream widths on the Field Data Sheet. This map should
include in-stream attributes (e.g., riffles, falls, fallen trees, pools, bends, etc.) and important
structures, plants, and attributes of the bank and near stream areas. Use an arrow to indicate the
direction of flow. Indicate the areas that were sampled for macroinvertebrates, with each sample
identification number on the map. Use a hand-held GPS for latitude and longitude determination
of the furthest upstream and downstream points of the sampling reach.

5.1 Habitat Types

The following major stream habitat types are colonized by macroinvertebrates and generally
support macroinvertebrate diversity in stream ecosystems. Some combination of these habitats
will be sampled using this multi-habitat approach to benthic sampling.

Cobble (hard substrate) - In many high-gradient streams, this habitat type will be dominant.
Sample shallow areas with coarse (mixed gravel, cobble or larger) substrates by holding the
bottom of the dip net against the substrate and dislodging organisms by kicking the substrate for
0.5 m upstream of the net.

Snags - Snags and other woody debris that have been submerged for a relatively long period (not
recent deadfall) provide excellent colonization habitat. Sample submerged woody debris by
jabbing in medium-sized snag material (sticks and branches). The snag habitat may be kicked
first to help dislodge organisms, but only after placing the net downstream of the snag.
Accumulated woody material in pool areas are considered snag habitat. Large logs should be
avoided because they are generally difficult to sample adequately.
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Vegetated banks - When lower banks are submerged and have roots and emergent plants
associated with them, they are sampled in a fashion similar to snags. Submerged areas of
undercut banks are good habitats to sample. Sample banks with protruding roots and plants by
jabbing into the habitat. Bank habitat can be kicked first to help dislodge organisms, but only
after placing the net downstream.

Submerged macrophytes - Submerged macrophytes are seasonal in their occurrence and may not
be a common feature of many streams, particularly those that are high-gradient. Sample aquatic
plants that are rooted on the bottom of the stream in deep water by drawing the net through the
vegetation from the bottom to the surface of the water (maximum of 0.5m each jab). In shallow
water, sample by bumping or jabbing the net along the bottom in the rooted area, avoiding
sediments where possible.

Sand (and other fine sediment) - Usually the least productive macroinvertebrate habitat in
streams, this habitat may be the most prevalent in some streams. Sample banks of unvegetated
or soft soil by bumping the net along the surface of the substrate rather than dragging the net
through soft substrates; this reduces the amount of debris in the sample.

5.2 Sample Collection of Community Samples
5.2.1 General Information

Record the percentage of each habitat type in the reach. Note the sampling gear used, and
comment on conditions of the sampling, e.g., high flows, treacherous rocks, difficult access to
stream, or anything that would indicate adverse sampling conditions.

Document observations of aquatic flora and fauna. Make qualitative estimates of
macroinvertebrate composition and relative abundance as a cursory estimate of ecosystem health
and to check adequacy of sampling.

5.2.2 Non-Wadable Waterbodies

Non-wadable waterbodies should use a Ponar or Ekman dredge to collect sediment-dwelling
benthic macroinvertebrates. Sediment collection procedures are similar to the collection
techniques discussed in the Sediment Sampling SOP (#EH-03). Multiple sediment grab samples
will be composited and placed in an elutriator bucket or 500um mesh sieve bucket. Add water to
the sample and hand-mix gently to break up lumps of sediment. Pour the sample slurry from the
tub through the elutriator or sieve bucket which is placed over a second tub to catch the rinse
water. Wash the sediment through the mesh with water at very low pressure. Excessive pressure
will result in damage to organisms, in particular oligochaetes, and could compromise taxonomic
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analysis of the sample. Gently agitate the sieve bucket to aid in rinsing the fine sediment out of
the sample. It may be necessary to sieve the slurry in small portions to prevent clogging of the
mesh. Continue to rinse the composite with surface water until all sediments have been
removed, leaving behind any sediment-dwelling invertebrates.

The same volume of sediment should be collected and the same number of rinses should be
performed at each sampling location to ensure representativeness between locations. The
number of grabs collected and rinses performed should be recorded on the Benthic
Macroinvertebrate Field Data Sheet (example provided in Attachment 1).

Transfer the sample from the bucket to sample container(s) and preserve in enough 95% ethanol
to cover the sample. Forceps may be needed to remove organisms from the bucket. Place a
sample identification label that includes date, stream name, sampling location, and collector
name into the sample container. The outside of the container should include the same
information and the words "preservative: 95% ethanol". If more that one container is needed for
a sample, each container label should contain all the information for the sample and should be
numbered (e.g., 1 of 2, 2 of 2, etc.). This information will be recorded in the "Sample Log" at
the biological laboratory.

Complete the top portion of the Benthic Macroinvertebrate Field Data Sheet (Attachment 1).
5.2.3 Wadable Waterbodies

Wadable waterbodies (eg: streams, rivers) can be sampled using a kick-net or dip net. Begin
sampling at the downstream end of the reach and proceed upstream. A total of 20 jabs or kicks
will be taken over the length of the reach; a single jab consists of forcefully thrusting the net into
a productive habitat for a linear distance of 0.5m. A kick is a stationary sampling accomplished
by positioning the net and disturbing the substrate for a distance of 0.5m upstream of the net.

Different types of habitat are to be sampled in approximate proportion to their representation of
surface area of the total macroinvertebrate habitat in the reach. For example, if snags comprise
50% of the habitat in a reach and riffles comprise 20%, then 10 jabs should be taken in snag
material and 4 jabs should be take in riffle areas. The remainder of the jabs (6) would be taken
in any remaining habitat type. Habitat types contributing less than 5% of the stable habitat in the
stream reach should not be sampled. In this case, allocate the remaining jabs proportionately
among the predominant substrates. The number of jabs taken in each habitat type should be
recorded on the Benthic Macroinvertebrate Field Data Sheet (example provided in Attachment

1.
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The jabs or kicks collected from the multiple habitats will be composited to obtain a single
homogeneous sample. Every 3 jabs (more often if necessary) wash the collected material by
running clean stream water through the net two to three times, being careful to retain the sample
inside the net. If clogging does occur, discard the material in the net and redo that portion of the
sample in the same habitat type but in a different location. Remove large debris after rinsing and
inspecting it for organisms; place any organisms found into the sample container. Do not spend
time inspecting small debris in the field.

Transfer the sample from the net to sample container(s) and preserve in enough 95% ethanol to
cover the sample. Forceps may be needed to remove organisms from the dip net. Place a sample
identification label that includes date, stream name, sampling location, and collector name into
the sample container. The outside of the container should include the same information and the
words "preservative: 95% ethanol". If more that one container is needed for a sample, each
container label should contain all the information for the sample and should be numbered (e.g., 1
of 2, 2 of 2, etc.). This information will be recorded in the "Sample Log" at the biological
laboratory.

Complete the top portion of the Benthic Macroinvertebrate Field Data Sheet (Attachment 1).
53 Sample Collection for Analytical Measurements

Sample collection techniques are identical to those utilized to collect benthic community
samples. The jabs/kicks or dredge samples collected from multiple habitats will be composited
to obtain a single homogeneous sample. Remove any large debris manually and use forceps or
elutriation buckets to extract any organisms from the sample; place any organisms found into the
appropriate sample container as specified in the QAPP. Continue to collect and composite
organisms until the mass requirements for the analytical method are met. Benthic
macroinvertebrate samples that will be analyzed for contaminants should be kept on dry ice.

5.4 Habitat Assessment

Perform habitat assessment after sampling has been completed, and record all observations on
the Habitat Assessment Field Data Sheet (Attachment 1). Having sampled the various
microhabitats and walked the reach helps ensure a more accurate assessment. Conduct the
habitat assessment with another team member, if possible.

Return samples to the laboratory and complete the log-in forms (example provided in
Attachment 2).
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6.0 SAMPLE CONTAINERS AND LABELING

Sample labels must be properly completed, including the sample identification code, date, stream
name, sampling location, and collector's name and placed into the sample container. The outside
of the container should be labeled with the same information. Chain-of-custody forms must
include the same information as the sample container labels.

7.0  LABORATORY PROCESSING FOR COMMUNITY SAMPLES

7.1 Laboratory Equipment/Supplies

. log-in sheet for samples (example provided in Attachment 2)

. standardized gridded pan (30cm x 36¢cm) with approximately 30 grids (6¢cm x 6¢cm)

. 500 micron sieve

. forceps

. white plastic or enamel pan (15¢m x 23cm) for sorting

. specimen vials with caps or stoppers

. sample labels

. benthic macroinvertebrate laboratory bench sheet (example provided in Attachment 2)

. dissecting microscope for organism identification

. fiber optics light source

. compound microscope with phase contrast for identification of mounted organisms (e.g.,
midges)

. 70% ethanol for storage of specimens

. appropriate taxonomic keys

Macroinvertebrate samples should be processed in the laboratory under controlled conditions.
Aspects of laboratory processing include subsampling, sorting, and identification of organisms.

All samples should be dated and recorded in the "Sample Log" notebook, which is a three-ring
binder book used to store Sample Log forms (Attachment 2) upon receipt by laboratory
personnel. All information from the sample container label must be included on the sample log
sheet. If more than one container was used, the number of containers should be indicated as
well. All samples should be sorted in a single laboratory to enhance quality control.

7.2 Subsampling and Sorting
The Rapid Bioassessment Protocol III uses a fixed-count approach to subsampling and sorting

the organisms from the sample matrix of detritus, sand, and mud. The following protocol is
based on a 200-organism subsample, but it could be used for any subsample size (100, 300, 500,
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etc.). The subsample is sorted and preserved separately from the remaining sample for quality
control checks.

Prior to processing any samples in a lot (i.e., samples within a collection date, specific
watershed, or project), complete the sample log-in sheet to verify that all samples have arrived at
the laboratory, and are in proper condition for processing.

Thoroughly rinse sample in a 500um mesh sieve to remove preservative and fine sediment.
Large organic material (whole leaves, twigs, algal or macrophyte mats, etc.) not removed in the
field should be rinsed, visually inspected, and discarded. If the samples have been preserved in
alcohol, it will be necessary to soak the sample contents in water for about 15 minutes to hydrate
the benthic organisms, which will prevent them from floating on the water surface during
sorting. If the sample was stored in more than one container, the contents of all containers for a
given sample should be combined at this time. Gently mix the sample by hand while rinsing to
make homogeneous.

After washing, spread the sample evenly across a pan marked with grids approximately 6cm x
6cm. On the laboratory bench sheet, note the presence of large or obviously abundant
organisms; do not remove them from the pan.

Use a random numbers table to select 4 numbers corresponding to squares (grids) within the
gridded pan. Remove all material (organisms and debris) from the four grid squares, and place
the material into a shallow white pan and add a small amount of water to facilitate sorting. If
there appear (through a cursory count or observation) to be 200 organisms + 20% (cumulative of
4 grids), then subsampling is complete.

Any organism that is lying over a line separating two grids is considered to be on the grid
containing its head. In those instances where it may not be possible to determine the location of
the head (worms for instance), the organism is considered to be in the grid containing most of its
body.

If the density of organisms is high enough that many more than 200 organisms are contained in
the 4 grids, transfer the contents of the 4 grids to a second gridded pan. Randomly select grids
for this second level of sorting as was done for the first, sorting grids one at a time until 200
organisms + 20% are found. If picking through the entire next grid is likely to result in a
subsample of greater than 240 organisms, then that grid may be subsampled in the same manner
as before to decrease the likelihood of exceeding 240 organisms. That is, spread the contents of
the last grid into another gridded pan. Pick grids one at a time until the desired number is
reached. The total number of grids for each subsorting level should be noted on the laboratory
bench sheet.
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7.3 Identification of Macroinvertebrates

Taxonomy can be at any level, but should be done consistently among samples. Genus/species
provides more accurate information on ecological/ environmental relationships and sensitivity to
impairment. Family level provides a higher degree of precision among samples and taxonomists,
requires less expertise to perform, and accelerates assessment results. In either case, only those
taxonomic keys that have been peer-reviewed and are available to other taxonomists should be
used.

Most organisms are identified to the lowest practical level (generally genus or species) by a
qualified taxonomist using a dissecting microscope. Midges (Diptera: Chironomidae) are
mounted on slides in an appropriate medium and identified using a compound microscope. Each
taxon found in a sample is recorded and enumerated in a laboratory bench notebook and then
transcribed to the laboratory bench sheet for subsequent reports. Any difficulties encountered
during identification (e.g., missing gills) are noted on these sheets.

Labels with specific taxa names (and the taxonomist's initials) are added to the vials of
specimens by the taxonomist. (Note that individual specimens may be extracted from the sample
to be included in a reference collection or to be verified by a second taxonomist.) Slides are
initialed by the identifying taxonomist. A separate label may be added to slides to include the
taxon (taxa) name(s) for use in a voucher or reference collection.

Record the identity and number of organisms on the Laboratory Bench Sheet (Attachment 2).
Either a tally counter or "slash" marks on the bench sheet can be used to keep track of the
cumulative count. Also, record the life stage of the organisms, the taxonomist's initials and the
Taxonomic Certainty Rating (TCR) as a measure of confidence.

In the spaces provided on the bench sheet, explain certain TCR ratings or condition of
organisms. Other comments can be included to provide additional insights for data
interpretation. If QC was performed, record on the back of the bench sheet.

For archiving samples, specimen vials, (grouped by station and date), are placed in jars with a
small amount of denatured 70% ethanol and tightly capped. The ethanol level in these jars must
be examined periodically and replenished as needed, before ethanol loss from the specimen vials
takes place. A stick-on label is placed on the outside of the jar indicating sample identifier, date,
and preservative (denatured 70% ethanol).

All samples should be stored on wet ice (4°C) in a secured cooler. Ship samples under chain-
of-custody, protected with suitable resilient packing material to reduce shock, vibration, and
disturbance.
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8.0  SUBSAMPLE PROCEDURE MODIFICATIONS

As an improvement to the mechanics of the technique, a sorting tray was designed that consists
of two parts, a rectangular plastic or plexiglass pan (36¢cm x 30cm) with a rectangular sieve
insert. The sample is placed on the sieve, in the pan and dispersed evenly.

When a random grid(s) is selected, the sieve is lifted to temporarily drain the water. A
"cookie-cutter" like metal frame 6cm x 6¢m is used to clearly define the selected grid; debris
overhanging the grid may be cut with scissors. A 6¢cm flat scoop is used to remove all debris and
organisms from the grid. The contents are then transferred to a separate sorting pan with water
for removal of macroinvertebrates.

These modifications have allowed for rapid isolation of organisms within the selected grids and
easy removal of all organisms and debris within a grid while eliminating investigator bias. Save
the sorted debris residue in a separate container. Add a label that includes the words "sorted
residue" in addition to all prior sample label information and preserve in 95% ethanol. Save the
remaining unsorted sample debris residue in a separate container labeled "sample residue"; this
container should include the original sample label. Length of storage and archival is determined
by the laboratory or benthic section supervisor.

Place the sorted 200-organism (+ 20%) subsample into glass vials, and preserve in 70% ethanol.
Label the vials inside with the sample identifier or lot number, date, stream name, sampling
location and taxonomic group. If more than one vial is needed, each should be labeled separately
and numbered (e.g., 1 of 2, 2 of 2). For convenience in reading the labels inside the vials, insert
the labels left-edge first. If identification is to occur immediately after sorting, a petri dish or
watch glass can be used instead of vials.

Midge (Chironomidae) larvae and pupae should be mounted on slides in an appropriate medium
(e.g., Euperal, CMC-9); slides should be labeled with the site identifier, date collected, and the
first initial and last name of the collector. As with midges, worms (Oligochaeta) must also be
mounted on slides and should be appropriately labeled.

Fill out header information on Laboratory Bench Sheet (see Attachment 2). Also check
subsample target number. Complete back of sheet for subsampling/sorting information. Note
number of grids picked, time expenditure, and number of organisms. If QC check was
performed on a particular sample, person conducting QC should note findings on the back of the
Laboratory Bench Sheet. Calculate sorting efficiency to determine whether sorting effort passes
or fails.
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Record date of sorting and slide monitoring, if applicable, on Log-In Sheet as documentation of
progress and status of completion of sample lot.

9.0 DECONTAMINATION

After sampling has been completed at a given site, all nets, pans, etc. that have come in contact
with the sample should be rinsed thoroughly, examined carefully, and picked free of organisms
or debris. Any additional organisms found should be placed into the sample containers. The
equipment should be examined again prior to use at the next sampling site.

Excess sediment and substrate material not included in the sample should be washed into the
stream, pond, lake, or surface impoundment where it came from. All marker flags (if reused)
should be decontaminated by wiping off with towels and/or baby wipes before re-use.

Throw all used wipes and gloves into the trash bags and take with you to dispose of at the field
office.

10.0 RECORD KEEPING AND QUALITY CONTROL

Each field crew will carry a three-ring binder book that contains the Benthic Macroinvertebrate
Field Data Sheet, Physical Characterization/Water Quality Field Data Sheet, and sample labels.
In addition, a field notebook should be maintained by each individual or team that is collecting
samples, as described in the Project Plan. Each sampling location must be recorded on the site
diagram. Each sample should have an ID number affixed to the outside of the wide-mouth
bottle, and the duplicate label must be affixed to the sample data sheet. Deviations from this
sampling plan should be noted in the field notebook, as necessary.

10.1  Required Information
For each location, the notebook information must include:

date

time

personnel

weather conditions

sample identification numbers that were used

descriptions of any deviations to the Project Plan and the reason for the deviation

"o ae o

Samples taken from waters with visible color abnormalities, foaming, unusual odor, iridescent
film, or other indications of non-homogeneous conditions should also be noted. Field personnel
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will collect the proper type and quantity of quality control samples as prescribed in the QAPP.
10.2  Field Quality Control Samples

The type of quality control samples, and the frequency of collection, are specified in the QAPP.
The following quality control samples will be collected.

Field Duplicate: Field duplicate samples are collected at the same time as the primary
sample, and are used to evaluate precision and reproducibility of the analysis and
sampling technique or collection team. In this case, the field duplicate sample is a
second sample of benthic macroinvertebrates collected from the same reach or widths of
a stream.
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Sample Log-in Sheet
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Benthic Macroinvertebrate Laboratory Bench Sheet
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