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1.0 SCOPE AND APPLICATION

The benthic algae, both micro and macroscopic forms live on or attached to the substrata.  Field studies result in harvesting both micro and macroscopic forms.  The submerged attached microcommunity constitutes the periphyton.  It is composed of algae, bacteria, fungus held within a matrix of polysaccharides.  In the literature, the terms periphyton and benthic algae are used interchangeably, the same is true for the descriptions included in this SOP. 

Benthic algae are useful biological indicators of water quality because they do not have roots so their entire nutrient and mineral uptake is from the water column and not the sediments. Also, they are sessile, fast growing. Periphyton are important primary producers in streams and rivers and are important in oxygen production as well as carbon dioxide use. They provide, along with macroinvertebrate and habitat assessment, another biological community to help evaluate the condition of aquatic life as well as the impacts from toxicity or nutrient enrichment. 

Benthic algae/periphyton can be used to assess above and below a point source or nonpoint source to look for nutrient impacts or toxicity issues.  Changes in the community assemblage of the algae are examined as well as differences in algal biomass which is evaluated through determination of percent cover, chlorophyll a and/or ashfree dry mass from artificial substrates and natural substrates.  

Modeling of algal production has also been done to evaluate both the need and the effectiveness of phosphorus removal from wastewater treatment plant discharges.  Although not yet done by personnel in this office, benthic algal cover, biomass and community assemblages have been used to evaluate sensitive coastal embayments especially for nitrogen removal from wastewater treatment facilities.   

The periphyton work engaged in by DEP is primarily from freshwater streams.  Methods are under consideration for evaluating coastal streams and estuaries using benthic algae as the indicator.  When the periphyton are evaluated it is important to obtain information on the type of substrate, growth form, community assemblage, percent area within a reach covered with visible periphyton (macroalgae) and microalgae (primarily diatoms) or the biomass covering the substrates.  Both nutrients and physical characteristics such as flow, available light and temperature all affect biomass.  

The time needed for investigations depends on the objectives of the study.  The lowest sampling intensity is done as part of the EPA’s Rapid Bioassessment for wadeable streams and rivers.  Identifications are done from natural substrate scrapes.  The samples are brought to the laboratory for identification to genus level.  The information is used as comparisons of the community assemblage and abundance to that of the reference station.  

More intensive sampling efforts are needed in the evaluation of biomass.  This is done typically from artificial substrates, although natural substrates can also be used, which are tested for ash-free dry weights and chlorophyll a.  The substrates are brought back to the lab at DEP-DWM-Worcester for analysis.  Since these methods are more quantitative, they are useful for evaluations above and below a point or non point source of pollution.

Another method used in both the rapid and more intensive surveys, is the determination of percent cover; this is done using different techniques.  The first, an estimate of cover, is used along with the macroinvertebrate identifications to determine from the constituents of the community whether or not the organisms are indicative of enriched conditions.  A point method requires establishment of a transect and determination of cover by point-intersect.

Sampling is primarily conducted during the summer growth period.  The schedule for watershed sampling is set by the watershed initiative.  Most surveys are done in conjunction with macroinvertebrate and habitat assessment.  Use of artificial substrates for productivity studies require that another visit is made to the station.  Benthic algal floristic studies and biomass studies are done on their own, they may be repeated to assess aspects like community change and net algal production.

2.0
SUMMARY
Benthic algal surveys include at a minimum a scrape of the substrate for taxonomic identifications.  This occurs as part of the Rapid Bioassessment which includes macroinvertebrate and habitat assessment.  Identifications are done to determine the community assemblage; to learn if the taxa indicate nutrient enrichment or perhaps some other environmental impact.  All samples are collected in the riffle of each stream and the single habitat being sampled can be compared site to site.  Identifications are currently only being done of the “soft-bodied” algae and not the diatoms.  The “soft-bodied” algae, when present in excessive amounts, can cause nuisance conditions in-stream and can eventually destroy the benthic habitat for invertebrate interstitial organisms as well as affecting the aesthetics of a reach. 

It is also important to determine the percent cover of the algal material and the dominant forms of algae within the habitat being sampled.  This determination of abundance by the point intercept method provides a relative approximation of the phyla that contribute the most to the biomass in the riffle or pool habitats. 

Information obtained from the algal identifications and relative abundance in the riffle zone is determined by finding microscopically the genera that appear most frequently in the algae samples.  This information is combined with habitat assessment, in particular, canopy cover and percent algal cover.  Where potential problem areas are found based upon percent algal cover and abundance, these locations are noted.  The relative abundance can be used by assessment personnel in determination of whether the uses of the rivers are impaired, in particular, aesthetics and aquatic life.  

3.0 SAFETY CONSIDERATIONS

The safety concerns for field collection of samples are discussed in DWM SOP CN 1.0 “Grab Collection Techniques for DWM Water Quality Sampling”.   Care should also be taken in the collection handling the knife for the algal scrapes.  Samples collected for chlorophyll a analysis need to be put into acetone.  The safety considerations for the acetone are outlined in the Chlorophyll a Standard Operating Procedure: CN 3.0.  

4.0 SAMPLE COLLECTION, PRESERVATION AND HANDLING

Currently, samples for benthic algal collection are only being done at wadeable streams and rivers.  If requests for marine samples are made, then collections would be made in the intertidal zone.  In freshwater streams, scrapes are made in the riffle zone using a knife on substrates ranging from cobbles to rocks.  The scraped algal material is added to glass vials, 2-4 dram with screw type caps.  To each vial is added some stream water to keep material fresh.  The vials are put in a larger, 1 liter jar half filled with in-stream water to keep the vials from heating.  The samples are returned to the Worcester office of DEP, Div. of Watershed Management where identifications are done using a Nomarsky microscope.  The samples are stored in the refrigerator until identifications are made.  

A periphyton sampler is required for biomass determinations (chlorophyll a and/or ash-free dry weights).   This is a wooden tray with slots for glass slides it is secured to a cinder block with nylon rope. The sampler is deployed for approximately three weeks at which time it is retrieved and the wooden tray is removed and put into a labeled plastic bag that is then transported back to the lab in an iced cooler.  The samples for chlorophyll a analysis are scraped off of the glass slides and put into jars containing 90% acetone in a buffered aqueous solution (see CN 3.4).

Typically, the periphyton samples are preserved with ice.  In some situations-particularly if the work is more quantitative-chemical preservatives may be used.  These are either:

M3 (Meyer’s Magic Mix)

A. recipe-add 5 g KI, 10 g I, 50 ml glacial acetic acid, 250 ml formalin to make 1 liter of dH2O

B. dosage- 2 ml/100 ml of sample

C. comment-store in dark

Lugol’s

A. recipe- add 60 g KI, 40 g I to make 1 liter of dH2O

B. dosage-1 ml/100 ml of sample

C. comment-store in dark, must be firmly capped or the iodine.

5.0     APPARATUS

Equipment for Periphyton ID’s

Field Equipment for Periphyton ID’s

· Glass vials, 100 dr

· Boots

· Knife

· Map

· Field sheets

Laboratory Equipment for Periphyton ID’s

· Pipettes, 1 ml

· Sedgewick Rafter slide and cover slip

· Palmer counting Chamber

· Glass slides

· Olympus BH2, compound microscope with Nomarsky optics

· Keys for identification including:

Field Equipment for Biomass Studies

· Cinder blocks

· Nylon roping

· Wooden trays for slides

· Knife

· Boots

· Field sheets

· Cooler

· Ice

Chlorophyll a equipment

· Glass slides 
· Acetone, 90% buffered with magnesium carbonate
· Knife for scraping slides
· Glass jars with screw caps (100 mL capacity)
· Aluminum foil to cover jars
· Plastic bags for slide trays
· Fluorometer and other equipment needed to analyze chlorophyll a (see CN 3.0)

Equipment for Ash-free Dry Mass-this work is typically done using the equipment at WES 

· Plastic trays for air-drying slides and storing slides

· Mettler balance-good to 0.1 mg

· Drying Oven-VWR Scientific, 1370 FM forced air oven

· Combustion oven-Thermolyne Sybron, furnatrol 11 type 13300

· Crucibles-porcelain

· Tongs for holding crucibles

· Wash bottles

· Dessicator with drying agent

· Knife for scraping slides 

5.0 REAGENTS

· HPLC grade Acetone

· Potassium iodine for preservative

· Iodine

· Glacial acetic acid

· Formalin

6.0 CALIBRATION

Calibration of the fluorometer is described in CN: 3.0.

Calibration of the Mettler balance is done on a daily basis at WES.  Calibration is accomplished by pressing the calibration button at the front of the Mettler, the word calibration flashes and then goes to a flashing 100 .  The 100g weight should then be put on the scale.  This is added to the scale by using a Kimwipe to pick up the weight.   When the scale reads a steady 0.0000 it is calibrated and should be checked with a range of weights, 0.1 g, 1.0 g, 20 g.  The results are recorded in the lab calibration book located next to the Mettler Balance.

7.0 PROCEDURES

Benthic Algal Identifications and Relative Abundance:
Benthic algal samples for algal identifications as well as determination of relative abundance is gathered along with the macroinvertebrate and habitat data using methods described in Barbour, M. T. (1999).  Following the macroinvertebrate sampling, the benthic algae sample is collected.  

1) A sampling reach is delineated by the biologists doing the macroinvertebrate sampIing (CN 039.0: In-stream Macroinvertebrate Monitoring SOP).  The riffle zone is included within the reach.  Suitable substrate for sampling include cobble/rocks as well as moss and other aquatic vegetation.  The surface of the substrate is scraped with a knife.  The material that gathers on the knife is then washed into a labeled glass vial containing sample water.

2) The vial tag is comprised of a 3 x 5 card that has been cut into strips that are approximately 1 x 7 cm.  On the tag is written the collector’s first initial and last name, the station number, the location including the name of the watershed, waterbody, town and whether up or downstream side of road was sampled, habitat, date and number of vials if more than one was collected.

3) The samples are transported to the lab DEP-DWM-Worcester in small labeled vials filled with sample water.  All the samples from a river system are collected together and put into a large plastic jar containing sample water.  This helps to maintain a regular temperature.  Once at the lab they are logged in and are refrigerated until identifications are completed.

4) Preservative may be added to the vial to maintain cell counts, color, and major characteristics until identifications and determination of relative abundance can be made.

Log-in Procedure-algal identification and biomass:

1) Samples collected for algal identification and relative abundance are logged in using the log book contained in the Mary Wheeler Memorial Microscopy Lab.  

2) All sample vials are first grouped together from a particular river (occasionally more than one sample is collected from a reach, perhaps in a pool or on vegetation).  

3) A lab number is assigned to each sample.  The numbering system is the year followed by the next consecutive number.  The numbers are written on the sample vial.

4) Also entered, if known, is the name of the water body, the location, the collectors name, the type of analysis requested, the habitat and the dates when collected and when processed. 

5) There is another lab book where the algal identifications and determination of abundance are entered.

Laboratory Procedure for Determination of Algal Dominance:

1) The sample vial is removed from the refrigerator and shaken to obtain a uniform sample before subsampling.  

2) If filamentous algae comprise most of the sample, they are removed first, identified separately and then the remainder of the sample is examined. 

3) An Olympus BH2 compound microscope with Nomarski optics is used for the identifications.  Slides are typically examined under 200 power.  A modified method for periphyton analysis developed by L. Bahls (1993) is used.  The scheme developed by Bahls for determining abundance is as follows:

R (rare)


fewer than one cell per field of view at 200x, on the average;

C (common)

at least one, but fewer than five cells per field of view;

VC (very common)
between 5 and 25 cells per field;

A (abundant)

more than 25 cells per field, but countable;

VA (very abundant)
number of cells per field too numerous to count.

4) Typically 10 fields are examined per slide.

5) References for identifications:

6) This information is combined with field observations.  If riffles cover 10% of the reach and the green filamentous alga Spirogyra sp. is VA in the riffle sampled then it is assumed that it would also be VA in the other riffles in the reach.  The assemblage and dominant algal in the riffle zone can then be compared from stream to stream.

Field Procedure for Describing Percent Algal Cover:

The estimation of percent algal cover is typically done within the riffle zone by personnel doing the macroinvertebrate/habitat assessment (CN 039.0 In-Stream Macroinvertebrate Monitoring SOP).  Occasionally, estimations are made in other habitats such as the pool or run.  

Percent cover of the algae is usually estimated by eye from the reach delineated for the macroinvertebrate survey.   Also determined visually is whether or not the algal covering is composed of micro or macroalgae, in particular, the green filamentous algae.  The microalgae typically appear as a thin film, often green or blue-green, or as a brown floc, which are likely to be diatoms.  This information is used in an index which examines percent cover of the macroalgae, meaning the percent algal cover of the green filamentous algae.  A percent macroalgal cover greater than 50% is considered to be degraded and to indicate organic enrichment (Barbour, 1999). This index is used to locate problem areas and to compare streams to each other. 

Point-Intercept Method for Percent Algal Cover:

The point intercept method is utilized as follows.  It is based on the method outlined in Barbour, 1999.

1) Create a viewing bucket by cutting a hole in the bottom of a large (>0.5m) bucket; attach a piece of clear acrylic material to the bottom of the bucket.

2) Seal the acrylic sheet with silicon caulk so that no water enters the bucket when it is partially submerged

3) Three transects are established through the riffle zone using surveyors tape.  They should be located in areas where benthic algae are easily observed.  Then three locations are randomly selected along the transects representing the right, middle, left sides of the transect.  

4) The algal biomass is characterized in each location by immersing a viewing bucket equipped with a 50-dot grid over the algal covered substrates. 

5)  The macroalgal are first characterized.  The biomass is determined by viewing the bottom of the stream through the bucket and counting the number of dots that occur over macroalgae. 

6)  Record the number of dots and collect a sample for identification of the different macroalgae present. 

7)  Put each subsample in a small, labeled plastic bag for identification and possible archiving.

8) Next characterize the microalgae, view the same area again and record the number of dots under which substrata occur that are a suitable size for microalgal accumulation, i.e., gravel>2 cm)

9) Determine whether the mat or crust material are composed of blue-greens of diatoms.  Bring back a subsample for identification, put subsamples into labeled vials.  

10) Estimate the thickness of the algal/periphtyon mat or measure with a ruler according to the following scheme (Barr, 1999):  

0-substrate rough with no visible evidence of microalgae

0.5-substrate slimy, but no visible accumulation of microalgae is evident

1-a thin layer of microalgae is evident

2-accumulation of a microalgae mat from 0.5-1 mm thick is evident

3-the microalge mat is 1-5 mm thick

4-the microalgae/periphyton mat is 5 mm to 2 cm thick

5-the microalgae/periphyton mat is > 2 cm

Biomass Procedures:

Log-in Procedure-chlorophyll a and/ashfree dry mass:

The log-in procedure for the chlorophyll a/ashfree dry mass is as described in CN 3.0 Chlorophyll a Analysis.  The log-in book is kept in a drawer in the fish/chlorophyll a lab.  The drawer is located below the TD-700 fluorometer.  A simple numerical system is followed.

Procedures for Biomass Studies:

Other periphyton work being employed by DEP is the use of artificial substrates (American Public Health Assoc., 1992) for chlorophyll a analysis and ash-free dry weights.  

1) Glass slides are deployed for a period of approximately three weeks in stream.  

2) The slides are held vertically in a wooden tray which is attached to a cinder block with nylon twine.  The periphyton samplers are deployed in water of at least 0.25 m depth, but no greater than 1 m.  Samplers are placed in comparable light and flow regimes with replicate samplers deployed.

3) If possible, the samplers are deployed during more than one time period during the summer so that the net change in growth can be determined.  

4) When the samplers are retrieved they are removed from the cinder blocks and placed in plastic bags and kept in an iced cooler for transport back to the Worcester offices of DEP.  

5) The two outside slides from the periphyton samplers are discarded.  

6) Using a random number system, two slides are removed for chlorophyll a analysis.

7) The remaining four slides from each container are air dried for ash-free dry mass analysis.  After air drying the slides are brought to the Wall Experiment Station in Lawrence for the analysis of ash-free dry mass (AFDM).  Ash-free analysis examines the accumulation rate of organic matter from periphyton, as well as filamentous bacteria, attached protozoa, rotifers (APHA, 1992).  Detrital material and captured planktonic material may also be on the slides.  

8) Three slides are used as replicates and are scraped using a razor blade into pre-cleaned and pre-weighed china crucibles.  The contents of each slide (both front and back) are added to individual crucibles.  The last slide is kept as an archive sample. 

9)  The crucibles are cleaned and dried at 105 C to a constat weight at 105 C this requires keeping in the VWR Scientific, 1370 FM forced air oven overnight, cool in a dessicator and weigh, return crucible to the oven for 1 hour, cool and reweigh.  If values don’t differ by more than 1% then constant weight is reached.  

10) A few drops of water are added to the crucibles and ignited at 500 (C  for 1 hour.  At WES it is a thermolyne Sybron furnatrol 11, type 13300.  The combustion oven takes about an hour to reach temperature.  The samples are put in, temperature set and watched carefully until it is reached then the timing starts.  At the end of an hour the oven can be cracked open to allow the oven to cool.  When it gets down to around 200 C the samples can be removed and put into the dessicator to cool before the water of hydration is added. The ash residue is re-wetted with deionized water and again dried to a constant weight at 105 (C.
11)  The final weight is then recorded.  This information gives you ash-free dry mass (AFDM).  

12) Productivity is calculated as: 

P= mg ash-free weight/slide  
           

tA    

P=net productivity, mg ash-free weight/m2/day

t=exposure time, days, and

A=area of a slide, m2.

Calculate the mean weight from the slides and report as dry weight and ash-free weight/m2-use formula g/m2=g/mean of slides
                                          0.00375

13) The Autotrophic Index provides a way of determining the trophic nature of the periphyton community (American Public Health Assoc.,Standard Methods, 1992), normal AI values range from 50 to 200 and larger values indicate more heterotrophic (fungi, bacteria) organisms than autotrophic (algae) organisms.   This would indicate poor water quality.
It is calculated as follows:

AI=Biomass (ash-free weight of organic matter), mg/m2

                              
Chlorophyll a, mg/m2

14) Parameters such as chlorophyll a and ash-free dry mass are used to determine productivity.  Their results can be compared to a reference location, another station above or below a discharge.  The information can be used to evaluate if uses of the water body are compromised, in particular, aesthetics and aquatic life.  If the question is whether or not an area is being impacted by increased nutrients, then biomass studies and artificial substrates may be deployed.  If toxicity is being examined then the changes in the community structure along with community assemblage are important to monitor.

15) Results of the ash-free dry weights can be used in an index originally determined by Biggs, B. J. F. (1996)  and later by Barbour (1999) to aid in determining if there is an algal impact on a reach.  Nuisance levels of algal biomass represented by > 10 ug chla cm-2>5 mg AFDM cm-2>40% cover by macroalgae (Biggs 1996).  These indicate nutrient or organic enrichment.
9.0  
QUALITY CONTROL

In-stream quality control is primarily based on training of personnel.  Taxonomic identifications are not routinely checked for lack of personnel. Obtaining the assistance of other individuals to check identifications will be pursued.  

The chlorophyll biomass studies have some QA/QC checks.  The laboratory part is described in CN 3.4.  The field QA/QC consists of setting 2 samplers at each site.  From each replicate block three slides are individually analyzed for chlorophyll a and two are individually analyzed for ash-free dry weights.  Calculations are made for average values and standard deviation.  

Any deviations from this SOP with regard to periphyton data generation shall be noted.

10.0  
INTERFERENCES

If water depths are too great the periphyton samplers can wash away or light penetration may be reduced so that algal growth is limited.  Also, if the water drops too rapidly exposing the periphyton slide trays then those samplers will have to be removed.  Damage by fishermen either purposefully or by accident of the periphyton samplers can also occur.

11.0  
PREVENTATIVE MAINTENANCE

Replace all roping attaching periphyton slide trays following each deployment.

12.0  
CORRECTIVE ACTIONS

If it appears that the periphyton sampler is poorly positioned due to foot traffic in the area, lack of flow, too much flow,  too shady, mean dog in area, then an effort should be made to find a better location for it while still meeting the objectives of the study. 

13.0 
Waste Minimization and Pollution Prevention

TBD

14.0  
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15.0 
DEFINITIONS/ACRONYMS

TBD
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