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PREFACE 

 

The U.S. EPA requires that a centrally planned, directed and coordinated quality assurance and 

quality control program be applied to efforts supported by them through grants, contracts or 

other formalized agreements.  This includes the implementation of a Quality Management Plan 

as written by the contract holder with Data Quality Objectives (DQOs) set in Quality Assurance 

Project Plans (QAPPs) for specific projects.  The organization may elect to support portions of 

the QAPP through technical or administrative standard operating procedures (SOPs), as 

specified by the quality system.  As a contract holder and through memoranda of agreement, the 

Tennessee Department of Environment and Conservation is required to maintain such a system. 

 

This quality system technical Standard Operating Procedure (QS-SOP) was prepared, reviewed 

and distributed in accordance with TDECôs Quality Management Plan and other quality system 

documents in response to U.S. EPAôs requirements for a Quality Management Program.  QS-

SOPs are integral parts of successful quality systems as they provide staff with the information 

to perform a job properly and facilitate consistency in the quality and integrity of the process. 

 

This QS-SOP is specific to the Division of Water Pollution Control and is intended to assist the 

division in maintaining their quality control and quality assurance processes and to ensure 

compliance with government regulations.  It provides specific operational direction for the 

divisionôs Quality Assurance Project Plan for Periphyton Stream Surveys. 
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I. PROCEDURES 

 

 

I.A  SCOPE, APPLICABILITY AND REGULATORY REQUIREMENTS  

 

The purpose of this Quality Systems Standard Operating Procedure (QS-SOP) is to support the 

Quality Assurance Program.  The document provides a consolidated reference document for use 

in training and orientation of employees.  This guide will also be a reference tool for more 

experienced employees.  It establishes an approach that can be recommended to sister agencies 

that monitor Tennessee water or stipulated to members of the regulated community given 

monitoring requirements in receiving streams.  This SOP describes the periphyton stream survey 

process and will delineate all steps in the process, including habitat assessments, field 

collections, sample analysis, data reduction and reporting.  This SOP is only intended to 

describe routine conditions encountered during a periphyton stream survey.   

 

 

Federal Statutory Authority  
 

Federal Water Pollution Control Act (amended through P.L. 106-308, October 13,2000) as Amended by the Clean 

Water Act of 1977 enacted by Public Law 92-500, October 18, 1972, 86 Stat. 816; 33 U.S.C. 1251 et. seq. 

Title III, Sec. 302:  Water Quality Related Effluent Limitations 
Title III, Sec. 303:  Water Quality Standards and Implementation Plans 

Title III, Sec. 304:  Information and Guidelines 

Title III, Sec. 305: Water Quality Inventory 

 

Tennessee Statutory Authority  
 

Tennessee Water Quality Control Act of 1977 (Acts 1971, ch. 164, § 1; 1977 ch. 366, § 1; T.C.A., § 69-3-101 et 

seq. 

 

Tennessee Regulatory Authority 
 

General Water Quality Criteria and the Antidegradation Statement:  Rule 1200-4-3 

(specifically 1200-4-3-.03(3) j:  Biological Integrity and 1200-4-3-.06 Tennessee Antidegradation Statement) 

Use Classification for Surface Waters:  Rule 1200-4-4 
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I.B METHOD SUMMARY  

 

This document describes procedures for performing periphyton surveys approved by the 

Division of Water Pollution Control for assessing biological integrity of streams.  The entire 

procedure is described, including protocols for sample collection, habitat assessment, sample 

analysis, data reduction and reporting.   

 

Due to the sedentary nature of periphyton, the community composition and biomass are 

sensitive to changes in water quality.  A diverse community of periphyton can be found in 

healthy streams.  Nuisance blooms are usually symptoms of a system stressed by factors such as 

excessive nutrients, elevated temperatures, or stagnant conditions.  Therefore, the division will 

use periphyton as secondary biological indicators of impairment in streams.  The primary 

biological indicators are macroinvertebrates. 

 

Two periphyton sampling protocols are described in this document.  Both will be performed 

every time periphyton sampling is indicated.  The first, Rapid Periphyton Survey (RPS), is an 

estimate of algal biomass found in the stream.  The second, more intensive protocol involves 

collecting a sample of periphyton and analyzing the periphyton community found there.  Both 

sampling protocols will be carried out in monitoring stations where nutrient impairment is 

suspected or known, as well as ecoregion reference streams. 

 

Habitat assessments (high gradient and low gradient) are also described in this document.  

Habitat assessments are to be conducted in conjunction with all types of biological surveys since 

habitat is often a limiting factor to the complexity of the benthic community.  By following this 

assessment procedure, habitat can either be confirmed or eliminated as a cause of stress to the 

periphyton community. 
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I.C DEFINITIONS AND ACRONYMS  

 

 

Ambient Monitoring:  Routine sampling and evaluation of receiving waters not necessarily 

associated with periodic disturbance. 

 

Benthic Community:  Plants and animals living on the bottom of the stream. 

 

Ecoregion:  A relatively homogenous area defined by similarity of climate, landform, soil, 

potential natural vegetation, hydrology, and other ecologically relevant variables.  There are 

eight (Level III) ecoregions in Tennessee. 

 

Ecological Subregion (or subecoregion):  A smaller area that has been delineated within an 

ecoregion that has even more homogenous characteristics than does the original ecoregion.  

There are 31 (Level IV) ecological subregions in Tennessee. 

 

Ecoregion Reference:  Least impacted waters within an ecoregion that have been monitored to 

establish a baseline to which alterations of other waters can be compared. 

 

Frustule:  The silicate cell wall of a diatom.  The frustule is composed of two valves.   

 

Habitat:  The instream and riparian features that influence the structure and function of the 

aquatic community in a stream. 

 

Macroalgae:  Long filamentous strands of algae such as Cladophora or Spirogyra spp. 

 

Microalgae:  Primarily single celled algae which coat the substrate and are generally composed 

of diatoms and soft algae such as blue-green algae 
 

Moss:  Member of the division Bryophyta 

 

Periphyton:  Algae attached to submerged substrate in aquatic environments. 

 

Reference database:  Biological and chemical data from ecoregion reference sites. 

 

Riparian Zone:  An area that borders a waterbody (approximately 18 meters wide). 

 

Valve:  Half of a frustule.   

 

Watershed:  The area that drains to a particular body of water or common point. 
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Acronyms 

 

CGR  Cymbella Group Richness 

D.O.  Dissolved Oxygen 

D/S   Downstream 

EFO  Environmental Field Office 

ES   Environmental Specialist 

FGR  Fragilaria Group Richness 

GPS   Global Positioning System 

Hô   Shannon Diversity Index 

KDBI  Kentucky Diatom Bioassessment Index 

KPTI  Kentucky Pollution Tolerance Index 

LDB  Left Descending Bank 

MPS  Multi -habitat Periphyton Sample 

MT   Mountain Region 

MVIR  Mississippi Valley-Interior Region 

% NNS  Percent Navicula, Nitzschia, and Surirella 

PAS   Planning and Standards Section  

PN   Pennyroyal Region 

QA/QC  Quality Assurance/Quality Control 

RDB  Right Descending Bank 

RPS   Rapid Periphyton Survey 

SOP   Standard Operating Procedure 

TDEC  Tennessee Department of Environment and Conservation 

TMDL  Total Maximum Daily Loading 

TNDT  Total Number of Diatom Taxa 

TOPO  Topographic Map 

TR   Taxa Richness 

U/S   Upstream 

WPC  Water Pollution Control 
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I.D HEALTH AND SAFETY WARNINGS  

 

(Adopted from Klemm et al., 1990) 

 

1. Know how to swim and/or use personal flotation devices when entering the water.   

 

2. Always wear a belt with chest waders to prevent them from filling with water in case of a 

fall.  If it is necessary to wade in high velocity and high flow streams it is advisable to wear 

a life jacket.   

 

3. Follow Tennessee boating laws and regulation.  Information is available through the 

Tennessee Wildlife Resources Agency (TWRA).  Life jackets are required when operating a 

boat. 

 

4. Be vigilant, especially in turbid streams, to avoid broken glass, beaver traps or other sharp 

objects that may lie out of sight on the bottom.   

 

5. Keep first aid supplies in the EFO and in the field at all times.  Training in basic first aid and 

cardio-pulmonary resuscitation is strongly recommended.   

 

6. Any person allergic to bee stings or other insect bites should have needed medications in the 

event of an allergic reaction and instruct others in the team on how to use the allergy kit.  

Also, be aware of and alert to the potential presence of venomous snakes. 

 

7. Always handle formaldehyde under a properly installed and operating fume hood.  Check to 

be certain the fume hood is functioning properly.  Always wear personal protective 

equipment (gloves, safety glasses, and lab coat) when handling preservatives.  Know the 

location and how to use eyewash and shower stations. 

 

8. It is recommended that communication equipment be taken in the field in case of an 

emergency.   

 

9. Keep an employee file in the field office that contains emergency contacts and physicianôs 

name for each employee.  Carry a list of emergency contact numbers to the sample area.  

Know the location and emergency contact numbers of hospitals and law enforcement 

stations in the area. 

 

10. Consider all surface waters a potential health hazard due to toxic substances or pathogens.  

Minimize exposure as much as possible and avoid splashing.  Wearing powder-free gloves 

limits exposure to potential health hazards.  Clean exposed body parts (face, hands, and 

arms) immediately after contact with these waters.  Carry phosphate-free soap and an 

adequate supply of clean water, disinfectant wipes, and/or waterless sanitizer.  Thoroughly 

wash exposed areas with soap and water as soon as possible.  
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It is recommended that powder-free gloves be worn when handling samples.  In waters 

known or suspected to have high pathogen levels the sampler may choose to wear shoulder 

length gloves.   

 

11. If working in water known or suspected to contain human wastes, EPA recommends 

immunization against tetanus, hepatitis, and typhoid fever (Table 1).  The Tennessee 

Department of Health has reviewed studies that indicate a minuscule risk of contracting 

Hepatitis without coming in direct contact with an infected person and do not believe 

vaccinations are warranted.  Beginning August 2002, the TDH has denied WPC request for 

such vaccinations.  However, this does not preclude employees from contacting their 

physician and requesting vaccinations they believe are appropriate. 
 

Table 1:  EPA Recommended Vaccinations 
 

Vaccination No. of shots Interval  Booster 

Hepatitis B 3 0, 1, 6 months NA 

Tetanus 1 NA 10 years 

Polio 1, if childhood series completed NA 20 years 

Typhoid 2  1 month 3 years 
 

12. Try to avoid working alone in the field.  If working alone, make sure your supervisor or their 

designee knows where you are and when you are expected to return. Check in periodically. 
 

13. Material Safety Data Sheets (MSDS) are available for all preservatives and other hazardous 

chemicals.  Everyone working with these agents or handling preserved bottles must be 

familiar with the location and contents of the MSDS.  Notify supervisor if MSDS sheets 

cannot be located.   
 

14. Be aware of potentially volatile situations.  If possible, obtain permission from landowners 

before crossing private property.  Have business cards available to leave at residences when 

appropriate. 
 

15. Check to make sure lids are tightly fastened.  

 

16. When traveling in a state vehicle always wear a seat belt and follow all Tennessee 

Department of Safety and Motor Vehicle Management rules. 
 

18. In the event of a life-threatening emergency, go to the nearest hospital.  Call for emergency 

assistance if moving the injured person is likely to inflict further injury.  If a non-life 

threatening injury occurs on the job, seek medical assistance from the authorized state 

workerôs compensation network.  A current list of providers may be found on the State 

Treasurerôs homepage under Workers Compensation, Provider Directory at 

www.treasury.tn.gov.  Always complete and file an accident report if medical assistance is 

provided for a work related injury.
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I.E CAUTIONS 

 

1. Avoid cross contamination of samples.  Use new sample bottles whenever possible, 

otherwise thoroughly rinse bottles and inspect before use. 

 

2. Avoid sampling bias by following these procedures exactly.  Take care not to over sample or 

under sample. 

 

3. Use the standardized station ID naming protocol for all samples.  Check the Water Quality 

Database for consistency in naming existing streams.  Make sure the station ID is included 

on all paperwork associated with the sample. 

 

4. To avoid errors, it is recommended to calibrate all meters at the beginning of each day 

(unless overnight travel is required).  The meters should minimally be calibrated once a 

week.  Perform a drift check at the end of each day (or on return to office if overnight 

sampling).  If the meter calibration is off by more than 0.2 units for pH, temperature, or D.O. 

when measured in mg/L, by more than 10% for conductivity, or 10% D.O. when measured 

in % saturation, precede all readings between the initial calibration and the drift check with 

an N (questionable data) on the Rapid Periphyton Survey sheet (RPS) and on any Chemical 

Request Forms turned in at the TDH Environmental lab or discard the data.  If sample 

request forms have already been submitted, notify the Planning and Standards Section of 

questionable readings in writing (e-mail or fax). 

 

5. Record all time in a 24-hour (military) clock format 

 

6. Write all dates in mm/dd/yy or mm/dd/yyyy format.  (For example, March 2, 2003 would be 

03/02/03 or 03/02/2003.) 

 

7. Record all distance measurements except flow in meters.   

 

8. Express temperature readings in degrees centigrade. 

 

9.    When performing a rapid periphyton survey, always measure canopy cover using a 

densiometer at the mid-point of each transect.   

 

10.  If an error is made in any documentation, draw a single line through the error, so that it is 

readable and write the correction above.  Date and initial the correction.  Do not white out 

or place several lines through errors. 

 

11.  Collect samples in opaque brown bottles and avoid exposure to light. 

 

12.  Make sure a minimum of 40 mL is collected for each sample.    
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I.F INTERFERENCES  

 

1. Document all deviations from protocol. 

 

2. Avoid sampling in flooded conditions or immediately after a flood.  After the water level has 

receded to base flow, wait at least one week to sample.  Avoid scoured areas.    

 

3. Do not sample if stream is reduced to isolated pools.  If stream channel naturally goes dry, 

only sample if there has been flow for longer than 30 days.  

 

4. Sampling should be conducted between March and November (preferably between April and 

October) when periphyton growth is highest and rainfall runoff is generally lower.  High 

flow levels and scouring may be greater in the winter and spring.  

 

5. Flag dissolved oxygen, pH, temperature and conductivity readings with an N (Questionable 

data) if post-trip drift checks show meter calibrations to be off by more than 0.2 units (or 

10% for conductivity) or discard the data.   

 

6. Sampling stations should be located in areas where the periphyton community is not 

influenced by atypical conditions, such as those created by bridges or dams unless judging 

the effects of atypical conditions is a component of the study objectives. 

 

7.  Avoid areas of deep canopy unless entire reach is shaded.  
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I.G PERSONNEL QUALIFICATIONS   

 

Tennessee Civil Service Titles:  Biologist, Environmental Specialist, Environmental Protection 

Specialist, Environmental Program Manager, Environmental Field Office Manager, or trained 

co-op/intern (state employees only).  For the purpose of this report, all position titles will be 

referred to as biologist. 

 

Minimum Education Requirements:  B.S. in a biological science.  Coursework in stream 

ecology and/or phycology is desirable.  A graduate level degree in phycology, aquatic biology, 

stream ecology or similar field is preferable. 

 

Minimum experience:  one year (specific class-work involving biological stream surveys can be 

substituted for experience). 

 

Expertise:  Computation of basic statistics, use of standard water quality monitoring meters, 

habitat evaluations and general water quality assessments, ability to recognize macroalgae and 

microalgae. 

 

Training:  Protocols outlined in this SOP 

 Quality System Requirements 

 Quality Assurance Project Plan 
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I.H.  EQUIPMENT AND SUPPLIES 

 

Prior to any sampling trip, gather and inspect all necessary gear.  Replace or repair any damaged 

equipment.  Calibrate all meters the morning of the sampling trip with a drift check at the end of 

the day (or the end of the trip for overnight stays).  Upon return from a trip, take care of any 

equipment repairs or replacements immediately.  Necessary equipment will vary per project, but 

the following is a standardized list. 

 

Field Equipment 

 

Waders 

External sample tags 

Habitat Assessment Sheet (High gradient for riffles, Low gradient for glide-pool) 

Biological Analysis Request Sheet (for Chain of Custody and/or samples sent to lab) 

Topographic maps (USGS quadrangle maps) may also be referred to as topos or quads. 

Tennessee Atlas and Gazetteer 

Calibrated GPS unit 

Calibrated Dissolved Oxygen meter and replacement membrane kit 

Calibrated pH meter 

Calibrated conductivity meter 

Calibrated temperature meter or thermometer in 
o
C 

Spare batteries for all meters and for camera 

Camera (preferably digital) with memory cards or film for documentation of potential  

pollution sources and waterbody conditions 

Magnifying lens 

Waterproof marking pens (Sharpies), pencils and black ballpoint ink pens (not roller-ball) 

Flashlights 

Duct Tape 

First Aid Kit 

Watch 

Spherical densiometer (for canopy measurements) 

Map Wheel (for calculating stream miles) if station ID is to be assigned in the field 

Disposable pipettes (single squeeze approx 2 mL) 

Preservative (buffered formalin) 

500 mL wide mouth sample jar (approx. 9-cm inner diameter), marked at the 100 mL fill point 

Scissors or knife 

125 mL opaque brown plastic wide-mouth sample bottle to hold final sample 

Rapid Periphyton Survey Board 

Rapid Periphyton Survey Data Sheet 

Small ruler 
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Addit ional Items Needed if Sampling from Sediment/Sand. 

 

Sediment core sampler with plunger 

 60 mL plastic syringe (cut off at end) 

 3 cm depth (approx. 15-17 mL) marked on side or syringe (tape or permanent marker) 

Large metal kitchen spatula 

Tablespoon size measuring spoon 

  

 

Laboratory Equipment  

 

The following equipment is needed to perform sample analysis: 

 

Tissue homogenizer or blender 

Calibrated (known volume) counting chamber such as a Nannoplankton chamber or a Palmer-

Maloney Counting Cell 

Pipettes 

Compound microscope 

Beaker 

Naphrax or other high refractive index medium 

Microscope slides 

Slide coverslips 

Hot plate and nail polish (to seal edges of cover slips to slides where Naphrax was used 

Bench Sheet 

Slide Storage Box 

Sodium bicarbonate 

37% formaldehyde (formalin) 

pH meter 

Small containers 

Balance 

Nitric or sulfuric acid 

Fume hood 

Distilled water 

Counter (for tallying taxa) 
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Sample Container Acquisition  

 

Sample containers are to be obtained through the Tennessee Department of Health 

Environmental laboratory.   

 

It is recommended that sample containers be requested at least two weeks prior to the 

anticipated date they need (preferably one month). 

 

The 125 mL opaque amber plastic wide-mouth sample bottles used for the final periphyton 

collection will be available directly from Laboratory Services:  

 

 

Contact: Dr. Bob Read 

  (615) 262-6302 

  bob.read@state.tn.us 
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I.I  PROCEDURES 
 

Protocol A - Selection of Survey Type and Station Location  
 

Biologist or Environmental Specialist from EFO 

Central Office Coordinator 

 

1. Determine biological sampling needs.  

 

The central office will coordinate biological sampling needs with the environmental field 

offices.  The location and type of biological assessments are included in the annual water 

quality monitoring work plan.  The most common reason for periphyton sampling will be 

suspicion of nutrient enrichment and reference stream monitoring; however, some studies 

will require periphyton sampling for other reasons.  It is highly recommended that nutrient 

samples (Nitrate + Nitrite, Total Phosphorus, Total Kjeldahl Nitrogen, Total Organic 

Carbon, and Ammonia) be collected at the same time.  Sampling should be conducted 

between March and November (preferably between April and October). 

  

2. Select sites. 

 

Site selection is dependent on the study objectives.  After determining the specific objectives 

of the study and clearly defining what information is needed, select sampling sites on 

specific reaches of the stream.  Reconnaissance of the waterway is very important.  Note 

possible sources of pollution, access points, substrate types, flow characteristics, and other 

physical characteristics that will need to be considered in selecting the sampling sites.  

Although the number and location of sampling stations will vary with each individual study, 

the following basic rules should be applied: 

 

a. For watershed screenings, locate sites near the mouth of each tributary.  If impairment 

is observed, locate additional sites upstream of the impaired stream reach and try to 

define how far the impairment extends. 

 

b. For monitoring point source pollution, establish a station downstream of the source of 

pollution in the stream after mixing has occurred.  If complete mixing of the discharge 

does not occur immediately, left bank, mid-channel and right bank stations may need to 

be established to determine the extent of possible impact.  Establish stations at various 

distances downstream from the discharge.  Space the collecting stations exponentially 

farther apart going downstream from the pollution source to determine the extent of the 

recovery zone. 

 

c. For site specific sampling, locations immediately above, or below the confluence of two 

streams, or immediately below point/nonpoint source discharges should be avoided if 

mixing does not immediately occur.  Unless the stream is extremely small or extremely 

turbulent, an in-flow will usually hug the stream bank with little lateral mixing for some 

distance.  This may result in two very different biological populations and an inaccurate 
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assessment of stream conditions.  This can be avoided by sampling after mixing has 

occurred. 

 

d. All sampling stations under comparison during a study should have similar habitat  

unless the object of the study is to determine the effects of habitat degradation.   

 

e. Sampling stations for periphyton should be located within the same reach (200 meters or 

yards) of where sampling for chemical and physical parameters will be located.  If the 

periphyton are collected more than 200 meters from the chemical sampling, consider it a 

separate station and assign it a different station ID number, unless there are no 

tributaries, discharges or other streamside activities that would influence the stream 

between sampling points. 

 

f. Sampling stations should be located in areas where the periphyton community is not 

influenced by atypical conditions, such as those created by bridges or dams unless 

judging the effects of atypical conditions is a component of the study objectives. 
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Protocol B ï Assigning Station Identification Numbers  

  

Sampler 

 

Assign station numbers to each site using the following protocol.  The station number is used to 

identify the sample and must be included on all associated paperwork, results, tags, etc.  This 

number is to be used to identify this site every time it is sampled (benthic, fish, algae, bacteria, 

or chemical).  If new stations are set up that will have chemical or bacteriological monitoring, 

send the station information to the Planning and Standards Section as soon as the location is 

finalized and before results are received.  (It is usually a least a month between sample 

collection and receipt of results.)  Minimally, station information should include station ID, 

latitude and longitude (in decimal degrees), HUC, ecoregion, stream order and specific location 

information (such as road crossing) that can be located on a map.  Contact PAS if assistance is 

needed to assign station numbers.  Continue to use the established naming protocol for NPDES 

effluent samples. 

 

It is very important that station IDs are assigned consistently with the same location always 

assigned the same ID irregardless of the sample collection type, purpose, samplers or year.  It is 

also important that river miles used in the station ID are measured as accurately as possible and 

correspond to the latitude and longitude for easy comparison between multiple stations on the 

same waterbody.  The official stream name is the one found on the USGS 7.5 minute 

topographic map.  Do not use other sources such as a gazetteer, TDOT bridge signs or local 

names, which may differ.  

 

1. Before assigning a new station number, check the ñcurrent stationsò table in the Water 

Quality Database to make sure a number has not already been assigned to that site.  Even if 

the site has not been collected before by the EFO, a station ID may have already been 

assigned based on other agency data.  Do not assume that a station does not exist because it 

has not been collected by the EFO.  Contact the Planning and Standards Section if there is 

any question. 

 

If the station is not in the database, coordinate the naming of the station with staff members 

who may be collecting chemical and/or macroinvertebrate samples at the same site.  Stations 

collected within 200 meters (yards) of each other are considered the same site and should be 

assigned the same station ID.  If it is necessary to go more than 200 meters for chemical 

sampling or to find a suitable macroinvertebrate habitat, the samples can be assigned the 

same station ID provided there are no tributaries or potential pollution sources between the 

chemical and biological sample points.  If there are tributaries or potential pollution sources, 

considerate it a separate station and assign it a different station ID. 
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The only exception to the following naming scheme is sites that have been designated as 

Ecoregion reference sites.  These sites are always identified with either an ECO or FECO 

(headwater stream) designation no matter what the purpose of sampling.  If new ecoregion 

reference sites are added, contact Planning and Standards (PAS) to determine the 

appropriate station number.   

 

2. If a number does not already exist for the site, create a 12-character or less identification 

number.  All letters in the station name are capitalized.  Do not use more than 12 characters 

including the decimal.  

 

a. The first five digits will be the first five letters of the stream/river name (capitalized).  If 

the stream/river name has more than one word, use the first letter of each word finishing 

out the five letters with the last word.  For example, South Fork Forked Deer River 

would be SFFDE.  If the creek name has fewer than five letters use the entire name.  Do 

not use the words River, Creek, or Branch.  (Fork is only used if the stream is also 

designated river, creek, branch etc.)  For example, Dry Fork would be DRY but Dry 

Fork Creek would be DFORK. 

 

b. The next five characters designate the river mile.  This will be written as three whole 

numbers, a decimal and a tenth space.  For example, river mile 1.2 would be written as 

001.2.  Do not add zeros to make a short stream name longer.  It is very important that 

the river mile be determined as accurately as possible.  Ideally, this would be done by 

GIS.  It can also be done using a topo map and a map wheel.  The river mile is always 

measured upstream from the confluence with the main stem.  If there are other stations 

located on the same stream, make sure that the assigned river miles are appropriately 

upstream or downstream of existing stations.  If errors are discovered, contact PAS to 

have the station re-assigned. 

 

c. The last two characters designate the county or state, if not in Tennessee.  Use the county 

and state identification table in Appendix A to determine the appropriate county or state 

abbreviation.  The county or state is expressed with two letters; do not use the numeric 

state code.  If the station is in another state, add an underscore _ before the two letter 

state abbreviation.  

 

Example 1: A station located at river mile 1.5 on Puncheoncamp Creek in Greene 

County would be PUNCH001.5GE. 

 

Example 2: A station located at river mile 25 on the North Fork Forked Deer River in 

Gibson County would be NFFDE025.0GI.  

 

Example 3. A station that is located in Kentucky at river mile 15.2 of Spring Creek 

would be SPRIN015.2_KY. 
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3. Unnamed Streams/Tributaries  

 

 Check a 24k scale topo map (hardcopy or GIS layer) to see if the unnamed stream is within a 

named geographical feature such as a Cove, Hollow, Gulf, Gulch, or Valley. 

  

 a.  For streams that are not within a named geographical feature: 

 

(1) Use the first five letters of the receiving stream the tributary enters. 

 

(2) Use 1T for the first unnamed tributary station sampled, 2T for the second unnamed 

      tributary sampled etc.  

 

(3) Use a 3-character stream mile including one whole number, the decimal and a tenth   

      space.  For example river mile 1.2 would be written as 1.2. 

 

(4) Use the two letter county or state abbreviation from Appendix A.  If the station is in  

      another state, add an underscore _ before the two letter state abbreviation. 

 

Example 1:  A station located at river mile 0.2 on an unnamed tributary that entered the  

North Fork Forked Deer River in Gibson County would be 

NFFDE1T0.2GI. 

 

Example 2:  A second station located at mile 5.5 on the same unnamed tributary would  

        be NFFDE1T5.5GI. 

 

Example 3:  A site at river mile 8.5 on a different unnamed tributary to the North Fork  

Forked Deer would be NFFDE2T8.5GI. 

 

(5) When naming an unnamed tributary to an unnamed tributary, use the first three   

      letters of the main stem followed by the 1T1T, the river mile and the county.  For   

      example, a station at river mile 0.5 on an unnamed tributary to an unnamed tributary  

      to Turkey Creek in Gibson County would be called TUR1T1T0.5GI. 

 

 b. For streams that are within a named geographical feature:  

   

(1) The first five digits will be the first five letters of the name of the geographical 

feature (capitalized).  If the feature name has more than one word, use the first letter 

of each word finishing out the five letters with the last word.  Do not use the words 

Cove, Hollow, Gulch, Gulf, or Valley.  If the feature name has fewer than five 

letters use the entire name. 

 

(2) Add underscore_G to indicate that the station is named after a geographical feature 

and not a named stream.  Streams with ñ_Gò will be the main branch running 

through the feature.  Use 1G for the first unnamed tributary that flows into the main 
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branch of the feature, 2G for the second unnamed tributary that flows into the 

feature, etc. 

 

(3) The next three characters designate the miles upstream from the nearest named 

stream or waterbody.  This will be written as one whole number, a decimal and a 

tenth space.  For example, river mile 1.2 would be written as 1.2.  If the stream is an 

unnamed tributary to the main branch (_G streams), the miles will be measured 

upstream from the main branch instead of the nearest named stream or waterbody.  

 

(4) Use the two letter county or state abbreviation from Appendix A.  If the station is in  

      another state, add an underscore _ before the two letter state abbreviation. 

 

Example 1:  A station that is in Shingle Mill Hollow in Marion County and is 0.3 miles 

upstream from Nickajack Reservoir, which is the closest named waterbody 

would be SMILL_G0.3MI. 

 

Example 2: A station that is located on an unnamed main branch in Cave Cove in 

Marion County that is 0.4 miles upstream of the nearest named stream 

would be CAVE_G0.4MI. 

 

Example 3:  A station on an unnamed tributary that is 0.2 miles upstream of the main 

branch in Example 2 would be CAVE1G0.2MI. 

 

4.   Wetlands  

 

a. For named wetlands 

 

(1) Use the first five letters of the wetland name if one word ï if more than one word 

use the first letter of each word plus as many letters are needed in the last word (see 

2.a). 

  

(2) Add underscore_W. 

 

(3) Use a 3-character stream mile including one whole number, the decimal and a tenth 

space.  For example river mile 1.2 would be written as 1.2. 

 

(4) Use the two letter county or state abbreviation from Appendix A.  If the station is in 

another state, add an underscore _ before the two letter state abbreviation. 

 

Example 1:  A station located at DUCK wetland would be DUCK_W1.2CH.  

 

Example 2:  A station located at BLACK HORSE wetland would be BHORS_W1.2CH. 
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b. For unnamed wetlands with an associated stream 

 

(1) Use the first five letter of the stream associated with the wetland if one word ï if 

more than one word use the first letter of each word up to five letters (see 2. a.). 

 

(2) Add underscore_W 

 

(3) Use a 3-character stream mile including one whole number, the decimal and a tenth 

space.  For example river mile 1.2 would be written as 1.2. 

 

(4) Use the two letter county or state abbreviation from Appendix A.  If the station is in  

        another state, add an underscore _ before the two letter state abbreviation. 

 

Example 1:  A wetland associated with a stream Clear Creek would be 

CLEAR_W1.2SM. 

 

c. For isolated unnamed wetlands with no stream associated with it, use the name 

associated with the ARAP permit request. 

 

(1) Use the first five letters of the company associated with the wetland, - if more than 

one word use the first letter of each word up to five words. 

 

(2) Add underscore_W. 

 

(3) Use a 3-character stream mile including one whole number, the decimal and a tenth 

space.  For example river mile 1.2 would be written 1.2. 

 

(4) Use the two letter county or state abbreviation from Appendix A.  If the station is in 

another state, add an underscore _ before the two letter state abbreviation. 

 

Example: Company name Boones Farm BFARM_W1.2CO 

 

5.  Sinking streams 

 

a. For named sinking streams 

 

(1) Use the first five letters of the stream name if one word ï if more than one word use 

the first letter of each word up to five words. 

 

(2) Add underscore _S. 

 

(3) Use a 3-character stream mile including one whole number, the decimal and a tenth 

space.  For example, river mile 1.2 would be written as 1.2.  The underground 

mileage between surface points will need to be estimated. 
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(4) Use the two letter county or state abbreviation from Appendix A. If the station is in 

another state, add an underscore _ before the two letter state abbreviation. 

 

Example 1.  A station located on Dry Creek would be DRY_S1.2CU. 

 

Example 2.  A station located on Stinky Cow Creek would be SCOW_S1.2CU. 

 

Example 3.  A station located at the sinkhole on Stinky Cow Creek would be 

 SCOW_S0.0CU 

 

b. For unnamed sinking streams 

 

(1) Use the first five letters of the closest named geographical feature if one word ï if 

more than one word use the first letter of each word up to five words. 

 

(2) Add underscore _S. 

 

(3) Use 1T for the first unnamed tributary that sinks into the sinkhole, 2T for the second 

unnamed tributary that sinks into the sinkhole, etc. 

 

(4) Use a 3 character stream mile including one whole number, the decimal and a tenth 

space.  For example, river mile 1.2 would be written as 1.2.  Estimate underground 

mileage between surface points.   

 

(5)   Use the two letter county or state abbreviation from Appendix A.  If the station is in  

        another state, add an underscore _ before the two letter state abbreviation. 

 

Example 1.  An unnamed sinking stream station located on Crane Top Ridge would be 

CTOP_S1T1.2FR 

 

6. Reservoirs (man-made lakes) 

 

a. Assign the first 5 letters of the impounded stream (or embayment).   

 

b. Use a 5 character stream mile if the sample is collected near the river channel.  If the 

sample is collected near the right or left bank (such as at a boat dock) use a 4 character 

stream mile and the letter L or R to designate the right or left descending shore. 

c. Use the appropriate 2 letter county or state abbreviation from Appendix A.  Add an 

underscore _ before the two letter state abbreviation for stations in another state. 

For example, a station that was collected from a boat on Fishing Lake which dams Otter 

Creek in Anderson County would be OTTER012.3AN.  If the station was collected off a 

dock near the left descending shore the station ID would be OTTER12.3LAN.   

 

In the site description include the reservoir name as well as location for clarification (for 

example Otter Lake near boat dock).   
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7. Natural Lakes 

 

a. Use the first 5 digits of the lakeôs name 

 

b. Using an S to designate station and a two digit whole number, assign the next available 

station number.  For example if station numbers 1 through 4 already exist on that lake 

from previous studies (check the water quality database) then use station number 5.  This 

would be designated S05. 

 

c. Use the appropriate 2 letter county or state abbreviation from Appendix A.  Add an 

underscore _ before the two letter state abbreviation for stations in another state. 

 

For example, a new station located on Reelfoot Lake in Obion County would be 

REELFS11OB . 

  

8. Duplicates 

 

 A duplicate sample will be labeled with the appropriate stationôs ID and FD at the end. 

 

For example, if a duplicate sample was taken at Puncheoncamp Creek at river mile 1.5, 

the label would read PUNCH001.5GE-FD. 
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Protocol C ïBuffered Formalin Preparation 

 

Biologist/Environmental Specialist 

 

1.  Place a clean weigh pan on the balance.  Tare the balance. 

 

2.  Weigh out approximately 1 gram of sodium bicarbonate for each liter of formalin. 

 

3.   Use extreme caution when handling formalin.  It is a very toxic chemical and can cause 

irritation to skin, eyes, and respiratory system.  It is also highly flammable.  A lab coat, latex 

or vinyl gloves, and eye protection are required when working with formalin.  Avoid 

breathing vapors or exposing co-workers to them.  Work in a well ventilated area (preferably 

a lab hood or chemical ventilation system).  Keep face away from open containers of 

formalin.  Refer to the MSDS for information and first aid measures for reagents and 

chemicals in this SOP.   

 

4. Gradually add the sodium bicarbonate to your container of formalin (37%).  In general, one  

gram of sodium bicarbonate will buffer about one liter of formalin, but it is necessary to 

check the pH of the buffered solution, as individual batches of formalin may vary in pH.  

Close the container and shake vigorously after each addition.  Check the pH at each interval 

until reaching a pH between 7.5-8.0 S.U.  The sodium bicarbonate may not all dissolve into 

the formaldehyde, as this is a supersaturated solution. The solution should not be milky 

white; this indicates that too much sodium bicarbonate was added.  Store the buffered 

formalin in an appropriate container such as Nalgene plastic and label the container 

ñBuffered Formalinò and also write the date of preparation.  The shelf life for the buffered 

formalin is two years.   
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Protocol D ï Field Parameters 

 

Biologist/Environmental Specialist 
 

Adapted from U.S. Environmental Protection Agency.  2002 

 

Measure dissolved oxygen, pH, temperature and conductivity at each periphyton monitoring 

station before flow is measured and macroinvertebrate or periphyton samples are collected.  

Allow readings to equilibrate before recording measurements.  Record the duplicate readings in 

the appropriate area on the RPS sheet.   
 

Label all meters as property of the State of Tennessee, Department of Environment and 

Conservation.  Assign each meter a distinct identifying designation, (i.e. letter or a portion of the 

serial number) for calibration, maintenance, and deployment records.  Mark each meter with this 

designation.  Record the meterôs ID number on the Rapid Periphyton Survey sheet (RPS) or 

Stream Survey Sheet.  Multi-probe or individual meters meeting the following minimum 

specifications may be used (Table 9).  Beyond following the instructions in this SOP for 

calibrating, maintenance, and logging procedures, it is also recommended to refer to 

manufacturerôs instructions.   
 

Table 2:  Instantaneous Probe Minimum Specifications 
 

Parameter Range Accuracy Resolution 

Temperature -5 
o
C to 45

 o
C +/- 0.20

 o
C 0.1

 o
C 

Specific Conductivity 0 to 100,000*umhos/cm +/- 1% of reading 4 digits 

pH 2 to 12 units +/- 0.2 units 0.01 units 

Dissolved Oxygen 0 to 20 mg/L +/- 0.2 mg/L 0.01 mg/L 

* Areas of mining or other high conductivity/low pH may need a higher range. 
 

1. Calibrate Meter(s) ï Meters only need to be calibrated if they are going to be used that 

week. At the beginning of each week or day, or within 24 hours of use, in the EFO lab, 

calibrate meter(s) for all parameters that will be measured, following the manufacturerôs 

instructions.  Conductivity and pH probes are calibrated weekly with a drift check performed 

daily upon return (or at the end of the sampling period if overnight travel is involved).  The 

drift check can be performed the next morning if time is a factor.  The probes must be 

recalibrated when the drift check is out of the acceptable range, otherwise calibrating these 

probes once a week is acceptable.  A drift check should be performed weekly for 

temperature.  DO probes are to be calibrated each morning of use and at each site where 

necessary (see # 2).  Drift checks for DO probes are not necessary if the meter was 

recalibrated in the field.  If probes are factory calibrated, check readings against the 

appropriate standards to ensure the calibration is still accurate.  Maintain calibration SOPs 

for each type and/or brand of meter.  Keep all calibration records in a bound logbook (Figure 

1).  Include the date, meter designation, project name/number, initials of calibrator, 

parameter, standards used, meter reading, and adjustments.  Also, record routine 

maintenance and repairs in the logbook.  Some probes must be sent to the manufacturer for 
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calibration.  Other probes must be replaced when they no longer maintain their calibration.  

In these cases, refer to manufacturerôs instructions.  

 

To check the calibration of the temperature probe place an ASTM thermometer in a 

container of room temperature water large enough to submerge the temperature probe.  Place 

the meter in the water bath and allow it to equilibrate then compare the probeôs reading to 

the thermometerôs reading and mathematically adjust the probeôs temperature as necessary.  

Coordinate with TDH laboratory to include the ASTM thermometer in their annual 

thermometer calibration check against the ASTM certified thermometer.  Record this 

information in the calibration log. 

 

EFO Meter Calibration Log  

 

Date Meter Project Init.  Parameter Standard Reading Adj  Comments 

3/6/02 YSI-A Davis 

Ck 

JEB Conductivity 142 120 142 Cleaned 

contacts 

3/6/02 YSI-A Davis 

Ck 

JEB Conductivity 142 140 NA Drift Check 

 

Figure 1: Example of Meter Calibration Log  

 

 

2. Calibrate DO Probe ï The DO probe must be calibrated using either Winkler Titration 

(mg/l) or air calibration (% saturation) each morning prior to use.  Most probes 

automatically compensate for temperature changes.  Some probes also automatically 

compensate for pressure changes.  An ASTM r calibrated thermometer and/or a handheld 

barometer must be carried in the field if the probe does not compensate for temperature 

and/or pressure changes.  It is only necessary to recalibrate the probe at sites where there is a 

significant elevation, pressure or temperature change and the meter does not automatically 

compensate.  A significant change in elevation is 1000 feet.  A significant change in 

pressure is ±20 mm Hg (higher or lower) or when a storm front comes through the area.  A 

significant change in temperature includes any ±5ºC change in temperature (higher or 

lower).  If the DO probe is air calibrated, changes in pressure do affect concentration 

readings.  Record the air calibration at the site in a calibration log in the field to the specified 

resolution in Table 9.   

 

3. Probe Placement ï Ideally, measure water parameters before measuring flow or collecting 

other samples (i.e. macroinvertebrate, periphyton).  Turn on the meter(s) and if there is a DO 

stirrer, be sure it is activated.  Carefully place the meter(s) in the thalweg upstream of the 

chemical and bacteriological sampling area.  Suspend the probe(s) in the water column so it 

does not touch the bottom.  If the water is too shallow to suspend the meter(s), carefully lay 

it on its side on firm substrate (preferably rock).  Do not allow the probe(s) to sink into soft 

substrate.   

 



Division of Water Pollution Control 

QSSOP for Periphyton Stream Surveys 

Effective Date:  January 2010  

Section I.I, Protocol D:  Page 3 of 4 

 

 
 
 

Stand downstream of the probe, being careful not to disturb the substrate in the area of the 

probe(s).  Allow enough time for each reading to stabilize before it is recorded.  Depending 

on the meter, it may take a couple of minutes for dissolved oxygen to equilibrate.  Record 

initial readings in the field notebook or the field survey form to the specified resolution 

(Table 9).  The multi-parameter probe may also be placed in a bucket filled with surface 

water with the DO stirrer activated and allowed to equilibrate.  Rinse the bucket and probe 

once with surface water before placing probe in the bucket of water.   

 

4. Duplicate Readings ï Take duplicate measurements at each site.  If time is a constraint 

(short sample holding times or daylight), duplicate readings may be reduced to the first and 

last site each day.  To take a duplicate measurement, lift the probe completely out of the 

water, wait for the readings to change, then return it to the original location or slightly 

upstream if the sediment was disturbed.  Allow the meter to equilibrate before recording 

readings.  If the readings are off by more than 0.2 units for pH, temperature, and DO in mg/L 

or off by more than 10% for specific conductivity, repeat the procedure until reproducible 

results are obtained.  Record all readings on the RPS sheet and in the field notebook or the 

stream survey form. All results are to be recorded to the resolution specified in Table 9.   

 

5. Record Field Parameters ï Document the field parameters on the RPS form (Appendix B).  

Specific conductivity must be recorded in umhos/cm or uS/cm, dissolved oxygen in ppm 

(mg/l), and temperature in 
o
C.  If meter readings are in other units, record the exact readings 

on the RPS sheet and in the field survey form or field book and record the converted 

readings. 

 

6.  Drift Check  ï Without post-calibration checks, the accuracy of the water parameter 

measurements cannot be demonstrated.  At the EFO lab, perform a drift check on each meter 

at the end of the day (or at the end of the trip on multiple night trips) and record results in 

the logbook (Figure 1).  Drift checks can be done in the field as long as you have the proper 

equipment.  To check the probes have maintained their calibration for pH and conductivity, 

compare the probeôs readings against the appropriate pH, and conductivity standards.  

Adjust calibration if the probe is going to be used again that week.  If the meterôs calibration 

is off by more than 0.2 for pH or more than 10% for conductivity, all readings between the 

initial calibration and the drift check must be marked as questionable (N). To check the 

probes have maintained their calibration for temperature, compare the probeôs readings 

against a standard ASTM thermometer.  If the meterôs calibration is off by more than 0.2, all 

the readings between the initial calibration and the drift check must be marked as 

questionable (N).  When the DO probe has been air calibrated in the field due to pressure, 

elevation or temperature changes, a drift check is unnecessary at the end of the day.  If the 

DO probe was not re-calibrated since leaving the base office, a drift check (Winkler or air 

calibration) should be performed at the end of the day.  If the meterôs calibration is off by 

more than 0.2 mg/L (Winkler) or 10% (air), all readings between the initial calibration and 

the drift check must be marked as questionable (N). On the Rapid periphyton Survey sheets 

(RPS), precede all questionable readings with an N (questionable data).  If the RPS forms 

have already been submitted to TDH Environmental Laboratory, notify the Planning and 
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Standards Section in writing (e-mail or fax) of questionable readings so they may be noted in 

the Water Quality Database. 

 

7.  Other Parameters ï some multi-parameter probes contain sensors for other water quality 

parameters such as turbidity or suspended solids.  If these parameters are also measured, 

they should be calibrated following manufacturerôs specifications prior to use with drift 

checks performed at the end of each day.  Duplicate measurements should be taken at each 

site and recorded on the RPS sheet.   
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Protocol E ï Habitat Assessment   

 

Biologist/Environmental Specialist 

 

Please note that a Standard Operating Procedure manual for Habitat Assessments will be 

published in 2010.  When that document is published, it will supersede this protocol.   

 

Conduct a habitat assessment any time a biological sample is collected.  Use habitat data sheets 

finalized in Rapid Bioassessment Protocols for Use in Wadeable Streams and Rivers (Barbour 

et. al., 1999) to evaluate the integrity of the habitat at each site (Appendix B).  When possible, 

two or more investigators should collaborate on habitat assessments to reduce the potential for 

individual bias.  

 

Two different habitat assessment sheets will be used dependent on the ecoregion and/or stream 

type.  (For habitat assessments, it does not matter if the upstream watershed is contained in the 

same bioregion).  In order for the site to be compared to the habitat guidelines (Table 9), the 

assessment sheet used will depend on the ecoregion.  Information on ecoregion boundaries can 

be found in the Tennessee Ecoregion Project (Arnwine et al, 2000).  Each Environmental Field 

Office should have copies of ecoregion maps for their area.  The Planning and Standards section 

should be contacted if there is uncertainty about what ecoregion a stream is located in. 

 

In ecoregions 65j, 66d, 66e, 66f, 66g, 67f, 67g, 67h, 67i, 68a, 68b, 68c, 69d, 71e, 71f, 71g, 71h, 

and 74a as well as riffle streams in 71i, use the High Gradient Stream (formerly Riffle-Run) 

assessment sheet to evaluate habitat based on the guidelines in Table 9.  Note that the guidelines 

cannot be used in non-riffle streams in these ecoregions.  Therefore, a suitable upstream or 

watershed reference must be selected for comparison in non-riffle streams. 

 

In ecoregions 65a, 65b, 65e, 65i, 73a, and 74b as well as non-riffle steams in 71i, use the Low 

Gradient (formerly Glide-Pool) assessment sheet.  Copies of these sheets are located in 

Appendix B.   

 

Evaluate all ten habitat parameters.  Base score on a scale of 0 to 20 for each parameter, with 20 

being the highest attainable score.  Scores are divided into four categories (optimal, suboptimal, 

marginal and poor) with a range of five scores possible in each category.  Specific guidance for 

scoring is located on the habitat sheets (Appendix B).  The parameters that are evaluated in each 

sample reach are: 

 

1. Epifaunal Substrate/Available Cover (high and low gradient streams) 

 

Estimate the relative quantity and variety of natural structures in the stream such as cobble 

riffles, large rocks, fallen trees, logs and branches, and undercut banks that are available as 

refugia, feeding, spawning or nursery functions for macroinvertebrates and fish.  Do not 

count ñnewlyò fallen trees and unstable habitats.   
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2a. Embeddedness (high gradient streams) 

 

Estimate the percent that rocks (gravel, cobble, and boulders) and snags are covered or 

sunken into the silt, sand, or mud of the stream bottom.  To avoid confusion with sediment 

deposition (another habitat parameter), observations of embeddedness should be taken in 

the upstream and central portions of riffles and cobble substrate areas.   

 

2b.    Pool Substrate Characterization (Low gradient) 

 

Evaluate the type and condition of the bottom substrate in the pools.  Firmer sediment such 

as gravel and sand, and rooted aquatic plants support a wider variety of organisms and 

should be scored higher than a pool substrate dominated by mud or bedrock with no 

plants.  In addition, a stream that has a uniform substrate will support fewer types of 

organisms and should score lower than a stream that has a variety of substrate types. 

 

3a.    Velocity/Depth Combinations (high gradient) 

 

Determine the patterns of velocity and depth.  The four basic patterns are slow-deep, slow-

shallow, fast-deep, and fast-shallow.  The best streams will have all four patterns present.  

The general guidelines are 0.5 meter depth to separate shallow from deep and 0.3 m/sec to 

separate fast from slow. 

 

3b.    Pool Variability (low gradient)  

 

Rate the overall mixture of pool types found in the stream, according to size and depth.  

The four basic types of pools are large-shallow, large-deep, small-shallow, and small-deep.  

A stream having many different pool types will support a wider variety of aquatic species 

and should score higher.  General guidelines are any pool dimension (length, width, 

oblique) greater than half the cross-section of the stream for separating large from small 

and 1 meter depth separating shallow and deep. 

 

4.      Sediment Deposition (high and low gradient) 

 

Estimate the amount of sediment deposition.  This is observable through the formation of 

islands, point bars (areas of increased deposition at the beginning of a meander that 

increase in size as the channel is diverted toward the outer bank) or shoals.  Determine 

whether pools and runs are filling in.  Usually deposition is evident in areas that are 

obstructed by natural or manmade debris and areas where the stream flow decreases, such 

as bends or pools. 
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5.    Channel Flow Status (high and low gradient) 

 

Estimate the degree to which the channel is filled with water.  When water does not cover 

much of the streambed, the amount of suitable substrate for aquatic organisms is limited 

and the stream should score lower. 

 

6.    Channel Alteration (high and low gradient) 

 

Determine how much, if at all, the stream has been altered.  Channel alteration is present 

when artificial embankments, riprap, and other forms of artificial bank stabilization or 

structures are present; when the stream is very straight for significant distances; when 

dams and bridges are present; when dredging or gravel removal is evident and when other 

such artificial changes have occurred.  Scouring is often associated with channel alteration. 

 

7a.    Frequency of Riffles or Bends (high gradient) 

 

Determine the pattern of stream morphology by estimating the sequencing of riffles.  In 

high gradient streams where distinct riffles are uncommon, a run/bend ratio can be used as 

a measure of meandering or sinuosity.  In headwaters, riffles are usually continuous and 

the presence of cascades or boulders provides a form of sinuosity.  To determine this 

parameter, a longer segment or reach than that designated for sampling should be 

incorporated into the evaluation. 

 

7b.    Channel Sinuosity (low gradient) 

 

Evaluate the meandering or sinuosity of the stream.  A high degree of sinuosity provides 

diverse habitat for macroinvertebrates and the stream is better able to handle surges when 

the flow fluctuates due to rain events.  To estimate this parameter, a longer segment or 

reach than that designated for sampling should be incorporated into the evaluation.  (This 

will vary by site, but should include at least two bends). 

 

8.    Bank Stability (high and low gradient) 

 

Determine whether the stream banks are eroded or have the potential for erosion.  Steep 

banks are more likely to collapse and suffer from erosion than are gently sloping banks, 

and are therefore considered less stable.  Signs of erosion include crumbling, unvegetated 

banks, exposed tree roots, and exposed soil.  Each bank is evaluated separately on a scale 

of 0 to 10 and the cumulative score of both banks is used for this parameter.  (This 

parameter should be evaluated within the 100-meter sample reach.) 
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9.      Bank Vegetative Protection (high and low gradient) 

 

Determine the amount of vegetative protection afforded to the stream bank and near-

stream portion of the riparian zone.  The object is to determine the ability of the bank to 

resist erosion as well as the ability of the plants to uptake nutrients, control instream 

scouring, supply food to shredders and provide stream shading.  Streams that have various 

types (shrubs, trees etc.) of native vegetation providing full natural plant growth will score 

highest.  In some regions, the introduction of exotics, such as kudzu, has virtually replaced 

all native vegetation.  The value of exotic vegetation to the quality of the habitat structure 

and contribution to the stream ecosystem should be evaluated, generally resulting in a 

lower score.  Each bank is evaluated separately on a scale of 0 to 10 and the cumulative 

score of both banks is used for this parameter.  (This parameter should be evaluated within 

the 100-meter sample reach.) 

 

10.    Riparian Vegetative Zone Width (high and low gradient) 

 

Estimate the width of natural vegetation from the edge of the stream bank out through the 

riparian zone (approximately 18 meters).  Disturbance to the riparian zone occurs when 

roads, parking lots, fields, lawns, bare soil, or buildings are near the stream bank.  

Residential developments, urban centers, golf courses, pastures and row crops are common 

causes of degradation of the riparian zone.  However, the presence of old fields (previously 

grazed fields, not currently in use), paths, and walkways in an otherwise undisturbed 

riparian zone may be judged to be inconsequential to altering the riparian zone and may be 

given relatively high scores.  Each bank is evaluated separately on a scale of 0 to 10 and 

the cumulative score of both banks is used for this parameter. (This parameter should be 

evaluated within the 100-meter sample reach.) 

 

Total the 10 habitat parameters and compare the score to the Habitat Assessment 

Guidelines (Table 1) to determine whether the habitat is capable of supporting a healthy 

benthic community.  Note that habitat scores in five ecoregions (68a, 68b, 68c, 69d and 

71i) vary by season. 

 

Sometimes it may be useful to evaluate individual parameters in addition to the total 

habitat score.  For example even if the total habitat score meets regional guidelines, the 

individual parameters of embeddedness and sediment deposition may be low indicating a 

problem with sedimentation.  Likewise, there may be a problem with riparian removal 

even though habitat scores meet regional guidelines.  On the other hand, a low total score 

may not indicate a habitat problem if the channel flow status and velocity depth regime 

score low in a region where reference streams have extremely reduced flow during the 

summer and fall.  Appendix A provides ecoregion specific expectations for each parameter 

on the Habitat guidelines form.   
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Table 3:  Habitat Assessment Guidelines 
 

Ecoregion Habitat Form Season 
Not 

Impaired 

Moderately 

Impaired 

Severely 

Impaired 

65a Low Grad. Jan. ï Dec. Ó 62 48 ï 61 Ò 47 

65b Low Grad. Jan. ï Dec. Ó 92 72 ï 91 Ò 71 

65e Low Grad. Jan. ï Dec. Ó 115 90 ï 114 Ò 89 

65i Low Grad. Jan. ï Dec. Ó 98 77 ï 97 Ò 76 

65j High Grad. Jan. ï Dec. Ó  158 124-157 Ò 123 

66d High Grad. Jan. ï Dec. Ó 146 114 ï 145 Ò 113 

66e High Grad. Jan. ï Dec. Ó 143 113 ï 142 Ò 112 

66f High Grad. Jan. ï Dec. Ó 138 108 ï 137 Ò 107 

66g High Grad. Jan. ï Dec. Ó 173 130 - 172 Ò 129 

67f High Grad. Jan. ï Dec. Ó 130 103 ï 129 Ò 102 

67g High Grad. Jan. ï Dec. Ó 117 92 ï 116 Ò 91 

67h High Grad. Jan. ï Dec. Ó 126 99 ï 125 Ò 98 

67i High Grad. Jan. ï Dec. Ó 120 95 - 119 Ò 94 

68a High Grad. Jan. ï June Ó 156 130 - 155 Ò 130 

68a High Grad. July ï Dec. Ó 139  103 ï 138 Ò 102 

68b High Grad. Jan. ï June Ó 144 113-143 Ò 112 

68b High Grad. July ï Dec. Ó 109 86 - 108 Ò 86 

68c High Grad. Jan. ï June Ó 128 101 ï 127 Ò 100 

68c High Grad. July ï Dec. Ó 121 95 ï 120 Ò 94 

69d High Grad. Jan. ï June Ó 160 126-159 Ò 125 

69d High Grad. July ï Dec. Ó 164 129-163 Ò 128 

71e High Grad. Jan. ï Dec. Ó 116 91 ï 115 Ò 90 

71f High Grad. Jan. ï Dec. Ó 123 97 ï 122 Ò 96 

71g High Grad. Jan. ï Dec. Ó 123 97 ï 122 Ò 96 

71h High Grad. Jan. ï Dec. Ó 117 92 ï 116 Ò 91 

71i High/Low Grad. Jan. ï June Ó 98 77 ï 97 Ò 76 

71i High/Low Grad. July ï Dec. Ó 96 76 ï 95 Ò 75 

73a Low Grad. Jan. ï Dec. Ó 94 74 ï 93 Ò 73 

74a High Grad. Jan. ï Dec. Ó 88 70 ï 87 Ò 69 

74b Low Grad. Jan. ï Dec. Ó 98 77 ï 97 Ò 76 
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Protocol F ï Rapid Periphyton Survey (RPS) 
 

Biologist/Environmental Specialist 
 

Every time periphyton sampling occurs, the sampler will need to complete a Rapid Periphyton 

Survey and a Multi-habitat Periphyton Sample (See Protocol G.)  Completely fill out the front of 

the Rapid Periphyton Survey Data Sheet (Appendix B). Complete header information: Station 

ID, Sampler, and assign a log number.  The back is not necessary if a Stream Survey Form (used 

for macroinvertebrates stream surveys) has been filled out, otherwise complete this form also.  

Add additional information not included on the sheet as needed.  Only use the version provided 

in Appendix B.  Earlier versions should no longer be used.  Consult all personnel present during 

sampling for additional observations that may have been overlooked before leaving the site. 

 

Front of RPS Data Sheet: 

 

On the front of the Rapid Periphyton Survey Data Sheet is a form for recording algal biomass, 

canopy cover, and the habitats that were sampled for the MPS.  This method has been adapted 

from EPAôs Rapid Bioassessment Protocols for Use in Wadeable Streams and Rivers (1999).   
 

1.  Establish five transects across each stream reach.  Target locations of likely algal growth 

(riffles and runs) if available.  Avoid shaded areas if possible.  Space transects to span full 

length of the reach.  

 

2.  Along each transect, observe 10 evenly spaced points.  If the stream is not wide enough to 

observe 10 points (<1.5 m), observe as many points as possible and note the number of points 

observed and the reason in the comment field.   

 

3.  The Rapid Periphyton Survey Board is a 15 cm by 15 cm square of Plexiglas that has been 

divided into quadrants (see Figure 2).  At each point on the transect, use the Rapid Periphyton 

Survey Board to estimate moss cover, macroalgal cover and microalgal biofilm thickness using 

the classification system defined in Table 4.  The coverage class (0-5) for moss and macroalgae 

and the biofilm thickness (0-5) is to be recorded in the appropriate column beside the selected 

point on the transect on the RPS.   

 

4.  Optimal substrate is defined as substrate with a diameter greater than 2 cm.  Smaller 

substrate is not as suitable for the growth of a stable population of algae due to scouring and 

shifting.  At each point on the transect, determine if the substrate is of optimal size.  If the 

substrate is not optimal in size for a stable periphyton population, but moss, macroalgae, and/or 

microalgae are visible, score and record that information on the RPS sheet in the comments.     

 

5.  At the mid-point of each transect, take a canopy reading using a spherical densiometer.  The 

densiometer is a convex mirror etched into 24 ¼-inch boxes (Figure 3).  Each box can be 

subdivided into 4 smaller squares, via an imaginary dot in the center of the box, to create a total 

of 96 smaller squares that can be counted within the entire densiometer.  
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15 cm 
 

Hold the densiometer 1 foot above the water surface.  Holding the instrument at this level 

eliminates errors due to differing heights of samplers and different water depths, and includes 

low overhanging vegetation more consistently than holding the densiometer at waist level.  Take 

four measurements, facing upstream, downstream, the right descending bank, and the left 

descending bank.  Hold the instrument far enough away from the body so that the operatorôs 

head is just outside the grid.  Count the number of small squares (out of a total of 96) that have 

tree canopy.  Record this number (number of dots WITH canopy cover) on the datasheet.  In 

order to get the overall percent canopy cover for that point, sum the four measurements and 

divide the total by 384.   

 

6.  Record the number of aliquots taken in each habitat type in the ñHabitats Sampledò field. 

 

 

 

 

 

   Figure 2:  Rapid Periphyton Survey Board 

 

 

 

 

         A:               B:  

 

Figure 3:  Spherical Densiometer 

A:  Picture of densiometer.  Picture provided by Joellyn Brazile, Memphis EFO.   

B:  Grid etched onto the mirror.  Picture from Cook et al, 1995.

  

  

15 
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Table 4.  Percent Cover and Thickness Classes 
 

Moss and Macroalgae Cover Classes 

Class Number 0 1 2 3 4 5 

Coverage 0% <5% 5% to 25% 26% to 50% 51% to 75% >75% 

Microalgal Thickness Class 

Class Number 0 1 2 3 4 5 

Thickness 0 mm <0.5 mm 0.5 to 1 mm 1 to 5 mm 5 to 20 mm >20 mm 

Characteristics rough Slimy, no 

visible 

biofilm 

Biofilm 

visible 

   

 

 

 

Back of RPS Data Sheet (not required if Stream Survey Form has been completed): 
 

1.  Header Information ï Complete all information in this section at new sites (those not 

already in the water quality database).  Note that latitude and longitude is recorded in decimal 

format.  Only the station number, stream name, station location, assessors, date and time need to 

be completed on existing sites already in the water quality database, or if a stream survey form is 

filled out because a macroinvertebrate sample is being collected as well.  Record the time that 

the RPS was started in the header and the time the field measurements (D.O., pH, Conductivity, 

Temperature) were taken under Field Measurement.  Use the 24-hour clock to designate time.   
 

2.  Field Measurements ï Use calibrated meters for all field measurements.  Designate what 

type of meter (and which meter) was used to make readings.  The readings for each parameter 

(including duplicates) are recorded in the appropriate boxes.  All readings are recorded in the 

units specified on the sheet.  List any other readings, such as percent oxygen saturation, that 

were taken at the time of sampling (include units).  Also, record field readings on the chemical 

request forms if chemical samples are being collected at the same time.  (Average duplicate 

readings on the chemical request forms since only one value can be entered in the laboratoryôs 

system.)  This ensures readings will be received by the Central Office and will be entered in the 

Water Quality Database.   
 

If, after the drift check, the meter was found to be off by more than 0.2 units for pH, 

temperature, or dissolved oxygen (or more than 10% for conductivity), write an N before the 

reading on the field data sheet (RPS or Stream Survey Form) for all sites visited between the 

initial calibration and the drift check or discard data.  The N designates questionable readings.  

Also, put an N before readings on the chemical request form.  If the chemical request form has 

already been turned into the laboratory, fax the field data sheet to the Central Office.  This will 

ensure the readings are flagged as questionable when they are entered into the Water Quality 

Database. 
 

Circle the appropriate level of precipitation for the previous 48 hours (or circle unknown).  Also, 

indicate the ambient weather.  
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3.  Sediment Deposits ï Circle the appropriate level of sediment deposits for the site.  Also 

indicate the type of sediment found there, and the level of turbidity.   

 

4.  Stream Sketchï A station sketch is made at the time of sampling.  This sketch should be 

detailed enough so that subsequent sampling teams or data reviewers can determine where 

samples were taken and what potential sources of impairment were present.  Use a separate 

sheet of paper if necessary.  At a minimum, the sketch should include a rough outline of stream 

sinuosity, direction of flow, location of riffles and pools, location of samples (benthic, 

periphyton, chemical, probe), location of bridges or any other man-made structures (include 

distance from sampling point), location of tributaries, run-off ditches, discharges, livestock 

access, and any other potential pollution sources.  If a stream sketch has already been done on 

one of the other forms there is no need to duplicate, just indicate what form it is on.  
 

5.  Additional Comments ï Describe any other conditions observed at the time of sampling 

(additional pages are to be used if necessary).  Include any changes observed from previous 

sampling efforts.  Note directions to the site and any special permission or keys needed for 

access.  Ask other team members for input.   
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Division of Water Pollution Control 

QSSOP for Periphyton Stream Surveys 

Effective Date:  January 2010   

Section I.I, Protocol G:  Page 1 of 3 

 

 
 
 

Protocol G ï Multi -habitat Periphyton Sample (MPS) 

 

Biologist or Environmental Specialist  

 

Every time periphyton sampling occurs, the sampler will need to complete a Rapid Periphyton 

Survey (see Protocol F) and complete a Multi-habitat Periphyton Survey.  There are two 

different sampling methods for the Multi-habitat Periphyton Survey that are used based on 

substrate type.  One method is for non-sediment substrates and is the standard method of 

collection.  The alternative method is for substrates that are sediment/sand and is only used if no 

other productive habitats are available.  The number of aliquots collected using the standard 

method should be proportional to the substrate types found in the stream.   

 

1.  Examine the habitat for optimal periphyton collection. 

 

 a.  Standard Method  

 

 Identify target substrates where algae can be collected within armôs length (0.5 

m) of the surface. 

 Typical substrates include removable portions of vascular plants or mosses, 

snags, roots, leaf packs, and rocks. 

 Substrate should be ñseasonedò (not recent or ñnew fallò). 

 Substrate should be exposed to sunlight. 

 Every effort should be made to collect from undisturbed areas.  Avoid areas of  

 recent walking or scouring. 

 Sampling should be conducted at low flow conditions, at least 1 week after high  

 flow events.  

 Equally apportion substrates into 10 aliquots. 

 See Table 5 for examples of aliquot apportionments. 

 

 b.  Alternative Method  - used for sampling in sediment (only if no other productive  

   habitats are available) 

 

 Identify target substrates that are representative of different sediment conditions 

present along the entire reach of the stream. 

 Sediment condition factors to consider:  Erosional, depositional, current velocity, 

and sunlight exposure. 

 Only consider sediment areas that are within armôs length (0.5m) of the surface. 

 Every effort should be made to collect from undisturbed areas. Avoid areas of 

recent walking or scouring. 

 Sampling should be conducted at low flow conditions, at least 1 week after high 

flow events.  

 Equally apportion substrates into 10 aliquots.  

  



Division of Water Pollution Control 

QSSOP for Periphyton Stream Surveys 

Effective Date:  January 2010   

Section I.I, Protocol G:  Page 2 of 3 

 

 
 
 
 

2.  Collect Sample 

 

 a.  Standard Method (Scrape)   

  

 Fill  the 500 mL wide mouth sample jar with site water to 100 mL fill mark. 

 Carefully remove target substrate from water (must break or cut, so select smaller 

snags, removable roots, etc.)  Do not limit rock size to sample jar diameter. 

 Remove algae from substrate. 

 Using fingers, rub substrate surface in the 100 mL of site water. 

 The amount of surface area rubbed should be approximately 9 cm in diameter. 

Use mouth of 500 mL sample jar to estimate. 

 Rub the entire substrate surface a minimum of three times to ensure algae 

removal. 

 Rinse fingers in the jar. 

 Discard substrate.  

 Take 2 sub-samples and composite into the 125 mL amber sample bottle. 

- Stir well to homogenize periphyton in the 100 mL slurry. 

- Remove first 2 mL subsample with a disposable pipette and transfer into    

   sample bottle.  The pipette needs to be completely filled.   

- Repeat stirring procedure in 100 mL slurry. 

- Remove second 2 mL subsample with pipette and transfer into sample   

   bottle. 

 

b.  Alternative Method (Syringe)  

 

 At the selected sample point, pull the plunger of the syringe core back to the 3 

cm mark (15 mL) and insert the open end of the syringe core into the surface of 

the sediment until the core is level with the sediment surface.   

 Try to be extremely delicate, so that the overlying sediment will be disturbed as 

little as possible.   

 Slide the spatula through the sediment to cover the opening of the syringe core.   

 Remove the syringe core and spatula together, and invert positioning so that the 

spatula is on top of the syringe core opening.   

 Using the plunger, push sample into the 500 mL wide-mouth sample jar.  

 Repeat the previous steps until all of the sediment samples are collected and 

contained in the 500 mL wide-mouth sample jar. 

 Use the measuring spoon (tablespoon) to homogenize the sample in the beaker 

until the sediment is consistent in color and texture throughout. 

 Using the tablespoon, remove 1 flat spoonful of sediment and place into the  

125 mL opaque amber plastic wide-mouth sample bottle.  

 Place enough water in the sample bottle so that the sediment is submerged. 
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3.   Add 2 mL of buffered formalin (37%, see Protocol C for preparation) to the periphyton  

      sample bottle. 

 

4.  Label sample with identifying information. 

 

 Complete an external tag (Standard external tag provided by the state lab) and 

attach to the outside of the container (Figure 4).  

 Write the Sample Log number (see Protocol H) in the ñField #ò space on the 

external tag. 

 Be sure to record the number of aliquots taken in each substrate type on both the 

RPS (in the ñHabitat Sampledò field) and the sample tag (in the ñRemarksò 

field).  

 

 
Figure 4:  Example of External Tag 

 

 

 

Table 5.  Example of Aliquot Apportion Strategies 

 

Number of Productive 

Substrates 
Aliquot Apportion Strategy 

1 10 aliquots from single substrate 

2 5 aliquots from each substrate 

3 
4 aliquots from most abundant substrate 

3 aliquots from remaining two substrates 

4 
3 aliquots from two most abundant substrates 

2 aliquots from remaining two substrates 

5 2 aliquots from each substrate 

6 
2 aliquots from four most abundant substrates 

1 aliquot from two remaining substrates 
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Protocol H:  Sample Logging  
 

Any staff member 
 

Samples must be logged to allow complete reconstruction, from initial field records, through 

data storage and system retrieval.  The sampler must assign a discrete log number to each 

individual periphyton sample.  This will be a nine digit number determined in the following 

manner: 
 

NP0105001        
 

The first digit (N) determines which office the sample is from: 
 

C = Chattanooga EFO K = Knoxville EFO 

L = Columbia EFO M = Memphis EFO 

V = Cookeville EFO N = Nashville EFO 

H = Johnson City EFO S = Surface Mining 

J = Jackson EFO B = Lab Services, TDH 
 

The second digit will be a P to indicate this is a periphyton sample. 
 

The third and fourth digit represent the year sampled (02 = 2002) 
 

The fifth and sixth digit represent the month sampled (03 = March) 
 

The last three digits represent a consecutive number for the number of samples collected that 

month (001 = the first sample collected in March). 
 

The log numbers (along with the station number) will be used to identify the sample on 

paperwork, tags, bench sheets, logbooks, QC records, or any other place this sample is 

documented. 
 

All samples are logged in a bound logbook.  Make entries in black or blue ballpoint pen.  (Note: 

a computer can be used to log Field Office samples; however, a hard copy printout in a bound 

logbook should also be maintained.)  The log entry must include the sample log number, station 

ID, date collected, time collected, collectorôs initials, sample source, station location, type of 

sample and date sent to lab.  The Lab log must include the sorters initials, sorting date, 

taxonomistôs initials and ID date (figure 5).  
 

Sample 

Log # 

Station ID Source Location Date 

Col. 

Time 

Col. 

Init.  

Col. 

Date 

sent to 

Lab 

Sorters  

Initi als 

Sorting 

Date 

Taxonomist 

Initials  

ID 

Date 

NP0907001 ALLEN000.3WI Allen 

Creek 

Fernvale 

Rd/Whipp

orwill Rd 

7/20/09 0950 MHG 07/21/09     

KP0203002 DAVIS001.3CL Davis 

Ck 

Hwy Z 3/6/02 1500 JEB/DRM 3/7/02     

Figure 5:  Example of Periphyton Sample Log 
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Protocol I  - Taxonomy of Periphyton Samples 

 

Laboratory biologist or contractor  with demonstrated expertise in periphyton taxonomy 

 

All Periphyton samples are to be sent to the central lab for analysis.  This is to be coordinated 

through the Planning and Standards Section. 

 

1.  The concentrated preserved periphyton sample will be divided for analysis.  A 10mL 

subsample will be analyzed for non-diatom algae, and a separate 10 mL subsample will be 

analyzed for diatoms.   

 

a.  Non-diatom (ñSoftò) Algae Relative Abundance and Taxa Richness 

 

1.  Homogenize the subsample with a tissue homogenizer or blender. 

 

2.  Thoroughly mix the homogenized subsample and pipette into a calibrated (known 

volume) counting chamber for quantitative counting of cells, such as a Nannoplankton 

chamber or a Palmer-Maloney Counting Cell or other.  

 

3.  Fill in the top portion of the Non-diatom Algae Taxonomic Bench Sheet for ñsoftò algae 

(Appendix B). 

 

4.  Identify and count 300 algal ñcell unitsò to the lowest possible taxonomic level at 400x 

magnification.   

 ñCell unitsò for coenocytic algae or filamentous algae can be defined as 10 Õm 

sections of the thallus or filament. 

 In the non-diatom subsample, count only live diatoms.  Identify these only to 

phylum; do not identify diatoms to a lower taxonomic level.   

 Record  numbers of cells or cell units observed for each taxon on the bench sheet 

 Make taxonomic notes and drawings on bench sheets of important specimens.   

 

5.  Relative abundances of ñsoftò algae are determined by dividing the number of cells (cell 

units) counted for each taxon by the number of cells counted (e.g., 300).  Enter this 

information on the Non-diatom Algae Taxonomic Bench Sheet (Appendix B). 

 

6.  Measure the linear dimensions of the first 25 cell units of each taxon found.  To calculate 

biovolume, use the median of those 25 linear dimensions.  If fewer than 25 cell units are 

found for that taxon, then measure all cell units.   

 

7.  Use the tables in Appendix E to calculate biovolume for each taxon.  Enter this 

information on the Non-diatom Algae Taxonomic Bench Sheet (Appendix B).   
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b.  Diatom Relative Abundance and Taxa Richness 

1.  Under a fume hood, add enough concentrated nitric or sulfuric acid to the subsample to 

produce a strong exothermic reaction.  Usually equal parts of sample and acid will 

produce such a reaction.  Caution:  Use a fume hood, safety glasses, and protective 

clothing.  Separate the sample beakers by a few inches to prevent cross-contamination of 

sample in the event of overflow. 

 

2.  Allow the sample to oxidize overnight. 

 

3.  Fill the beaker with distilled water. 

 

4.  Wait 1 hour for each centimeter of water depth in the beaker. 

 

5.  Siphon off the supernatant and refill the beaker with distilled water.  Siphon from the 

center of the water column to avoid siphoning light algae that have adsorbed onto the 

sides of the water column. 

 

6.  Repeat steps 4 through 6 until all color is removed and the sample becomes clear or has a 

circumneutral pH.  

 

7.  Mount diatoms in Naphrax or another high refractive index medium to make permanent 

slides.  Label slides with the same information as on the sample container label.   

 

8.  Fill in the top portion of the Diatom Algae Taxonomic Bench Sheet (Appendix B). 

 

9. Identify and count diatom valves to the lowest possible taxonomic level, which should be 

species and perhaps variety level, under oil immersion at 1000x magnification.   Count 

600 valves (300 cells).  Be careful to distinguish and count both valves of intact 

frustules.  Record numbers of valves observed for each taxon on the bench sheet.  Make 

taxonomic notes and drawings on the Diatom Algae Taxonomic Bench Sheet (Appendix 

B) of important specimens. 

 

10. Determine the relative abundances of diatom species in the algal assemblage by dividing 

the number of valves counted for each species by the total number of valves counted 

(e.g., 600); then multiply the relative abundance of each diatom taxon in the diatom 

count by the relative abundance of live diatoms in the count of all algae.  Enter this 

information on the Diatom Algae Taxonomic Bench Sheet (Appendix B).   

 

11.  Measure the linear dimensions of the first 25 cell units of each taxon found.  To 

calculate biovolume, use the median of those 25 linear dimensions.  If fewer than 25 cell 

units are found for that taxon, then measure all cell units.   

 

12.  Use the tables in Appendix E to calculate biovolume for each taxon.  Enter this 

information on the Diatom Algae Taxonomic Bench Sheet (Appendix B).   
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Protocol J ï Data Reduction of Periphyton Samples 

 

Biologist/Environmental Specialist 

 

Diatom Bioassessment Index 

 

Because this is a new program for Tennessee, a periphyton bioassessment index has not 

been developed yet.  It will take several years to accrue enough data points to develop a 

comprehensive index.  Until that time, Kentuckyôs Diatom Bioassessment Index (KDBI) 

will be used for assessing diatom populations (KDEP, 2008).   

 

The KDBI is similar to the TMI (Tennessee Macroinvertebrate Index) in that it is a 

multimetric index.  It is based on the six individual metrics listed below:  

 

1.  Total Number Diatom Taxa (TNDT) 

This metric measures diatom species richness.  It is expected to decrease with increasing 

pollution.   

 

2.  Shannon Diversity (Hô)  

The mean Shannon diversity index was chosen primarily because it is commonly used by 

aquatic biologists, so values will be more readily interpreted and compared with other 

literature values. Using this index, Hǋ= 0 when only one species is present in the 

collection, and Hǋ is at a maximum when all individuals are evenly distributed among all 

species. 

 

Hô= -×  ni log10 ni 

              N           N 
where: 

ni = number of individuals of species i 

N = total number of individuals 

 

3. Kentucky Pollution Tolerance Index (KPTI) 

Kentuckyôs Pollution Tolerance Index (KPTI) is a measure of the overall tolerance level of 

the entire diatom community. A healthy population will include diatoms at all tolerance 

levels; however, the number of tolerant organisms should be comparatively low. The KPTI 

measures both the tolerance level of individual taxa and the overall abundance of those 

taxa.  Tolerance values are included in Appendix D.   

 

KPTI= ×     niti 

                     N 

Where: 

ni = number of individuals of species i 

ti = tolerance value of species i 

N = total number of individuals in sample 



Division of Water Pollution Control 

QSSOP for Periphyton Stream Surveys 

Effective Date:  January 2010    

Section I.I, Protocol J:  Page 2 of 4 

 

 
 
 

4.  Cymbella Group Richness (CGR)  

This metric measures the total number of taxa represented in the sample from the genera 

Cymbella, Cymbopleura, Encyonema, Encyonopsis, Navicella, Pseudoencyonema and 

Reimeria. As water pollution increases, the CGR is expected to decrease. 

 

CGR=Cymbella + Cymbopleura + Encyonema + Encyonopsis + Navicella + 

Pseudoencyonema + Reimeria 

 

5.  Fragilaria  Group Richness (FGR)  

This metric measures the total number of taxa represented in the sample from the genera 

Ctenophora, Fragilaria, Fragilariforma, Pseudostaurosira, Punctastriata, Stauroforma, 

Staurosira, Staurosirella, Tabularia, and Synedra reflect high water quality. As water 

pollution increases, the FGR is expected to decrease. 

 

FGR=Ctenophora + Fragilaria + Fragilariforma + Pseudostaurosira + Punctastriata + 

Stauroforma + Staurosira + Staurosirella + Synedra + Tabularia 

 

6. % Navicula, Nitzschia and Surirella (%NNS) 

The sum of the relative abundances of all Navicula (including Aneumastus, Cavinula, 

Chamaepinnularia, Cosmioneis, Craticula, Diadesmis, Fallacia, Fistulifera, Geissleria, 

Hippodonta, Kobayasia, Luticola, Lyrella, Mayamaia, Muellaria, Placoneis and 

Sellaphora), Nitzschia (including Psammodictyon and Tryblionella) and Surirella taxa 

reflects the degree of sedimentation at a reach. These three genera are motile, using their 

raphes to slide through sediment if they become covered. Their abundance expresses the 

frequency and severity of sedimentation. As sedimentation increases, the %NNS is 

expected to increase. 

 

%NNS = Number of Navicula + Nitzschia + Surirella taxa   x 100 

                  Total number of individuals in sample 

 

Each metric is given a calculated score (range 0-100) based on the percent of the standard metric 

value (the 95th percentile for TNDT, Hô, KPTI, FGR, and CGR or 5th percentile for %NNS) of 

Kentuckyôs entire database (impaired and reference).  These percentile thresholds are used to 

eliminate outliers.  The formulae for calculating KDBI scores are shown in Table 6. 
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Table 6: Metric scoring formulae for the Kentucky Diatom Bioassessment Index 

 

Metric  Formula 

TNDT (TNDT/102) X 100 

Hǋ (Hǋ/1.43) X 100 

 
KPTI (PTI/3.46) X 100 

CGR (CGR/13) X 100 

FGR (FGR/8) X 100 

 
%NNS (100 - %NNS)/(100 ï 2.6) X 100 

 

Metric scores with values greater than 100 receive a score of 100.0. The mean of the six KDBI 

metrics is the final KDBI score on a 0-100 scale. 

 

The KDBI will be scored according to Table 7.  For the purposes of assessment, the state will be 

divided into 3 bioregions:  Mountains (MT ), Mississippi Valley-Interior Region (MVIR ), and 

Pennyroyal (PN).  The MT region is comprised of ecoregions 68a, 68b, 68c, 68d, 69d, 69e, 66d, 

66e, 66f, 66g, 66i, 66f, 66k, 67f, 67g, 67h, and 67i.  The MVIR region is comprised of 

ecoregions 73a, 73b, 74a, 74b, 65a, 65b, 65e, and 65i.  The PN region includes ecoregions 71e, 

71f, 71g, 71h, 71i, and 65j.  These assessments are based on Kentuckyôs Bioassessment 

protocols, as mentioned previously.  There is some question about the dependability of this 

index for some ecoregions.  Kentucky does not have ecoregions 65a, b, e, or i, 66d, e, f, g, i, j, or 

k or 67f, g, h, or i.  Therefore, those ecoregions have been grouped with the bioregion to which 

they are most similar.  These metrics will be evaluated for Tennesseeôs ecoregions as soon as 

possible. 

 

 

 

Table 7.  Bioassessment guidelines for KDBI scores.   

 

 MT  MVIR  PN 

Excellent 75-100 57-100 67-100 

Good 62-74.99 48-56.99 55-66.99 

Fair 51-61.99 42-47.99 50-54.99 

Poor 0-50.99 0-41.99 0-49.99 

 

Other metrics will be tested in order to evaluate their usefulness in developing a biotic index for 

Tennesseeôs streams.  A list of these metrics can be found in Appendix C.   

 

 

 

 




